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Dear Delegate 

It is my great pleasure to welcome you to the 12th BioMedEng 
meeting. Now firmly established as the main annual meeting for 
Biomedical Engineers, Bioengineers and Medical Engineers, 
BioMedEng19 promises to be as successful as its predecessors. The 
discipline has grown so much over the past years and I want to thank 
all those who have played a major part in sustaining and building the 
growth of, not only, bioengineering and its cognate subjects but also 
the collegiality and collaboration between institutions.   

As with all previous meetings, this year’s event marks an important 
milestone in the progression of the discipline of bioengineering. I am 
very pleased to announce that we have started the formal process to 

establish BioMedEng as a separate charitable entity that will act as the ‘home’ for this series of meetings. The 
first activity that this new organisation has had to engage in is to run the competition for next year’s meeting; 
the committee’s decision will be announced by the end of the week.  

In addition to offering travel awards and bursaries for PhD students and Early Career Researchers to attend 
and present their research at the conference, we are also pleased to offer complimentary childcare places at 
the Imperial Early Years Education Centre for the first time to conference delegates who need childcare. 

Thank you to all those who have participated in preparing for this year’s meeting. First, I would highlight the 
dedication and hard work of our Scientific Committee. This committee has been unstinting in its support of the 
meeting; they truly represent the breadth of the community and in their leadership have helped to sustain the 
momentum that has built over the past eleven years.  The Programme Committee members also come from 
across the country and have worked tirelessly to solicit submissions, propose sessions, review abstracts, and 
contribute in many other ways such as chairing sessions and organising workshops.  

Most of you will be familiar with our Conference Director Dr Gifty Tetteh who has put in hours, weeks and 
months of hard work to make the meeting a success; it is certainly true that there would have been no meeting 
without her and I would like to thank her on behalf of us all. I would also like to thank Professor Peter Weinberg 
who took the lead in establishing this grouping in 2008 and then brought it back full circle to Imperial last year 
with record delegate numbers. 

We also thank the British Heart Foundation, Versus Arthritis, and the Musculoskeletal Medical Engineering 
Centre, MSk MEC for their financial support as well as our sponsors Academic Labs, ICU Medical, The IET, 
Kirkstall, Merck and Minnetronix Medical, and the University of Strathclyde Centre for Doctoral Training in 
Medical Devices & Health Technologies.  

Finally, I thank you, the delegates. BioMedEng would be nothing without you and I invite you to participate in all 
that this meeting has to offer and I wish you a productive and enjoyable meeting. 

Anthony Bull  
Professor of Musculoskeletal Mechanics 
Head, Department of Bioengineering 
Imperial College London 
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Conference Rooms
The conference will be taking place in seven (7) different rooms across the Imperial College -South Kensington 
Campus. The Great Hall, Queens Tower Rooms, Read and Pippard Lecture Theatres are in the
Sherfield Building (#20 on the map). Huxley 308 Lecture Theatre is in the Huxley Building (#13 on the map)
and EEE 509 is on the 5th floor of Electrical Engineering(#16 on the map). RSM 3.01 is in the Royal School 
of Mines building (#9 on the map with an entrance through the Bessemer Building-#11 *pink staircase roof*).  

Conference Proceedings 
The full BioMedEng19 proceedings containing both oral and poster abstracts is available on the conference 
website. The proceedings will be published with ISBN 978-1-9996465-2-3 and a copy will be deposited in the 
British Library. 

WiFi 
Free WiFi is available for all delegates. If you do not have automatic access to WiFi through Eduroam, free 
WiFi is available throughout the college via Sky WiFi. To connect to ‘The Cloud’ from the available network list, 
open a browser and follow the instructions to register. Instructions on how to connect to the WiFi are also listed 
behind your BioMedEng18 name badge.  

Parallel Sessions 
Delegates are able to move between parallel sessions if they wish. Please do not disrupt sessions if you are 
moving between them. To ensure sessions run in parallel, all presenters will be kept STRICTLY to time.   

Cloakroom 
There is a cloakroom located on Level 2 of the Sherfield building, next to the Great Hall. The cloakroom will be 
manned during the hours of the conference. Final collection times: Thursday 5th Sept - 18:00, Friday 6th Sept - 
17:00. 

Volunteers 
There are several BioMedEng19 volunteers wearing branded yellow T-shirts who will be happy to help and
assist with any queries you may have during the conference. Please reach out to them as your first point of 
call.  

Dr Gifty Tetteh  
Centre Manager, MSk MEC 
Imperial College London 

Mr Robert Ferguson 
Industrial Liaison Manager 
Imperial College London 

Ms Kemi Aofolaju 
Communications & Events Officer 
Imperial College London 
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• Plenary Sessions - The Great Hall - Level 2 - Sherfield - #20

• Parallel Sessions - EEE 509 - Electrical Engineering - #16

- Huxley 308 - Huxley Building - #13

- Read and Pippard - Level 5 - Sherfield - #20
- The Great Hall - Level 2 - Sherfield - #20

 Posters/Lunch/Networking/Dinner - Queens Tower Rooms, - Level 1 - Sherfield - #20

 Drinks Reception (6th Sept) - RSM 3.01 - Royal School of Mines - #10 (Enter through #11 the Bessemer
Building)
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09:30

09:45

10:35

10:55

12:45

15:00

15:30

17:00

18.45
19.00

22.00

Colour Bands Keys
Conference Registration
Opening/ Closing Ceremony
Plenary Session
Poster, Networking Breaks & Lunch
Workshop
Dinner / Drinks Reception
Available

BioMedEng19 Summary Schedule: Day 1 

08:30
Conference Registration

Welcome Ceremony (Great Hall)

 Plenary Session 1  - Professor Lionel Tarassenko CBE FREng FMedSci - (Great Hall)

Rapid Fire Presentations - (Great Hall)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)
OOAC Network - 

Sabbatical 
Projects Reports 

(EEE 509)

Lunch, Posters & Networking - (Queens Tower Rooms)

11:15 Biosensors, 
Biomedical Signal 

Processing & 
Bioelectronics

Mechanics of 
Tissues & Organs

(Huxley 308)

Wearable Sensors
(Read)

BioMedEng19 
Translation 
Workshop 
(Pippard)

13:45

Cardiovascular I & 
Lymphatic 

Bioengineering
(Great Hall)

BioMedEng19 Early 
Career Researchers 
Funding Workshop

(Huxley 308)

Digital Health 
Engineering, Medical 

Technology & 
Innovation

(Read)

 Biomaterials & 
Functional 

Bionanomaterials
(Pippard)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

OOAC Network - 
Special Interest 
Group sessions

(EEE 509)

BioMedEng19 Dinner with After Dinner Speaker - Prof John Tyrer

 Plenary Session  2 - Dr David Hughes - (Great Hall)

Dinner Arrival & Seating  - (Queens Tower Rooms)

Medical Devices & 
Diagnostics
(Great Hall)

Synthetic Biology and 
Disease Treatment 

Workshop
(Huxley 308)

Prosthetics & Trauma 
(Read)

Biomedical 
Imaging
(Pippard)

Organ on a chip & 
Artificial Organs

 Network
(EEE 509)
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08:30

10:30

14:15

15:50

16:35
17:00 

-18:00

Colour Bands Keys
Conference Registration
Opening/ Closing Ceremony
Plenary Session
Poster, Networking Breaks & Lunch
Workshop
Dinner / Drinks Reception

BioMedEng19 Summary Schedule: Day 2

Conference Registration

09:00
Musculoskeletal 

Biomechanics, Gait 
Analysis & Human 

Movement
(Great Hall)

Mechanobiology, 
Biofluids & 

Cardiovascular 
Bioengineering II

(Huxley 308) 

Computational 
Biology, Experimental 

Models of Disease 
and Injury

(Read)

Cancer Engineering,  
Drug & Gene Delivery

(Pippard)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

11:00
Plenary Session 3 - Dr Timothy Padera (Great Hall)

12:00 Lunch, Posters & Networking - (Queens Tower Rooms)

General Assembly - Virtual Physiological Human Research (Great Hall)

Biomedical 
Engineering 
Education
Workshop
(Pippard)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

14:35
Tissue Engineering & 

Regenerative 
Medicine

(Great Hall)

Artificial Intelligence & 
Machine Learning

(Huxley 308)

Neurotechnology, 
Rehabilitation 
Engineering  & 

Robotics
(Read)

Personalised 
Medicine & Modelling 

Biological Systems
(Pippard)

13:00
Virtual Physiological 
Human Research- 
VPHi-UK Chapter

(Great Hall)

Biomedical 
Engineering 
Randomised 

Controlled Trials 
Workshop

(Huxley 308)

Advancing Functional 
Electrical Stimulation 

Workshop
(Read)

Plenary Session 4 -  Professor Ilse Jonkers - (Great Hall)

 Awards & Closing Ceremony - (Great Hall)

 Drinks Reception & Networking - (RSM 3.01 C, D & E)
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08:30

09:30

09:45

10:35

10:55

11:15
11:28
11:40
11:52
12:05

12:17

12:30

11:15

11:28
11:40
11:52
12:05
12:17

11:15
11:40
11:52
12:05

12:17

12:30

11:15
11:25
11:35
11:45
11:50
12:00

11:15

11:28

11:40
11:52
12:05
12:17
12:30

12:45

13:45
13:58
14:10
14:22
14:34
14:46

Cardiovascular I & Lymphatic Bioengineering - (Great Hall)
Chairs - Dr Chris Cantwell (Imperial) & Dr Ryo Torii (UCL)

James Moore Jr., Imperial college London, - 'Multiscale Analysis of Lymphatic Muscle Components in Active Pumping'
Sumesh Sasidharan, Imperial College London, - 'Investigating the Effect of Peeling Rate on Medial Dissections of Porcine Aortas'

Charles Houston, Imperial College London, - 'Validating a computer model of discretely coupled cardiac cells'

Riaz Akhtar, University of Liverpool, - 'Unique patterns of matrix degradation in ascending aortic aneurysms in bicuspid aortic valve patients'
Limor Zwi-Dantsis, Imperial College London, - 'Remote dynamic patterning of cardiac constructs using magnetic fields'

Matthew Barber, The IET, Supporting Translational Work

Panel Discussion

Lunch, Posters & Networking - (Queens Tower Rooms)

Henry T Lancashire, University College London - 'ECG reduction in thoracic EMG during coughing with the Teager-Kaiser Operator'

Keynote: Professor Malcolm Granat, University of Salford, - 'Measuring physical behaviour: Making sense of wearable sensors'

Zaibaa Patel, RCBE, City, University of London, - 'Can the human colorectum give adequate PPG signals for the assessment of bowel viability 
using an indwelling optical sensor?'

Uwe Wolfram, Heriot-Watt University, - 'Extrafibrillar matrix yield stress and failure envelopes of mineralised collagen fibrils'
Pallavi Deshpande, University of Liverpool, - 'Peptide hydrogels as antimicrobial bandage contact lenses'

BioMedEng19 Conference Schedule: Day1

Hsing-Yu Chen, University of Bristol, - 'Soft wireless power transfer system for implantable devices'

Shao-Tuan Chen, University of Cambridge, - 'Design Optimization of Microfluidic Ion Pumps with Numerical Simulation'
Estelle A Cuttaz, Imperial College London, - 'Conductive elastomers for soft and flexible bioelectronics'
Meer H Farazmand, Univeristy of Warwick, - 'Design and Development of a Fluidic and Electrical Interface for a Disposable Lab-on-a-Chip '

Irene Mendez, Imperial College London, - 'Extracting neural control strategies from the wrist non-invasively'

Conference Registration

Welcome Ceremony (Great Hall)

 Plenary Session  - Professor Lionel Tarassenko CBE FREng FMedSci - (Great Hall)

Rapid Fire Presentations - (Great Hall)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

Biosensors, Biomedical Signal Processing & Bioelectronics - (Great Hall)
Chairs - Dr Michele Zagnoni (Strathclyde) & Dr Terence Leung (UCL)

Mechanics of Tissues & Organs - (Huxley 308)
Chairs -  Dr Jan Herman Kuiper (Keele) & Dr Joseph Sherwood (Imperial)

Wearable Sensors - (Read)
Chairs - Prof Claudia Mazzà (Sheffield) & Dr Elisabeth Williams (Swansea) 

Keynote: Professor Richard Aspden, University of Aberdeen, - 'Quantifying the organisation of collagen within soft and hard connective tissues 
using x-ray and neutron diffraction and polarized light microscopy'

Conor Horgan, Imperial College London - 'Fluorescence-guided spatial Raman spectroscopic diagnostics for tumour identification and margin 
delineation'

Rikeen D Jobanputra, Imperial College London, - 'A Numerical Model for the Effect of Aging on Tactile Perception'
Ahmed Kazaili, University of Liverpool, - 'Micromechanical properties of the cornea under Physiological Pressure'

Balasundaram Kadirvelu, Imperial College London, - 'Daily life digital biomarkers for longitudinal monitoring of Duchenne muscular dystrophy with 
wearable sensors'

Lucy A Bosworth, University of Liverpool, - 'Conjunctival repair with electrospun scaffolds containing decellularised tissue matrix' 

Francesco Ruospo, Presenting Academic Labs: The one-stop-shop to easily find all your collaboration partners & assets

Firat Yazicioglu, Galvani,  Enabling New Therapies through Novel Neural Interfaces  
Jim Reed, Minnetronix, Virtual Product Development: Perils, Pitfalls and Opportunities

OOAC Network - Sabbatical Projects Reports - (EEE 509)
Chairs - Prof Hazel Screen (QMUL) & Prof Martin Knight (QMUL)

Network Update: Hazel Screen, OOACT Network Director/QMUL

Ana Laly Aguedo, Queen Mary University of London, - 'Development of an immune-responsive 3D skin model'
Beata Wojciak Stothard, Imperial College London, - 'Microfluidic model of human pulmonary artery: vascular cell positioning under flow'
Philippa Hulley, University of Oxford, - 'Transcriptional development of human primary osteocytes in a 3D bone organ'

Simon Hepworth,  Imperial College, Ecosystem Design (University Infrastructure and Processes)    

Yasin Cotur, Imperial College London, - 'Flexible Transducer for Continuous Wearable Health Monitoring'
Lorenza Angelini, INSIGNEO Institute for in silico medicine, - 'Assessment of gait alterations and balance in patients with Multiple Sclerosis'
Dimitra Blana, Aparito, - 'Mobile Health for Remote Monitoring of Epilepsy in South African Children'

Alessandro Giudici, Brunel University London, - 'Aortic Stiffness in Healthy Humans: Effect of Age'

Alfredo Ongaro, Heriot-Watt University, - 'Next-Generation Material for high-volume production of Sustainable, Biocompatible Organ-On-Chip 
devices'

Julien Gautrot, Queen Mary University of London, - 'Development of a microvascularised cerebral organoid-on-a-chip'
Paul Holloway, University of Oxford, - 'Public engagement project update'

BioMedEng19 Translation Workshop (Pippard)
Chair - Mr Robert Ferguson (Imperial)
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13:45
13:55
14:05
14:20
14:30
14:40

13:45

13:58

14:10

14:22
14:34
14:46

13:45

13:58

14:10

14:22

14:34

14:46

14:45

15:00 

15:30
15.43
15:55
16:08
16:20
16:32
16:44

15:30

16:00
16:15

16:30

16:45

15:30
15.43
15:55
16:08
16:20

16:32

Tulsi N Patel, King's College London, - 'Development and Evaluation of a physical Chest Wall Simulator for minimally invasive surgery'
Vanessa Mancini, University of Leeds, - 'Design of a safe microfluidic environment for in vitro culture of murine embryos'

Round Table Discussion

Pierre Bagnaninchi, University of Edinburgh - 'Label free real-time monitoring – translation to OOAC model'

Organ-on-a-Chip Technologies Special Interest Groups sessions - (EEE 509)
Chairs - Chairs - Prof Hazel Screen (QMUL) & Prof Martin Knight (QMUL)

Blerina Ahmetaj, Imperial College London, - 'Patient involvement in OOACT'

Paul Holloway, University of Oxford, - 'Brain on a chip'
Malcolm Haddrick, Medicines Discovery Catapult, - 'Commercially available OOAC platforms'

Paul Holloway, University of Oxford, - 'Neurovascular disease on a chip'
Special Interest Groups: 5 - 8 min presentations

Malcolm Haddrick, Medicines Discovery Catapult, - 'Commercially available OOAC platforms'
13:45

13:55

Prosthetics & Trauma - (Read)
Chairs - Dr Angela Kedgley (Imperial) & Prof Malcolm Granat (Salford)

Taiwo Kelani, Imperial College London, - 'Neck pain and vertebral angulation of the cervical spine with a rigid cervical collar'
Emily S Kelly, University of Southampton, - 'Predicting Pressure and Shear Strain Gradients in Ankle Foot Orthosis Use: a Preliminary FEA study'
Michael  Sutcliffe, University of Cambridge, - 'Surgical microdrilling for arthritis treatment'
Sean S Cullen, Brunel University, - 'The Lower Limb Prosthetic/Human Interface; A New Approach'

Iek Man Lei, University of Cambridge, - 'Embedded Bioprinting an In Vitro Cochlea Model for Cochlear Implant Studies'

Katherine Freeman, EPSRC, - 'EPSRC Funding Opportunities for Biomedical Engineering'
Candy Hassall, Wellcome Trust, - 'Top tips for applying to Wellcome'

Karen Hinxman, Imperial College London, - 'Fellowship Applications: What you need to consider to be successful'

Agnes Leong, Medical Research Council, - 'Translational research at the MRC'
Matina Giannarou – Royal Society University Research Fellow, - 'My journey in academia: From PhD to Royal Society URF'

Antonios Keirouz, The University of Edinburgh, - 'Nylon-6/Chitosan core/shell nanofibers with spatially controlled release of antimicrobials for the 
prevention of surgical site infection on hernia meshes'
Axel C Moore, Imperial College London - 'Cartilage-like Performance of a Fibre Reinforced Hydrated Network'

BioMedEng19 Early Career Researchers Funding Workshop - (Huxley 308)
Chairs - Dr Gifty Tetteh (Imperial) & Dr Karen Hinxman (Imperial)

Biomaterials & Functional Bionanomaterials  - (Pippard)
Chairs - Prof Alicia El Haj (Birmingham) & Prof Felicity Rose (Nottingham)

Keynote: Dr Tamas Feher, MTA Szeged Research Centre for Biology, - 'CRISPR-interference based modulation of mobile genetic elements in 
bacteria'
Rodrigo Ledesma Amaro, Imperial College London, - 'Synthetic biology tools for engineering Yarrowia lipolytica'
Richard Amaee, Lucidix LLC, - 'Rapid detection of bacteria'
Dr Jongmin Kim, POSTECH Pohang, Korea, - “Programmable CRISPR-Cas Repression, Activation, and Computation with Sequence-
Independent Targets and Triggers”
Javier Cabello-Garcia, Imperial College London, - '"Introducing “Handhold-mediated strand displacement”: Sequence-Catalysed strand binding for 
DNA nanotechnology'

Betul Aldemir Dikici, University of Sheffield, - 'Can the biological performance of 3D printed synthetic polymeric scaffolds be boosted by in vitro 
generated extracellular matrix decoration?'
Anna M Majkowska, Queen Mary University of London, - 'Peptide-protein co-assembly to organise graphene oxide hierarchically into hybrid 
bioactive scaffold materials'

Synthetic Biology and Disease Treatment Workshop - (Huxley 308)
Chairs - Dr Vishwesh Kulkarni (Warwick) & Dr Antonia Sagona (Warwick)

Medical Devices & Diagnostics - (Great Hall)
Chairs - Prof Stephen O'Connor (IPEM) & Dr Xize Niu (Southampton)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

Michael  J Potter, Imperial College London, - 'An Antibacterial Nanoreactor: Using Compartmentalized Enzymes to Turn Glucose into Hypochlorite'

Thomas E Paterson, University of Sheffield - 'Making it softer: Employing plasticisers to reduce the stiffness of microfabricated electrospun corneal 
membranes' 

Aiden J Hannah, University of Strathclyde - 'Rapid Detection of Proteus mirabilis Using Disposable Electrochemical Sensors'
Richard Caulfield, UCL, - 'Free-standing parylene membranes for optical pressure sensing'

Sean Donnelly, University of Strathclyde, - 'Cystic Fibrosis Patient Monitor'
Francesca Farrell, University of Strathclyde, - 'Wearable µLED-based device for phototherapy applications'

Claire Baker, Imperial College London - 'Traumatic Brain Injury in Great Britain Road Traffic Collisions'
Ponnusamy Pandithevan, Indian Institute of Information Technology - 'Temperature analysis in surgical drilling of bone using probability 
distribution'

Ruaridh Winstanley, University of Strathclyde - 'A Multimodal Neural Modulation System'

Jenny Venton, King's College London, - 'Early detection of cardiac deterioration: Attractor reconstruction of a blood pressure waveform'
Richard N Gibson, University of Strathclyde, - 'Nanokicking Device for use in Osteoporosis Treatment'

Review Presentations

Blerina Ahmetaj, Imperial College London, - 'Newly Emerging Technology for OOAC'

Panel Discussion

Matthew Bell, University of Warwick, - 'Design and Fabrication of a Low-Cost Modular Laboratory Platform for Microfluidics'
Caitlin F Stewart, University of Strathclyde, - 'Preliminary Investigation of the Compatibility of Violet-Blue light for Decontamination of Human Blood 
Plasma'
Balasundaram Kadirvelu, Imperial College London, - 'Full-body behaviour analytics reveals DMD disease state within the first few steps of the 6-
minute-walk test'

Digital Health Engineering, Medical Technology & Innovation - (Read)
Chairs - Prof Jimmy Moore (Imperial) & Dr Leandro Pecchia (Warwick)
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16:44

15:30

15:43

15:55
16:08

16:20

16:32
16:44

15:30
15:55
16:08
16:20
16:32
16:44

17:00-
18:00

18:45

19:00-
22:00

Roisin M Owens, University of Cambridge, - 'A 3D bioelectronics model of the gut-brain axis'

Vivek Thacker, EPFL,- 'Lung-on-a-chip microtechnologies for studies of host-pathogen interactions in Tuberculosis'

Keynote: Professor Frances Balkwill OBE, QMUL, - 'Deconstruction and reconstruction of a human tumour microenvironment'

Dharaminder Singh,CN-Bio, - 'Microfluidic enabled in vitro analysis of the PK/PD/efficacy relationship of PI3K inhibitors' 
Alexander J Ainscough, Imperial College London, - 'Modelling Pulmonary Arterial Hypertension using the pulmonary artery-on-a-chip'
Nuria Roldan, AlveoliX, - 'Mirroring the alveolus in vitro: applications of a human breathing alveolus-on-chip'

Felix Outlaw, UCL, - 'Smartphone screening for neonatal jaundice in Ghana'

Alexander K Clarke,  Imperial College London - 'Deep Learning for Supervised Decomposition of High-Density Surface EMG Signals'

Adam Doherty, University College London, - 'Optimal and automated mask alignment for use in X-ray dark-field imaging techniques'

Liam H Collins-Jones, University College London, - 'Construction and Validation of a Database of Neonatal Structural Priors for Use in Diffuse 
Optical Tomography'

BioMedEng19 Dinner with After Dinner Speaker - Prof John Tyrer 
'Bras to Bridges – Using Lasers to Reverse Engineer People'

Arrival & Seating  - BioMedEng19 Dinner - (Queens Tower Rooms)

Plenary Session 2 (Organ on a Chip) - Dr David Hughes - (Great Hall)

Biomedical Imaging - (Read)
Chairs - Dr Bryan Williams (Liverpool) & Dr Claire Conway (Aston)

Organ on a chip & Artificial Organs - (EEE 509)
Chairs - Dr Julien Gautrot (QMUL) & Dr Paul Holloway (Oxford)

Bryant C Roberts, University of Sheffield, - 'Longitudinal effects of combined treatment with PTH(1-34) and mechanical loading on densitometric 
properties of bone in ovariectomized mice'

Natalie Holroyd, UCL, - 'Developing Multi-Colour Fluorescence High Resolution Episcopic Microscopy for Large Volume Imaging'
Matin Mohseni, UCL, - 'Magnetic targeting and imaging of super -paramagnetic iron-oxide nanoparticles to subcutaneous tumour models' 

Sara Oliviero, University of Sheffield, - 'Effect of repeated in vivo micro-ct imaging on the morphometric, densitometric and mechanical properties 
of the mouse tibia'
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08:30

09:00
09:13

09:25

09:38

09:50

10:02

10:15

09:00
09:13
09:25

09:38

09:50

10:02

10:15

09:00

09:13

09:25

09:38

09:50

10:02

10:15

09:00

09:25

09:38

09:50

10:02

10:15

10:30 

11:00 

12:00

13:00

13:12

13:25

13:38
13:50

BioMedEng19 Conference Schedule: Day 2 

Christopher C Phillips, Imperial College London, - 'Mid-IR Chemical Nanoimaging (MICHNI) for Intra-cellular Drug Localisation and Cancer 
Pathology.'
Fatih Yanar, University of Southampton, - 'Dual encapsulation of silver nanoparticles and model drugs in liposomes: a microfluidic-based 
approach'

Priyanka Gupta, University of Surrey, - 'Towards the development of a multicellular scaffold based model of Pancreatic Ductal 
Adenocarcinoma – A step closer to Animal Free Research'

Samuel Vennin, King's College London, - 'Ventricular dynamics is a major determinant of the augmentation index: An in vivo and in silico 
study'

Keynote: Professor Alan Melcher, Institute of Cancer Research, - 'The Challenges of Drug Delivery for the Immunotherapy of Cancer – 
How Can Engineers Help?'

Carlos A Morales-Garduno, The University of Sheffield, 'An Agent-Based Model of cell-level interactions during the mammalian fertilization 
process using FlameGPU'

Boon C Low, National University of Singapore, - 'BCH Domain as a Versatile Scaffold Module in Mechanobiology'
George Hyde-Linaker, University of Strathclyde, - 'Fluid-structure interaction simulation of flow-mediated dilation of a straight arterial 
conduit'

Gaia Franzetti, University College London, - 'PIV Haemodynamic Study of a Patient Specific Case of Type-B Aortic Dissection'

Rosti Readioff, Keele University, - 'A Novel Imaging and Modelling Technique to Characterise Ligament Mechanics'

Computational Biology, Experimental Models of Disease and Injury - (Read)
Chairs - Dr Xinshan Li (Sheffield) & Dr Zhongzhao Teng (Cambridge)

Cancer Engineering, Drug & Gene Delivery - (Pippard)
Chairs - Dr Ciro Chiappini(KCL) & Prof Darryl Overby (Imperial)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

Plenary Session 3 - Dr Timothy Padera (Great Hall)

Lunch, Posters & Networking - (Queens Tower Rooms)

General Assembly - Virtual Physiological Human Research (Great Hall) from 12:30
Virtual Physiological Human Research- VPHi-UK Chapter - (Great Hall) 

Chairs - Dr Emilie Sauvage (UCL) & Dr Mehran Moazen (UCL)

Simao Laranjeira, UCL, - 'In silico framework to optimise the design of EngNT embedded with rods to promote neurite growth post nerve 
injury.'

Mehwish Arshad, Imperial College London, - 'Validation of CFD Method Used to Model Flow in Cell Culture Dishes on an Orbital Shaker'

Enrico Dall'Ara, University of Sheffield - 'A Finite Element approach to evaluate the mechanical stability of human vertebrae with metastatic 
lytic lesions'

Anna Santagostino Barbone, University of Sheffield, - 'Finite Element Analysis of the Arabin® Cerclage Pessary for Treatment of Pregnant 
Patients at Risk of Spontaneous Preterm Birth'
Qiao Li, University of Sheffield, - 'Towards a virtual population of femur strength'

Emilie Sauvage, UCL,  - 'In-silico modelling of surgical aorta remodelling in babies born with hypoplastic left heart syndrome'

Constandinos Carserides, Liverpool University, - 'Development of an ex vivo organ culture model of the cornea to determine the efficacy of 
a bioengineered graft.'

Shima Abdullateef, Brunel University London, - 'On the Impact of Arterial Tapering on Blood Pressure: A Computational Study'
David A Howells, Swansea University, - 'A Coupled Eulerian Lagrangian Model for Injury Risk Prediction of Primary Blast Effects in 
Complex Environments'

Paul W Sweeney, University College London, - 'Investigating the effects of vascular normalization on interstitial fluid dynamics using whole, 
realistic tumour vasculatures'
Olga Piskareva, Royal College of Surgeons In Ireland, - '3D tissue-engineered model of neuroblastoma for evaluating cytotoxic and 
miRNA-targeted therapeutics'

Jorge Mariscal Harana, King's College London, - 'Algorithms for estimating central blood pressure from aortic blood flow'
Joseph M Sherwood, Imperial College London, - 'Modelling the effect of RBC concentration distributions on microhaemodynamics'
Christina M Warboys, Royal Veterinary College, - 'β-catenin promotes endothelial dysfunction in response to atheroprone ‘disturbed’ flow 
via a Frizzled-4 dependent pathway'
Simran K Longani, Imperial College London, - 'Development and Implementation of a Magnetic Tweezer Protocol and Analysis System to 
Measure the Mechanical Properties of Protein Nanosheets'

Conference Registration

Mechanobiology, Biofluids & Cardiovascular Bioengineering II - (Huxley 308) 
Chairs - Dr Stephen Thorpe (QMUL) & Dr Yi Sui (QMUL)

Musculoskeletal Biomechanics, Gait Analysis & Human Movement - (Great Hall)
Chairs - Dr Aliah Shaheen (Brunel) & Dr Alex Dickinson (Southampton)

Runbei Cheng, University of Oxford, - 'An Opensource Framework to Analyse Marker-based and Inertial-Sensor-based Measurements: 
Motion Capture Analysis & Plotting Assistant (MCAPA) 2.0'

Asaph DR Nardi, Ariel University, - 'Numerical Aspects of Hypertrophic Cardiomyopathy Treatment'

Jeff N Clark, Imperial College London, - 'Three-dimensional imaging of articular cartilage down to the cellular level using
laboratory micro-computed tomography'

Marina Strocchi, King's College London, - 'A Virtual Cohort of Heart Failure Patients Four-chamber Heart Meshes for Cardiac Electro-
mechanics Simulations'
Claude F Hayford, University of Sheffield, - 'Evaluation of a scaled generic musculoskeletal model for estimating joint reactions during 
normal gait in children'

Edward K Chadwick, Keele University, - 'Tenodesis surgery for enhancing grasp and release following stroke: a simulation study'

Daniel Nolte, Imperial College London, - '3D shape prediction from planar X-ray for orthopaedic reconstruction using statistical shape and 
appearance models'
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Biomedical Engineering Education Workshop - (Pippard)
Chair - Dr Samuel Vennin (KCL)

Francesco Gianoli, Imperial College London, - 'The GATE-spring theory: a new model of mechanotransduction in auditory hair cells'

Public Engagement Experience: Jonathan Jackson-KCL, Lucy Foss-ICL, Christos Bergeles-KCL
Panel Discussion - 
• Initial motivation for becoming involved in PE
• Benefits of PE to careers and research
• Process of creating a PE project (practical, creative and skill based)
• Challenges faced during engagement projects and success stories
Audience Interaction
Questions from the Audience

Introduction to Public Engagement- Samuel Vennin, KCL

Benigno Marco Fanni, Fondazione Toscana Gabriele Monasterio, - 'A modified formulation of the QA method for inferring materials 
properties for enhanced patient-specific computational models'
Xin Zhou, University of Oxford, - 'Human in-silico investigations into therapeutic strategies in acute myocardial ischemia'
Caroline Mendonca Costa, King's College London, - 'Pacing in Proximity to Scar During Cardiac Resynchronization Therapy Increases 
Local Dispersion of Repolarization and Susceptibility to Ventricular Arrhythmogenesis'

Madalina Fiterau, University of Massachusetts Amherst, - 'Alzheimer’s Disease Forecasting using Generative Representation Prediction'

Biomedical Engineering Randomised Controlled Trials Workshop - (Huxley 308)
Chairs -  Dr Matt Williams (Imperial) & Dr Victoria Cornelius (Imperial)

Bryan M.  Williams, University of Liverpool, - 'Automated Assessment of Corneal Limbus and Foveal Blood Vessels with Fully 
Convolutional Networks'

Shreya Chawla, King's College London - 'Task-Driven Evaluation of Automated Control of a TOE Robot During Trans-Septal Puncture'

Ross Collins, Univeristy of Strathclyde - 'Feasibility of an Upper Limb Weight Support Device for Stroke Rehabilitation'

Selim Bozkurt, UCL Institute of Cardiovascular Science, - 'Numerical Modelling of Lambdoid Craniosynostosis Correction'
Peiying Sun, University of Sussex, - 'Computational Evaluation of Aortic Blood Flow Velocities Under Pulsatile CF-LVAD Support'

Bill C Tan, King's College London, - 'Evaluating patient experience and image quality in early development of robotic fetal ultrasound'

Filip Paszkiewicz, Imperial College London - 'Verification and Analysis of Condenser Microphones for Mechanomyopgraphy Prosthetic 
Control'

Fraser Philp, Keele University, - 'Principles of FES in movement science and neurorehabilitation'
Neil Postans, The Robert Jones and Agnes Hunt Orthopaedic Hospital, - 'Insights into current practice and the clinical use of FES'
Dimitra Blana, Keele University, - 'Future perspectives: adding intelligence to advanced FES'

Matt Williams: Why do we need randomised controlled trials? 
Daniel Green: Interventions requiring robust evaluation
Small group workshop challenge
Discovering the advantages and disadvantages of RCTs for the evaluation of Biomedical devices
Discovering the advantages and disadvantages of alternative non-randomised study designs
Victoria Cornelius: Its all about  PICO 
Small group workshop design challenge 
Turn the research question design into PICO and choose a study design

Giulia Pederzani, University of Sheffield, - 'Application of Theories of Arterial Growth, Remodelling and Damage to Understand Cerebral 
Vasospasm and its Response to Treatment'

Feedback and Summary  

Keynote: Professor David Howard, Salford University, - 'Developing innovative solutions for upper limb restoration using functional 
electrical stimulation'

Karthika Sivakumar, Northeastern University, - 'Forecasting Pharmacoresistant Epileptic Seizure from Intracranial EEG Recordings'

Advancing Functional Electrical Stimulation Workshop - (Read)
Chairs - Dr Ed Chadwick (Keele) & Ms Agraja Dimunge (Salisbury NHS Trust)

Poster Session + Tea & Coffee Break - (Queens Tower Rooms)

Tissue Engineering & Regenerative Medicine - (Great Hall)
Chairs - Dr Eirini Velliou (Surrey) & Prof John Haycock (Sheffield)

Artificial Intelligence & Machine Learning - (Huxley 308)
Chairs - Prof Anil Bharath (Imperial) & Prof Payam Barnaghi (Surrey)

Neurotechnology, Rehabilitation Engineering & Robotics - (Read)
Chairs - Dr Anne Vanhoestenberghe (UCL) & Dr Rui Loureiro (UCL)

Personalised Medicine & Modelling Biological Systems - (Pippard)
Chairs - Prof Mike Chappell (Warwick) & Dr Pinaki Bhattacharya (Sheffield)

Jason M Carson, Swansea University - 'A Machine Learning and Physics-Based Hybrid Modelling Approach for Non-invasive Fractional 
Flow Reserve'

Ryan C Timms, University of Oxford, - 'Electrophysiological Source Reconstruction with Stochastic Bayesian Machine Learning'
Ardra Radhalakshmi, King's College London, - 'Automated Standard View Classification for Trans-oesophageal Echocardiography'

Keynote: Dr Aleksandra Vuckovic, University of Glasgow, - 'Is Brain Computer Interface technology ready for home based patients’ self-
managed treatments?'

Norbert Radacsi, University of Edinburgh, - '3D/4D electrospinning for tissue engineering'
Serkan Dikici, University of Sheffield, - 'A novel 3D in vitro angiogenesis model for investigating endothelial cell migration in response to 
different stimulants'
Lu Luo, University of Birmingham, - 'A novel online monitoring tool for assessing mechanical properties of tissue engineered grafts'
Valentina Barrera, NHS Blood and Transplant, -'Decellularisation of Human Femoral Nerves in a Closed System:  Towards Introducing a 
New Nerve Allograft in Healthcare in the UK'

Keynote: Professor Ipsita Roy, University of Sheffield, - 'Natural Polymers of Bacterial Origin and their Biomedical Applications'
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Plenary Session 4 -  Professor Ilse Jonkers - (Great Hall)

BioMedEng19 Awards & Closing Ceremony - (Great Hall)

 Drinks Reception & Networking - (RSM 3.01 C, D & E)
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BioMedEng19 Poster Presentation - Thursday 5th September 2019
Biosensors, Biomedical Signal Processing & Bioelectronics

1 - Matthew J Sargent, Imperial College London – ‘Monitoring of Breathing Rate in Anaesthetised Mice by Piezoelectric-Transduction-
based Pressure Sensing’
2 - Negar Riazifar, University of Warwick - 'Event-Based Signal Processing'
3 - Chiara Cicatiello, Imperial College London, - 'A multi-ion platform for real-time detection of secondary insults in traumatic brain injury.'
4 - Wesleigh Dawsmith, Queen Mary University of London - 'Microwave dielectric measurements of bovine blood for the creation of a 
predictive computational model'
5 - Yunus A Abdulhameed, Lancaster University - 'The effects of malaria episodes on human skin microcirculation evaluated by wavelet 
phase coherence'
6 - Pavel Kutsenko, Imperial College London - 'Development of lactate sensors for continuous monitoring in sepsis'
7 - Urwah Arif, University of Edinburgh - 'Modelling of Electrical Impedance Tomography (EIT) of Nerve Bundles for Applications in 
Peripheral Nerve Stimulation'
8 - Kylie de Jager, University College London - 'Simultaneous power transfer and bidirectional serial communication for implantable 
electronics'
9 - Irving Caplan, University College London - 'Stimulation induced biopotential amplifier saturation due to common mode voltage'
10 - Radovan Gallo, Aston University, - 'Optimisation of SMARTChip capillary fluidic system'

Mechanics of Tissues & Organs 
11 - Angelina Avgeri, University Paris-Diderot - 'Mechanical properties of scar tissues of the hip capsule ligament for different implant 
materials'
12 - Michael Crichton, Heriot-Watt University - 'Understanding skin and mucosal tissue micromechanics to aid the development of 
wearable technologies'
13 - Marc  Masen, Imperial College London - 'Relating moisture content and sebum composition  to the in vivo shear response of human 
skin'
14 - Sara Medina-Lombardero, Heriot-Watt - 'Wounds in skin: characterising and visualising the changes to load bearing capacity on a 
microscale'

Wearable Sensors
15 - Balasundaram Kadirvelu, Imperial College London - 'Towards high-resolution clinical digital biomarkers for Duchenne muscular 
dystrophy'

Cardiovascular I & Lymphatic Bioengineering
16 - Mirko Bonfanti, University College London - 'Personalised blood flow simulations of complex aortic dissections informed by commonly 
available clinical datasets'
17 - Mairi E Sandison, University of Strathclyde - 'Tracking Phenotypic Heterogeneity at the Single Cell Level in Populations of Vascular 
Cells Through the Development of Microwell Arrays'
18 - Daniel J Watson, Imperial College London - 'Modelling Chemokine Transport within the Lymphatic System: Toward an Integration of 
Cellular and Transport Phenomena'
19 - Phakakorn Panpho, University of Liverpool - 'Mechanical properties of the ovine aorta: macro- to micro- scale correlation with regional 
variations in collagen, elastin and glycosominoglycan levels'
20 - Lydia Marinou, University of Strathclyde - 'Investigating the role of haematocrit in foetal circulation:  a multi-compartment lumped 
parameter model'
21 - Jennifer Frattolin, Imperial College London - 'Customizable self-assembling peptide hydrogels for testing dendritic cell responses to 
chemokine gradients'

Digital Health Engineering, Medical Technology & Innovation
22 - Sebastian Pattinson, University of Cambridge - 'Additive Manufacturing of Mechanically Tailored Mesh for Compliant Wearable and 
Implantable Devices'
23 - Neeraj Kavan Chakshu, Swansea University - 'Inverse Analysis of Cardiovascular State using Artificial Intelligence – A Step Closer to 
Realization of Active Digital Human Twin'
24 - Sarah Massey, UCL - 'Development of a mobile application to assess the use of neuromodulation for the self-management of 
spasticity'
25 - Zubia A Khan, King's College London - 'To what extent is using the newly clinically approved Kuka LBR iiwa 7 R800 robotic arm to 
conduct trans-thoracic echocardiography feasible and plausible?'
26 - Zanib K Panni, University of Strathclyde, - 'Using ART-FTIR for investigating Cardiovascular diseases and Cognitive Impairments'
27 - Tejas Kotwal, GKT School of Medical Education - 'Assessment of the HTC Vive for Surgical Planning in Cardiology'
28 - Anvarjon Mukhammadaminov, King's College London -'Chest wall motion assessment post-thoracic surgery'
29 - Jeremie E De Guzman, Keele University - 'Medical Software: a literature review and commentary on the importance of regulations 
and standards for its development towards market entry'
30 - Syed Ghufran Khalid, Anglia Ruskin University - 'Cuffless BP Estimation Using Single Channel PPG: Evaluation of Machine Learning 
Approaches on MIMIC II database'

Synthetic Biology and Engineering Biology
31 - Vishwesh Kulkarni, Warwick University - 'ART: Automatic Representation Translator for Idealised Nucleic Acid Circuits'

Biomaterials & Functional Bionanomaterials
32 - Jacob Schneider-Martin, Imperial College, Medtronic - 'Residual Strain Measurement in Superelastic Nitinol using FIB-DIC'
33 - Hafsah Akhtar, University of Sheffield - 'Tunable Nanobioceramics for Bioactive Scaffolds for Restoration of Craniofacial Fractures'
34 - Gregor Miklosic, Imperial College London - 'Fabrication and Optimisation of a Zonally Organised Scaffold for Osteochondral Repair'
35 -Tugba Cebe, University of Sheffield - 'Electrospun Fiber Fabrication As Synthetic Extracellular Matrix to Elucidate Collagen Fiber 
Structure in Osteogenesis Imperfecta'
36 - Baltatu M Simona, "Gheorghe Asachi" Technical University of Iasi - 'In vitro evaluation of some new biomaterials'
37 - Alaa Ayyed Al-Taie, University of Leicester - '3-D Printed Polyvinyl Alcohol Matrix for the Entrapment of Exhaled Microorganisms'
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38 - Atiya Sarmin, Blizard Institute, QMUL - 'Development of ECM-based bioinks for 3D Bioprinting of human skin equivalents'
39 - Martina Genta, Imperial College London - 'Engineering Biosynthetic Hydrogel Systems for Living Bionics'
40 - Ratima Suntornnond, Blizard institue, Queen Mary University of London - 'Development of vascularised 3D hydrogels via indirect 
bioprinting'
41 - Olivia A.R. Cauvi, Imperial College London - Growth Analysis of Ventral Mesencephalic Neural Population in a Polyvinyl Alcohol - 
Sericin Gelatin (PVA-SG) Hydrogel System
42 - Ragnhild E. Aune, Norwegian University of Sciences and Technology - 'In-Vitro Prediction of Material Performance of Central Venues 
Catheters (CVC) Exposed In-Vivo'
43 - Biswajoy Bagchi, University College London - 'Copper nanowire-cellulose based antibacterial films for wound dressing applications '
44 - Bernard O Asimeng, University of Ghana - 'Hydroxyapatite Antiproliferation Effects on HeLa Cells: Electrochemical Studies'

Medical Devices & Diagnostics
45 - Jose M Portillo, Instituto de Microelectrónica de Sevilla - 'Lumen Evaluation in Implanted Stents based on Bioimpedance Simulations'
46 - Jack Logan, University of Strathclyde - '3D Bioprinting for Fibrous Tissue Repair'
47 - Yingkai Lyu, University of Glasgow - 'A 3D flow-focusing microfluidic system for single particle separation'
48 - Ioanna Marina Syntouka, University of Strathclyde - 'Numerical Analysis of Collagen Injection to the Striatum'
49 - Keren Yue, University of Bristol - 'CoughAid – an Assistive Device for Cough Insufficiency'
50 - Muhammad Zubair, Imperial College London - 'A Dual Mode Multi-element Random Phased Array for Image guidance and HIFU 
treatment of the liver'
51 - Bukola Attoye, University of Strathclyde - 'Development of an electrochemical sensor for detecting circulating tumour DNA'
52 - Ross H McWilliam, University of Strathclyde - '3D Bioprinting of resorbable scaffolds for bone tissue engineering in maxillofacial 
surgery'
53 - Karla A F Paterson, University of Strathclyde - 'Microfluidic Primary Spheroid Co-culture for studying CAF-Mediated Tumour 
Progression'
54 - Bhagwan S Batule, Gwangju institute of Science and Technology - 'A paper-based DNA extraction device for simple, rapid, and 
sensitive identification of meat species from processed meat products'
55 - Youngung Seok, Gwangju Institute of Science and Technology - 'A handheld lateral flow strip for rapid DNA extraction in various 
samples'
56 - Benedetta Sabiu, University of Strathclyde - 'Spread Spectrum Based Detection using a Sound Card'
57 - Guillermo Vivas, University of Strathclyde - 'Photometric Compliance of Standard and Digital Infant Acuity Tests'
58 - Vincent J Vezza, University of Strathclyde - 'Electrochemical detection of sepsis causing bacteria'
59 - Caitlin McLean, University of Strathclyde - 'Characterising the response of novel 3D printed CNT electrodes to the virulence factor 
pyocyanin'
60 - Gemma Egan, University of Strathclyde - 'Production and Characterisation of Silk Fibroin Hydrogels through Sonication and Electro-
gelation'
61 - Christopher Rinaldi, University of Strathclyde - 'Development of a spectroscopic and electrochemical point-of-care device for accurate 
and sensitive clinical measurements'
62 - Duncan E Finlayson, Strathclyde University - 'Development of a High-Throughput ATR-FTIR System for Serum Diagnostics'
63 - Flynn Lachendro, University of Strathclyde - 'Development of Imaging and Histology Protocols for Evaluating the Coupling of 
Angiogenesis and Osteogenesis in Disuse Osteoporosis'
64 - Ian Coghill, University of Strathclyde - 'Phantom Eye Optic Nerve Head 3D Reconstruction from Stereo Images Acquired using a 
Novel Simultaneous Stereo Fundus Imaging Technique'
65 - Jamie R Dow, University of Strathclyde - 'Preliminary evaluation of a rapid fabrication method for synthetic vascular grafts'
66 - Jake Bagwell, University of Strathclyde, - 'Lower Limb Prosthetic Socket Stability Control with Hall Effect Feedback'
67 - Daniel Megarity, University of Strathclyde - 'Developing a modular neurotechnology'

Prosthetics & Trauma
68 - Thuy-Tien N Nguyen, Imperial College London - 'The Fracture Risk of Fragment Penetrating Injury To the Tibia'
69 - Alex Collingwoos, Keele Unversity - 'RUST and Modified RUST: A Verification Using Calibrated Radiographs of Healed Tibial 
Fractures'
70 - Morenike Magbagbeola, University College london - 'Tracking the Dissipation of Vibration using Electromyography Artefacts'
71 - Michael C Ward, University of Liverpool - 'Assessing the Suitability of 3D Printable Polymers, for Use in Maxillofacial Prosthetics'
72 - Leen Jabban, University of Bath - 'Low-cost Pressure Sensitive Artificial Skin for Prosthetic Hands'

Biomedical Imaging
73 - Oriol Roche i Morgo, University College London - 'Exploring the effect of different scanning trajectories on spatial resolution in x-ray 
micro-computed tomography with structured illumination'
74 - Warren Macdonald, Imperial College, London - 'Gamifying the MRI Experience'
75 - Pingfan Song, Imperial College London - 'Robust centre detection and calibration for a microlens array  with application in light field 
microscopy'
76 - Claire L Walsh, UCL - 'Realistic digital tissue geometries for non-invasive MRI biopsy'
77 - Hubin Zhao, University College London - 'The ANIMATE System: An Infant-Specific Scalable, Wearable, High-Density Diffuse Optical 
Tomography Technology'
78 - Musa Sani Musa, Near East University - 'GATE Simulation and Performance Evaluation of Scintillator-based Positron Emission 
Mammography (PEM) Scanners'
79 - Miranda Nixon, University College London - 'Accurate Device-independent Colorimetric Measurements Using Smartphones'

Organ on a chip
80 - Angel K Naveenathayalan, Brunel University - 'Conceptual Design and Development of an Organ-on-Chip Research tool to 
Investigate the Initiation, Progression and Treatment of Bacterial Vaginosis'
81 - Alysha Bray, CN-Bio innovations - 'Multi-organ in vitro Organ-On-Chip models to predict intestinal drug absorption and metabolism'
82 - Elisa R Budyn, ENS Cachan - 'Stem cell derived osteocytes reforming an Haversian network in vitro'
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83 - Megan Rutherford, B-Secur – ‘Gelatine Methacryloyl – Bioceramic Scaffolds for Dentine-Pulp Complex Regeneration’
84 - Jetsada Arnin, University of Strathclyde - 'Multi-Channel Real-Time Feature Extraction using Discrete Wavelet Transform for BCI 
Applications: An OpenCL Approach'
85 - Santhosh K Veeramalla, NIT Warangal - 'Resampling methods in a particle filter for localization of brain '
86 - Ali Salehi-Reyhani, King's College London - 'A Miniaturised Platform for Field-Based Chromatography'
87 - Tamzin Bond, Imperial College London - 'Imaging and Sensing in Living Cells using Dual Modality Fluorescent-PET Imaging Agents'
88 - Maleha AL-Hamadani, King's College London - 'Upper GI phantom for testing novel nasogastric tubes'
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BioMedEng19 Poster Presentation - Friday 6th September 2019
Musculoskeletal Biomechanics, Gait Analysis & Human Movement

1 - Fraye Watson, University College London - 'Does malalignment of the trunk in the frontal plane effect the Dynamic Stability Margin 
during varied gait?'
2 - Sander R Holthof, University of Warwick - 'Development of In-Vivo, Quantitative Bone Fracture Cohesion Measurement'
3 - Haipeng Liu, Anglia Ruskin University - 'Geometric Effects on the Stress of Atherosclerotic Plaques: a Computational Study'
4 - Tijana  Jevtic Vojinovic, University College London - 'Measurement of tendon forces during vibratory robotic-assisted therapy'
5 - Maryamolsadat Mirhadizadeh, University of Surrey - 'Continuous relative phase method as a measure of upper extremity coordination in 
activities of daily living'
6 - Angela Kedgley, Imperial College London - 'Delayed onset muscle soreness to induce pain for musculoskeletal modeling'

Mechanobiology, Biofluids & Cardiovascular Bioengineering II
7 - Willy Bonneuil, Imperial College London - 'Microfluidic device for quantifying lymphatic-derived chemokine gradients'
8 - Lauren Johnston, University of Strathclyde - 'Blood Flow Simulations in the Aortic Arch in relation to Haemodynamic Wall Shear Stress 
and Obesity-induced Vascular Changes'
9 - Ryan Reavette, Imperial College London - 'A Comparison Between Invasive and Non-invasive Wave Intensity Analysis Using 1D 
Computational Modelling of Arterial Haemodynamics'
10 - Ryan Reavette, Imperial College London - 'A Mathematical Formulation for 1D Computational Modelling of Arterial Haemodynamics 
Using a Pressure-Area Relation That Correctly Predicts Wave Speed Behaviour and Incorporates Strain-Stiffening'
11 - Alireza Meghdadi, University of Southampton - 'Characterisation of Sclerosing Foam Rheology in a Clinically Applicable Setting'
12 - Josefin Jansson-Edqvist, Imperial College London - 'Developing a Microfluidic Device for Mimicking the Endothelial Microenvironment'

Computational Biology, Experimental Models of Disease and Injury
13 - Angela Knepper, Swansea University - 'Multi-scale and Lumped Parameter Modelling of Potts Shunt as a Potential Treatment for 
Idiopathic Pulmonary Artery Hypertension'
14 - Sean A Perry, University of Warwick - 'The Influence of Breathing Variability on Cardio-Respiratory Synchronization'
15 - Giulia Gaggioni, University of Surrey, - 'Does the complexity of the cortical response recorded in electroencephalograms under sleep 
deprivation change with age?'
16 - Georgina Al-Badri, UCL - 'Towards a mathematical model to predict the impact of oxygen concentration on the culture of endothelial 
cells for in vitro vascularisation'
17 - Benjamin Partridge, Imperial College London - 'The Physics of Stem Cell Dynamics in the Irradiated Bone Marrow Cavity'
18 - Zhiguang Mu, Imperial College London - 'Asymmetries between ON and OFF dominated neural ensemble codes in the mouse dorsal 
LGN'

Non-Invasive and Minimally Invasive Therapies
19 - Zhengchu Tan, Imperial College London - 'Neurosurgical Convection Enhanced Drug Delivery: Experiments and Modelling'
20 - Rebecca R Baker, UCL Centre for Advanced Biomedical Imaging - 'Targeting magnetic seeds using an MRI system'

Cancer Engineering, Drug & Gene Delivery
21 - Fatih Yanar, University of Southampton - 'Imaging of liposomes encapsulating silver nanoparticles'
22 - Fungisai  Matemadombo, University of Kent - 'Gene delivery by electroporation in a microfluidic device'
23 - Nathan Sjoquist, University of Cambridge - 'An Automatic Method of Visualising the Progression of Metastatic Bone Disease'
24 - Christopher C Phillips, Imperial College London - '“Digistain” mid-IR based Chemical Imaging for Breast Cancer Diagnosis'

Neurotechnology, Rehabilitation Engineering & Robotics
25 - Riya T Shah, King's College London - 'Exploring the Range of Movement of a 2-Probed Fetal Ultrasound Robot Simulation Along a 
Range of Different Body Shapes'
26 - Julius Lipskas, University of Strathclyde - 'Robotic-Assisted 3D Bio-printing for Repairing Bone and Cartilage Defects through a 
Minimally Invasive Approach'
27 - Jia Han Benjamin Koh, King's College London - 'Shape Sensing Modality for Flexible Manipulators Utilising Optoelectronic Sensors'
28 - Pierre H Guilleminot, Imperial College London - 'Engineering Tactile Signals to Aid Hearing in Noisy Background'
29 - Grace Ang, Imperial College London - 'Evaluating the Functional Implications of  Sequentially-Neuromodulated Synaptic Plasticity in 
Reward-based Learning'
30 - Oscar Bates, Imperial College London - 'Ultrasound computed tomography of the human brain using full waveform inversion '
31 - Isabell Whiteley, Imperial College London - 'Holographic system design for neurophotonic excitation'
32 - Patrycja Dzialecka, Imperial College London - 'Pulsed Temporal Interference electrical brain stimulation'
33 - Farnaz Fahimi Hanzaee, Imperial College London - 'Comparative Assessment of High-Performance Analogue Front-End for Closed-
Loop Neural Systems'
34 - Rufus Mitchell-Heggs, Imperial College London - 'Neural Population Analysis of how Decision Making uses Working Memory | Medial 
Prefrontal Cortex'
35 - Thomas Tiennot, Imperial College London - 'Ultrasound Super-Resolution for 3D Brain Imaging'
36 - Damola I Akano, University of Strathclyde - 'Remanufacturing of Neonatal Incubators: A sustainable option to providing affordable 
incubators'

Artificial Intelligence & Machine Learning
37 - Gareth R Jones, Swansea Universtiy - 'A proof of concept for machine learning application to stenosis detection'
38 - Venky Dubey, Bournemouth University - 'Comprehensive risk assessment of diabetic neuropathy using patient data'
39 - Justino R Rodrigues, Imperial College London - 'Automated Identification of Endothelial Permeability Hotspots in Image Assays'
40 - Xu Chen, University of Liverpool - 'AI-based Segmentation Method in Cardiac Magnetic Resonance Images'
41 - Esfandiar Khaleghi, Kingston University London - 'Identifying Cardiac Arrhythmia and Congestive Heart Failure using Two-Lead ECG 
Signals and CNN'
42 - Madalina Fiterau, University of Massachusetts Amherst - 'Personalized Student Stress Prediction with Deep Multitask Networks'
43 - William R Trender, Imperial College London, - 'Differentiating Cognitive States  using the Intradimensional Extradimensional Set 
44 - Mark D Olchanyi, Schultz Laboratory - 'An Image Processing Pipeline for Multiphoton Tomographic Connectivity Mapping'

18



Tissue Engineering & Regenerative Medicine
45 - Betul Aldemir Dikici, University of Sheffield - 'Bifunctional guided bone regeneration membrane: combining electrospinning and 
emulsion templating'
46 - Melanie S Flury, Imperial College London - 'Investigation of peptide bound anisotropic osteochondral scaffolds for biomineralization'
47 - Fahad Alhamoudi, University of Sheffield - 'Nano-Bioactive Composites Improving Angiogenesis in Bone Bioengineering'
48 - Camille Marijon, Imperial College London - 'Microgel-based extracellular vesicle delivery platform for the treatment of myocardial 
infarction'
49 - Yasser Almoshawah, University of Sheffield - 'Structural and Chemical Analysis of Plexiform Bone using Vibrational Spectroscopy'
50 - Serkan Dikici,The University of Sheffield - 'Promoting neovascularisation in tissue engineering constructs: 2-deoxy-D-ribose (2dDR) 
and 17β-Estradiol (E2) as alternatives to VEGF'

Personalised Medicine & Modelling Biological Systems
51 - Manuel Eichenlaub, University of Warwick - 'Modelling Postprandial Glucose Responses from Glucose Sensor Data in Diabetes 
Mellitus'
52 - Andrea F Cairoli, Imperial College London - 'Model of inverse bleb growth explains giant vacuole dynamics during cell 
mechanoadaptation'
53 - Ege Ozkaya, University of Edinburgh - 'Real-time monitoring of blue-light induced decline of the Retina pigmented epithelium barrier 
function with Electrical Cell-substrate Impedance Sensing'
54 - James E Campbell, University of Leicester - 'Modelling Capillary Pressure in the Human Lung to Simulate  Surface-Tension-Driven 
Volume-Pressure Hysteresis'
55 - Thomas Peach, University College London - 'In-silico Comparison of the eCLIPs Device and Conventional Flow-Diverters as Treatment 
for Cerebral Bifurcation Aneurysms'
56 - Diana Marta Cruz de Oliveira, University of Birmingham - 'Computational Modelling of Variability in Mitral Valve Morphometry'
57 - Wenbo Zhan, Imperial College London - 'Effect of Enhanced Cerebrospinal Fluid Flow on Drug Penetration in Convection Enhanced 
Delivery'
58 - Hannah West, UCL - 'Computational modelling of nanoparticle drug delivery on realistic vascular networks'
59 - Vishwesh Kulkarni, Warwick University - 'Caffeine Levels and Bronchopulmonary Dysplasia in Low Birth Weight Newborns'

60 - Mehran Moazen, University College London - 'Predicting Calvarial Growth in a Child with Sagittal Craniosynostosis'
61 - Stephen Taylor, University College London - 'A buckle transducer for measurement of wrist tendon force in vivo'
62 - Maria Boumpouli, University of Strathclyde - 'Hemodynamics in the pulmonary bifurcation: Effect of geometry and boundary conditions'
63 - Chris Payne, UCL - 'Minimally invasive, image-guided ablation using MRI - MINIMA'
64 - Frederick Greatrex, INSIGNEO Institute for in silico Medicine - '3D ultrasound methods for image-based personalisation of 
musculoskeletal models'
65 - Zhong Jin, Nanjing University of Science and Technology - 'Stripe Noise Removal of OCTA Image'
66 - Curtis Palasiuk, University of Sheffield - 'An Agent-Based Model of Bone Remodelling and its Disruption by Multiple Myeloma'
67 - Dasen Xu, Northwestern Polytechnical University - 'Study on the Mechanism of Fluid Percussion Injuries on Immune Cells'
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The Organ-on-a-Chip Technologies Network is a joint MRC, EPSRC and 
BBSRC funded Technology Touching Life initiative, designed to capture, 
inspire and grow UK research activity in the Organ-on-a-Chip research 
field. An organ-on-a-chip is an engineered system in which key aspects 

of the architecture, functions and surrounding physiochemical environment of a living human organ are recreated, allowing 
drugs or therapies to be tested on an in vitro system which recapitulates the in vivo one. The development of organ-on-a-
chip (OOAC) in vitro models has grown from a nascent idea in 2000 to one of the most promising, fastest growing research 
areas in the world - predicted to achieve a compound growth rate of 38- 57% over the next five years to become a multi-
billion pound industry.  

Our Network’s aims include: 
developing a vibrant multidisciplinary research community, bringing focus to the varied Organ-on-a-Chip and In Vitro model 
research activity in the UK facilitating inter-disciplinary and inter-sectoral research collaborations, to develop the next 
generation of organ-on-a-chip research solutions training, supporting and inspiring the next generation of outstanding 
leaders in organ-on-a-chip research. 

Since launching in September 2018, our Network has had a productive year – helping to drive forward OOAC technologies 
in the UK. The Network now has over 500 members from across academia, industry, regulatory bodies and other interested 
third parties. We provide funding for pump-priming research projects; organise collaborative events; facilitate special interest 
groups delivering reviews and opinion pieces; and are developing patient and public engagement projects. 

In collaboration with BioMedEng19, the Network is running an OOAC technologies session where delegates can find out 
about the Network’s achievements so far and help shape future activities and priorities within this research field. We are 
excited to be part of BioMedEng19 which provides an excellent environment for sharing and developing our multidisciplinary 
network activity.  We look forward to welcoming biomedical engineers, physical scientists, life scientists and clinicians to our 
community. Membership of the Network is free and simple to register via the website: www.organonachip.org.uk 

Professor Hazel Screen, Director of the Organ-on-a-Chip Network 

Organ-on-a-Chip Technologies Network 

Professor John Tyrer FIMechE, FLIA, Loughborough University  

Title: Bras to Bridges – Using Lasers to Reverse Engineer People 

Educated at Cranfield and Loughborough University in Mechanical Engineering, Prof. 
Tyrer joined Loughborough University as a lecturer in engineering design in 1983. He 
became a Senior Lecturer in 1988 and Professor of Optical Instrumentation in 2007. 
He lectures in;, high power laser material processing, laser safety, ballistics and 
rocketry, design of machine elements, optical metrology & experimental bio-
mechanics.  

He established Laser Optical Engineering Ltd in May 1996. As Managing Director & 
founder, John now employs 6 permanent members of staff. Within the University, 
John has sustained a substantial research profile over 35 years producing 31 PhD’s 
and 150 Journal Papers. He has 12 Patents and 2 further pending. 

John has been host, chair and helped organise a range of conferences and short 
courses, both in the UK and worldwide, for a number of organisations including the 

IMechE, IET (formally IEE), IOP, SPIE, OSA, LIA, BINDT and BSSM. For over 30 years he has taught laser safety short 
courses. He is Laser Safety Advisor to Loughborough University and has provided such roles to other Universities, AWE, 
BBC, NEC and various industrial companies.  John was awarded Fellow status by the IMechE and The Laser Institute of 
America (LIA). He was elected as a Board Member of the LIA in 2007. 
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Professor Lionel Tarassenko CBE FREng FMedSci 

Lecture Title: Engineering Meets Medicine: The Impact of Digital Technologies on Healthcare 

Professor Lionel Tarassenko CBE FREng FMedSci is a world-leading expert in the 
application of signal processing and machine learning to healthcare, with a strong 
track record in translation to clinical medicine.  

His work has had a major impact on the identification of deterioration in acute care 
and on the management of chronic disease. The system which he designed for 
patient monitoring in critical care was the first machine learning system to gain FDA 
approval (in 2008). 

Prior to that, Professor Tarassenko had been closely involved in the development of 
some of the jet engine monitoring software at the core of the Rolls-Royce TotalCare® 
package. This won him the Rolls-Royce Chairman's Award for Technical Innovation in 

2001 and the Sir Henry Royce High Value Patent Award in 2008. 

Professor Tarassenko received the BA in Engineering Science in 1978 and the DPhil in medical electronics in 1985, both 
from the University of Oxford. After a period in industry, he was appointed University Lecturer and Tutorial Fellow in Oxford 
(St Hugh’s College) in 1988. He was elected to the Chair of Electrical Engineering and to a Professorial Fellowship at St 
John’s College, also at the University of Oxford in 1997. He was the driving force behind the creation of the Institute of 
Biomedical Engineering (IBME) which he directed from its opening in April 2008 to October 2012. Under his leadership, the 
IBME grew from 110 to 220 academic researchers, and it was awarded a Queen’s Anniversary Prize for Higher Education in 
2015 for “new collaborations between engineering and medicine delivering benefit to patients”.  

Professor Tarassenko was elected to a Fellowship of the Royal Academy of Engineering in 2000, and to a Fellowship of the 
Academy of Medical Sciences in 2013. Professor Tarassenko is the author of 230 journal papers, 210 conference papers, 3 
books and 32 granted patents. He is a director of the University’s wholly-owned technology transfer company, Oxford 
University Innovation, and has founded four University spin-out companies. He has been the Head of the Department of 
Engineering Science (Dean of Engineering) since 1st September 2014. 

Dr David Hughes 

Lecture Title: Combining Biology and Engineering to produce Human Relevant Models for 
Drug Discovery 

Dr Hughes was appointed CEO of CN Bio in 2018, having previously served the 
company as Chief Technical Officer and Head of Engineering.  

He oversees both commercial and technical strategy, bringing deep technical 
knowledge and strong understanding of the Organ-on-Chip market and customers to 
this role.   

He directs product development and technical and commercial deployment of the 
company’s flagship PhysioMimix® Organs-on-Chips system. Dr Hughes led the 
company’s participation in a key five-year $26M DARPA contract alongside the 
Massachusetts Institute of Technology to build a human Body-on-a-Chip. 

He holds a Masters in Engineering Science and a Doctorate in Chemical Engineering from the University of Oxford. He  has 
been an Executive Director of the company since 2015.  

Chief Executive Officer, CN Bio Innovation 

University of Oxford 
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Dr Timothy Padera 

Lecture Title: The lymphatic System in Cancer Progression 

Dr Padera earned dual Bachelor’s Degrees in Chemical Engineering and Biomedical 
Engineering from Northwestern University. He earned his PhD in Medical Engineering 
from the Harvard-MIT Health Sciences and Technology program.  

He performed his thesis work in the laboratory of Dr. Rakesh Jain at Massachusetts 
General Hospital. He was appointed to the faculty of Harvard Medical School as an 
Instructor and has risen through the ranks and is now Associate Professor of 
Radiation Oncology 
at Harvard Medical School and a PI in the Edwin L. Steele Laboratories, Department 
of Radiation Oncology at Massachusetts General Hospital. In 2011, he was awarded 
an NIH Director’s New Innovator Award. 

Dr. Padera is recognized as a leader in the field of functional lymphatic imaging, particularly with respect to tumor growth 
and lymphatic metastasis. He has seminal papers describing the role of functional peritumor lymphatic vessels in tumor 
dissemination and the source of lymphatic dysfunction in tumors. His group has also developed a novel method to study the 
autonomous contraction of collecting lymphatic vessels in mice. This work opened the door to the wide array of genetic 
mouse models to study underlying functional lymphatic deficits in lymphedema, states of inflammation and bacterial 
infection. 

Most recently, his group has developed the first chronic lymph node window in a mouse. Using this novel model, his lab has 
shown that lymph node metastases do not require sprouting angiogenesis for their growth and do not respond to anti-
angiogenic therapy. Further, they have shown the lymph node metastasis can spread to distant organs by invading lymph 
node blood vessels, contributing to the progression of cancer. 

Professor Ilse Jonkers 

Lecture Title: An Integrated, Multi-scale Approach to understand the Role of Mechanical 
Loading in Cartilage Homeostasis and Disease: Bridging from Joint to Chondrocyte 

From my PhD (2000) onwards, I successfully bridged from a classical human 
movement science and physical therapy profile towards an integrated biomedical 
science and biomedical engineering profile, exploiting maximally the use of 3D motion 
capture and multi-body simulation techniques to advance the understanding on 
pathological movement.  

The two-year postdoctoral stay at the bioengineering department at Stanford 
University (Prof Delp) was a pivotal experience in this process. 
To date, I am a professor and head of the Human Movement Biomechanics Research 
Group at KU Leuven.  

My group is conducting internationally highly competitive research on the 
quantification of whole joint loading using multi-body simulation. Its work is known for the development of subject-specific 
musculoskeletal models containing a high level of anatomical detail, especially in the context of cerebral palsy. 

More recent research activities relate to the development of multi-scale modelling of bone and cartilage adaptation and 
advanced medical imaging of cartilage to understand degenerative joint diseases. In this context, I am to elucidate the role 
of mechanical loading in cartilage homeostasis and disease using multi-axial bioreactor experiments. 

I am passionate about this new, highly multi-disciplinary research line combining biomedical sciences (human movement 
science, musculoskeletal modelling, cartilage biology and imaging) and engineering sciences (multi-scale modelling).  

KU Leuven University 

Harvard Medical School 

22



Keynote Speaker: Professor Malcolm Granat, University of Salford  

Date and Time: 5th September 2019, 11:15 - (Read) 
Title: "Measuring Physical Behaviour: Making Sense of Wearable Sensors" 

Malcolm Granat is Professor of Health and Rehabilitation Sciences at the University 
of Salford. He is engaged in research looking at the quantification of free-living 
physical behaviour using body-worn monitors. The main focus of his research is the 
development of new outcomes, based on physical behaviour patterns, to quantify the 
effectiveness of interventions in a range of populations and clinical groups (e.g. 
stroke, OA, intermittent claudication, heart failure, the older person etc.).   
 
Malcolm has published over 120 peer-reviewed papers received numerous research 
grants from Research Councils, the EU and charities.  He is currently the President of 
International Scientific Society for the Measurement of Physical Behaviours (ISMPB) 
and Director of the EPSRC Centre for Doctoral Training in Prosthetics and Orthotics.   

Session: Wearable Sensors 

Keynote Speaker: Dr Tamas Feher, MTA Szeged Research Centre for Biology  

Date and Time: 5th September 2019, 15:30 - (Huxley 308)  
Title: "CRISPR-interference Based Modulation of Mobile Genetic Elements in Bacteria" 

Tamas Feher, born in Hungary, earned his MD at the University Medical School of 
Debrecen in the year 2000. He then moved to Szeged, Hungary where he joined the 
Bacterial Genome Engineering group led by Gyorgy Posfai. He participated in the 
construction and characterization of a multiple deletion Escherichia coli strain, which 
became a major part of his PhD thesis.   
 
After earning his PhD at the University of Szeged, he spent one postdoctoral session 
in the same institute, followed by a two-year postdoctoral work at the University of 
Evry, France, under the supervision of Jean-Loup Faulon. After returning to Hungary, 
he founded his workgroup at the Synthetic and Systems Biology Unit of the Biological 
Research Centre of the Hungarian Academy of Sciences. He has now four students 
working on various projects related to synthetic biology, bacterial and phage 
engineering and mechanisms of mutagenesis.  

Session: Synthetic Biology and Disease Treatment Workshop 

Keynote Speaker: Professor Richard Aspden, University of Aberdeen  

Date and Time: 5th September 2019, 11:15 - (Huxley 308) 
“Quantifying the organisation of collagen within soft and hard connective tissues using x-ray 
and neutron diffraction and polarized light microscopy” 

Starting with a first class honours in Physics from the University of York I then moved 
across the Pennines to do a PhD in Medical Biophysics at the University of 
Manchester under Professor David W.L. Hukins. I developed methods using x-ray 
diffraction and polarised light to measure collagen fibril organization in connective 
tissues and applied these first to articular cartilage and subsequently used them on 
tissues such as ligaments, intervertebral disc, meniscus and uterine cervix.  
 

I was awarded a Wellcome Trust Travelling Fellowship to work with Professor Dick 
Heinegård in the Department of Physiological Chemistry at the University of Lund, 
Sweden. There I learnt some biology in order to study how biological and mechanical 
factors are inter-related. On returning to the UK I moved to Aberdeen and set up the 
Orthopaedic Research Laboratories. In 1992, I was awarded an MRC Senior 
Fellowship, and this was renewed in 1997. I was appointed to a personal chair as 
Professor in Orthopaedic Science in 2000. 

Session: Mechanics of Tissues & Organs 
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Keynote Speaker: Professor Alan Melcher, The Institute of Cancer Research 

Date and Time: 6th September 2019, 09:00 - (Pippard) 
“Challenges of Drug Delivery for the Immunotherapy of Cancer - How Can Engineers Help?'“ 

Dr Melcher graduated in medicine from the University of Oxford in 1989, and trained 
in Clinical Oncology (radiotherapy and chemotherapy) in Cardiff, London and Leeds. 
Following completion of his PhD at the Imperial Cancer Research Fund (now Cancer 
Research UK) in London, he was a post-doctoral research fellow at the Mayo Clinic, 
Minnesota, before returning to the UK, where he became Professor of Clinical 
Oncology and Biotherapy in Leeds in 2007.  

In 2016 he moved as Professor of Translational Immunology to The Institute of 
Cancer Research and an honorary consultant oncologist at The Royal Marsden 
Hospital, London.  He combines a clinical practice in head and neck cancer and 
melanoma with laboratory and translational research focused on oncolytic viruses 
and immunotherapy for the treatment of cancer. 

Session: Cancer Engineering, Drug & Gene Delivery  

Keynote Speaker:  Professor David Howard, Salford University  

Date and Time: 6th September 2019, 13:00 - (Read) 
"Developing innovative solutions for upper limb restoration using functional electrical stimulation” 

David Howard is Professor of Biomedical Engineering, whose research is inter-
disciplinary and sits at the Engineering / Health Science interface. Together with 
Professor Laurence Kenney, he co-leads Salford University's research in 
Rehabilitation Technologies & Biomedical Engineering. Their work has focused on 
functional electrical stimulation (FES) of muscles for people with partial paralysis 
following neurological damage after, for example, stroke.  

Through close collaboration with industrial and clinical partners they have worked on 
the translation of FES systems into the clinical setting, and led the development of 
user-friendly but advanced systems for upper limb rehabilitation. His other research 
interests cover upper and lower limb prostheses, modelling and simulation, 
musculoskeletal biomechanics and real world monitoring of assistive devices. 

Session: Advancing Functional Electrical Stimulation Workshop 

Keynote Speaker: Professor Frances Balkwill OBE FMedSci, Queen Mary University 

Date and Time: 5th September 2019, 15:30 - (EEE 509) 
Title: "Deconstruction and Reconstruction of a Human Tumour Microenvironment" 

Frances Balkwill is Professor of Cancer Biology at Barts Cancer Institute, Queen 
Mary University of London, where she leads the Centre for Cancer and Inflammation. 
She is especially interested in translating knowledge of cancer biology into new 
biological treatments for cancer and has published 250+ scientific papers and reviews 
during her career. Much of her work focuses on the tumour microenvironment of 
ovarian cancer.  
In 2006, she was made a Fellow of the Academy of Medical Sciences and has served 
on its Council. Fran is also actively involved in communication of science to non-
specialist audiences, especially young people. Fran's science communication work 
has been recognised by the award of the 2004 EMBO prize for communication in the 
Life Sciences and the 2005 Royal Society Michael Faraday Prize. In 2017, she was 
awarded the Cancer Research UK Inspiring Leadership in Research Engagement 
Prize.  

Session: Organ on a chip & Artificial Organs 
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Keynote Speaker: Dr Aleksandra Vuckovic, University of Glasgow 

Date and Time: 6th September 2019, 14:35 - (Read) 
Title: "Is Brain Computer Interface technology ready for home based patients’ self-managed 
treatments?” 

Dr Aleksandra Vuckovic, is a Senior Lecturer in Rehabilitation Engineering. After an 
Electrical Engineering degree in Belgrade, Serbia, she worked for 8 years in industry 
before embarking on PhD in Health Technologies at the Aalborg University, Denmark. 
On completion of her PhD, she was a Post-Doctoral researcher at the Alborg 
University followed by the University of Essex. For the last 11 years she has been 
with the University of Glasgow where she leads a Neuroengineering group. 
Dr Vuckovic is an associate editor for IEEE TNSRE and Brain Computer Interfaces 
and is one of the founding members of the international Brain Computer Interface 
Society.  
Her research interests are in Brain Computer Interfaces in neurorehabilitation, 
including rehabilitation of movement and treatment of neuropathic pain, and in EEG 
based neuroimaging. She has over 10 years’ experience with clinical applications 
BCI, with particular interest in patient engagement and translational research. 

Session: Neurotechnology, Rehabilitation Engineering & Robotics 

Date and Time: 6th September 2019, 14:35 - (Great Hall) 
Title: "Natural Polymers of Bacterial Origin and their Biomedical Applications" 

Professor Ipsita Roy is an expert in microbial biotechnology, natural biomaterials and 
their biomedical applications. She has recently joined the Department of Material 
Science and Engineering at the University of Sheffield as Professor of Biomaterials. 
Previously she was Professor at the School of Life Sciences, University of 
Westminster, London. She is also Visiting Professor at NHLI, Faculty of Medicine, 
Imperial College London.  Ipsita was awarded the prestigious Inlaks Scholarship and 
the Overseas Research Students Award to study for her Ph.D. at the University of 
Cambridge. Subsequently, Professor Roy taught at the Indian Institute of Technology 
for four years as an Assistant Professor. Ipsita has published over 100 papers in high 
‘Impact Factor’ journals and presented her work at numerous international 
conferences. Her group is involved in the application of PHAs in the area of hard 
tissue engineering, soft tissue engineering, wound healing and drug delivery. Her 
work has been funded by the EPSRC, EU, DuPont and WESTFOCUS, London.  

Keynote Speaker: Professor Ipsita Roy, University of Sheffield 
Session: Tissue Engineering & Regenerative Medicine  
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AcademicLabs.co is a Belgian startup, founded in 2015, aiming to bring clarity and transparency in the R&D 
ecosystem to facilitate partner discovery and collaboration.  

The award-winning company has created a platform where over 10,000s of scientific research groups are easily 
discoverable based on their mission, current research activities, and past achievements. Moreover, the platform 
allows the systematic discovery of European projects and funding calls, scientific publications, clinical trials, and 
patents.  

Following identification of key partners, AcademicLabs streamlines consortium creation and collaboration via its 
integrated consortium solution. The startup currently collaborates with global leaders in the pharmaceutical 
industry, biotech clusters and leading European universities embracing the vision of open and collaborative 
innovation. 

AcademicLabs 

ICU Medical 

At ICU Medical we are focused on bringing you intuitive, patient-centric IV products and services that provide 
meaningful clinical differentiation, consistent innovation and superior value. We offer you a complete portfolio of 
the latest infusion pump technologies, informatics and services that provide flexibility while helping you to 
deliver safe care and improve patient outcomes.  

The 2018, best in KLAS Plum 360TM and the SapphireTM platform of devices answer your large volume, pain 
management and ambulatory infusion pump needs. When coupled with ICU Medical MedNetTM safety software, 
the Plum 360 infusion pumps provide full IV-EHR (Electronic Health Records) interoperability with the highest 
customer satisfaction and EHR compatibility. 

With over half a million infusion devices installed globally, ICU Medical has a wealth of experience in delivering 
technical support services and maintenance options to meet the needs of our customers and to help you 
maximise the value of your investments. 

To learn more about our industry-leading infusion technologies and how they can help you increase the safety, 
accuracy and efficiency of IV medication delivery, please contact ICU Medical at 0203 357 9400 or email: 
UKSupport@icumed.com 
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Design Optimization of Microfluidic Ion Pumps with Numerical Simulation 

Shao-Tuan Chen, Christopher M. Proctor, George Malliaras 

Electrical Engineering Division, Department of Engineering, University of Cambridge 

Introduction 
Microfluidic ion pump (µFIP)1 is an implantable drug delivery device which can deliver drugs with temporal and 
spatial precision using external electric potential. As we continue to improve the design of µFIPs, there is an 
urgent need for deeper understanding of the device physics of such devices. Here we report a finite-element 
based model for µFIP platforms. The computational model allows us to have clear insights of the ionic and 
electronic transport phenomena across the ion exchange membrane of µFIPs, further enabling us to design 
next-generation µFIP platforms and push forward the development of targeted drug delivery treatments. 

Methods 
The device physics of µFIP are described by governing equations for both the ion concentration and the charge 
carrier transport when external electric potential is applied. We investigate device parameters including fixed 
charge concentration in the ion exchange membrane, initial drug concentration and diffusion coefficient of the 
transporting drugs by constructing an ionically/electronically coupled computational model.  
Results & Discussion 

Fig 1. (a) Schematic of a µFIP delivering positively charged drugs to the brain. Drugs are electrophoretically pumped from the 
microfluidic reservoir through an ion exchange membrane, where the membrane can selectively allow only the drug to be delivered, 

while preventing transportation of other ions in the system. (b) Electric potential and (c) concentration profile across the ion exchange 
membrane for different initial drug concentration D0, where the left-hand side is the µFIP (source) and the right-hand side is the target. 

Fig 2. (a) Surface plot of pumping efficiency as a function of both the fixed charge concentration (CIM) in the ion exchange membrane, 
and the initial drug concentration (D0) in the device. Pumping efficiency is defined as the ratio between drug transportation over the total 

ion transport in the system. (b) Amount of drugs the device can deliver for different D0 when varying CIM. Higher CIM increases the 
selectivity of the membrane but also leads to higher membrane resistance, where these two factors counteract each other in drug 

transport. Therefore, dots on each line correspond to the optimal CIM in the membrane for different D0 to maximize drug transportation. 

Conclusion 
The computational model allows us to have deeper insights of the ionic and electronic transport phenomena 
across the ion exchange membrane. This research enables us to design advanced µFIP platforms and push 
forward the development of targeted drug delivery for higher efficiency and extend its range of applications. 

References 
1. Proctor, C.M. et al. Sci Adv. 4.8 (2018): eaau1291.
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Conductive elastomers for soft and flexible bioelectronics 

E. Cuttaz1, C. A. R. Chapman1, J. Goding1, R. Green1,
1 Department of Bioengineering, Imperial College, South Kensington, SW7 2AZ, London. 

Introduction 
Neuroprosthetic devices have been widely used for the treatment of neurological disorders and diseases. Such 
technologies typically utilise metals to conduct and inject electrical charges in the neural tissue [1]. These 
metallic electrode arrays present several limitations, including poor tissue integration capabilities and low 
charge injections limits. Furthermore, their high stiffness induces a significant mechanical mismatch at the 
implant-tissue interface, resulting in a chronic inflammatory response, which further leads to device failure and 
limited long-term electrode functionality. Flexible, soft and stretchable organic-based bioelectronics hold great 
potential to address the limitations of metallic electrodes. One approach involves the incorporation of 
conducting polymers (CPs) into a flexible polymer carrier matrix, resulting in soft and flexible electroactive 
biomaterials, referred as conductive elastomers (CEs). In this study, fibres and nanowires of the CP poly(3,4-
ethylenedioxythiophene (PEDOT) were incorporated into an elastomeric polyurethane (PU) matrix. In order to 
utilise the CE as a functional bioactive material, parameters enabling effective electrical performance such as 
the amount of embedded CP as well as the material thickness must be characterised. 

Methods 
Commercial PEDOT fibres and PEDOT nanowires synthesised via self-assembled micellar soft-template 
approach were dispersed into dissolved PU at different PEDOT loadings. The resulting solution was solvent 
cast into thin films with varying thicknesses. Electrochemical and mechanical properties of CE films were 
investigated through conductivity measurements, cyclic voltammetry and tensile testing. Electrode arrays were 
fabricated by laser micromachining of CE films followed by polydimethylsiloxane (PDMS) encapsulation. 

Results&Discussion 
PEDOT fibre-based CEs exhibited enhanced electrical characteristics with higher loadings, including 
conductivities ranging from 0.25 to 6.6 S.cm-1 and charge storage capacities from 18.81 to 167.28 mA.cm-2 
[2]. Mechanical assessment revealed that the CE retained their elastomeric properties, with a Young’s modulus 
from 9.85 to 77.88 MPa and a strain at failure from 134% to 346%. Cell biocompatibility studies showed that 
CE films were able to mediate human neural precursor cell adhesion and promote neurite outgrowth. Electrode 
arrays manufactured from the CE displayed a charge injection limit (CIL) of 0.020 mC.cm-2, higher compared 
to the CIL of 0.013 mC.cm-2 obtained with platinum controls. PEDOT nanowire-based CEs were fabricated 
with CPs nanowires of diameters ranging from 50 to 100 nm and lengths from 2.3 to 3 µm into a PU matrix. 
The resulting CE sheets had conductivities ranging from 0.01 to 0.18 S.cm-1. The effect of varying film 
thickness on the electrochemical and mechanical properties of both the fibre-based and nanowire-based films 
was also investigated. 

Conclusion 
Fibre-based and nanowire-based CEs hold great potential as an electroactive biomaterial suitable for recording 
biological activity as well as neurostimulation. Translation of this composite into fully polymeric and functional 
array using laser-based processes could be a promising step towards next-generation implantable biomedical 
devices. While preliminary results show benefits over metal electrodes regarding charge injection capacities, 
future work will focus on improving the conductivity of the CE films through improvements in the embedded 
CP network. 
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Introduction 
Microelectromechanical systems (MEMS) based sensors are highly promising for high resolution and high 
sensitivity biosensing [1]. However, the complex fluidic and electronic interfacing of such sensors has severely 
limited the development of disposable platforms. Typical fluidics integration solutions rely on complex 
fabrication processes [1] or do not allow for continuous and optimised flow measurements [2]. For the 
electronics integration, ‘wire bonding’ or ‘flip-chip’ that provide permanent connection, are the main techniques 
to interface MEMS devices with electronics and do not allow for easy interfacing with fluids [3]. We have 
designed and fabricated a low-cost modular electrical and fluidic integration platform for MEMS based 
biosensors, paving the way for a disposable, low-cost Lab-on-a-Chip. We demonstrate seamless integration 
using an additive manufacturing enabled “plug-and-play” platform that does not require permanent electronic 
or fluidic integration.  

Methods 
For the purposes of the study, we have used a 1x1 cm silicon chip with 24 MEMS-based micro resonators 
fabricated using the PiezoMUMPs process (MEMSCAP). The interfacing platform is 3D printed with spring-
loaded micro-pins connected to a PCB, and a disposable and customisable Polydimethyl siloxane (PDMS) 
microfluidic chip. The MEMS chip is simply mounted and clamped between the pins and the microfluidic chip. 

Results & Discussion 
Fig 1 shows the integration platform. During the PiezoMUMPs process, trenches are etched into the substrate 
to release the resonators. We use these trenches to introduce fluid to the resonator, while the device side is 
used for the electrical connections (drive and sense). This enables us to isolate the fluidics on one side and 
keep the electronics on the other side. A 3 µm slit surrounds the resonators allowing them to vibrate freely as 
shown in Fig 1(d). We have calculated that capillary forces will prevent aqueous solutions from leaking through 
the slit for flowrates up to 33 ml/min, which is sufficient for most microfluidic applications.  

Figure 1. The integration platform. a) Cross-sectional view of the electrical and microfluidics device. b) 3D CAD sketch of the platform 
showing the disposable microfluidic and MEMS-based sensor chip. c) MEMS chip mounted into the SLA printed block. d) SEM images of 
4 resonators with the 3 µm slit surrounding each resonator. 

Conclusion 
Our low-cost modular platform addresses the issues of fluidics and electronics integration for MEMS-based 
sensors and can be adapted to other biochips that will benefit from this platform. The approach does not require 
permeant electrical connections and as a result, the MEMS and microfluidic chips can be easily replaced when 
contaminated by biofluids.  
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Introduction 
Advances	in	wireless	energy	transfer	have	created	an	emergent	paradigm	of	electrically-active	medical	implants,	such	
as	insulin	pumps,	hearing	aids	and	remote	patient	monitoring.	In	the	absence	of	wires	and	cords,	such	implants	can	be	
deployed	untethered	 in	deeply	embedded	 locations	 in	the	body	to	function	for	diagnosis,	monitoring	or	treatments.	
However,	the	lack	of	compliance	in	current	wireless	energy	receivers	impedes	the	breadth	of	applications	as	rigid	parts	
will	 exert	 additional	 stress	 on	 tissue,	 which	 can	 be	 critical	 in	 highly	 sensitive	 areas	 such	 as	 intracranial	 pressure	
monitoring.	This	work	aims	to	develop	a	flexible	and	stretchable	wireless	energy	transfer	module	that	can	be	integrated	
with	active	implants	to	enable	energy	charging	or	direct	activation	by	external	transmitters.		It	is	proposed	that	this	soft	
power	 transfer	system	will	enable	a	new	class	of	active	 implantable	device	such	as	sphincters,	pumps	and	pressure	
sensors	that	are	inherently	compliant	and	match	the	mechanical	properties	of	natural	tissue.	

Methods 
The	design	concept	 is	soft	and	compliant	transmitting	and	receiving	 inductive	coils	that	deliver	energy	wirelessly.	 	In	
order	 to	 achieve	mechanical	 stiffness	 and	 hardness	 comparable	 to	 biological	 tissues,	 soft	 silicone	 elastomers	 and	
conductive	liquids	are	utilised	instead	of	conventional	electronic	electrodes	and	substrates.		Two	fabrication	methods	
for	generating	microfluidic	channels	in	silicone	are	presented.	1.	a	scaffold-removal	method	based	on	the	dissolvability	
of	an	acrylonitrile	butadiene	styrene	core	in	acetone	relative	to	the	silicone	surround.		2.	a	two-part	moulding	process	
where	the	concavity	is	filled	with	liquid	before	capsulation	so	that,	after	curing,	the	liquid	can	be	squeezed	out	remaining	
footprint.	The	microfluidic	 channels	are	 then	 infused	with	 low	melting	point	eutectic	alloy,	which	 is	 liquid	at	 room	
temperature,	making	the	pads	deformable	and	stretchable.	The	fabricated	prototypes	demonstrated	wireless	power	
transfer	and	they	were	experimentally	characterized	in	benchtop	tests	to	1.	analyse	the	effect	of	deforming	the	receiver	
on	 its	 performance	 and	 2.	 using	 animal	 tissue	 to	 measure	 the	 effect	 of	 transmitter-receiver	 spacing	 and	 tissue	
permittivity	on	energy	transfer.	

Results & Discussion 
The	fabrication	processes	are	illustrated	in	the	figure.	To	maximise	the	power	transfer	efficiency,	the	coils	are	integrated	
with	capacitors	to	form	LC	circuits	where	the	energy	can	oscillate	between	electric	and	magnetic	fields.	The	forward	
gain	of	 the	open	 circuit	 is	 frequency	dependent	as	 the	 reactance	of	both	 counterparts	 can	be	 countervailed	when	
resonance	occurs.	The	results	reveal	that	the	magnitude	of	the	peak	gain	can	reach	more	than	3	if	the	input	frequency	
is	synchronised	with	resonance	frequency	and	this	value	 increases	with	the	resonance	frequency	(however,	 it	 is	also	
associated	with	a	narrower	bandwidth).	Due	to	the	softness	of	silicone	and	the	mobility	of	liquid	alloy,	the	resistance,	
inductance	and	quality	factor	are	intimately	related	to	the	extent	of	outstretch	and	their	values	vary	by	30%,	10%	and	
20%	respectively	when	the	pad	is	stretched	by	160%	of	its	original	length.	These	characterising	tests	demonstrate	that	
the	presented	soft	wireless	power	transfer	system	could	robustly	function	under	extreme	deformations.	The	potential	
of	 this	 design	 is	 that	 the	 silicone	 encapsulating	 structure	 can	 be	 made	 from	 medical-grade	 elastomers	 that	 are	
biocompatible	and	non-toxic	while	delivering	energy	transcutaneously.	

Conclusion 
Several	fabrication	methods	to	make	compliant	wireless	power	transfer	module	have	been	proposed	and	discussed.	
The	stretchability	of	the	design	can	be	up	to	160%	while	maintaining	the	ability	of	energy	delivery.	The	advancement	of	
being	soft	is	that	it	can	comply	with	the	sophisticated	surface	or	unpredictable	environment.	With	the	recent	advances	
into	biomaterials	and	compliant	electronics,	there	is	significant	potential	for	inherently	compliant	implantable	systems	
that	can	be	powered	by	the	proposed	soft	wireless	technology.	This	can	also	allow	wireless	communication,	within	the	
emerging	Internet	of	Things	(IoT),	to	enable	implantable	medical	devices	to	associate	with	sensor	networks	and	send	
the	data	to	the	online	cloud	for	remote	monitoring,	diagnosis	or	real-time	examinations.		
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Introduction

Thoracic electromyography (EMG) may be used to predict coughs before they occur (Banus  et al, 2018).
However, contamination of intercostal and diaphragm EMG recordings by electrocardiogram (ECG) causes
false  positive  predictions.  One  method  of  reducing  ECG  contamination  is  the  Teager-Kaiser  Energy
Operator,  Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and)  (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal,  and
amplifies high frequency components, while attenuating low frequency components. 

In the discrete form: Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, andn) = x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, andn
2 - x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, andn−1  x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and⋅ x n+1

Methods

Diaphragm and 9th-10th intercostal  EMG was recorded from 5 healthy participants during 45 voluntary
coughs  per  participant  (over  3  ex) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, andperimental  sessions).  Coincident  pneumotachometry  was  recorded  to
identify cough times. EMG was recorded at 2 ksps, 2000× gain, 5.0 Hz to 500 Hz bandwidth, using BIOPAC
BN-EMG2 BioNomadix) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and wireless EMG dongles. Pneumotachometry was recorded at 2 ksps using a BIOPAC
DA100C pressure transducer with TSD160A linear pneumotachometer. This study was approved by the UCL
Research Ethics Committee (5697/006).

Coughing and breathing were identified using max) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, andimum change
in air flow rate and zero crossing points. Muscle activation was
identified by two methods: a 2 standard deviations threshold on
the moving-average, rectified, mean-normalised signal (40 ms
window); and a 2 standard deviation threshold on the moving-
average, rectified, Ψ(EMG) (40 ms window).

Results & Discussion

The  TKO  dramatically  reduces  the  observed  ECG
contamination  in  the  signal  (Figure  1).  Signal-to-noise  ratio
(SNR)  is  6.15  dB  for  the  moving-average  mean-normalised
signal, and 24.0 dB for Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and); signal is considered to be during
identified  cough  interval.  EMG  is  typically  in  the  frequency
range 20 to 500 Hz, and ECG is in the range 0.5 to 20 Hz. As
the rate  of  change in ECG signal is so much lower,  Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and)  is
correspondingly  lower  for  ECG  compared  with  EMG.  Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and)
performance relies on minimal contribution from high frequency
noise, achieved with a 500 Hz low-pass filter. High-pass filters
also improve SNR to 12.3,  14.0,  13.2,  and 12.3 dB ;  at  25,
50,100, and 250 HzHP respectively.

Conclusion

Appropriate  feature  selection,  such  as  Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and),  will   improve
thoracic EMG detection and may improve cough prediction.
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Figure 1: Smoothed rectified EMG, Ψ(x) (Kaiser, 1993). This non-linear filter calculates the instantaneous energy of a signal, and) 
EMG, and pneumotachometry during 
coughing. EMG results are mean-
normalised. Three spikes are visible in the 
smoothed rectified signal due to ECG. 
Amplitude in mean normalised arbitrary 
units.
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Introduction 
An indwelling optical sensor has been developed to measure oxygen saturation (SpO2) directly from the 
mucosal lining of the colorectum, using the principle of photoplethysmography (PPG). An in-vivo case study 
was undertaken to determine the capability of obtaining PPG signals for quantitative measurements of 
colonic SpO2. The function and survival of the large bowel is dependent on a continuous blood supply1. The 
colorectum has an extensive collateral network from the mesenteric circulation where arterial branches 
anastomose1. A reliable monitoring technique for colonic SpO2 will have several clinical applications, for 
example in colorectal ischaemia2. Early clinical features of colonic ischaemia are non-specific leading to 
often delayed diagnosis, with devastating consequences like tissue necrosis and multiple organ dysfunction. 
To date, several techniques have been proposed, however do not offer continuous quantitative 
measurements in or out of the operative environment. 

Methods 
An indwelling CR PPG sensor compromising surface-mount optoelectronic components, operating at 660 nm 
and 880 nm was developed3. The sensor was encapsulated within a 3D designed case, appropriate to fit into 
a disposable rectal tube (26 French Gauge). Once obtaining ethical approval, a patient undergoing a bowel 
resection was recruited (male, 66 years old). Following anaesthesia, the indwelling PPG sensor was inserted 
via the transanal route. An identical optoelectrical sensor was placed on a finger, were signals from each 
were processed through an electrically isolated signal processing system, allowing the output to be digitised 
and saved using a virtual instrument implemented in LabVIEW. Further offline analysis of the saved data 
was performed using MATLAB. At five different depths within the CR (3, 6, 9, 12, 15 cm measured from the 
anus), amplitudes and SpO2 measurements were determined.  

Results & Discussion 
Across all distances, large PPG amplitudes were obtained, as shown in 
Fig.1, where the amplitudes ranged from 4.1±1.2 mV and 8.1±3.1 mV 
at 660 nm and 880 nm respectively. Furthermore, signals were of good 
quality, with a high signal-to-noise ratio ranging within 36±3 dB and 
39±2 dB at 660 nm and 880 nm. Combining the acquisition of large 
amplitudes and high SNR, successful estimations of SpO2’s at all 
distances were found to be within the expected range of a healthy 
patient (98 – 99 %) and in close agreement to SpO2’s obtained from 
the finger, with a correlation coefficient (r) of 0.8 (p < 0.05). 

Conclusion 
An indwelling CR PPG sensor that can be inserted through the back 
passage has been developed. The wavelengths typically used for pulse 
oximetry, 660 nm and 880 nm are shown to be suitable for obtaining 
CR PPGs. The results justify further studies to evaluate the sensor as a 
technique to assess bowel viability through continuous monitoring of 
SpO2 by recruiting more patients. Following this study, a more 
extensive trial will be performed for comparison purposes and to 
determine whether an optimal position for reliable monitoring is required. 
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Fig.1 Ten second sample at different 
depths within the colorectum. Signals are 
equally spaced with a 5 mV offset. 
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Introduction 
Accurate delineation of tumour margins is a crucial step in tumour resection surgeries as progression-free
survival is linked to rates of complete resection. Despite this, post-surgical positive margin rates remain high
for many cancers1. Successful tumour resection is dependent on two essential components: the initial
detection and identification of suspicious lesions, and the precise delineation of tumour margins2. However,
despite numerous advances in intraoperative surgical imaging and diagnostic technologies, most systems
fail to adequately address both of these components3.

Methods 
Here we demonstrate an optical diagnostic system capable of both the gross detection and identification of
suspicious lesions as well as the precise delineation of disease margins through the combination of Raman
spectroscopic diagnoses with 5-aminolevulinic acid (5-ALA) fluorescence imaging for fluorescence-guided
Raman spectroscopic margin delineation of tumours. Through the incorporation of our recently developed
computer vision-based spatial diagnostic probe tracking software platform, we develop an integrated tri-
modal surgical platform that enables real-time augmented reality tumour identification and margin delineation
to guide tumour resection procedures.

Results & Discussion 
We show that Raman spectroscopic diagnosis can be effectively combined with 5-ALA fluorescence imaging
as Raman spectral information is unimpeded by the presence of 5-ALA induced protoporphyrin IX (PPIX) at
clinically relevant concentrations for fluorescence-guided surgery. We perform ex vivo experiments and use
fluorescent optical tissue phantoms to demonstrate the real-time capabilities of our system for spatial
spectroscopic diagnosis and tumour margin delineation. Finally, we implement clinician-facing software that
combines brightfield and fluorescence imaging information with spatial spectroscopic data to provide an
augmented reality visualisation of suspicious lesions and enable clinical control over diagnostic parameters.

Conclusion 
Our system captures essential diagnostic imaging information, combining it with spectroscopic diagnostic
precision to achieve effective margin delineation towards successful tumour resection surgeries.

Acknowledgments 
C.C.Horgan acknowledges funding from the NanoMed Marie Skłodowska-Curie ITN from the H2020
programme under grant number 676137.

References
1. Nagaya T, et al. Frontiers in Oncology 2017; 7.
2. Stammes MA, et al. British Journal of Surgery. 2018; 105:e69-e83.
3. Hong G, Antaris AL, Dai H. Nature Biomedical Imaging. 2017; 1:1-21.

40



Extrafibrillar matrix yield stress and failure envelopes of mineralised collagen fibrils 

A. Speed1, A. Groetsch1, J. Schwiedrzik2, U. Wolfram1 

1 School of Engineering and Physical Sciences, Heriot-Watt University, UK; 2Laboratory for Mechanics of 
Materials and Nanostructures, Empa Swiss Federal Laboratories for Material Science and Technology, CH. 

Introduction 
Bone metabolic diseases such as osteoporosis, osteoarthritis, or bone cancer constitute major socio-economic 
burden. Understanding load bearing capacity and structural integrity of bone is an important clinical objective 
concerning diagnoses and treatment of these diseases. Numerical methods are convenient and viable for that 
[1, 2] but critically depend on a detailed understanding of bone’s structure-property relationship. Failure onset 
at extra-cellular matrix level and below, i.e. for bone’s building blocks, is not fully understood. We propose 
failure envelopes for the extrafibrillar matrix and investigate yield stresses of mineralised collagen fibril arrays. 

Methods 
Elastic and yield properties of mineralised turkey leg tendon (MTLT), a simplified structural model of bone [3], 
were identified using a multi-scale micromechanical model that utilises mean-field homogenisation methods 
[4]. The input parameters include constituent mechanical properties, volume fractions and inclusion aspect 
ratios. These were obtained from a wide variety of literature sources and used to model minimum, median, 
and maximum micromechanical models (Figure 1). Elastic properties were used in conjunction with results 
from micropillar compression tests of mineralised collagen fibres [5] and inverse micromechanical modelling 
to identify yield properties of MTLT at the nanometre length scale where failure is first reported to occur [5, 6]. 
We formulated micromechanically informed von Mises and Drucker-Prager yield surfaces, which were used to 
investigate fibril orientation dependent yield stresses of mineralised collagen fibres.  

Results & Discussion 
Results showed that elastic stiffness predictions at micro- and ultra-structural levels compared well with the 
literature and micromechanical experiments, e.g. at the level of the mineralised collagen fibril array [5]. Shear 
yield stress of the extrafibrillar matrix, associated with interfibrillar sliding, was identified in the range of 68.19-
82.03 MPa, which fit well to the literature [6]. The ratio between tensile and compressive yield stress in the 
Drucker-Prager yield criterion was 0.66, which was observed for bone on the macroscale [7] (Figure 1). For 
both criteria apparent yield stress of the mineralised collagen fibril decreased to 29.7% when varying fibril 
orientation from 0°-90° (Figure 1). 

Figure 1: Left: Median multiscale stiffness tensors for MTLT from extrafibrillar matrix to organ level. Red box 
illustrates level of micropillar compression tests. Right: Mineralised collagen fibril array yield stress (σapp) 
depending on mineralised collagen fibril orientation (θ). Inlays illustrate rotation of fibrils. 

Conclusion 
We here demonstrate the effectiveness of micromechanical modelling to identify elastic and yield properties 
of mineralised tissues across multiple length scales. We used this strategy to investigate failure onset for the 
extrafibrillar matrix based on micropillar compression testing. Results may inform computational models that 
may then be used in pre-clinical testing or development of personalised treatment strategies. 
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Introduction 
After major corneal surgery, the cornea is prone to infection. For this reason, a bandage contact lens in 
combination with antibiotic eye drops are applied to protect the eye. In cases where the cornea becomes 
infected, frequent application of antibiotics is necessary, as often as every 15 minutes for the first 48 hours. 
Here, we show that peptide hydrogels, which have anti-microbial properties and also have the ability to 
release antibiotics in a sustained manner over hours. These hydrogels are being developed as bandage 
contact lenses to reduce the risk of infection or as an adjunct in the treatment of infections. 

Methods 
Peptide hydrogels were synthesised from poly-ε-lysine (pεK) cross-linked with octanedioic acid using 
carbodiimide chemistry1-3. Pendant pεK was attached to free amine functional groups on the hydrogel to 
enhance the antimicrobial properties (pεK+). To these, Moxifloxacin-HCl, which is used clinically to treat 
corneal infections, was electrostatically bound (pεK+Mox) by incubating the hydrogel at varying 
concentrations (0.00375%-0.3%) of the drug. The anti-microbial properties of the hydrogels were determined 
using Staphylococcus aureus (S. aureus) and Pseudomonas aeruginosa (P. aeruginosa) cultured for 24 
hours by counting colony forming units. Disc diffusion assays, measuring the zone of inhibition, using pεK+ 
and pεK+Mox and control filter paper discs at various concentrations of the drug were performed on agar 
plates, within 15 minutes of inoculation with 1x106 CFU/ml S.aureus /P.aeruginosa, for 24 hours. Cytotoxicity 
of the hydrogels and the Moxifloxacin-HCl drug was evaluated by the CCK-8 assay using a human corneal 
epithelial cell line (HCETs).   

Results & Discussion 
The pεK+ hydrogels showed anti-microbial activity, with a >log 3 
reduction in CFU/ml compared with a commercial contact lens 
after 24 hours in contact with both S.aureus and P.aeruginosa 
(Figure 1). Cytotoxicity studies showed that the pεK and pεK+ 
hydrogels had good cytocompatibility. These data give confidence 
that these lenses have potential as prophylactic bandage contact 
lenses for use post-surgery. Zones of inhibition due to moxifloxacin 
released from the hydrogels were comparable to control discs with 
a dose-dependent effect up to 0.1% (w/v) concentration (Figure 2).  
These demonstrate the potential for therapeutic drug release over 
several hours. 

Conclusion 
These hydrogels have potential as bandage contact lenses to 
reduce the risk of infection or as an adjunct in the treatment of 
infections. 
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Introduction 
The skin is an inhomogeneous, non-linear, viscoelastic solid comprising various layers. Due to the complexity 
of the skin, the propagation of externally applied stimuli through its layers to the mechanoreceptor sites is still 
not fully understood1. It is known that tactile perceptive ability decreases with age. Additionally, skin friction 
increases and the dermal epidermal junction (DEJ) flattens2,3. The reduced interdigitation between the two 
layers makes delamination (blisters) and skin tears more likely4. The purpose of this investigation was to 
produce a numerical model for skin-object interaction to establish how elevated skin friction and flattening of 
the DEJ affect perceptive degradation and skin injury.  

Methods 
A hyperelastic, multi-layered, plane strain finger-skin model was developed using Abaqus CAE (V6.17). The 
skin layers modelled were the stratum corneum, epidermis, dermis and hypodermis, whilst the junctions 
between each of these layers had a sinusoidal geometry, with different amplitudes and wavelengths. A 
compressive force was then applied to the tissue, initiating contact, before translating the skin against a much 
stiffer, linear elastic surface in order to simulate the process of finger sliding and tactile perception. 

The effects of aging were investigated using two experiments. Firstly, the DEJ was flattened by independently 
varying the wavelength and the amplitude. Secondly the adhesive friction between the stratum corneum and 
the counter surface was varied. The resulting stresses at the centre of the model near the DEJ were recorded. 

Results & Conclusion 
As the DEJ flattens, the shear stresses and Von Mises stresses are redistributed away from the DEJ. Given 
that the junction is the location of various mechanoreceptors, this offers an explanation why the elderly have 
a lower perceptive ability than younger individuals. Additionally, it was found that elevated friction 
corresponded to higher Von Mises and shear stresses at the DEJ. These results offer a detailed explanation 
as to why blisters and skin tears develop more easily in aged skin. Looking forwards, further investigation 
should focus on additional effects related to aging of the skin, such as changes in layer thickness and stiffness, 
on the propagation of stimuli. 

Figure 1: The effects of DEJ flattening on the stress levels at the mechanoreceptor sites. 
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Introduction 
Nanoindentation is a powerful and established technique for measuring small volumes of material. In recent 
years, the approaches have been developed to utilise nanoindentation for hydrated biological tissues [1]. 
Whilst there are a number of challenges that need to be overcome when utilising commercial instruments for 
testing of hydrated and compliant materials such as hydrogels and biological soft tissues, research to date 
has mostly focussed on analytical methods or technique development for maintaining hydration whilst 
testing. A major gap in biomechanical testing of soft tissues is the ability to conduct micro-scale testing under 
physiological pressure. This is important not only because the fibrous architecture is completely different to 
tissue in its relaxed (unpressurised) state [2], but the cornea the mechanical response and anisotropy of the 
cornea is significantly altered high physiological pressures [3]. In this study, we present a novel 
nanoindentation method with inflation testing to determine the viscoelastic micromechanical properties under 
pressure. The method is used to map the micromechanical properties across different regions of the cornea 
demonstrating the full potential of our technique.  

Methods 

Eleven pairs of fresh porcine eyes were obtained from a local abattoir shortly after slaughter. The pigs were 
aged from 5 to 6 months. The epithelium layer was peeled off from the corneas using a cotton-tipped 
applicator and tweezers. The corneas, with a 2 mm scleral ring, were subsequently dissected and placed in 
a specially designed artificial anterior chamber. The experiments were carried out by using a Nanoindenter 
G200 system with a DCM-II head (KLA-Tencor, USA) to measure shear storage (G’) and shear storage 
modulus (G”) [4]. The corneas were fixed in a holder and using a custom setup pressurised hydraulic 
pressure to the posterior surface of the corneas, simulating intraocular pressures (IOP) in the range 0 to 60 
mmHg. Arrays of indentations were made in the central portion of the cornea and then mapped across 
different regions of the cornea. Phosphate buffered saline (PBS) and Tissue Culture (TC) medium were used 
to inflate the corneas.  

Results & Discussion 

G’ at 15 mmHg was 86.18±16 KPa and 88.86+13.54 KPa inflated by PBS and TC respectively, and then they 
increased 3.2 times in approximate linear relationship at 60 mmHg. While, G” at 15 mmHg was 12.5±2.5 KPa 
and 13.54 +1.9 KPa inflated by PBS and TC respectively, and then they increased 1.9 times in approximate 
linear relationship at 60 mmHg. The difference in viscoelastic properties became significant after leaving 
corneas for 4 hours fixed in the inflation chamber at 0 mmHg. CCT significantly increased after 4 hours for 
corneas inflated by PBS. While, CCT significantly decreased after 4 hours for corneas inflated by TC. No 
significant change was noticed in viscoelastic properties of corneas inflated by TC for 4 hours. The mapping 
showed significant changes in the micro-elastic properties with pressure. 

Conclusion 

Oscillatory nanoindentation with inflation was used to determine localised measurements of viscoelastic 
properties of inflated corneas at the micron length scale. A significant change in micromechanical properties 
was observed under physiological pressure. Our method has potential to be used to study localised differences 
between regions of healthy and diseased tissue. For example, corneal disorders such as keratoconus are 
characterised by a localised reduction in stiffness in specific regions.  
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Introduction 
The conjunctiva is essential for maintaining ocular surface homeostasis. Persistent damage and 
inflammation caused by multi-system diseases (e.g. Stevens-Johnson syndrome), injury or infection, leads to 
disruption of the ocular surface and ocular discomfort, which may result in secondary corneal blindness. We 
propose using an innovative graft composed of electrospun fibres combined with decellularised tissue matrix 
to stimulate conjunctival re-epithelialisation and tissue regeneration. 

Methods 
Powdered decellularised small intestine submucosa (SIS) porcine tissue was received following processing1 
and used as a source of natural extracellular matrix. Solutions of polycaprolactone dissolved in 1,1,1,3,3,3-
hexafluoroisopropanol were prepared at concentrations of 12%w/v plus 1% or 10% SIS and stirred 
continuously for 48 hours. Solutions were electrospun using parameters: needle voltage +15kV, collector 
voltage -4kV, flow rate 1ml/hr and distance 17cm. Fibres were collected on a mandrel rotating at 100RPM.  

Scaffolds were imaged by Scanning Electron Microscopy (SEM) and fibre diameters measured using ImageJ 
and analysed using Graphpad Prism (n=100). Fibre scaffolds were mounted in 24-well CellCrowns, 
disinfected in 70% ethanol, washed in sterile phosphate buffered saline and pre-soaked in culture medium 
overnight. Media was removed and 3x104 human conjunctival epithelial (HCjE) cells seeded. Scaffolds were 
cultured for 7 days then fixed in 1.5% glutaraldehyde, chemically dehydrated and imaged using SEM.  

Results & Discussion 
Inclusion of SIS did not affect the electrospinning process and fibrous scaffolds were fabricated. 
Measurement of fibre diameter demonstrated a significant reduction in fibre diameter and distribution with 
increasing content of SIS (Fig.1A). This suggests the SIS promoted greater stretching of the polymer jet 
during flight towards the collector resulting in finer fibres. HCjE cells presented an epithelial-like phenotype 
when cultured on fibre scaffolds containing SIS after 7 days (Fig.1B-D). 

Conclusion 
Development of innovative electrospun fibre scaffolds containing decellularised tissue matrix was achieved. 
These scaffolds yielded fibre diameters closer in size to those of natural tissue and supported desirable cell 
phenotype. Further in vitro studies will be undertaken using matrices derived from decellularised tissues, 
such as urinary bladder and conjunctiva, to fully assess cell response (e.g. development of a stratified 
epithelium) and ultimately obtain a novel biomaterial substrate that supports conjunctival regeneration.  

Acknowledgments 
We acknowledge The Ulverscroft Foundation and The Pauline and Geoffrey Martin Trust for supporting this 
research.  We are grateful to the D’Sa Lab at The University of Liverpool for use of their electrospinner.  

References 
1. Keane TJ. et al. Methods. 2015; 84:25-34.

45



Flexible Transducer for Continuous Wearable Health Monitoring 
Y. Cotur 1, M. Kasimatis 1, M. Kaisti 1, F. Guder 1

1Bessemer Building, Department of Bioengineering, Imperial College, South Kensington, SW7 2AZ, London. 

Introduction 
Measurement of vital signs is challenging with conventional electronic devices that cause rustling noise due to 
body movement and requires full skin contact. We fabricated a flexible, stretchable, and wearable transducer 
that provides unobtrusive recording of heart sounds even over clothing. The transducer is composed of a mic 
and a silicone that encapsulates water (water transducer); silicone conforms to the body well, and heart sounds 
travel from body water to transducer water with minimal interference eliminating environmental artefacts.  

Methods 
We fabricated the outer region of the transducer from silicone and encapsulated distilled water inside it. The 
bottom part of the transducer mimics a stethoscope diaphragm which has a bell shape for establishing a 
good surface contact. The mic was placed on a hollow chamber in the middle of the top surface. The 
performance of the water transducer was compared to the performance of transducers made of silicone 
encapsulating air (air transducer), complete silicone (silicone transducer), and a stethoscope. To find the 
optimum volume of water, three different water transducers with the heights of 15mm, 30mm and 60mm 
were fabricated for comparison.

Three experiments were conducted to study the feasibility of heart sound monitoring of each designed 
transducer. First, we played an artificial heart sound with 60 beats/min from a speaker and recorded the 
sound with each transducer. Second, we fabricated a silicone belt including the water transducer and placed 
it on over a human chest with three layers of clothing to record heart sounds. Third, we tested the transducer 
directly on a hairy skin of a dog (Labrador Retriever). To determine the similarity between recorded heart 
sounds with different transducers, we applied Dynamic Time Warping (DTW) to each recording for a 
quantitative similarity metric. 

Results & Discussion 
The analysis on the recordings from artificial data revealed that the water transducer with a height of 15mm 
outperforms all other devices including a commercial stethoscope in terms of the similarity of the recordings 
with the original data that was played through the speaker. By filtering the recordings with a pass-band of 20-
150Hz, which covers all heart sound frequencies, a clear improvement in the quality of all recordings was 
observed. Interestingly, the smallest difference between raw and filtered data was obtained with the water 
transducer indicating that encapsulating water with silicone functions as a natural band-pass filter. 

Tests on human body over clothing showed that the heart sounds recorded with the water transducer have 
much higher amplitudes than the ones with the stethoscope, which proves that water transducer establishes 
better contact on the surface. In addition, while both fundamental heart sounds called S1 and S2 were 
apparently visible in the recording with water transducer, S2 heart sound was almost lost in the stethoscope 
recording. We managed to obtain heart sound signals on dog experiment although the dog has hairy skin 
and a panting sound of high volume.  

Conclusion 
In this study, we investigated the performance of a flexible, stretchable and wearable transducer made of 
silicone encapsulating water, which has a simple, innovative and a low-cost fabrication process. The 
investigation on recording the heart sounds showed that the water transducer can be reliably used in 
continuous and unobtrusive health monitoring of humans and animals.  
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Introduction 
Walking impairment is rated by people with multiple sclerosis (MS) as one of their worst symptoms [1]. Gait
abnormalities in MS patients have been previously quantified in terms of reduced walking speed and shorter
stride length, and have been associated with high risk of fall due to poor balance and postural instability [2]. In
this context, a gait assessment that goes beyond the traditional spatiotemporal features might prove to be
more powerful in establishing biomarkers of disease progression and in characterizing gait alterations in MS
patients. This study aims therefore to establish whether gait measures describing balance and coordination
might provide valuable information towards quantification of gait in MS patients.

Methods 
Fifty-nine patients with secondary progressive MS (age: 56.1 ± 9.1 years, n=26 moderate and n=33 severe)
and twenty-four aged matched healthy controls were asked to complete a six-minute walking test. Fourteen
temporal variables representative of rhythm, variability, and asymmetry domains and twenty-five variables
representative of balance and coordination domain were calculated by processing data from inertial sensors
(Opal, APDM, Inc., Portland, OR, USA) located at the 5th lumbar vertebra and on both ankles. Relationship
between balance and coordination and temporal parameters were investigated with the Pearson’s correlation 
analysis. Univariate receiver-operating characteristic (ROC) analysis (power=95% and two-sided α=0.05) was 
used to detect the gait features that were excellent at discriminating between MS patients and controls (area
under the curve, AUC>0.74) and between moderate and severe MS patients (AUC>0.76).

Results & Discussion 
Mild to moderate correlations (lower than 0.4) were found between most of the balance and coordination
variables and the temporal gait characteristics for MS patients and healthy controls, indicating complementarity
of these domains. When used as single classifiers, similar results were obtained for the different domains, with
13/14 temporal measures and 20/25 balance and coordination parameters being excellent at discriminating
between MS patients and controls (Figure 1A) and 5/14 temporal measures and 2/25 balance and coordination
parameters at discriminating between moderate and severe MS patients (Figure 1B).

Conclusion 
This study shows that complementary information in assessing gait and balance abnormalities in MS patients
can be obtained from the analysis of temporal and balance and coordination domains. Interestingly, the
discriminant features from these domains can all be obtained from the same sensor, without additional
experimental burden for the patients. Moreover, being this sensor located at pelvis, the suggested approach
could potentially be used also within the context of free-living gait assessment.
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Figure 1. ROC curves for
temporal (black lines) and
balance and coordination
parameters (grey lines).
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Introduction 
Over 65 million people are living with epilepsy worldwide [1]. There is little data on quality of life for South 
African children with epilepsy and their families, and resources for management of epilepsy in Africa are 
extremely limited [2]. As cellular access across Africa is increasing, and the cost of mobile phones and 
wearable devices is dropping, remote monitoring has the potential to improve the management of chronic 
conditions such as epilepsy. Wearable devices are becoming more sophisticated, and are used to identify 
tremors, falls, seizures, atrial fibrillation and more [3]. 

This study is part of a larger trial on precision management of epilepsy, which includes genetic and 
pharmacogenomics testing. Here we focus on the remote monitoring study, which aims to gather preliminary 
data on the feasibility of wearable devices for passive and continuous monitoring of physiological data in a 
cohort of South African children with refractory epilepsy. The wearable is combined with a smart phone 
application, to enable recording of medication adherence, seizure frequency and video capture in real time 
from parents or carers. This is supplemented with Patient Reported Outcomes and Quality of Life 
questionnaires to examine the impact of epilepsy on the child and family. 

Methods 
The study was approved by the University of Cape Town Human Research Ethics Committee, to recruit 40 
paediatric patients from 4 years of age, and monitor the patients using the technology for a period of up to 9 
months. All patients are asked to download a smart phone app developed by Aparito [4] and those who can 
tolerate wearing it are given a wearable device. Patients are asked to wear the device on their wrist all of the 
time (day and night) apart from when washing, swimming and when the device battery needs to be 
recharged. The wearable communicates with the phone via Bluetooth, and access to phone coverage or Wi-
Fi internet is required to upload data to the study database (access does not need to be continuous). No 
patient identifiable data is stored on the app, and all data transfer is encrypted. 

On the app there are four features requiring data input by the parent / carer: medication prompts (pushed 
based on prescribed medication set by the physician in clinic) implemented to support better medication 
adherence; events – which are used to record seizure details in real-time, mood and behaviour; Patient 
Reported Outcomes – which have pop up messages at pre-set intervals for parents to complete; Visits – 
which capture all health care appointments.  

Results & Discussion 
We have recruited 32 participants so far (middle of March 2019), 16 female and 16 male. The age range at 
time of consent was 4-15 (mean: 9.6, median: 10). Three of the patients do not use a wearable (because of 
irritation from the strap, or damage to the wearable). 22 out of 32 have engaged with the app in the last 
week, and 18 out of 29 have used the wearable device. Loss or damage to the phone has been reported in 
some occasions and replaced. It seems that most areas within the Western Cape have sufficient mobile 
phone coverage and internet access to transmit data, but some study participants have reported problems 
with data connectivity. Besides engagement/ adherence and acceptability, we aim to report data captured via 
the wearable, to explore sleep quality, and possibly correlate it to self-reported seizures. 

Conclusion 
Our study is the first to provide insight into the challenges of using mobile phones and wearable technology 
to monitor epilepsy in Africa, and explore its potential in supporting healthcare provision for all patients, 
regardless of their geographical location.  
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Introduction 
Clinical endpoints in Duchenne muscular dystrophy (DMD) rely on motivation-dependant assessments 
performed in the clinic, which may not reflect disease and therapy impact on every-day life functionality, which 
in turn is a more accurate reflection of impact on quality of life. In the KineDMD study, we pursue a patient-
centric approach to obtain a complete data-driven picture of full-body behavioural capacity in real-life over a 
12-month period. Our Ethomics approach (Ethology & Omics) has 2 sides: “At home” & “In clinic”. In the “At
home” side, we monitor patients behaviour on a 24/7 basis using four sensors Etho4 on the 4 extremities to
obtain a dense, continuous understanding of their motor activities and capabilities.

Methods 
DMD boys and age-matched healthy boys (HC) consented to wear a Etho-4s set consisting of 4 smart sensors 
(‘watches’) tracking each wrist and ankle in 6 Degrees of Freedom (accelerometer and gyroscope readings 
each along the three axes). In addition to wearing the sensors in the clinic during physiotherapy assessment, 
they are also worn in and outside of the home all day long, occasionally also at night. Movement data are 
collected continuously and in high temporal resolution and sent daily to our servers through a user-friendly 
computer interface. 

Results & Discussion 
In this on-going pilot study, we observed high compliance of the boys. The DMD boys wore the sensors 
approximately 62% of days since recruitment, for an average of 10 hours/day. 

On initial inspection of the data, we observed that real-life limb acceleration variability in DMD is significantly 
restricted across all 4 limbs. Furthermore, initial analysis confirmed that the degree of movement correlation 
during a day of a DMD boy compared to HC shows clear signatures of DMD kinematics. Using simple machine 
learning classifier operating on movement variability, it was possible to clearly distinguish DMD disease state 
from HC with >80% accuracy using the Etho-4s alone. 

These preliminary results support that real-life kinematics captured by our Etho-4s are collectable with high 
patient compliance across real-life activities. Furthermore, real-life activity yields clear disease signatures in 
DMD. While sensors are a stepping stone, key efforts are focused on appropriate behaviour analytics 
technology to develop potential novel clinical endpoints based on real-life patients’ activities.  
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Introduction  
Human machine interfaces are becoming popular rehabilitation and augmentation tools. While approaches 
such as cortical recordings benefit from high information content, they are often hindered by their 
invasiveness. On the other hand, non-invasive methods such as electroencephalography or 
electromyography (EMG) are based on interference signals, which suffer from volume conductor noise. 
Recent developments in advanced signal processing techniques (called decomposition algorithms) have 
enabled the extraction of spinal motor neuron activity from non-invasive EMG in real-time [1], [2]. This, 
combined with wearable technologies, could open the door to robust, compact, user-friendly, neural control 
systems [3]–[5]. Therefore, the aim of this study is to assess if neural control strategies represented by motor 
unit activity can be extracted from the wrist; and if so, if they can be detected by a high-end wearable to 
expand and enhance the usability and application of human machine interfaces.  

Methods 
Concurrent recordings from the entire circumference of the wrist and the forearm were carried out in a 
randomized cross-over study designed to compare gold-standard high-density EMG (Quattrocento, OT 
Bioelettronica – 2048 Hz, monopolar) with a state-of-the-art wearable system (CTRL-band, CTRL-Labs – 
2000 Hz, bipolar). During the former, two 64-channel matrices were arranged along the entire circumference 
of the wrist and three throughout the belly of the forearm. Similarly, two 16-channel CTRL-bands were 
placed on each respective location for comparison. In each session, subjects (n = 2) were asked to perform 
isometric and dynamic contractions (4s ramp and 45s steady contraction) of three wrist degrees of freedom 
(extension/flexion, radial/ulnar deviation, pronation/supination) at 15% and 30% of their maximum voluntary 
contraction (MVC) in a closed-loop feedback task. Signals were then preprocessed and decomposed using a 
blind source separation algorithm [1]. Decomposition outputs were assessed in terms of the number of 
detected motor units (MU), silhouette measurement (SIL), discharge rates (DR), coefficient of variation (CoV) 
of the inter-spike intervals and the rate of agreement (RoA) between the common MUs’ spike patterns. 

Results & Discussion 
All the extracted spike trains showed high SIL (> 0.9 normalized units), low CoV (mean ± standard deviation, 
8.54 ± 1.92%) and acceptable DR (7.59 ± 1.60 pulses per second), validating their identification as MU from 
a physiological perspective. In the high-density EMG recordings, more MU were identified in the forearm 
(12.17 ± 0.97) than in the wrist (5.02 ± 0.86). This trend was not observed in the CTRL-bands’ recordings, 
where only a limited number of MU were detected both at the forearm (0.69 ± 0.39) and wrist (1.17 ± 0.41). 
Finally, common MU were only found in one of the subjects, for the high-density EMG recordings (6 common 
MU with 83.62 ± 20.61% mean RoA). 

Conclusions 
Preliminary results indicate that MU activity can indeed be extracted at the wrist level with research gold-
standard high-density EMG. However, future work should focus on compensating the sensitivity of blind 
source separation decomposition algorithms to reduced number of observations for expanding these results 
to wearable technologies. Finally, although more MU were identified at the forearm than at the wrist level, no 
strong correlation was found between their MUs. 
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Introduction 
The material of choice in most organ-on-chip
platform to date has been
polydimethylsiloxane, PDMS. Although it has
excellent properties for microfluidic
applications a variety of issues have been
encountered by consumers e.g. leaching of
uncured oligomers, absorption of
hydrophobic compounds and unstable
surface treatments. Moreover, PDMS
moulding still remains a process difficult to
fully automate. In here, we propose the use
of Polylactic acid (PLA), a biocompatible
thermoplastic derived from renewable
resources as next substrate material for the
production of Organ on a chip from the prototyping stage to the mass manufacturing.

Methods 
PLA substrates were prepared via compression moulding starting from pellets (Natureworks® Ingeo 2003D)
and then microstructured as per [1]. An alkaline surface hydrolysis was carried out dipping the PLA
substrates in a 1 M sodium hydroxide solution (Sigma-Aldrich) for 60 s. Substrate and device biocompatibility
was determined via cell viability and compared to the one of PDMS culturing primary human Umbilical Vein
Endothelial Cells (HUVECs). A PLA OOC device for cell tracking was manufactured and tested culturing PC-
3 prostate cancer cells. [2]. To show the mass manufacturability of PLA, injection moulding grade pellets
(Natureworks® Ingeo 3001D) were inject moulded at Microfluidic ChipShop into a glass slide format and a
thermal bonding protocol (60 C, 5 min) was optimised from [3].

Results & Discussion 
The functionalization method proposed enables to enhance the wettability of the surface with a change in the
contact angle from 70 down to 40° and it is stable over time (up to 9 month). The biocompatibility of PLA is
comparable to that of Polystyrene cell culture plastic, and for certain cells superior to the one of PDMS.
Culturing cells inside a PLA device in static condition leads to an increase of cell death with respect to PDMS
due to the lower oxygen permeability of PLA, a differentiation in the thickness of the top layers needs to be
undertaken. Finally, the transparency and the biocompatibility of the material enable to perform cell tracking
in a PLA OOC device.

Conclusion 
We have demonstrated that PLA is a new suitable material for Organ-On-Chip devices. Our approach is
designed to address many disadvantages inherent to conventional PDMS microfabrication technique. PLA
represents a more environmentally sustainable solution than other thermoplastic fossil-based materials
proposed in the market as alternative to PDMS.
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In vitro skin models have been improving for the last decade with the help of new technologies and materials. 
However, there is still a lack of advanced models able to reproduce the organ and its immune system.  
The present sabbatical project was focused on the development of an inflammatory skin model by integrating 
our existing bi-layered skin equivalents with a commercially available perfusion system to deliver both nutrients 
and immune cells.  Moreover, this project initiated a new collaborative exchange between Queen Mary 
University of London and the University of Hull. 
Different transwell membrane pore sizes (0.4, 3 and 8 µm) were tested in skin equivalents using both a static, 
previously established model, and the Kirkstall QV600 fluidic system, with circulating medium in the dermal 
compartment. Human peripheral blood mononuclear cells (PBMCs) were added to both systems at day 7 and 
skin constructs were harvested at day 11, fixed and assessed by immunohistochemistry for markers of immune 
cell recruitment (CD3, CD20 and CD68), keratinocyte differentiation (Keratin 1), proliferation (Ki67) and 
stratification.  
Preliminary results indicated that PBMCs did not invade skin constructs in any of the conditions described. In 
addition, the perfusable system produced inconsistent epidermal stratification between repeats (n=3), when 
under the same conditions, indicating the need of further optimisation within the system.  
Future works will include further analysis of the static and perfused skin equivalents.  In addition, the application 
of phorbol myristate acetate (PMA) will be used to stimulate keratinocyte inflammatory responses and 
potentially improve PBMC invasion into the skin constructs. 
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Introduction 

In pulmonary hypertension (PH) thickened small arteries restrict blood flow in the lung1. Pulmonary arteries 
consist of the endothelial (HPAECs) layer, the smooth muscle (HPASMCs) layer and fibroblast layer. These 
layers are separated by extracellular matrix membranes. Uncontrolled proliferation and resistance to 
apoptosis of the three cell types contributes to vascular remodelling in PH. Animal models do not fully reflect 
the human pathology2 

Methods and Results 
We have created a microfluidic model of pulmonary artery (PA-O-C), where human endothelial and smooth 
muscle cells are co-cultured in chambers corresponding to the size of human peripheral lung arteries 
affected by the disease. This PDMS-based device allows monitoring of cell responses using fluorescent 
assays.  To mimic natural alignment of cells in normal arteries: endothelial cells within flow direction, and 
smooth muscle cells at 90° degrees, we have introduced a pattern of parallel stripes of collagen I on the 
porous PDMS membrane and polyethylene terephthalate membrane using microprinting. 10 µm-thick porous 
PDMS membrane was produced using spin coating of polymer on a Deep Reactive Ion Etching silicon 
micropillar array. Additional feature tested in this project is the use of hydrogels to support lung fibroblast 
cells culture in PA-on-a-chip to replicate properties of vascular adventitia. The project involves evaluation of 
endothelial and smooth muscle cell alignment, endothelial barrier function and pulmonary vascular 
endothelial and smooth muscle cell proliferation under flow.  
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Introduction 
Bone is laid down by osteoblasts and eroded away by osteoclasts. However, 90% of adult bone cells are 
osteocytes, mechanosensitive specialists living buried in a labyrinth of dense mineral. True osteocytes only 
exist in this buried state, proving impossible to extract and grow in culture without dying or rapidly changing 
their essential nature. They are extraordinary cells, living for around 23 years in the same site in humans, 
sensing changes in bone loading and damage and relaying this to surface osteoblasts and osteoclasts to 
repair and strengthen. Osteocytes make sclerostin, an inhibitor of bone formation. Clinically targeting this is 
the only way we know to make new bone grow in frail adult bones. They are also endocrine cells, 
communicating with the kidneys through blood borne messengers like FGF23 that regulate kidney handling of 
phosphate. Mutations in specialist osteocyte proteins Phex or DMP1 cause severe rickets, deformed bones in 
children from faulty mineral handling. An organ-on-a-chip human osteocyte construct would therefore provide 
a powerful exploratory tool for drug discovery and understanding human aging.  

Methods 
A fully humanized bone organ was created by adapting the primary rat cell version previously developed in 
an Oxford-Birmingham collaboration [1][2]. Cells were derived from 5 patients undergoing routine knee 
replacement surgery at the Nuffield Orthopaedic Centre, through the Oxford Musculoskeletal Biobank. A soft 
fibrin scaffold was poured around two mineral posts that were held at a fixed distance by insect pins inserted 
into Sylgaard lining the base of the well and seeded with 400,000 human bone marrow derived stromal 
cells/well. Within 2 weeks, cells contracted the fibrin gel tightly around the posts, forming a tube-like, 
collagen-rich structure. This was taken as the first timepoint ie. 0 weeks, and constructs were then treated 
with osteogenic supplements, dexamethasone, ascorbate and beta glycerophosphate until harvest at 2, 4, 6, 
8 and 16 weeks. At these timepoints constructs were harvested and snap frozen for either mRNA extraction 
or elemental matrix mapping using uXRF. Control constructs without osteogenic supplement were collected 
at 0 weeks and 16 weeks. cDNA libraries were prepared using NEBNext Poly(A) mRNA Magnetic Isolation 
Module from the NEBNext ultra-directional RNA kit and sequenced on a NextSeq 500 (Illumina) platform, 
with candidate genes validated using QPCR. In parallel, monolayer constructs from all 5 donors were tested 
for osteogenic capacity by alkaline phosphatase activity assay and mineralization by Alizarin red staining 
over 4 weeks. Viability of constructs at 16 weeks was checked using Live&Dead staining and microscopy. 
Micro-X-ray fluorescence (μ-XRF) was performed under vacuum with 50um spot distance, 25um spot size, 
50ms per pixel exposure time using an M4 Tornado (Bruker Nano Gmbh). 

Results & Discussion 
All donors produced osteogenic cells and viable bone organ constructs. Initial RNAseq on 4 donors at 5 time 
points illustrated a time course of expression of osteoblast and then osteocyte markers, with 644 genes 
significantly regulated between 0 and 8 weeks, including osteocyte markers connexin 43, MEPE, DMP1 and 
sclerostin. “Ossification” was the first significant annotation using over-representation for GO terms in 
Webgestalt, while the top over-represented KEGG pathway was Wnt signaling. 16-week construct library 
preparation is currently underway. μ-XRF provided elemental mapping of the construct over time, 
demonstrating overt mineralization from 4 weeks onwards. 

Conclusion 
Human primary osteocytes have been developed in a self-assembling 3D bone organ culture system, 
enabling, for the first time, time-course analysis of key developmental steps and the transcriptional regulation 
and physico-chemical control of this process. 
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Figure 1. Angiogenesis-on-a-chip. Green, CD31; Red, phalloidin; Blue, DAPI. 

Introduction 
The development of organ on chip technologies requires novel vascular models that can be interfaces with 
tissue models and organoids, to mimic the vascularisation of tissues. This requires an understanding of some 
of the parameters controlling vasculogenesis and angiogenesis in microfluidic chips. In particular, we examine 
the impact of interstitial flow on angiogenesis and the role of the glycocalyx in the mediation of this process. 
We also investigate the impact of co-culture on vasculogenesis and the formation of a mature and stable 
vascular network. 

Methods 
Microfluidic chips were generated via microlithography, based on silicone chips presenting multiple 
compartments enabling the separation of different cell types in co-cultures, or the formation of defined gel 
domains enabling the quantification of processes such as vasculogenesis and angiogenesis. 

Results & Discussion 
Our results point to the importance of the glycocalyx in sensing interstitial flow, a phenomenon that had not 
previously been observed as the glycocalyx was primarily associated with the sensing of luminal flow. In 
addition, we quantify the impact of co-culture, in different configurations, on the establishment of a mature and 
stable vascular network. 

Conclusion 
Vascular models generated now enable the interfacing with in vitro tissue models and organoids. These 
systems will enable the deeper understanding of interactions between the vasculature and tissue homeostasis 
and the design of efficacy and toxicity assays that are better capturing normal physiological response in a 
human context. 
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Introduction 
Bicuspid aortic valve patients (BAV) are known to dilate at the root and/ or the ascending aorta due to the 
structural weakening of the wall [1]. Therefore early elective surgeries are performed to repair the aorta on 
these patients to limit the likelihood of a dissection and/ or rupture to occur. Elastin microstructure is an 
important factor in aortic aneurysms [2]. However, it is unclear whether elastin microstructure varies in 
different ascending aneurysm aetiologies, thus explain for early interventions on BAV patients. Here, we 
measured the micromechanical properties, biochemical properties and the elastin microstructural properties 
within the aortic tissue of two specific aneurysmal groups; bicuspid aortic valve with associated aneurysm 
(BAV-A) and idiopathic degenerative aneurysm (DA). Aneurysmal tissues were also compared against non-
aneurysmal tissues. 

Methods 
Aortic biopsies were taken from 39 patients (mean age=62.8±11.8 years) undergoing either coronary by-
pass graft (CABG), BAV-A or DA aneurysmal repair. Dynamic nanoindentation with 100µm flat probe was 
applied to the medial layer, as reported previously [3]. The same tissues were enzymatically or chemically 
digested and measured for collagen using hydroxyproline, for elastin using fastin elastin kit, and for 
glycosaminoglycan (GAG) levels using 1-9 dimethylmethylene blue. To analyse the elastin microstructure, all 
the tissues were formalin fixed and paraffin embedded, then stained for elastin using Verhoeff Van Gieson. 
The entire tissue cross-section (n=4 for each patient) was portioned into 10 sections, and was quantified with 
elastin content, number of elastin segments and their lengths.    

Results & Discussion 
The elastic modulus of CABG tissues were found to be significantly lower (p=0.005) than BAV-A tissues. 
However, from the biochemical data, only collagen levels from DA appeared to have significantly elevated 
compared to CABG tissues. BAV-A tissues were found to be significantly (p=0.048) stiffer than DA tissues, 
while their biochemical levels were the same. CABG and BAV-A tissues had significantly more elastin 
content for majority of the sections (p<0.02) relative to DA tissues. DA tissues had low number of segments, 
and each segment was shorter in comparison to CABG and BAV-A tissues. Although CABG and BAV-A 
tissues had similar elastin content for majority of the cross-section, from the outer media to adventitia, both 
BAV-A and DA tissues had a significant reduction in content (p<0.04). Also, it was noted that there were 
more elastin segments in BAV-A tissues in comparison to CABG tissues.   

Conclusion 
The elastin microstructure for both aneurysm groups differ enormously. Our data show that BAV-A tissues 
are more structurally intact than DA tissues. As current patients with DA have surgical interventions later 
than patients with BAV-A, we have shown that proposed early surgical interventions may not be required for 
patients with BAV-A.  
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Introduction 
Controlling cellular organization within 3-dimensional (3D) hydrogels remains a major challenge in the field of 
bioengineering and myocardial regenerative medicine. Fabrication of different microstructures usually requires 
elaborate, macroscale stimulation systems with new moulds, posts, or frames for each pattern. Here we 
present a unique and direct strategy to control the spatial organization of cardiomyocytes encapsulated in 
collagen hydrogels into defined cardiac tissue microarchitectures based on cell manipulation by magnetic 
force. 

Methods 
Functionalized magnetic nanoparticles (MNPs) were first developed to target human cardiomyocytes. Prussian 
blue assay, electron microscopy, confocal microscopy, as well as cell viability assays, confirmed that these 
MNPs can efficiently and selectivity bind to human heart cells and preserve their phenotype and viability. The 
biochemical, morphological, and electrical properties of the patterned 3D heart tissues were fully characterised 
by histological, gene expression, and advanced electrophysiological methods (multi-electrode array and 
optical mapping). In-vivo studies using T2*-weighted MRI and two-dimensional echocardiography were used 
to assess the constructs’ location within rat hearts and functional consequences after grafting. 

Results & Discussion 
A simple, cost-effective, one-step approach for the fabrication of patterned and magnetic heart tissues was 
demonstrated by manipulating the magneto-responsive cardiomyocytes to the desired orientation in 3D 
collagen hydrogels under the influence of magnetic fields, without mechanical supports. Our data indicate that 
the 3D patterned constructs were viable and functional, and achieved uniform cell incorporation that better 
recapitulates native physiological tissue structure. Furthermore, the magnetic hydrogels integrated well with 
native heart tissue in-vivo, could be identified noninvasively by MRI, and had no detrimental effect on cardiac 
function. Compared with other techniques to fabricate engineered heart tissues, our platform offers additional 
advantages that include simplicity, high reproducibility, and improved robustness. Moreover, our system can 
be applied to the engineering of organized, complex cardiac tissues to investigate cellular and tissue behaviour 
and, therefore, provides an attractive alternative to current methods to create heart-on-a-chip. 

Conclusions 
The ability to remotely pattern heart cells within biomaterials effectively and safely, without any complex 
fabrication procedures, represents a significant advancement in the field of biomedical science and cardiac 
regeneration, and may provide a new range of complementary implementations, such as in biomedical 
devices, biotechnology and soft robotics. 
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Introduction 
Arterial stiffness is a risk factor for cardiovascular events. Several techniques, such as the Bramwell-Hill 
equation, the PU-loop, and the lnDU-loop, have been developed for the in-vivo quantification of the elastic 
properties of the arterial wall. However, due to the scarce availability of human donor’s arteries, limited 
information is available in the literature on the elastic modulus of large arteries in a healthy population. The 
aim of the present work was, therefore, to provide average values for the incremental elastic modulus (E) of 
the aortic wall in healthy subjects as a function of age.  

Methods 
Aortae were obtained from 50 human organ donors following REC approval and family assent. The aortic 
segments were divided into groups according to the subjects’ age: <40, 40-49, 50-59, 60-69, and >70 years. 
All groups were composed by 10 samples. A ring of 10 mm was cut from each arterial segment and tested on 
an Instron uniaxial tensile device. The incremental elastic modulus was evaluated at two arterial pressure 
levels: physiological (100 mmHg), and high-physiological (160 mmHg). The pressure-equivalent wall stress 
was estimated under the thin-walled assumption: 𝜎𝑐𝑖𝑟𝑐= PR/h, where P is the blood pressure, R is the internal 
arterial radius, and h is the wall thickness. 

Results & Discussion 
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Aortae showed trend to stiffen with age (left figure) both at physiological and high-physiological pressure levels 
(p<0.001). At 100 mmHg, E was 0.182 MPa in subjects <40 years and 0.295 in individuals >70 years (62% 
difference, p<0.01), and was relatively constant until 70 years. The age-related stiffening was more evident at 
160 mmHg, where E increased by approximately 122% (p<0.001). These results indicate a stiffening rate of 
0.78 kPa/mmHg for young subjects and 3.12 kPa/mmHg for old subjects. Interestingly, E <40 years was slightly 
higher than values for 40-49 and 50-59 years at 100 mmHg. The stress-strain relationships of young, middle-
aged and old subjects (right figure) present relatively similar slopes in the low strain range, while significantly 
diverge when the strain is higher than 0.3.  

Conclusion 
Our results provided reference values of arterial stiffness with age at physiological and high-physiological 
pressure levels. At a physiological pressure level, the aortic elastic modulus was relatively constant through 
the whole age range, whereas the elastic modulus at 160 mmHg showed a more than 3-fold increase in the 
stiffening-rate with arterial pressure in elderly subjects. These results suggest that arterial stiffness does not 
change significantly with age at the physiological pressure level, while age-related remodelling enhances the 
pressure-related arterial stiffening. 
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Introduction 
Acute aortic dissection is the most common thoracic aortic emergency and carries a high risk of mortality
(Erbel et al., 2001). It occurs when the medial layer of the aorta separates from the aortic wall, commonly at
an initial tear site, leading to entry of blood flow extraluminally. The aortic pulse pressure can then propagate
this new false lumen leading to further separation of the tissue layers and further organ malperfusion
downstream. In vitro investigations on medial delamination relies on applying a necessarily non-physiological
peeling rate. A systematic study of the effects of different peeling rates on an animal model for aortic
dissection was performed in order to quantify the resistance of the aortic tissue to dissection.

Methods 
Thoracic aortas from healthy pigs were collected from a local butcher and transported to the laboratory for
testing. Each aorta was cut into flat rectangular 30mm by 10mm strips, oriented in either the axial or
circumferential direction.  Samples were prepared for peel testing by pulling apart the layers to provide 10mm
tissue flaps for gripping. Peel testing was performed at physiological temperature (PBS at 37°C) on a Test
Resources tensile testing machine. The gripper clamps were serrated to prevent slippage of tissue. A non-
peeling force of 0.05 N force was applied to remove slack. Peel tests were then conducted for loading rates
varying between 1mm/min and 1 mm/s. The critical energy release rate (Gc) (Sommer et.al., 2008) was used
to quantify the peeling response.

Results & Discussion 
For both axial and circumferential samples, a common path was seen for the force displacement curve, with
a sharp increase to a well-defined plateau region, followed by a sudden drop off, as the sample fully
separated. A notable difference in mean peeling force and critical energy release rates for axial (maximum
values of 95+/-5 N/m for Peeling force and 220J/m2 for Gc ) and circumferential (maximum values of 67+/-5 
N/m for Peeling force and 170J/m2 for Gc) samples were observed with a variation in force of 32% between 
the minimum and maximum peeling rates.

Conclusion 
Our findings provide insight into the typical patterns of forces required for both the initiation and propagation
of acute aortic dissection. This information, coupled with computational models that predict patient-specific
physiologic forces due to blood flow and pulse pressure, has implications on understanding the variable
progression of the condition in different subjects and risk rupture prediction. 
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Introduction 
The lymphatic system plays an important role in fluid balance, and achieves its pumping function with a 
combination of one-way valves and active contraction of specialised mural Lymphatic Muscle Cells (LMC).  
Often mislabelled as smooth muscle, LMC show markers of both striated and smooth muscle actin-myosin 
complexes.  LMC behaviours include both a long-term tonic behaviour and fast, phasic contractions lasting < 
0.5 sec.  We have developed a combined experimental/mathematical approach to quantify the phasic and 
tonic contractions of lymphatic muscle, and how they interact to modulate lymphatic pumping. Of primary 
concern is quantifying the contributions of smooth and striated myosin isoforms at the cellular and 
subcellular level.  The overall goal is to improve the understanding of lymph flow, with an aim of improving 
treatments for lymphedema, which occurs in approximately 20% of breast cancer patients.  

Methods 
We take an approach that combines traction force microscopy of human LMC with mathematical modelling. 
We isolated and cultured mesenteric lymphatic muscle cells (LMC) from human cancer surgical samples, 
and quantified the presence of L-type, voltage-dependent calcium channels over time in culture to assess 
the likelihood of excitation-contraction coupling in single cells. Because previous attempts by others to 
maintain contractile phenotype in culture have failed, our strategy includes lowered serum levels, an 
appropriate extracellular matrix environment, and cyclic mechanical stimulation via a custom-made 
bioreactor.  

The mathematical model incorporated the underlying actin-myosin machinery of the smooth and striated 
contractile elements in series, along with elastic and viscous elements in parallel.  The model of the tonic 
(smooth) components incorporated a phosphorylation-mediated, slowly cycling latch state. Excitation-
contraction coupling was included through specifying intracellular free calcium concentration, which directed 
the myosin attachment rate by binding to troponin. Calcium also binds to calmodulin, affecting the 
phosphorylation rate of tonic myosin. The force generated by contractile elements is proportional to the 
number of attached myosin heads.  The cell model was integrated into our validated lumped parameter 
model of lymphangion pumping. 

Results & Discussion 
Harvested human LMC stained positive for smooth and striated muscle markers.  Cells were also positive for 
voltage-dependent calcium channels within 12 hours after harvesting, but the signal decreased thereafter.  
Application of stretch was confirmed but thus far we have not observed active contraction. 

In the mathematical model, an outlet pressure ramp simulation was run keeping external pressure at 2 
cmH2O, inlet pressure at 3 cmH2O, and increasing outlet pressure from 3 cmH2O to 9 cmH2O over 10 
contractile cycles (35 sec). Ramping the outlet pressure caused the force generated by both contractile 
element types to increase. The peak phasic force increased from approximately 2 dyne to 10 dyne. Tonic 
peak force increased from approximately 3 dyne to 7 dyne. Holding the outlet pressure at an increased level 
caused a decrease in tonic force to approximately 6 dyne. The phasic force remained at the increased level 
whilst at the increased outlet pressure. 

Conclusion 
While our results are encouraging, they highlight the difficulties associated with quantifying the behaviour of 
LMC.  The modelling has indicated that ramping applied stretch profiles will help distinguish the contributions 
of the contractile element types experimentally. 
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Introduction 
Computer simulations of action potential propagation are increasingly being used to understand driving 
mechanisms and test the efficacy of treatments in clinically-driven translational cardiac electrophysiology [1]. 
These simulations generally model the cardiac tissue as a continuous medium with cell-level interactions 
‘averaged’ over larger areas. This is a physiological inconsistency with the heterogeneous nature of cardiac 
cell coupling through high resistance gap junctions. To investigate the genesis of key arrhythmia 
mechanisms requires these cellular components to be modelled explicitly. These ‘discrete-cell’ simulations 
have been previously explored in a theoretical context or with simplified computational models using artificial 
cell geometries [2,3], and no biophysically validated discrete-cell model exists to date. We aim to build a 
biophysically and geometrically accurate discrete-cell model of cultured cardiac cells which can predict 
observed microscopic conduction patterns. 

Methods 
One-dimensional and three-dimensional models of coupled cardiac cells are developed within the Nektar++ 
spectral/hp-element framework [4]. Intracellular and extracellular spaces are modelled as separate domains 
with boundaries (e.g. membrane or gap junctions) solved by enforcing current flux continuity. Two known 
analytical solutions for a cable of cells under different conditions are used for validation and the model is 
combined with a previously developed cell model to simulate action potential propagation. 

Results & Discussion 
The finite element simulation faithfully reproduces an analytical solution of constant sub threshold potential 
maintained at either end of the cable of cells. We correct a published mathematical derivation of an analytical 
solution for injected current into a cable of cells, and show that our simulation also replicates this solution. 
We incorporate our validated cardiac cell model to simulate action potential propagation in a cable of cells 
and demonstrate that increasing gap junctional resistance can lead to propagation failure. 

Conclusion 
We have developed a finite-element model of discretely-coupled cardiac cells which reproduces known 
analytical solutions and can demonstrate the effect of changes to gap junctional resistance. Future steps for 
full biological validation and mechanistic investigations are outlined. 
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Introduction 
Microfluidics has become an important technology platform for a range of applications. The laminar flow 
profiles characterised by a low Reynolds number, combined with the “lab-on-a-chip” approach, has advanced 
research in fields from bioengineering and biosensing, to chemical and materials processing [1]. However, 
microfluidic experiments remain complex to set up and often require the integration of a range of standard and 
non-standard equipment. Typical experiments require flow control via syringe pumps and optical measurement 
using automated x-y stages under a microscope. The use of commercial equipment often restricts flexibility in 
functionality and communication for fully automated experiments. Here we present a modular, yet robust and 
reliable, laboratory platform that consists of a linear stage building block and a range of attachment modules. 
The different elements and building blocks can be combined into syringe pumps, x-y stages or other elements 
and can therefore be used for a range of applications. The use of 3D printed attachment modules ensures that 
new functions can be added as needed. 

Methods 
A range of modular connective mechanisms (magnetic, snap fit, Lego-like and bolted) were trialled and 
evaluated. Where previous platforms utilise a common baseboard, here we focused on a centralised linear 
stage, hosting a range of modular connections at the moving carriage and end blocks. As a proof of concept, 
we developed a fully programmable syringe pump module capable of hosting a range of syringe sizes and 
allowing for both infusion and withdrawal.     

Results & Discussion 
The final prototype included a linear stage central piece and a syringe pump module, which were tested via 
laser interferometry and microfluidic flow sensing respectively. The results indicated a linear stage error of ± 
21.37 μm, with a measurement uncertainty of ± 12.25 μm, at 95% confidence (k=2). The centralised stage and 
syringe pump module performed comparably with a commercial stage and pump, at a fraction of the cost.   

Figure 1. The Modular Platform. a) Labelled diagram of the centralised linear stage. b) 3D printed prototype of the centralised linear stage 
with syringe pump module attached. 

Conclusion 
Our low-cost modular platform addresses the issues of equipment integration for microfluidic experiments and 
can be reprogrammed to meet individuals needs. The platform addresses both types of user; the standard 
user, via a simple LCD and button interface and advanced users via the open source Arduino platform. The 
approach allows a robust and low-cost system that builds around a centralised stage with the potential for 
further integration of a range of equipment (x-y stage, microscope etc). Furthermore, approaches have been 
identified and will be implemented to further improve the performance of the linear stage. Overall, the open 
source functionality allows the platform to be used in broader context as a building block for microfluidic 
applications or via the implementation of outreach activities (including programming, biology, chemistry) in 
schools. 

References
[1] I. Ahmed, et al. “Advancements and Potential Applications of Microfluidic Approaches—A Review,”

Chemosensors, 2018, 6(4), 46.

Rotary 
Encoder 

2020 
Aluminium 
Extrusion 

Nema 17 

Profiled End 
Block 

Lead 
screw 

Linear 
Guide 

Corner 
Joint 

Linear 
Ball 

Bearing 
 Bearing 
Clamp 

Rigid 
Coupler 

Adjustable Screw 
Bearing 

62



Preliminary Investigation of the Compatibility of Violet-Blue light for 
Decontamination of Human Blood Plasma. 

C.F. Stewart1, R.M. Tomb1, L.G. Sinclair2, H.R.J. Cobbett2, G. Hartness2, S.J. MacGregor1,
M. Maclean1,2, & C.D. Atreya3

1 The Robertson Trust Laboratory for Electronic Sterilisation Technologies (ROLEST), Department of 
Electronic & Electrical Engineering, University of Strathclyde, Glasgow, UK;  2 Department of Biomedical 
Engineering, University of Strathclyde, Glasgow, UK;  3 Office of Blood Research and Review, Center for 

Biologics Evaluation and Research, Food and Drug Administration, Silver Spring, MD, USA. 

Introduction 
Pathogen reduction technologies (PRTs) for decontamination of blood products have application in transfusion
medicine for reducing incidence of transfusion-transmitted infections, and wastage of valuable blood products.
405-nm violet-blue light has offered a proof-of-concept for decontamination of blood plasma1. While all
available PRTs inactivate pathogens, the treated blood products often lose their full functionality. Hence, it is
important to ensure that antimicrobial treatment can be imparted whilst maintaining the integrity of the blood
component. As such, this study evaluates the antimicrobial efficacy and plasma compatibility of a range of
violet-blue light treatment conditions in order to investigate its potential for ‘safe’ treatment of blood plasma.

Methods 
Human plasma seeded with bacterial contaminants (Staphylococcus aureus and Escherichia coli at 102–105

CFU/ml) was exposed to 405-nm light at a range of light irradiances (10 mW/cm2–100 mW/cm2) and treatment
times (15min–10hr), with bacterial inactivation assessed by standard microbiological methods.  Unseeded
plasma was exposed to the same light treatment conditions with protein integrity assessed by SDS PAGE.

Results & Discussion 
Antimicrobial testing demonstrated significant inactivation (P=<0.05) of the bacterial contaminants, with a dose
of 360 J/cm2 achieving up to 99.999% reduction under certain treatment regimens (Fig-1A). Assessment of
plasma integrity demonstrated that application of doses of 360 J/cm2 caused no major changes in protein
banding patterns, with slight changes observed upon exposure to high energy doses >720 J/cm2 (Fig-1B).
Investigations into the effect of applying this dose using different treatment regimens demonstrated that
antimicrobial efficacy was largely unaffected, and plasma protein integrity could be maintained. 

Conclusions
The results of this study have highlighted the potential for ‘safe’ treatment of blood plasma, and the need for 
determining upper and lower threshold treatment levels which would facilitate decontamination whilst retaining
plasma integrity. Further work is required to continue investigation into the impact of dose delivery, as this will
influence the optimal treatment conditions for the blood components.
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Introduction 
Clinical endpoints for Duchenne muscular dystrophy (DMD) measures are often motivation and rater 
dependent, making the assessment of disease progression and potential response to treatment very 
challenging. The 6-minute-walk- distance (6-MWD) test, for example, is a primary endpoint in a number of 
clinical trials, however, results are highly influenced by patient motivation and the therapist degree of 
encouragement. Moreover, factors such as performance on the day in a foreign clinical environment, the 
variability in the space available to conduct the measurement affect performance, while the read-out is a crude 
measure of total distance. Ultimately, it is not the distance walked in 6 minutes that is a natural reflection of 
how DMD affects patients, but their ability to move. We show here how much of this motor ability can be 
captured when full-body movement is considered. 

Results & Discussion 
In the KineDMD study, we pursue a patient-centric approach to obtain a complete data-driven picture of full-
body behavioural tracking in 24/7 real-life over a 12-month period.  One goal here is to assess the efficiency 
of gold standard assessments in obtaining meaningful data about the patients’ capacity, and we focus here on 
the 6MW test.   

Our interim analysis showed that 6MW data mapped to standard gait cycles highlights signatures of the 
disease state in each joint when compared to HC.  Utilizing these signatures, our algorithm can distinguish 
between age-matched controls & DMD with >80% accuracy using the gait cycle time series for each joint 
alone. We demonstrate that our first algorithms combining all the joint angle data together were able to classify 
HC vs DMD with >85% accuracy. 

Our second algorithm could distinguish between age-matched controls and DMD with >80% accuracy within 
a few steps of the 6MW test. Furthermore, we are also able to regress the 6MW distances from the joint angles 
data for part of the 6MW test. These results cumulatively suggest that with machine learning algorithms high-
resolution gait-analysis can accurately differentiate DMD from HC and predict the overall performance of a 
DMD boy with much less effort needed. 
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Introduction 
Since the mid-1980s, cochlear implants have been used to treat severe hearing loss, remarkably improving 
patients’ quality of life. Though its successful clinical outcome, several issues of the current cochlear implants, 
such as the frequency distortion problem caused by the uncontrolled current spread within cochleae, enormous 
individual differences in outcomes and the lack of pre-implant predictor of outcomes, have yet to be addressed. 
In addition, the absence of a predictive model for cochlear implant studies is an obstacle to improving the 
current implants. Animal models have been extensively used in the pre-clinical research, however these 
models fail to demonstrate the anatomical features and the individual variability of human cochleae. In an effort 
to reduce in vivo approaches and to develop a personalised model for cochlear implant testing, this work aims 
to develop an in vitro cochlea model for cochlear implant research. Here, we demonstrate a novel strategy to 
fabricate a cochlea model by embedded bioprinting.  

Methods 
A fugitive template with the anatomical shape of human cochlea was printed inside a bath of elastomer. After 
printing, the matrix was crosslinked and subsequently the fugitive ink was removed, leaving a hollow structure 
with the shape of cochlea inside the elastomer matrix. To evaluate its capability of replicating the clinical 
responses in patients, electric field imaging (EFI), which is a clinical tool to monitor the evoked intra-cochlear 
potential distribution with a cochlear implant, were performed in patient and the bioprinted model.  The profiles 
were compared to assess their similarities.  

Results & Discussion 
We demonstrate a novel strategy to fabricate an in vitro cochlea model by embedded bioprinting a fugitive ink 
inside an elastomer. Our choice of the fugitive ink allows it to be printed inside a hydrophobic elastomer due 
to its unique wettability properties. Our bioprinted model closely mimics the anatomical feature of human 
cochlea, and the composition of the elastomer was tuned to match the impedance properties of temporal bone. 
We found that the EFI profiles obtained from the bioprinted model and a patient are highly similar.    

Conclusion 
Our bioprinted model is able to replicate the intra-cochlear potential profile showed in patients with cochlear 
implants. It can be used as a tool to predict the clinical outcome of cochlear implantation or as a pre-clinical 
model for testing new cochlear implants. We anticipate that our bioprinted model can accelerate the 
advancement of cochlear implants and advance the development of a personalised model for testing cochlear 
implants.  
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Introduction
Our main goal is to develop a new method for in vitro culture of embryos as a main step in the In Vitro

Fertilization treatment (IVF). In recent years, in the attempt to increase low success rate of IVF cycles in
human (below ~30%) and mice (~80%), reduction of culture media volumes and improved material toxicity
control have shown promising results.

We thus designed a new microfluidic system that allows fast loading and retrieval of embryos at the
start and end of culture for subsequent embryo transfer. In order to evaluate the safety of the microfluidic
device and exclude toxic effect of the fabrication, we assessed the developmental rate of murine embryos
as index of implantation potential. We investigated changes in the media composition during embryo
culture by reverse phase chromatography and mass spectrometry (LC-MS) in order to identify toxins
compounds released by the plastics and alterations of the metabolism.

Methods
The microfluidic device is composed of two polydimethylsiloxane (PDMS, Sylgard® 184) layers [1] and
includes a central circular chamber (400 nL). The PDMS layers were fabricated using a standard soft
lithographic process. Groups of 10, 1-cell murine embryos (B6C3F1xB6D2F1 strain) were cultured in
KSOM medium (Embryomax®) in 10 mL drops (control) and inside the devices. 220 blastocysts were
analysed in each treatment group in 5 different replicates. Samples of spent media from device culture
were compared to fresh KSOM by using LC-MS. Samples were prepared by methanol extraction. Polarity
separation was achieved using reverse-phase liquid chromatography. Data was collected using our
Thermo Scientific Q Exactive HF (LC-Hybrid Quadrupole-Orbitrap MS/MS) instrument using positive ion
mode mass spectrometry.

Results & Discussion
The microfluidic device allows to directly visualize morphological changes during embryo growth and to
sample spent media for non-invasive analysis of the embryo development. From the comparison with
conventional drop culture, no significant difference was observed in terms of blastocysts rate (94 ± 1.8%
vs 96 ± 2.1%). The elastomer did not affect embryo development thus suggesting that the closed
microfluidic culture does not affect oxygen and metabolism, as confirmed by the IMMS analysis of the
media composition.

Conclusion
Our results demonstrated the use of a microfluidic device for in vitro preimplantation culture of murine
embryos. We limited potentially detrimental fluidic shear stress inside the device and excluded material
toxicity generated by the PDMS.
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Introduction 
Hernia repair infection is a prevalent problem, with an increased number of cases developing postoperative 
surgical site infection (SSI). Traditionally, the infection is managed by surgical removal of the mesh and 
administration of antibiotics, which vastly increases the chances of surgical complications and hernia 
recurrence. Nowadays, the use of hernia meshes for hernia repair are textile-based constructs that present 
high mechanical strength, but lack any antimicrobial properties. The aim of this study was the development of
a mechanically stable construct that integrates a strong antimicrobial activity, which could be integrated within 
a hernia mesh in a bilayer format. 

Methods 
Electrospinning is a cost-effective fabrication technique for the development of non-woven nanofibrous mats. 
Via the co-axial electrospinning method employed in this study, it is feasible to obtain constructs that bear high 
surface-to-volume ratio, which can accommodate features of diverse materials, formulating structures that can 
elicit sustained drug release and enhanced mechanical strength (Figure 1). Chitosan (CS) was chosen as the 
shell polymer, due to its polycationic properties and increased biocompatibility, whereas nylon-6 (PA6) was 
placed in the core of the fibers to promote an enhanced mechanical integrity. The effect of a binary 
antimicrobial system consisting of 5-Chloro-8-quinolinol (5CLO8Q) and Poly(hexanide) (PHMB) on two model 
pathogenic bacteria (S. aureus and P. aeruginosa) was examined. The produced scaffolds were thoroughly
characterized via SEM, TEM, FTIR, XPS, DSC, TGA, water contact angle measurements, mechanical testing, 
drug release studies, fluorescence microscopy, bacteria inhibition and kinetic studies. 

Figure 1. Schematic representation of the contemplated approach for the development of antimicrobial hernia 
meshes via co-axial electrospinning of Nylon-6 PHMB / Chitosan- 5CLO8Q. 

Results & Discussion 
The developed core/shell fibers presented a homogenous morphology with average fiber diameters of 270 ± 
68 nm, and an increased hydrophilic surface as oppose to the counterpart fibers produced. TEM analysis 
omdocated a discontinuous phase of Nylon-6 in the core of the fibers. FTIR and XPS, displayed the presence 
of both polymers in the final construct and confirmed the existence of chitosan in the shell of the structure. The 
composite fibers presented a quadrupled Young modulus at 217.5 ± 12.6 MPa and a doubled tensile strength 
at 20.7± 2.5 MPa, as oppose to the single polymer containing fibers. A complementary antimicrobial system, 
which followed a non-Fickian drug release mechanism, relating to the properties of the chitosan present in the 
shell of the fibers was observed. The polycationic effect of the two bactericidal agents was confirmed through 
the establishment of a coherent antimicrobial acitivity against both Gram (+) and (-) bacterial strains. 
Conclusion 
The binary antimicrobial system presented sustained drug release and strong bactericidal activity, eradicating 
the growth of the two model microbial pathogens. This study adverts the potential of the co-axial 
electrospinning technique for the development of a core/shell structure that unites the unique properties of 
chitosan and nylon-6 for the development of a mechanically, thermochemically and physiologically superior 
composite construct. Future directions will emphasize on the integration of this novel dynamically functioning 
core/shell Nylon-6 PHMB/Chitosan 5CLO8Q system with Polypropylene hernia meshes (the most commonly 
used mesh on the market), by directly electrospinning a layer of antimicrobial fibers on the hernia mesh’s
macroporous surface. 67



Cartilage-like Performance of a Fibre Reinforced Hydrated Network 

A.C. Moore1, G. Miklosic1, M.S. Flury1, Ø. Øvrebø1, R.E. Laham1, L. Zharova2, M.M. Stevens1

1Departments of Materials, Bioengineering and Institute for Biomedical Engineering, Imperial College, SW7 
2AZ, London, 2Department of Biochemistry, University of Oxford, OX1 3QU, Oxford 

Introduction 
Articular cartilage is the physiological bearing of mammalian joints; any material that attempts to repair or 
replace this tissue must ultimately bear this role (load-bearing and lubrication). The functional performance of 
healthy articular cartilage is driven by the pressurization of interstitial fluid that occurs in response to load-
induced deformation of the solid matrix and the consequential exudation of interstitial fluid1. The internal fluid 
pressure stiffens the cartilage matrix just like air pressure in a car tyre and lubricates the contact interface just 
like air escaping the pores in an air-hockey table. Recapitulating these fluid-solid interactions and their resulting 
effect on the functional performance is our design goal for next generation cartilage repair materials.  

Prior modelling and experimental research by our team2 and the literature3 have shown that the magnitude of 
interstitial fluid pressure in cartilage is dictated by the collagen fibre population. This fibre population endows 
cartilage with a low compressive modulus, yet a very high tensile modulus, which the interstitial fluid pushes 
against. While the high tensile to compressive modulus ratio dictates the maximum interstitial fluid pressure, it 
is postulated that the enmeshed proteoglycans (hydrated biopolymers) limit fluid flux through fluid-solid 
interactions (fluid drag) and osmotic effects (electro-chemical gradient), thus controlling interstitial fluid 
pressure duration. Physiologically, our joints need both high interstitial fluid pressure (periods of joint activity) 
and prolonged interstitial fluid pressure (periods of static contact). 

While several noteworthy examples of fibre reinforced hydrated networks exist4,5, none are capable of mirroring 
the functional performance of articular cartilage. We propose that a method of simultaneously embedding the 
hydrated network within the fibrous one will recapitulate the fluid-solid interactions required for interstitial fluid 
pressurization. 

Methods 
Fibre reinforced hydrated networks were produced using a combined approach of electrospinning and roller 
printing. Electrospinning uses a high voltage electrostatic field to draw a polymer solution from a needle tip to 
a collector target (typically grounded). In this process very fine fibres (100’s nanometres to a few micrometres 
in diameter) can be produced and deposited on a collector. To embed the hydrated network, a gelatine solution 
was simultaneously roll printed on the collector. Constructs were evaluated for their functional performance 
(effective modulus) and material properties (tensile modulus, equilibrium modulus, permeability, swelling).  

Results & Discussion 
By varying the amount of gelatine and 
deposition technique the functional 
performance of the constructs could be 
tuned. Figure 1A demonstrates that the 
appropriate integration of a fibrous matrix 
and hydrated network can greatly amplify 
the functional performance of the material 
through the pressurization of interstitial fluid. 

Conclusion 
We have developed a system to 
simultaneously embed a hydrated network 
within a fibrous matrix and demonstrate cartilage-
like levels of interstitial fluid pressure.   
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Figure 1. (A) The effective modulus for the composite (fibre 
reinforced hydrated network) compared to the hydrated 
network and fibrous matrix alone. (B) Optical images of the 
scaffolds. Scale bar = 5 mm.  
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Introduction 
Polymers are widely used biomaterials for tissue engineering applications due to having tailorable properties.
However, they need modifications to improve their limited interaction with biological tissues. Two key points
were aimed in this study. First, manufacturing of multiscale porous scaffolds, made of photocurable polymer,
by combining techniques of emulsion templating (1) and 3D printing. Secondly, decorating these scaffolds with
in vitro generated ECM to increase their biological performances.

Methods 
Scaffolds, made of high internal phase emulsion (HIPE) of methacrylated PCL, were created via additive
manufacturing. MLO-A5s were cultured on scaffolds for 4-weeks. Cellular activity, mineral and collagen
deposition assays were performed. Cell penetration depth was assessed by histology. Microarchitecture of
scaffolds and cell attachment were observed under SEM. After decellularisation, to confirm the efficiency of
the process, DNA content was measured. Both plain and hybrid scaffolds were recellularisated by using human
embryonic stem cells-derived mesenchymal progenitors (hES-MPs) and compared. Finally, the chick allantoic
membrane (CAM) assay was used to explore the angiogenic potential of the scaffolds.

Results & Discussion 
Multiscale porous scaffolds were obtained successfully. ECM matrix composed of mineral and collagen was
deposited on scaffolds, and then 95% of DNA was removed (decellularisation). In the recellularisation process,
cells not only showed higher attachment on ECM decorated scaffolds but also exhibited a significantly higher
increase in cellular activity and cell infiltration. Additionally, CAM assay showed that the presence of ECM on
scaffolds resulted in higher angiogenic potential in comparison with plain scaffolds.

Figure 1: A. False coloured SEM image of PCL PolyHIPE disc (cultured with human dermal fibroblasts for 4 days) to show the suitability
of the scaffold microporosity for cell attachment and infiltration, B. Multiscale porous (macro and micro) morphology of the 3D printed
scaffold, C. 3D printed scaffold (alone), scaffold with ECM and scaffold with cells (not decellularisated) on CAM to assess vascularisation
(a-c) and cell infiltration (d-i) potential of the scaffolds.

Conclusion 
3D printed PCL PolyHIPE scaffolds support cell adhesion, proliferation, and migration, and it is a promising
candidate to fulfill the requirements of defect-matching bone grafts. Additionally, our in-vitro generated ECM
decorated polymer system proposed an applicable approach to improving bioactivity and angiogenesis of the
polymer scaffolds to encourage precursors to differentiate mature bone.
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Introduction 
The use of synthetic protein and peptides to build functional materials is of great interest in the field of tissue 
engineering and regenerative medicine because they offer versatility, biofunctionality, modular structure as 
well as ease of design and production. A novel protein/peptide composite system (ELP/PA) developed in our 
lab1,2 is of particular interest because of its’ capacity to engineer with molecular control while creating 
controlled macroscopic scaffolds. However, despite the numerous advantages, protein or peptide based 
biomaterials usually lack mechanical strength and reproducibility. Graphene oxide (GO) is a single layer two 
dimensional nanomaterial with a wide array of interesting physical and chemical properties as well as 
biocompatibility and ease of functionalisation. Due to excellent mechanical properties GO offers an 
interesting approach for development of new generation organic-inorganic composite biomaterials. In this 
work we aim to manipulate the diffusion-reaction mechanism that takes place upon co-assembling peptides 
and proteins at an interface to organize GO hierarchically. In this way we hope to create a composite 
protein/peptide/GO that has the biofunctionality and complexity of protein/peptide materials as well as 
increased mechanical strength of GO.   

Methods 
The microstructure of the samples and distribution of GO was visualised using SEM and TEM techniques. 
AFM nanoindentation was used to measure Young’s Modulus of the samples. The cell studies were carried 
out using adipose derived stems cells (ADSCs). Cell metabolic activity was investigated using Alamar BlueTM 
assay. Cell proliferation was established based on Picogreen AssayTM. Cell attachment and morphology 
were examined using fluorescently stained confocal images. Student t-test was used to analyse data. 
Significant differences between the groups were looked for at p < 0.05 and at p < 0.01. 

Results  
We were able to successfully manipulate GO flakes via diffusion-reaction mechanism and hierarchically 
organise it within the protein/peptide system (ELP/PA) into a hybrid bioactive scaffold material. The GO 
flakes were shown to be organised in a concentric manner parallel to the membrane’s face. In order to 
explore bioactive properties of the new material we investigated cell adhesion, metabolic activity, 
morphology, and proliferation. We also conducted stability assays and AFM nanoindentation. The composite 
ELP/PA/GO material has shown excellent biocompatibility and improved mechanical properties.  

Conclusions 
In this study we have introduced a new way to organize GO flakes hierarchically while creating bioactive 
hybrid material that takes advantage of its building blocks’ properties such as: biofunctionality, mechanical 
strength, hierarchical and fibrous microstructure resembling extracellular matrix. These novel composite 
biomaterials could be used as scaffolds in tissue engineering and regenerative medicine applications such 
as peripheral nerve regeneration or vascular grafts.  
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Introduction 
The third most common cause of vision impairment worldwide is corneal blindness which disproportionately 
impacts populations in the global south. An opaque clouding of the transparent corneal surface is usually 
produced via damage to the limbal area by agents such as thermal & chemical burns or infection. This results 
in conjunctiva cells invading and occluding the cornea, leading to reduced vision or blindness. A recently 
developed surgical technique (SLET, Simple Limbal Epithelial Transplantation) uses a stem cell source to 
restore vision. SLET uses small pieces of healthy limbal tissue (limbal explants) delivered to the wound bed 
using human amniotic membrane as a carrier. This technique relies on the availability of tissue banks for 
amniotic membrane, which are far less common in the global south and has the risk of disease transition and 
problematic supply chain. Our group has recently produced synthetic electrospun membranes in collaboration 
with surgeons in India to be used as artificial replacements for the amniotic membrane. Previous work in India 
has resulted in human trials using these membranes but surgeons found the membranes were too stiff and 
brittle to handle easily. The aim of this project is to produce membranes with a lower Young’s modulus than 
previous membranes while keeping all other properties as similar as possible.  

Methods 
Plasticisers PEG400 and glycerol were added to PLGA 50/50 for electrospinning into membranes at 1, 5 and 
10 wt%. A fixed ratio of 10% methanol and 90% chloroform was used for the solvent in electrospinning. 
Resulting membranes underwent mechanical testing to determine their Young’s modules and DSC to 
determine their glass transition temperature. Membranes were stored at -20°C for 6 weeks and then re-tested 
to determine any impact from storage. Accelerated degradation studies were carried out to ensure membranes 
would degrade within 8 weeks once implanted. Cell viability with human cornea cells and porcine cornea 
models was investigated to test membrane toxicity using MTT and PrestoBlue metabolic assays. Confocal 
microscopy was used to image cell morphology on the membranes using DAPI and FITC phalloidin. 

Results & Discussion 
The addition of plasticisers altered the mechanical properties of the membranes, reducing the Youngs modulus 
and the glass transition temperature. The morphology of the fibres was also changed by the additions of 
plasticisers. Degradation tests showed that scaffolds degraded within the 8 week window required for the 
operation parameters. No significant toxicity was observed with the addition of the plasticisers. Membranes for 
cornea SLET have been manufactured with a lower Young’s modulus while maintaining the previous desired 
properties. Plasticisers have long been used to influence the mechanical properties of plastics and their use 
in low dosages has had little impact on the other properties of the membranes. 

Conclusion 
This project will allow the production of membranes which are more suitable for human use and will potential 
remove the requirement for amniotic membrane in SLET surgery.  
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Introduction 
Within the field of bottom-up synthetic biology there is great interest in the design of artificial organelles. These 
systems take inspiration from the compartmentalization found in nature which permits different biochemical 
pathways to operate in a spatiotemporal manner. One class of artificial organelle is known as a nanoreactor. 
The term nanoreactor is used to describe nanoscale systems where a functioning enzyme is encapsulated 
within a supramolecular scaffold, for example polymersomes1, viral capsids2 and DNA nanocages.3 The use 
of enzymes in biomaterials is an attractive approach due to their ability to impart highly specific functions. 
However, if they are to be employed in a biological context, they must be protected from their external 
environment since they are susceptible to proteolysis and immune responses.3,4 Nanoreactor systems have 
thus been developed to serve this protective function whilst permitting substrate access and product release. 
Current applications have shown great promise in the release of pro-drugs at disease target sites,5 the 
generation of reactive oxygen species (ROS) for tumour therapy1 and for performing in situ metabolic reactions 
in the bloodstream for detoxification.6 Here we report the design of a membrane system composed of 
Amphiphilic Janus Dendrimers (Dendrimersomes or DSOMEs) encapsulating glucose oxidase (GOX) and 
myeloperoxidase (MPO) enzymes for the in situ conversion of glucose to hypochlorite (-OCl), a potent 
antimicrobial, to inhibit the growth of methicillin-resistant staphylococcus aureus (MRSA). This system takes 
inspiration from the antimicrobial machinery employed by neutrophils, our most abundant immune cell, in their 
fight against bacterial infections.7 

Results & Discussion 
We have successfully characterised the vesicular morphology of a novel Amphiphilic Janus Dendrimer in 
aqueous solution using small angle neutron scattering (SANS) and cryo-transmission electron microscopy 
(cryo-TEM). Next, using fluorescence correlation spectroscopy (FCS) we have characterised the loading of a 
model enzyme, horseradish peroxidase (HRP), within the DSOME lumen and have performed activity assays 
demonstrating the utility of our system to function as a nanoreactor. By co-loading of HRP with GOX we have 
been able to show excellent glucose permeability of our DSOME system compared to a polymersome control; 
vital for our proposed application which relies on glucose accessing the GOX enzyme to initiate the cascade 
reaction. Following this, we have shown loading of active myeloperoxidase (MPO) within the DSOME using a 
fluorescence-based -OCl sensing assay as well as a functioning cascade from glucose to hypochlorite in a 
DSOME co-loaded with GOX and MPO (GOX-MPO-DSOME). Ongoing work is focused on demonstrating the 
antibacterial effect of this nanoreactor system towards MRSA and activation of the cascade using glucose 
loaded liposomes in the presence of bacterial toxins.  

Conclusion 
In an era of increasing antibiotic resistance novel materials and approaches that can inhibit the growth of 
bacteria in a specific and localized manner must be developed. Overall, we have shown the development of a 
nanoreactor system (GOX-MPO-DSOME) that converts glucose to -OCl in situ; the first demonstration of this 
cascade being utilised within an artificial organelle. Following efficacy studies against MRSA, a gram-positive 
bacterium, we hope to study the antibacterial effect towards a gram-negative strain such as Pseudomonas 
aeruginosa. A promising application of this work could be the production of -OCl in a localized manner on the 
surface of a material, such as an implant, to create a surface resistant to bacterial growth.  
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Introduction 
Nanokicking, or the use of mechanical nanoscale vibrations to stimulate mesenchymal stem cells, is being 
investigated to treat osteoporosis in patients suffering from disuse-induced bone loss after having shown 
promise in vitro1. To this end the project aims to design a device capable of delivering nanokick vibrations to 
the joints of paraplegic patients. 

Within the scope of this research, a system to predict the progression of nanoscale vibrations has been 
designed and assessed using simple 2D acoustic simulation tools and a prototype device constructed for 
future clinical trials testing. 

Methods 
In order to prepare for the design of a functional prototype adequate for use in clinical trials on patients 
suffering from osteoporosis, tests and simulations were designed to predict the behaviour of the nanoscale 
vibrations travelling through various media.  

Simulations were performed using FEA models in Ansys 17.0 as well as a pressure wave distribution 
extension for Matlab, K-wave. The K-wave simulations allowed for a two-dimensional simulation where the 
speed of sound and density of a media is taken into account in order to investigate effects such as 
transmission/reflection and attenuation at the boundaries of different media. These were compared against 
theoretical hand-calculated results to improve confidence in the simulation techniques. 

Using a transducer operating at 1000Hz and a laser interferometer, physical tests were performed to verify 
the transmission of nanovibrations at 1KHz through synthetic gels that simulate the mechanical behaviours 
of human fat and muscle tissues, as well as compare the accuracy of the 2d simulations. This comparison 
allowed for ongoing feedback to refine the simulations accuracy for future testing, as accurate prediction 
methods is required for future clinical trials involving the device. 

The device was then manufactured in-house at the University of Strathclyde using store-bought parts and 
custom-made 3d printed parts. 

Results & Discussion 
The device is shown to deliver nanoscale vibration and the desired frequency through the synthetic phantom 
gels. It can be attached to a human knee/ankle for use as a therapy tool in future clinical trials. Currently an 
investigation into its efficacy on delivering nanovibrations on humans for short-term exposure is ongoing prior 
to testing their effectiveness in clinical trials. 

The simulation tools are being adapted to predict more complex and multi-layer environments; currently the 
2-d simulations are able to predict the amplitude of the nanovibration over short distances, where the
dominant source of loss of amplitude is due to transmission losses at the interfaces between two bulk media
(for example fat and bone).

Conclusion 
The device in question is being prepared for use in clinical trials to assess its usefulness as a therapeutic 
device. Adaptation of more accurate attenuation with respect to distance must be added to the 2-d 
simulations in order to better prepare the device for use in a clinical setting. 
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Introduction 
The arterial pulse or blood pressure (BP) waveform contains a wealth of information describing 
cardiovascular physiology. Routine analysis extracts single point measures such as heart rate and 
systolic/diastolic BP from high fidelity waveform data. Whilst useful, this reductionist approach disregards 
most of the original waveform data. 

Attractor reconstruction (AR) is a mathematical technique that replots the entire waveform data and allows 
further information about the BP waveform shape and variability to be extracted and quantified1,2. Variability 
is well documented in the literature as associating with health3. 

Quantifying BP waveform variability using attractor reconstruction provides more information about 
cardiovascular health, beyond standard heart rate variability measures. The importance of variability derived 
using attractor reconstruction is demonstrated using BP data collected from a mouse model of sepsis. 

Methods 
BP data were collected for 24 hours before and after sepsis induction, using radiotelemetry devices 
implanted in mice. 

AR replots all the BP data in three dimensions and then projects the resulting attractor shape to two 
dimensions. Full details of the AR method are described in Aston et al. (2018)1. 

Features of the attractor such as density, size and rotation can be quantified. The BP data was analysed 
using single point measures (e.g. heart rate, systolic BP) and compared with attractor features (waveform 
morphology and variability). 

Results & Discussion 
In the first six hours following sepsis induction, the strongest changes were seen in AR waveform variability 
and heart rate. 

Although heart rate changed, it is not the most specific biomarker as it can change for several, non-
pathological reasons. AR adds value by quantifying waveform variability which markedly changed in the first 
six hours. 

Combining routine and AR measures of the BP waveform can enhance the sensitivity of detecting 
deteriorations, which is vital as early detection is important in clinical management.  

Conclusion 
AR waveform variability describes how the entire waveform shape varies from beat to beat and provides 
information about cardiovascular performance that has not previously been quantified. Measuring the 
waveform variability of septic mice using AR shows that it decreases with clinical deterioration. When 
combined with conventional measures, AR can enhance the sensitivity of detecting deteriorations early.

A retrospective study to validate these findings in a clinical dataset is underway. 
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Introduction 
Proteus mirabilis is a Gram-negative pathogen frequently isolated from clinical infections, predominantly
those of the catheterised urinary tract and wounds. The possibility of severe complications of infection
means rapid diagnosis is desired. In current clinical practice the detection of infection relies upon observation
of patient symptoms, sampling and laborious culturing procedures. Electrochemical impedance spectroscopy
(EIS) has emerged as a potentially suitable technology for real-time infection monitoring, with both in-situ
and point-of-care applications.

Methods 
Using disposable, screen-printed carbon electrodes and EIS, impedance spectra for numerous samples
were obtained (Figure 1). Measurements of P. mirabilis growth in LB media were performed over 24 hours
(average starting concentration 7.4x106 CFU/mL). Similarly, measurements were then carried out over 24
hours for washed cells in 0.9% w/v NaCl, where no growth occurred (average starting concentration 5x108

CFU/mL). Equivalent circuit modelling was performed using a Randle’s circuit and the impedance spectra
normalised to highlight time evolution.

Results & Discussion 
The growth of P. mirabilis in LB media resulted in significant changes in normalised impedance after only 1
hour (p<0.05), including a reduction in normalised modulus at frequencies below 1 kHz and a mid-frequency
phase trough. For a high concentration of washed cells in 0.9% w/v NaCl, significant normalised impedance
changes were evident immediately and indicated cell adsorption to the sensors over time. These changes
were, however, smaller and therefore suggest that metabolic mechanisms dominated the larger impedance
response seen in LB. Furthermore, circuit modelling linked a significant reduction in charge transfer
resistance after 24 hours to bacterial growth (average change -91% ± 3.5% vs a negative control average
change of -45.9% ± 6.6%, p=0.009).

Conclusion 
The ability of these low-cost carbon sensors to detect P. mirabilis was therefore demonstrated. Rapid
detection of this pathogen highlighted the potential for this technology to be successfully adopted into a real-
time infection monitoring device.
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Figure 1. Diagram of the experimental set up.  
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Introduction 
The accurate measurement of pressure in the human body is an important clinical parameter for many medical 
applications. The most common example is blood pressure, which is routinely measured and monitored during 
procedures. Other examples can be found across many medical fields such as cardiovascular (changes in 
circulatory pressures), urologic (urinary bladder pressure), neurologic (brain intracranial pressure) and 
intraocular (eye pressure). These in vivo pressure measurements are usually made with miniature, flexible 
devices with small lateral dimensions. Pressure measurements are also crucial for ultrasound imaging, as the 
detection and measurement of reflected pressure waves (in the ultrasound region) enables ultrasound images 
to be obtained. 

Methods 
Fibre optic pressure sensors are well suited to easily integrate with current minimally invasive devices due to 
their small dimensions, flexibility and biocompatibility. Fabry-Pérot (FP) cavities can be manufactured at the 
tip of optical fibres to create diaphragm-based fibre optic pressure sensors. FP cavities are optical cavities with 
a deformable diaphragm. Light is partially reflected and partially transmitted from the tip of the optical fibre and 
from the diaphragm interface. Under pressure the diaphragm deforms to alter this reflected optical path. Using 
low-coherence interferometry techniques, the difference between the light reflected from the fibre tip and the 
light reflected from the cavity-diaphragm interface can be measured to give the optical path difference. As 
pressure changes deform the diaphragm, the optical path difference changes accordingly, thereby enabling 
optical pressure measurements to be extracted. 

Using a multi-step procedure, incorporating additive manufacturing techniques and chemical vapour 
deposition, free-standing Parylene C membranes were formed on the end of glass capillaries (outer diameter 
250 µm, inner diameter 150 µm). Typically, such membrane fabrication requires multi-step photolithographic 
approaches and uses conventional microelectronics substrates. Here we demonstrate direct fabrication of 
membranes on glass capillaries, which eliminates a number of fabrication steps. An optical fibre was then 
inserted into each capillary to create a FP cavity at the tip of the fibre, where the Parylene C membrane acts 
as the deformable diaphragm.  

Results & Discussion 
The use of polymers enables rapid fabrication of FP cavities. The benefits of Parylene C membranes are that 
they are biocompatible, have low permeability, low Young’s modulus (~3 GPa) and relatively high tensile 
strength (~70 MPa). The maximum diameter of the sensors is 250 µm making them highly suitable for 
integration with catheters/guidewires for minimally invasive procedures. The thickness of the Parylene C 
membranes can be tuned to provide different sensitivities for different applications. 

When tested with an in vitro experimental setup, the sensors showed high sensitivity (0.09 radians/mmHg) to 
physiological pressures (760 – 840 mmHg absolute), fast responsivity and reduced drift compared to previous 
studies with polymer-based FP optical pressure sensors (10’s of mmHg/hour vs. 100’s of mmHg/hour).  

Conclusion 
A manufacturing technique for creating FP optical cavities with a deformable Parylene C membrane has been 
developed. The resulting cavities were assembled into miniature fibre optic pressure sensors and 
characterised with an in vitro experimental setup. Preliminary results show that the response of the sensors is 
comparable to previous studies with improvements in the reported drift values.  
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Introduction 

The power to precisely modulate the activity of neural populations and examine their response is important
to further the understanding of the brain. Optogenetics confers the ability to modulate neural activity using
light[1], with improved selectivity in comparison to electrical stimulation; however, as an emerging technique
optogenetics requires novel supporting technology. Here we present the development of a neural modulation
system, capable of both electrical and optical stimulation and electrical recording.  Neural probes can deliver
light to deep areas in the brain and have demonstrated the ability to perturb local circuitry with precise spatial
and temporal control[2,3]. Incorporation of recording sites onto such probes facilitates the direct observation of
the neural response to stimulation[4,5].This combined approach, paired with appropriate control hardware
permits a multi-modal approach to investigating neural circuitry.
Methods 
A microscale neural probe was developed containing multiple independent light sources (microLEDs), coupled
with microelectrodes; created using standard microfabrication techniques from a Gallium Nitride on Silicon
substrate. To facilitate control of this probe, a miniature electronic system was developed, allowing the precise
control of optical and electrical stimulation currents while simultaneously offering recording of electrical
potentials. To demonstrate the system a close loop algorithm was implemented which applies stimulation
currents in response to threshold crossing potentials.
Results & Discussion 

Fig 1. a) Schematic of neural probe, inset shows tip of neural probe. B) Electronic control system. C) demonstration of close loop
simulation, displaying low latency (150µs) close loop stimulation in response to threshold crossing potential.

Neural probes were fabricated, featuring with µLEDs with a low turn on voltage (~3.3V); drawing ~ 12mW at
2.5mA. The electronic system supported low noise recording of up to 16 channels at 20KHz and the ability to
provide optical/electrical stimulation. The incorporated close loop system was capable of low latency
response (150µs) to threshold crossing stimulus.
Conclusion 
The work describes the development of a multimodal neuromodulation system, with the ability to provide
optical control of genetically targeted neurons, while monitoring the subsequent neural activity.
Acknowledgments 
We are grateful to the EPSRC for funding this project (grant reference number EP/L015595/1) and to the
University of Strathclyde CDT in Medical Devices and Health Technologies. 
References 

1. Boyden et al, Nat Neurosci. 2005. 8:1263-8.
2. Scharf et al, Scientific Reports. 2016. 6:28381
3. Kampasi et al, Microsystems & Nanoengineering. 2018. 4:10
4. Wu et al, Neuron. 2015. 88:1136-1148
5. Schwartzle et al, J. Micromech. Microeng. 2017. 27

77



Cystic Fibrosis Patient Monitor 

S.Donnelly1, A.C. Ward 1, G. MacGregor 2, P. Connolly1

1 Department of Biomedical Engineering, University of Strathclyde, G1 1RD. 2 Department of Respiratory 
Medicine, Queen Elizabeth University Hospital, 1345 Govan Road, Glasgow  

Introduction 
Cystic Fibrosis (CF) is a genetic disease which affects the body’s ability to regulate chloride movement 
across epithelial cells, leading to life-limiting conditions such as chronic airway infection and pancreatic
disease. Treatments for CF are emerging which aim to correct and enhance the underlying CFTR protein
dysfunction which causes the disease. Sweat Cl- concentration is a key biomarker in gauging the efficacy of
such treatments. To be able to measure Cl- in sweat non-invasively in real time, we are developing a
wearable, chloride-sensitive patch.

Methods 
Pre-manufactured Ag/AgCl electrodes printed on a flexible polyethylene substrate were utilised for this study,
consisting of a reference and working electrode. One of the electrodes was modified through the deposition
of a pHEMA hydrogel film over the surface. The hydrogel was polymerised under a UV LED array and
treated in a Cl- saturated solution to produce a stable Cl- reference electrode.

The device’s sensitivity towards Cl- ions was initially tested by observing the open circuit potential (OCP)
developed between the pHEMA reference electrode and Ag/AgCl working electrode when exposed to KCl
solutions of concentrations ranging from 1mM to 1M. This encompasses healthy physiological chloride
concentrations and those seen in CF patients.

In vitro studies have also been conducted using a fluid-filled cell with a nano-porous membrane surface,
designed to mimic the transdermal diffusion of ions.

       Figure 1. Experimental setup for in vitro skin model tests

Results & Discussion 
An average sensitivity of 54 mV per decade (n=4) was found, indicating that the electrodes display a near-
Nernstian response to the test solution concentration range. Tests undertaken with the in vitro skin model
system have also shown that the device is sensitive to changes in chloride concentration made to the filling
solution throughout the test period. These results indicate that the device is not only approaching the
physical limit of sensitivity toward Cl- concentrations within aqueous solutions, but that it has the capability of
monitoring Cl- levels via the diffusion of ions across a skin-like membrane.

Conclusion 
This study shows that pHEMA-adapted electrodes can be used to successfully detect clinically relevant
changes in Cl- concentration. Studies carried out with an in vitro cell suggest that the electrodes could be
used as part of a wearable device capable of monitoring transdermal chloride concentrations. Such a device
would play a vital role in monitoring the impact emerging CF treatments have on CFTR functionality, the
underlying cause of CF.

Acknowledgments 
Funding provided by EPSRC Medical Devices and Health Technologies CDT (EP/L015595/1)

78



Wearable µLED-based device for phototherapy applications 

F. Farrell1, E. Xie1, B. Guilhabert1, AM. Haughey2, P. Connolly3, M.D. Dawson1, N. Laurand1 

1Institute of Photonics, Department of Physics, SUPA, University of Strathclyde, 99 George St, Glasgow G1 
1RD, UK. 2Fraunhofer Centre for Applied Photonics, 99 George St, Glasgow, G1 1RD, UK.  3Department of 

Biomedical Engineering, University of Strathclyde, 50 George St, Glasgow G1 1QE, UK.  

Introduction 
Phototherapy with UV or visible light is used to treat eczema, psoriasis and many other skin disorders. 
Traditionally treatment is carried out in a clinical setting utilising large fluorescent lamps; an inconvenience for 
patients whilst also demanding on the healthcare system [1, 2]. LEDs are facilitating the development of at-
home phototherapy devices due to their high efficiencies, miniaturisation abilities and low-cost design. 
However, currently available at-home devices consist of rigid LED arrays that cause a non-uniform light 
distribution over the treatment area; making it difficult for clinicians to determine the treatment dosage [3]. We 
propose to develop a conformable device for at-home phototherapy applications utilising micro-sized 
LEDs (µLEDs) edge-coupled to a millimetre thick polydimethylsiloxane (PDMS) light sheet. The use of µLEDs 
allows for efficient coupling to thin substrates whilst PDMS is biocompatible, transparent and has been shown 
to be an effective flexible light guide [4]. 

Methods 
A 1mm thick PDMS light sheet (40×20 mm2) is edge-coupled to a µLED array consisting of 10 pixels, each 
100×100 µm2 with a pitch of 730 µm. The µLED is driven at a current of 120 mA, providing a total optical power 
of 9 mW with a peak emission of 444 nm. The diffused light from the top surface of the light sheet is measured 
as irradiance (µW/cm2) using a spectrally calibrated detection/imaging system. The PDMS light sheet acts as 
a waveguide and most of the light is guided. To extract the guided light, a diffusing PDMS substrate 
(15×15×1 mm3) containing TiO2 nanoparticles (25 nm) is added to the top surface, producing an extraction 
region over 2 cm2.  

Results & Discussion 
The addition of a high refractive index nanoparticle scatter substrate greatly 
increases the diffused light. The amount of diffused light is dependent upon 
the concentration of TiO2 in the substrate, with increasing concentrations 
extracting more light over a smaller area, as shown in Fig. 1. By increasing 
the TiO2 concentration gradually with increasing distance from the µLED a 
uniform emission of 32 µW/cm2 is obtained over a 2 cm2 treatment area, 
whereas the PDMS light sheet with no diffusing structure produces less than 
1 µW/cm2. 

Conclusion 
When a µLED is coupled to a PDMS membrane at the edge, most of the light is guided, the addition of TiO2 
scattering particles extracts the guided light. By increasing the TiO2 concentration with increasing distance 
from the µLED, a uniform irradiance of 32 µW/cm2 is obtained over 2 cm2 with a 2 mm thick device. This 
technique can also be applied to additional wavelengths either by utilising a different LED source wavelength 
or by adding colour converters. Scalability, the effect of curvature and device improvements will be discussed 
with an irradiance value of 1 mW/cm2 being sought to compare with current home-use devices. 

References 
1. Moseley H et al., B. J. Dermatol, 2006, 154; 747-750.
2. Majeed-Ariss R et al., B. J. Dermatol, 2018, 178; 1383-1387.
3. Cochrane C et al., Mater Sci Eng C Mater Biol Appl, 2013, 33; 1170-1175.
4. Lee JH, et al., Journal of the SID, 2008, 16; 329-335.

Acknowledgments 
We are grateful to the EPSRC, Fraunhofer UK Research Ltd. and the Centre for Doctoral Training in Medical 
Devices and Health Technologies. This work was supported by EPSRC grant EP/L015595/1.  

Fig. 1. Image of the uniform device
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Introduction 
Apart from its biological functions, DNA is a molecule widely used to encode in vitro only-DNA networks with 
sensing or gene regulatory functions. These networks harness two fundamental DNA reactions: hybridisation 
and strand displacement. The latter consists of the spontaneous replacement of one DNA strand in a duplex 
by an “input” strand. This input strand hybridises with a “target” strand in the duplex, while displacing an “output” 
strand. The displacement reaction rate is extremely slow for blunt-edged DNA duplexes. However, the reaction 
rate can be boosted by adding to the target strand a single-stranded overhang known as “toehold” [1]. Toehold-
mediated reactions have shown to be highly effective; however, they only rely on input-target complementarity, 
the strands forming the final duplex. Hereby we introduce a new approach, “handhold-mediated strand 
displacement”. “Handholds” are toehold analogues added to the output strand, resulting in a catalytic transitory 
interaction during the displacement reaction. Our work introduces the characterisation of the contribution of 
handholds to the kinetics of the reaction, for the rational design of DNA networks with brand new functions. 

Methods 
Strand sequences were rationally generated with the software NUPACK [2]. A DNA duplex labelled with a 
fluorophore/quencher pair monitored the progress of the reaction. Fluorescence data was fitted to an ODE-
based model of the reaction sub-steps to extract the dependence of rate constants on system parameters. 

Results 
The experiments show a clear correlation between handhold length and strand displacement reaction rate. 
The addition of short handhold lengths (<10 nucleotides) are shown to increase the displacement reaction rate 
by several orders of magnitude, while producing the eventual detach of the output strand. 

Figure 1: Handhold-mediated strand displacement proof of concept. Conditions: 37 °C, Target + Output duplex (200 nM). Time 0 
marks the addition of Input strand (150 nM). When compared with conventional strand displacement (|hh|=0 nt), complementarity between 
input strand and output’s handhold increases significantly the speed of the reaction (|hh|=8 nt). However, a strong complementarity 
between input strand and handhold (|hh|=18 nt) prevents the dissociation of the output strand. 

Conclusion 
Strand displacement reaction rate can be boosted by orders of magnitude in the presence of handholds. The 
sequence complementarity between input strands and handhold is transitory. Therefore, the output strand 
catalytically template the binding of other DNA strands, a vital  functionality for living beings, not previously 
present in DNA nanotechnology designs. 

References 
1. Zhang, D. and Winfree, E.  Journal of the American Chemical Society, 2009; 131(47), 17303-17314.
2. Zadeh, J. et al. Journal of Computational Chemistry, 2010; 32(1), 170-173

80



Neck pain and vertebral angulation of the cervical spine with a rigid cervical collar 

D.T. Kelani1, A. Lee 2, L. Koizia 2, M.B. Fertleman1&2, A.E. Kedgley1 

1Department of Bioengineering, Imperial College, South Kensington, SW7 2AZ, London. 2Department of 
Orthogeriatrics, St Mary’s Hospital, W1 2NY, London. 

Introduction 
Degenerative disc disease and degenerative arthritis of facet joints often results in long-term disabling 
symptoms of neck pain (1,2). Loss of cervical lordosis can accelerate these conditions, particularly following 
trauma (3). Cervical immobilisation is an important component of many trauma protocols, with cervical collar 
application being one of the first requirements for safe extrication and transport of individuals. Consideration 
for vertebral angulation is important for methods involving cervical spine stabilisation. Therefore, the purpose 
of this study was to investigate the effect a spinal collar has on neck pain and the sagittal angulation of the 
cervical spine in healthy young and elderly individuals. 

Methods 
Ethical approval for this study was obtained from the Research Ethics Committee, before the study 
commenced. Data were collected from 37 healthy individuals, 20 were 18-30 years, 17 were 75 years or 
older. Participants filled out a visual analogue score (VAS) for the pain in their neck prior to having an MRI 
scan of their cervical spine. After the scan, participants were fitted with a cervical spine collar which was 
worn for an hour. The VAS and MRI scan were then repeated with the collar in place. The mid-sagittal plane 
for each scan was determined for digitisation purposes (Mimics v. 17.0, Materialise, Leuven, Belgium). On 
each scan, six cervical lordosis angles were measured, including total lordosis (TL), upper cervical lordosis 
(UCL), lower cervical lordosis (LCL), T1 slope (T1S), neck tilt (NT) and thoracic inlet angle (TIA). Statistical 
tests (SPSS Statistics v. 24, Stanford, USA) were conducted to look for differences and relationships 
between and within subjects. Factorial mixed design ANOVA was used to investigate the effect of age and 
collar status on the different cervical lordosis angles. Paired samples t-tests were conducted to look for any 
differences between the pre-collar and post-collar VAS. Pearson's correlation tests were used to determine 
the relationship between the change in VAS and change in cervical angles pre- and post-collar. 

Results & Discussion 
TL, LCL and T1S showed a significant difference with age. The remaining angles showed no significant 
differences with age and collar status. The young group showed a significant difference between pre- and 
post-collar VAS (t = -3.541, df = 19, p = 0.001). The elderly group showed no significant difference between 
pre- and post-collar VAS (t = -0.972, df = 16, p = 0.345). There was a very weak, negative but non-significant 
correlation between the change in NT and change in VAS (r=-0.132, df = 35, p = 0.218). There was a very 
weak, negative but non-significant correlation between the change in TIA and change in VAS (r=-0.009, df = 
35, p = 0.478). The remaining change in angles all showed positive non-significant correlations to the change 
in VAS. 

Conclusion 
The total and upper lordosis angle changed between age groups; however, the collar did not significantly 
change cervical lordosis. The presence of the collar caused a greater increase in pain in more young people 
than elderly, whilst the change in the lower cervical angles was found to reduce neck pain. Therefore, age 
should perhaps be considered before cervical collar application and the upper cervical region could be used 
as a parameter to determine the alignment of the cervical collar. The results of this study could be seen as a 
foundation for further study in the design of the cervical collar. 
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Introduction 
Ankle foot orthoses (AFOs) are used to manage pain and deformities, and to support ambulation in various 
musculoskeletal and neuromuscular conditions. They can cause discomfort and tissue damage due to high 
pressure, shear and microclimate at the skin interface [1]. A potential contributing factor is the press-fit 
between the device and limb, which may be required to achieve the desired musculoskeletal benefits. Press-
fit may vary if limb volume increases due to patient growth, or changes throughout the day due to activity and 
oedema [2]. Limb-device pressure can be measured easily, but may not directly indicate deeper tissue 
damage risk; highly varying pressure fields may generate greater shear than uniform pressure, and thus 
present a greater tissue damage risk [3]. As Finite Element Analysis (FEA) may offer predictions of pressure-
strain relationships, this study developed a preliminary FE model to investigate how the device press-fit 
might affect soft tissue loading, and assess which pressure metrics might correspond with soft tissue shear. 

Methods 
A computational model of a transverse calcaneal section of the foot and AFO within a shoe was developed in 
COMSOL with frictional contact at the limb-orthosis interface (Fig.1A). The contact interference was varied 
from 0 to 2mm [4]. Model predictions were interrogated to examine how limb-orthosis interface pressure 
gradient related to shear strains in the soft tissue. The interface pressure gradients were calculated from the 
contact pressures at each node and then mapped against shear strain in the underlying soft tissue. 

Results & Discussion 
Increasing the interference at the limb-orthosis interface from 0mm to 0.5mm caused a reduction in 
maximum soft tissue shear strain from 0.131 to 0.118. The shear strain in the soft tissue then increased to 
0.166 at 2mm interference. The pressure gradients at the interface corresponded with some features in the 
internal soft tissue shear strain field that the interface pressure magnitude alone did not show (Fig.1B&C). 

Conclusion 
This study indicates that the pressure gradient at the limb-orthosis interface provides a better indicator of 
shear strain in the underlying soft tissue than pressure alone. Therefore, when assessing tissue damage risk 
for such devices, it may be beneficial to base the risk on pressure gradients. Increasing the interference at 
the limb-orthosis interface influenced soft tissue shear strains and so would also impact tissue damage risk, 
indicating the importance of correct orthosis sizing and compliant material interfaces.  
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Fig. 1: 0mm interference results. A – Displacement of the model, indicating the path followed for the x-axis in B&C from dot to 
cross. B&C – Internal soft tissue shear strains mapped against interface pressure and pressure gradients respectively. 
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Introduction 
Osteoarthritis is a disease characterised by damage to the articular cartilage of synovial joints which results 
in pain and stiffness. Early treatment options include marrow stimulation techniques, which look to make 
small perforations through the subchondral bone, inducing bleeding and the recruitment of cells that are 
required for cartilage regeneration. This can be achieved by an awl (microfracture) or a drill (micro-drilling). It 
has been suggested that drilling provides more control over the accuracy of the hole dimensions, and that 
the resulting holes heal and regenerate cartilage more successfully as they are cleaner [1,2]. This work 
reports on a novel technique to undertake accurate microdrilling in a mouse model of osteochondral repair.  

Methods 
Drilling using 0.3 and 0.5 mm diameter drills was compared with hole formation using a 0.46 mm diameter 
needle. A systematic design procedure was used to produce a 3D-printed support structure which was 
effective in supporting the mouse leg during drilling using a commercial pillar drill. To provide depth control, 
the mouse leg was mounted on a custom-made load cell, which was used to monitor the drill vertical force. 
The drill motion was logged using a displacement transducer. The onset of contact was detected from a rise 
in contact force. Development experiments were undertaken using perspex, with optical microscopy used to 
measure the drill diameter and depth. Holes made in mouse legs were characterised using micro-CT X-ray 
imaging, to detect the depth, diameter and cleanness of the hole. All procedures were conducted in 
accordance with the institutional animal care regulations of the University of Cambridge. 

Results & Discussion 
Validation measurements using Perspex demonstrated a significant improvement in depth accuracy using 
the data monitoring procedure devised to control depth. Using the procedure on mouse femur resulted in a 
mean error in hole depth for drilling approximately 35 times smaller than for needle microfracture, see Fig. 2, 
and a mean error in diameter 4.6 times smaller. Qualitative observations from CT images showed that drilled 
holes had a much more consistent and clean profile, confirmed by quantitative analysis of the shape of the 
hole edges. These results highlight a benefit of microdrilling over microfracture, since compaction of the 
bone surrounding the defect has been shown to impact the healing process by restricting blood flow to the 
defect region leading to poorer cartilage formation [1,2].   

 Figure 1. Experimental Set  Figure 2. Error in depth of hole in mouse femur 
Conclusion 
This work has demonstrated the feasibility of accurate and refined microdrilling as a surgical method to repair 
the bone and cartilage damage caused by osteochondral injury and osteoarthritis. A novel 3D printed 
support and drilling protocol have delivered a significant improvement in hole accuracy and cleanness, 
compared with the needle alternative. This will open up the scope for application of the method to 
translational research pathways aiming to develop improved therapies for treating arthritis. 
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Introduction 
Since the initial major development in prosthetics following the casualties of World 
War II the human interface (socket) has remained relatively unchanged [1]. 
Prosthetic sockets consist of a rigid moulded form attached to the prosthesis, a 
series of cushioning elements to allow for weight bearing (liners and socks), and 
an affixation method to hold the device to the residual limb. Rigid sockets are not 
comfortable for extended use, much like wooden shoes they cannot adapt to the 
fluctuations in volume that come with organic tissue.  In recent years 
advancements have been made in materials and manufacturing methods leading 
to better gel liners and carbon fibre sockets, these high-end devices cost ~£4,000 
for a privately built socket, however the common flaws have remained. The quality 
and fit of these sockets remains an underlying issue. The aim of this project is to 
reduce these issues by developing a low cost, universal prosthetic socket that is 
responsive to users.  

Methods 

No user specific details, such as residual limb scan data for socket dimensions, 
were used in the creation of the socket concepts forcing adaptability to be key 
to the design. The concepts were evaluated and compared for effectiveness, a 
key design was then adapted and developed. The design development process was influenced by the use of 
finite element analysis simulation as well as suitability for 3D printing. Through most stages of the development 
the socket was test fitted by a user to constantly improve the comfort and functionality of the socket. The use 
of 3D printing allowed for rapid prototyping and testing, allowing for quick iterative designs. Fusion 360 was 
used as a complete software package to allow for CAD, FEA, and 3D printing capabilities.  

Results & Discussion 
Following the design development process a low-cost modularised 
socket was produced, that can be assembled by someone with 
minimal knowledge. The “kit” can be adapted to fit a wide range of 
users and can be adjusted to create a near perfect fit. The socket is 
customisable to fit the personal preferences of the user. The 
material costs of the socket, including pre-built components were 
<£50, marking a substantial cost reduction from carbon fibre 
sockets. Moreover, the design allows for changes after assembly, 
unlike conventional sockets which once made either fit the user or 
are disposed of.  

Conclusion 
Whilst there are still many areas for improvement, this socket marks 
a potentially industry changing advancement. Low cost socket kits 
have great potential for use in the developing world as well as for 
child amputees. The speed of assembly combined with the fact 

flexibility of the design could allow for a future where amputees can receive a limb with just one appointment. 
Whilst the intention is to mass produce the parts, these designs could be made open source so anyone can 
make a socket, much like the current revolution with prosthetic hands and the child charity groups.  
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Introduction
Traumatic Brain Injuries (TBI) are a leading cause of death and serious injury during Road Traffic Collisions 
(RTC), with severe cases requiring substantial emergency medical service resources [1-2]. For the first time, 
large-scale data analysis has been done to better understand the causation and biomechanics leading to TBI 
in past RTCs using the Department for Transport’s Road Accident In-Depth Study (RAIDS) database [3]. 
RAIDS documents a subset of injury-causing and fatal RTCs in Great Britain (GB) from 2013 onwards in 
unprecedented detail (3000+ fields about collision environment, vehicles and clinical outcome). This analysis 
aims to determine TBI severity and pathology within RAIDS, highlight specific risk factors present for road user 
groups (e.g. cyclists) and assess how common safety measures affect subjects’ TBI outcome. In future, these 
results will guide investigation into using collision characteristics to predict TBI severity and pathology.

Methods
The Mayo Classification system [4] was used to develop a classification algorithm to search for specific TBI-
related terms within the clinical and post-mortem text available in the RAIDS database. Each subject who 
sustained a TBI was classified with a Mayo severity measure of Moderate-Severe (Mod-Sev), Mild or 
Symptomatic, and the specific TBI pathology was recorded and subsequently verified by a clinical TBI expert. 
When accessed on 24th January 2019, RAIDS contained 2345 injured casualties, including 198 fatalities, of 
which 135 sustained a TBI (68%). 123 TBI fatalities had post-mortems available for use as a ‘gold standard’ 
in verifying TBI pathology. The rates of specific pathologies and severity levels were then examined for a 
variety of collision factors such as road user type, age band and safety measure presence. 

Results & Discussion 
240 subjects (10.2%) sustained a Mod-Sev TBI, comprising 7-18% of all injured subjects across all ages. 158 
subjects suffered an intracranial haemorrhage, with subarachnoid haemorrhages (SAH) (106 subjects) and 
subdural haemorrhages (58 subjects, of whom 25 also had an SAH) being the most prevalent haemorrhage 
pathologies. Brain stem injuries had the highest fatality proportion (97%), likely due to the relative difficulty of 
diagnosing brain stem injuries using imaging techniques as opposed to post-mortem examination. Among 
injured casualties, 32% of pedestrians and 25% cyclists sustained a Mod-Sev TBI compared to just 8% of car 
occupants. In the Mod-Sev TBI cohort, despite being within a protective passenger compartment, fatality 
proportion was higher among car occupants (63%) than pedestrians (23%) or cyclists (32%). The depth of 
RAIDS facilitates extensive analysis of data subsets, such as individual road user groups. For instance, injured 
cyclists wearing a helmet had a 79% reduction in risk of sustaining a Mod-Sev TBI than those not wearing a 
helmet (risk ratio [95% Confidence Interval]: 0.21 [0.05, 0.86], p=0.030), detailed in the table below. 

Injured Cyclists within RAIDS Total Number Helmet Worn No Helmet Unknown 
Injured Cyclists (All Injuries) 79 28 (35.4%) 35 (44.4%) 16 (20.2%) 

Moderate- 
-Severe TBI

Cyclists

All Moderate-Severe TBI 20 2 (10.0%) 12 (60.0%) 6 (30.0%) 
Subdural Haematoma 5 0 (0.0%) 5 (100.0%) 0 (0.0%) 

Subarachnoid Haematoma 11 1 (9.1%) 8 (72.7%) 2 (18.2%) 

Conclusion 
The RAIDS database provides a novel opportunity to explore injury mechanism, pathology and severity of TBI 
in GB RTCs. Building upon this analysis, the feasibility of using RAIDS collision parameters to predict the TBI 
pathology and severity will be explored, aiming to drive development in the transport and health sectors. 

Acknowledgments 
Essential partnership and support were provided by the Department for Transport through access to the RAIDS 
database, TRL and the EPSRC (via Imperial’s Centre for Doctoral Training in Neurotechnology). 

References
1. M Peden and LL Sminkey, Injury prevention,10(2):67–67, 2004.
2. MacKenzie, E.J., et al., New England Journal of Medicine, 354(4): p. 366-378, 2006.
3. Department for Transport, Road Accident In-Depth Studies (RAIDS). GOV.UK. Web. 25 Mar. 2019.
4. Malec, James F., et al., Journal of Neurotrauma 24.9, 1417-1424, 2007.

85



Temperature analysis in surgical drilling of bone using probability distribution 

V. Prasannavenkadesan1, P. Pandithevan1

1Indian Institute of Information Technology, Design and Manufacturing Kancheepuram, 
Chennai 600 127, India. 

Introduction 
Thermal osteonecrosis is commonly occurred in orthopaedic surgery, when the in-situ temperature of the
local host bone increases beyond 47° C. Because of thermal osteonecrosis, the holes drilled in the bone will
have poor bone-implant integration and weaken the external fixations. So, drilling through bone should be
carried out with utmost care, failing which leads to revision surgery and prolonged healing time for patients
[1]. The main objective of this work was to give the insight to the surgeons about how the distribution of
apparent bone density of the femur influences the in-situ temperature in respect of drilling parameters. The
proposed technique can inform the surgeons to better understand the safe regions (< 47° C) and risk regions
(> 47° C) found in the femur during drilling.

Methods 
The cadaveric human femurs used in this study were obtained from Madras Medical College and Hospital,
Chennai, India. All the ten femurs were thoroughly examined and ensured that they were free from disease.
Siemens Somatom Sensation 40® was used to scan the femur specimens. Then the data sets were 
reconstructed with 4 mm slices (512 X 512 X 4), which were then saved in DICOM format for further
analysis. Drilling experiments were conducted on bone samples with a surgical drill bit of 3.20 mm diameter.
Based on the literature survey and preliminary study conducted, process parameters for bone drilling (80
mm/min feed rate and 1500 rpm spindle speed) were selected and then 4 mm deep holes were made for
analysis. In this study, T-type thermocouple was kept at a distance of ~0.50 mm from the edge of each hole.
Totally 135 holes were drilled at different locations of the bone and then the measured temperature data was
used for the analysis. Two different distribution models namely the Weibull 3-parameter and normal
distribution model were considered in this investigation. Kolmogorov Smirnov test was used to test the fitted
distribution models.

Results & Discussion 
The test statistics (DN) for Weibull 3P distribution (0.062) and normal distribution (0.074) were computed and
then critical value of 0.117 was obtained for both the models with 5 % significance level.  Although the test
statistics of both the models were lesser than the critical value (0.117), the test statistics of Weibull 3P model 
was lower than the normal distribution model. So, it was observed from the study that Weibull 3P model
could better fit the temperature data collected from the bone drilling experiments. In this study, the apparent
bone density values of the femur found between 0.98-1.98 g/cm3. The estimated model parameters by the 
least square fitting technique [2] were listed in Table 1. The temperature values obtained from the drilling
experimental tests showed notable variation based on the drilling location of bone.

Table 1. Estimated parameters of the distribution model
Parameter Weibull 3 Parameter Normal 

Scale (γ) 21.238 (σ) 7.2196
Location (η) 15.482 (μ) 34.511
Shape (ϕ) 2.903

Conclusion 
The methodology proposed in this work required CT data sets of the patient as the only input. This study can
assist the surgeons to predict the temperature in respect of the apparent bone density and drilling
parameters. The study revealed that the probability of occurrence to get the temperature above thermal
necrosis threshold (47º C) for the femurs was 0.045. In this work, as a first attempt, the distribution models
for bone drilling temperature was developed using the ten adult femurs collected from the age group of 32 to
65. The main limitation of this work is that the methodology can be applied only when 80 mm/min feed rate,
1500 rpm spindle speed, and 3.20 mm diameter drill bit  are used to create 4 mm deep holes in bone without
irrigation. So, more follow up studies are required to make a generic model suitable for other age groups and
range of parameters.
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Introduction 
Advances in signal decomposition techniques now allow accurate identification of motor units (MU) from 
surface electromyography (sEMG) recordings.1 As direct descriptors of the underlying neural drive, MUs 
offer better accuracy than traditional methods for decoding motor intention for human-machine interfaces.2 
However, the long pre-processing time needed to prepare sEMG for decomposition limits applicability to real-
time applications.3 The aim of this study is to use supervised machine learning to find MUs in unprocessed 
sEMG data.  

Methods 
A multilayer gated recurrent unit (GRU) neural network was trained on both an advanced EMG simulator and 
on high density sEMG recordings from the right forearms of two participants. Real data was labelled using a 
modified fastICA algorithm. Data was not filtered or whitened prior to input. The continuous output of the 
GRU network was converted into a spike raster by finding the output class distribution with a softmax 
function before thresholding. Predictions on unseen test data were made on both the simulated and real 
multichannel sEMG data. 

Results & Discussion 
The trained neural network correctly identified 79% of MU activations in the simulated data, with 81% of 
predictions being true positives. In the first participant 81% of MU activations were identified, with 88% true 
predictions. 92% of MU activations were identified in the second participant, with 86% true predictions. MU 
predictions were accurate despite only using a very limited training set and with none of the pre-processing 
required by conventional decomposition techniques. 

Conclusion 
We demonstrate a novel method for MU decomposition in sEMG recordings using recurrent neural networks. 
Early results indicate that the network can decompose to a high level of accuracy. 
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Introduction 
Functional near infrared spectroscopy (fNIRS) is an optical imaging technique that measures localised cerebral 
haemoglobin concentration changes, a marker of functional activation. Diffuse optical tomography (DOT) is a 
methodology where fNIRS data and a structural prior are used to reconstruct an image localising these 
haemoglobin concentration changes to the cortex. A structural prior is needed to model photon propagation 
through a subject’s head and to constrain the image reconstruction process. Ideally a structural prior would be 
derived from a subject’s own MRI. A major benefit of DOT is its tolerance of infant motion; offering a method to 
localise functional activation in awake infants. Necessitating an MRI scan would therefore undermine this 
advantage. An age-specific spatially-averaged multi-subject atlas could be used1, but this may not be a fair 
representation of anatomy at the individual level. A database of head models from a large cohort of infants at a 
range of ages at the individual level has huge potential to improve DOT image quality when a subject’s own MRI 
is unavailable. It could be applied by selecting a best-matching individual model or selecting a subset of models 
to build a more precise atlas. This work focuses on producing such a database for neonatal infants. 

Methods 
Individual-level MRI data were obtained from the Developing Human Connectome Project (dHCP)2. These 
consisted of tissue segmentations for grey matter (GM), white matter (WM), and cerebrospinal fluid (CSF); and 
T1- and T2- weighted images for 235 infants aged 32-44 weeks post-menstrual age (PMA). The outer boundary 
of the CSF segmentation was assumed to be equal to the inner skull boundary. We therefore need to establish 
the outer scalp boundary in order to derive an extracerebral tissue (ECT) layer. We are currently evaluating two 
methods to segment an outer scalp boundary from T1- and T2-weighted images: Betsurf3 and Otsu thresholding4. 
We have begun to validate these methods by comparing the segmentations achieved by each to manual 
segmentations, assumed to be ground truth, of 12 individuals at four age points from 32-44 weeks PMA. 

Results 
Figure 1 shows example axial slices of individual tissue 
masks for ages 32-44 weeks PMA. Our preliminary 
validation determined the mean Euclidean distance from 
each edge voxel of the Otsu segmentation to the nearest 
edge voxel in the manual segmentation to be 0.5mm or 
less for 95.4% of voxels. 

Discussion & Further Work 
We are finalising our segmentation methodology and aim 
to construct a database of >250 individual infant structural 
priors. We also aim to publish a method on how to choose 
the most appropriate head model, based on the external 
cranial landmarks that can be measured at the cot-side, 
to be incorporated into a DOT reconstruction pipeline. 
Neonates, notably preterm, are at high risk of brain injury, 
which can lead to cerebral palsy. Given the brain’s 
increased susceptibility to treatment in this period5, early 

diagnosis is critical. The ANIMATE project aims to use next-generation wearable DOT devices to study how 
disorganisation in the neonatal motor cortex relates to clinical outcome. Obtaining each infant’s MRI is not 
feasible, so it is critical to use existing individual-level MRI data to exploit the spatial information present in DOT. 
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Figure 1 – a-d: example individual tissue masks representing the 
distribution of GM, WM, CSF and ECT for infants aged 32-44 
weeks PMA. e-f: cumulative histograms of Euclidean error from 
each edge voxel of Otsu (e) and Betsurf (f) segmentations.  
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Introduction 
The mouse tibia is a common site to investigate bone remodelling and the effect of bone treatments 
preclinically. In vivo micro-Computed Tomography (microCT) imaging is used to monitor bone changes 
longitudinally. However, radiation exposure can provoke significant variations in bone morphometric 
parameters [1,2]. Therefore, it is fundamental to find the best compromise between image quality and radiation 
dose induced on the animal. In a previous work, we have selected a scanning procedure characterized by low 
nominal radiation dose (256 mGy), which provides acceptable measurements of morphometric, densitometric 
and mechanical bone properties [3]. In this work, we evaluated the effect of repeated in vivo microCT scans 
on the properties of the mouse tibia.  

Methods 
The right tibia of 12 female C57BL/6 (6 wild type, WT, 6 which underwent ovariectomy, OVX) and 12 BalbC (6 
WT, 6 OVX) mice was microCT scanned in vivo (VivaCT80, Scanco Medical; 55kVp, 145μA, 10.4μm voxel 
size, 100ms integration time, no frame averaging [3]). Each right tibia was scanned every two weeks from 
week 14 of age to week 22. At week 24, mice were sacrificed and both tibiae were scanned. The left tibia was 
used as non-irradiated control. MicroCT images were rigidly registered in the same reference system. Standard 
trabecular (metaphysis) and cortical (diaphysis) morphometric parameters were measured, including 
trabecular bone volume fraction (Tb.BV/TV), trabecular thickness (Tb.Th), trabecular separation (Tb.Sp), total 
cortical cross-sectional area (Tt.Ar) and cortical thickness (Ct.Th). Additionally, the spatial distribution of bone 
mineral content (BMC) was obtained by dividing the tibia in 40 compartments (10 longitudinal sections and 4 
quadrants) [4]. Lastly, microCT images were converted into voxel-based homogeneous linear elastic micro-
finite element (microFE) models to estimate structural mechanical properties in compression (stiffness and 
strength). Differences between left and right tibiae were evaluated for each parameter by using Wilcoxon 
signed-rank tests. Potential interactions between radiation and the ovariectomy surgery were investigated 
using two-way ANOVA tests.  

Results 
In C57BL/6 WT mice, radiation had significant effect only on Tb.Th (difference of 2±5%, equivalent to 1±3 m). 
No effect was observed on the other parameters. In the other groups, no significant differences were found. 
Minimal interaction between radiation and OVX surgery was observed (p > 0.16 for all parameters, except 
Tt.Ar for which p = 0.04).  

Conclusion 
Radiation effects observed on the mouse tibia were limited for both strains and interventions. Therefore, the 
selected scanning protocol is acceptable for in vivo application. In future studies, it will be applied for 
investigating the effect of anabolic interventions with pharmaceutical and/or mechanical stimuli. 
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Introduction 
Magnetic nanoparticles, in combination with applied magnetic field gradients, enable delivery of small
molecule drugs (1) and cells (2) to a specific site within the body enhancing their therapeutic effect.
Additionally, superparamagnetic particles act as a magnetic resonance imaging (MRI) contrast agent (3)
enabling non-invasive imaging of particle delivery to the region of interest. Despite various successful
preclinical investigations, clinical studies on magnetic drug targeting (4,5) have been limited, mainly due to
the poor penetration depth of the magnetic field gradient of traditional magnets. To this end, we have
developed a scalable (pyramid) magnetic device to enhance delivery of bimodal nanoparticles to tumours in 
vivo. Compared to a traditional disk magnet, our pyramid magnet generates a larger magnetically active
space across the targeting region, allowing for deeper penetration of magnetic field gradient within the
tumour.

Methods 
Magnetic nanoparticles (100nm fluidMag-CT, Chemicell, Germany) were intravenously injected into the
mouse implanted with bilateral subcutaneous tumours on each flank, and the magnet was positioned over
the surface of one of the tumours for 20 minutes. T2-weighted MR images and T2* maps were acquired
before and after nanoparticle administration.

Results & Discussion 
We observed that our bespoke pyramid magnet provided greater targeting of nanoparticles to tumours
compared to the standard disk magnet. Importantly, the nanoparticle targeting was homogenously distributed
throughout the whole tumour region (Fig. 1A); T2* reduction was observed to be significant at all depths (Fig.
1B). Conversely, using the disk magnet nanoparticle targeting was only observed at locations close to the
magnet (Fig. 1C) with T2* reduction only significant at 1mm depth (Fig. 1D).

Conclusion 
These results demonstrate the significant advantage of our novel magnet design over traditional setups.
Crucially, our pyramid magnet is readily scalable (based on in vitro and modelling data) to clinical
proportions, delivering therapy up to a depth of 7cm within the human body.  
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Figure 1 - (A) Tumour targeted using pyramid magnet
before and after nanoparticle injection. (B) T2* distribution
of the magnetically targeted tumours using the pyramid
magnet; mean ±SEM (n=6). (C) Tumour targeted using
disk magnet before and after nanoparticle injection. (D)
T2* distribution of the magnetically targeted tumours
using the disk magnet; mean ±SEM (n=6).
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Introduction 
High resolution 3D imaging is crucial for investigating tissue morphology and its role in numerous 
pathologies, but few techniques exist that can visualise large samples at cellular resolution. Classical 
histology is limited to 2D, while modalities such as light sheet microscopy require tissues to be optically 
cleared, which can be challenging when working with large or dense samples. 

High Resolution Epsicopic Microscopy (HREM) is a block-facing modality capable of imaging at high 
resolution (~1μm) over a large field of view (up to 2cm3) [1]. Images of resin-embedded samples are 
captured serially, while thin sections are removed from the block surface [2]. The resultant image stacks are 
inherently aligned, avoiding much of the post-processing need in classical serial histology. Therefore, HREM 
offers an alternative to histology for applications where understanding tissue morphology in 3D is crucial, for 
example, modelling of drug delivery and perfusion in tumours [3]. Previous applications of HREM in the fields 
of embryology and dermatology have used negative contrast produced by embedding samples in a highly 
fluorescence resin [1-2] and largely relied on manual segmentation of thousands of image slices. Here we 
present a novel, optimised workflow for multi-colour fluorescence HREM imaging, and an image processing 
pipeline for large data sets. 

Methods 
An imaging protocol was established, and the following elements were optimised: (i) fluorescence labelling 
for maximum signal, (ii) dehydration and embedding for preservation of fluorescence and morphology, (iii) 
elimination of ‘bleed through’ fluorescence from below the block surface, and (iv) efficient processing of the 
large volume of data produced.  

A Convolution Neural Network (CNN) was used to segment vasculature networks from HREM image stacks. 
Cross-modality transfer learning, as well as pre-training on synthetic vessel data, were used to improve 
segmentation accuracy while reducing the amount of manually labelled training data required. 

Results & Discussion 
Our optimised HREM workflow has allowed us to image large samples (~2cm3) at cellular resolution (~1µm). 
Cross-modality transfer learning dramatically improved CNN segmentation quality, despite differences in 
contrast, resolution and pathology of the vessel networks used in the initial training of the CNN, and fine-
tuning for HREM data. It was found that transfer learning reduced both the amount of time and the size of the 
training dataset required to create an accurate model. Transfer learning using synthetic data also produced 
significant benefits. This result highlights transfer learning as a potential solution to the training data 
bottleneck [4]. 

Conclusion 
Our protocol, combining HREM with a range of cellular and vascular fluorescent stains and an automated 
segmentation pipeline, provides a versatile technique that could find use in a wide range of applications.  It 
avoids the need for optical clearing of tissue, and the inherent optical hardware limits associate with 
techniques such as light sheet microscopy.  
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Introduction 
Combined treatment with parathyroid hormone (PTH(1-34)) and mechanical loading may be a promising 
strategy for low bone mass given synergistic benefits to bone morphometry previously shown [1]. However, it 
is still necessary to understand if combined treatment is effective in improving the bone densitometric 
properties in a longitudinal assessment of a preclinical model of oestrogen-deficiency related bone loss. The 
aim of this study was to determine the longitudinal effects of PTH(1-34) treatment alone and in combination 
with mechanical loading on the tibia bone mineral content (BMC) of ovariectomized mice.  

Methods 
24 female C57BL/6 mice were ovariectomized at 14-weeks old and randomised into four groups (n=6/group): 
[PTH] PTH(1-34); [ML] mechanical loading; [PTH+ML] PTH(1-34) and loading; [OVX] untreated. PTH(1-34) 
injections were administered 5 days/week (100 µg/kg/day) during weeks 18-22. For the ML and PTH+ML 
groups the right tibia was compressed up to 12N at weeks 19 and 21 (40 cycles/day, 3 days/week). All 
treatments were withdrawn after week 22 of age. The right tibia of each mouse was in vivo microCT-scanned 
(10µm3/voxel) every two weeks from week 14 until week 24 of age. BMC was measured in 10 regions of 
interest along 80% length of the tibia (Fig. 1(a)) [2]. Between-group differences were evaluated (ANCOVA, 
adjusted for baseline properties and post hoc pairwise comparisons with Bonferroni correction). Statistical 
significance, p< 0.05.  

Results & Discussion 
At week 22, in the tibia mid-shaft (C04-C05) increases in BMC were significantly higher (up to 16%, p<0.05) 
in ML and PTH+ML than PTH, and significantly higher (up to 9%) in PTH+ML than ML. In distal tibia (C08-
C10), increases in BMC were significantly higher (up to 9%) in PTH than ML (Fig.1(b)). BMC significantly 
increased in all treatment groups than OVX. At week 22, PTH treatment improved BMC in all tibia regions 
(up to 14%), whereas in ML, BMC improved only in the proximal and mid-tibia (C01-C06, up to 19%). 

Figure 1: (a) 10 regions of interest in the tibia for densitometric analysis. (b) Percentage relative change in BMC between the three 
treatment groups, normalised to week 14 baseline. *statistically significant difference, p<0.05. 

Conclusion 
Combined treatment with PTH(1-34) and mechanical loading has additive benefits to tibia BMC in this 
murine model of oestrogen-deficiency related bone loss. However, the additive effects were local to mid-tibia 
where peak strain under compressive load is highest. Work is ongoing to evaluate, using µFE analysis, 
whether combined treatment enhances bone strength, the final clinical goal of anti-osteoporotic treatment. 
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Introduction 
X-ray dark field imaging is a novel imaging modality that observes sample scattering to obtain high resolution
structural information. Edge-Illumination (EI) X-ray imaging allows phase contrast and dark field alongside
conventional absorption-based imaging [1]. The system employs two masks either side of a sample and
conventional X-ray sources and detectors. The phase and dark field channels show improved contrast in
weakly absorbing materials, such as soft tissue and cartilage, with potential in areas outside healthcare such
as security screening and material science [2]. Increasing the robustness and reliability of the EI system is
critical in its translation outside the laboratory. One area of interest is the alignment of the two masks, both
during the set-up of the imaging system and during its operation to ensure data are acquired with the best
achievable configuration. An automated method to find the optimal mask positions for alignment would
maximise image quality and system efficiency while decreasing the expertise needed to operate the system.

Methods 
Scanning one mask along x (see Fig 1) will modulate the intensity at the detector 
in a periodic manner. The response by a single pixel as the mask is shifted by one 
period is known as the pixel’s illumination curve (IC). If the masks are aligned in z, 
θx, θy and θz, the IC should be identical across the whole field of view. One metric 
to quantify response uniformity is plotting the position of maximum on each pixel’s 
IC as an image. At alignment this image will be flat, with any misalignment creating 
characteristic patterns – for example misalignment in z will create a gradient in the 
image along the x direction. The algorithm to align the system will take one of two 
schemes. The first of these is aiming to align each degree of freedom one at a time 
by flattening this image. The second scheme aims to quantitively estimate the 
mask positions from a single measurement, with image features mapping to a known misalignment position. 

Results & Discussion 
A pilot data set was acquired with a known set of misalignment positions, with each degree of freedom 
perturbated independently, from which a set of the previously discussed images was obtained. Various figures 
of merit were tested to quantify the flatness of these images, which could be used to indicate the optimal mask 
positions. It was found that by moving the masks in a direction to minimise image variance would bring the 
system into alignment, however this led to an uncertain optimal mask positions due to broad minima. Current 
investigations aim to fit a surface to the images, with surface parameters indicating image uniformity in addition 
to identifying the mask degree of freedom that is misaligned. Further, the algorithm is being implemented into 
an integrated computer program capable of acquiring the data, analysing the images and feeding back the 
alignment information to the masks positioning motors. 

Conclusion 
Alignment of two optical masks is possible by analysing pixel response uniformity across the field of view. This 
enables quick and robust calibration to a dark field imaging system seeking translation outside a laboratory, 
with applications in soft tissue and cartilage imaging. 
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Introduction 
Timely identification of jaundice is crucial in avoiding long-term disability and death. Worldwide, 18% of 
newborn babies are at risk1. In 2010, an estimated 114,000 died, and 179,000 were neurologically disabled1. 
Once identified, treatment via phototherapy or, in very severe cases, exchange transfusion can effectively 
reduce the risk.  However, current screening methods are not available in low- and middle-income countries 
(LMICs), so cases can go unnoticed and untreated. For example, the transcutaneous bilirubinometer (TcB), 
a contact-based optical device, is not widely available due to its expense.  Visual inspection for the 
characteristic yellow discolouration of the sclera and skin is sometimes the only option, though it is not 
reliable as a means of jaundice identification2. 

Smartphones are now ubiquitous and offer the possibility of objective colour measurement to screen for 
jaundice. Our screening app (neoSCB) has been developed to image the sclera. Compared to skin, the 
sclera colour is more directly related to the concentration of bilirubin, the cause of jaundice, because it is free 
of melanin and haemoglobin. Here we present preliminary results from a study of neoSCB in Ghanaian 
neonates and compare its screening performance to that of a modern TcB. 

Methods 
101 babies were imaged with the app before a blood test for total serum bilirubin (TSB), the gold standard for 
diagnosis. At the same time, a TcB measurement was made using a Draeger Jaundice Meter JM-105.  
Regions of interest were manually selected in the sclera, and the median raw RGB values were calculated.  
A multiple linear regression between r and g chromaticity and TSB values was used to develop our 
prediction model.  We call the output of this model the scleral-conjunctival bilirubin (SCB). 

Results 
The correlation of SCB with TSB was 0.79 (p<0.01).  250μmol/L is the threshold recommended by NICE for 
blood test referral when using a TcB2. To evaluate the screening potential of neoSCB, we use the same 
screening threshold. The sensitivity (95% confidence interval) was 96% (89% - 99%), with specificity 72% 
(62% - 81%).  The area under the receiver operating characteristic curve (AUROC) was 0.91. For the same 
subjects, the JM-105 gave correlation 0.76 (p<0.01), sensitivity 89% (81% - 94%), specificity 77% (67% - 
85%), and AUROC 0.84.  In both cases the decision threshold was chosen to maximise Youden’s Index. 

Conclusion 
Images captured using neoSCB showed similar screening performance to JM-105, a latest-generation TcB. 
Automatic sclera segmentation for real-time results and image acceptability checks for robustness are under 
development. Smartphone screening for jaundice represents a scalable and low-cost opportunity to reduce 
neonatal disability and death in LMICs. 
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Introduction 

In vitro models of biological systems are essential for our understanding of biological systems. In many cases 
where animal models have failed to translate to useful data for human diseases, physiologically relevant in 
vitro models can bridge the gap. Many difficulties exist in interfacing complex, 3D models with technology 
adapted for monitoring function. Polymeric electroactive materials and devices can bridge the gap between 
hard inflexible materials used for physical transducers and soft, compliant biological tissues. An additional 
advantage of these electronic materials is their flexibility for processing and fabrication in a wide range of 
formats. We have adapted conducting polymer devices, including simple electrodes and transistors, to 
integrate with 3D cell models.[1]  

Methods 
PEDOT:PSS scaffolds with a hollow centre (lumen – see Fig 1) were obtained by the “ice-templating” method 
keeping the freeze-drying parameters constant at 0.5 °Cmin-1 and 0.09 °Cmin-1, 80 torr, respectively. A co-
culture of Caco-2 cells, HT29-MTX and Telomerase Immortalized Fibroblasts (TIFs), were seeded in the 
scaffolds. The day before seeding, scaffolds were fully hydrated and kept at 4◦C overnight and the next day, 
they were sterilized with 70% ethanol and then immersed in complete growth medium for 2 h, to allow for 
protein adhesion. After washing the scaffolds with fresh medium, 100 μL of 2 × 106 cells in suspension were
seeded on top of each sample and cells were incubated for 1.5 h. Then fresh medium was added to maintain 
the cell culture. At the end of the experiment, cells in the scaffolds were fixed with 4% paraformaldehyde (PFA) 
for 15min and washed extensively with PBS. Then the samples were observed under a confocal microscope 
(AxioObserver Z1, Carl Zeiss MicroImagingGmbH) to check cell adhesion and proliferation in the porous 
network of the scaffolds. The impedance of the electrodes was evaluated using a two electrode system 
configuration. The response was measured using an impedance analyzer (Metrohm Autolab). 

Results & Discussion 
Results show that co-cultures of fibroblasts and enterocytes form a highly organized epithelium. 

Immunofluorescence staining revealed highly polarized epithelial cells, with tight junction proteins in the apical 
portion of the cell. Mucin staining showed mucus production on the apical surface of the cells, and particularly 
in the lumen lining. Fibroblasts were seen below the enterocytes, adhered to the scaffold. Extracellular matrix 
staining revealed abundant laminin and collagen secreted by the fibroblasts. Continuous EIS monitoring of the 
scaffolds over 24 days showed overall decreases in impedance over time, consistent with the buildup of a 
barrier tissue.  

Figure 1. (Left) PEDOT:PSS scaffolds were formed with a central lumen. (Right) EIS (Electrical Impedance Spectroscopy) analysis 
shows a decrease in conductivity of the scaffolds as the tissue is formed and differentiates.  

Conclusion 
We have successfully shown the development of a bioelectronic model of the human gut. Current work is 
focused on integrating a model of the neurovascular unit to study the effects of the microbiome. 
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Introduction 

High failure rates of drugs through clinical development is well documented. Although many complex in 
vitro models have been developed, thorough characterization of the relationship between 
pharmacokinetics (PK), pharmacodynamics (PD) and efficacy is critical in the effective discovery and 
development of new drugs, schedules and combinations. The PK/PD/efficacy relationship has historically 
been characterized in xenograft models, owing to an absence of viable alternatives. The study of this 
relationship in vitro, has to date been problematic as the generation of varying concentrations over time in 
multi-well plates has not been possible.   

Methods 
We have explored an in vitro methodology utilizing a 
microfluidic delivery device capable of precision 
addition and removal of medium from the wells of a 
microtiter cell culture plate. Through stepwise addition 
and removal of medium the device was able to 
recapitulate PK-like, time varying concentration 
profiles of one, or more drugs in individual wells. We 
used this approach to explore the effects of PI3K 
pathway inhibitors, on p-AKT levels, and viability in a 
number of cancer lines. The PI3K/mTOR pathway is a 
central oncogenic pathway deregulated in cancer and 
p-AKT is a marker of PI3K pathway activity. 

Results & Discussion 
BYL719 and PI-103, are PI3K inhibitors with varying PK 
profiles and varying target coverage against PI3K isoforms. The compounds were tested on many different 
cell lines. Using the microfluidic device, we generated PK-like dosing profiles for the two compounds, 
(BYL719 - t1/2 6 hours) (PI-103 - t1/2 3 hours) which mimicked their in vivo clearance profiles over a 24-hour 
period. p-AKT levels were initially reduced by both compounds but recovered at 24 hours as the 
concentration of the compound in the well declined. This replicates findings in xenograph models. The 
shorter t1/2 of PI-103, resulted in a more rapid recovery of p-AKT than observed for BYL719. Efficacy tests 
were conducted in which a 24 hour PK-like profile was applied for 3 consecutive days, mimicking daily 
dosing. For both compounds in T47D cells, the inhibition of cell growth was reduced as compared to a bolus 
addition at the Cmax concentration. This data demonstrates how PI-103 initially appeared to be an 
efficacious molecule but its rapid in vivo metabolism meant it could not be progressed in clinical studies.  

Conclusion 
In conclusion, this study demonstrates the microfluidic addition and removal device can be used to 
recapitulate PK-like profiles in vitro and allow exploration of the PK/PD/efficacy relationship. The 
availability of an in vitro method could enable these important parameters to be determined at an earlier 
stage of the drug discovery process. 
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Introduction 

Pulmonary arterial hypertension (PAH) is a debilitating disease for which there is currently no cure. It has a
poor prognosis with a three-year survival rate of 58.2% and a high mortality rate due to right heart
failure1. Inhibition of bone morphogenetic protein receptor 2 (BMPR2) contribute to endothelial dysfunction and
vascular remodelling in PAH2. Currently, much of the information on vascular pathology in PAH is derived from
histological analyses of lung tissues and does not allow for real-time monitoring of cell responses3. To address
these challenges we drew inspiration from organ-on-a-chip models4 and have designed the pulmonary artery-
on-a-chip, a polydimethylsiloxane (PDMS) based model of the pulmonary vascular wall where human
pulmonary artery endothelial cells (HPAEC) and human pulmonary artery smooth muscle cells (HPASMC) are
co-cultured under physiological haemodynamic conditions in chambers corresponding to the size of the human
peripheral lung arterioles affected by the disease.

Methods 
The pulmonary artery-on-a-chip is produced using a combination of photolithography, aminosilane
functionalisation of 400nm nanoporous PET membranes and primary cell culture. Primary HPAEC were
transfected using adenoviruses containing short hairpin RNA against BMPR2. Blood-derived endothelial cells
were obtained from healthy controls and PAH patients. Permeability measurements were conducted using
40kDa FITC-Dextran perfused over the endothelial layer. Proliferation was assessed through fluorescent EdU
immunostaining, visualised under confocal microscopy and analysed in ImageJ.

Results & Discussion 
HPAEC exhibited preferential alignment to the direction of shear stress, whilst HPASMC exhibited
perpendicular alignment to the direction of flow, resembling the orientation of arterial cells in vivo. Endothelial
cells grown in the chip under physiological flow conditions showed significantly enhanced barrier function
compared with the cells grown in static conditions and showed an increased sensitivity to stimulation with
thrombin. Endothelial BMPR2 knockdown reduced endothelial cell adaptation to flow, compromised
endothelial barrier function and increased proliferation of PASMCs, reflective of vascular changes seen in the
remodelled PAH lung. Blood-derived endothelial cells from PAH patients displayed abnormal alignment and
proliferation under flow, compared with healthy controls. The pulmonary artery-on-a-chip may provide useful
insights as to the effects of factors involved in the PAH pathogenesis on endothelial barrier dysfunction,
endothelial-to-smooth muscle signalling and vascular remodelling. The results obtained in this study show that
endothelial responses in the pulmonary artery-on-a chip differ from those observed in endothelial cells cultured
in static conditions and may provide data more closely mimicking cell responses seen in vivo.

Conclusion 
The pulmonary artery-on-a-chip displays arteriole-like features and can recapitulate aspects of vascular
dysfunction in PAH, and therefore can serve as a tool for modelling changes seen in the disease. This
approach is a step towards development of a novel precision medicine platform for patients with PAH and
other cardiovascular diseases.
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Introduction 
The lungs are one of the most challenging organs to mimic in vitro, especially when it comes to lower airways. 
For this reason, available models of the alveolus are very limited. In order to reliably recapitulate the alveolar 
microenvironment, three main factors must be accounted for: (1) employing the right cell types, (2) providing 
an adequate alveolar architecture and (3) applying mechanical forces exerted during breathing. In this work, 
by using the AlveoliX lung-on-chip, we show how the air-blood barrier can be reproduced in vitro accounting 
for the abovementioned factors, and we present applications of this innovative technology. 

Methods 
Optimization of the cellular model was done by combining different human alveolar epithelial cells, either 
commercially available or from a primary source, with lung endothelial cells. These models were assessed in 
terms of barrier formation (TEER, transepithelial/endothelial electrical resistance) and alveolar cell-specific 
markers (qPCR) on cell inserts. Successful mono- or co-culture barriers were then implemented on the chip 
and the effect of physiological stretch (0.2 Hz, 8% linear strain) was also evaluated with respect to cell viability 
and barrier formation and stability. Sensitivity of these barriers to proinflammatory factors (LPS, bacterial 
lipopolysaccharide, 100 ng/ml), and zinc oxide nanoparticles (ZnO) in liquid and aerosolized form was 
additionally assessed. 

Results & Discussion 
Our data showed that among all alveolar epithelial cells tested, primary alveolar epithelial cells reflected best 
the alveolar cell shape and function. Co-culture with endothelial cells increased the tightness and stability of 
the barrier over time. Physiologically mimicking stretch did not influence cell viability or barrier function as 
reflected by TEER. However, stretched cells were more susceptible to ZnO induced nanotoxicity. We also 
observed that proinflammatory stimulation with LPS affected the barrier function when immune cells were 
introduced into the system. This also simulated more closely what occurs in acute inflammation during various 
lung diseases.  

Conclusion 
According to our findings, integrating the breathing motion and alveolar cell complexity is important to 
recapitulate more in vivo-like toxicity and barrier disruption occurring in lung pathologies. Thus, the lung-on-
chip is a promising tool to simulate the alveolar microenvironment in vitro with a wide range of applications in 
toxicology and clinically relevant in vitro testing.  
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Introduction 

Most host-Mycobacterium tuberculosis (Mtb) encounters lead to latent infections in which the bacteria exist in 
a poorly characterized host-pathogen equilibrium [1]. The widely-used in vitro model of batch culture infections 
of macrophages with Mtb captures neither the effects of cellular individuality nor the complexity of the lung 
environment including the role of other cell types such as alveolar epithelial cells (AECs) and the diversity of 
possible host-pathogen interactions, especially at later stages of infection. 

Methods 
Here we report on experiments that successfully reconstitute the murine alveolar interface entirely from primary 
cells in a lung-on-a-chip microfluidic device. This builds upon the previously reported human lung-on-a-chip 
system [2] by incorporating aspects of the innate immune system including alveolar and bone-marrow derived 
macrophages and monocytes. This system is then inoculated at low multiplicity of infection (MOI) with Mtb, 
and the progression of the infection is monitored in real-time through a combination of live-cell time-lapse 
microscopy (7-10 days) followed by confocal microscopy. 

Results & Discussion 
This “bottom-up” approach allows for imaging and temporal tracking of the dynamics of immune cells and their 
interactions with apoptotic tissue cells and pathogens and enables us to closely follow the chain of events from 
initial infection in a manner currently impossible in animal infection studies. We are currently investigating 
unresolved aspects about the innate immune response to the initial infection. First, we observe first-contact 
infection of AECs even in the presence of macrophages, which provide a permissive environment for a more 
rapid initial growth of single bacteria into clumps or long intracellular cords that subsequently prove toxic for 
uptake by professional phagocytes. This occurs even in the presence of Interferon-gamma activation. Second, 
the formation of intracellular bacterial cords is upregulated at the Air-Liquid Interface (ALI), but is counteracted 
by the pulmonary surfactants secreted by AECs. Third, AECs also play a role subsequently; Mtb induced 
epithelial cell inflammation drives the formation of lesions, and paradoxically, also appears to ‘mask’ the 
bacteria from macrophages. These observations underlie a key role for AECs in the early stages of Mtb 
infection. With further development, this is an ideal system to study how epithelial/stromal cells and tissue-
resident memory cells interact and influence the innate immune system. From a TB viewpoint, we will extend 
the system to study how granulomatous lesions begin to develop, and the roles played by bacterial phenotypic 
variants and host microenvironments in granuloma formation and in entering and exiting the latent state.  
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Introduction 
Tenodesis describes the coupling of joint rotations by bi-articular structures such as tendons and ligaments. 
Natural tenodesis can be seen in the hand whereby wrist flexion causes extension of the flexed fingers. This 
effect has been used to restore grasp and release function to the hand in people with spinal cord injury for 
many years, often enhanced by a surgical procedure to increase the effect or move the joint range within 
which it occurs [1]. In this study, we investigate the use of tenodesis of the finger extensor mechanism to 
restore grip function in a person with loss of extensor power following stroke. This makes grip release difficult 
as the fingers cannot be actively extended; furthermore the grip is weak due to an inability to stabilise the 
wrist against finger flexion. Holding the wrist in a more extended posture during grip with the use of a 
tenodesis surgery would allow the grip to be executed with the finger flexors on a more optimal part of their 
force length curve, giving rise to a stronger grip. The complex anatomy of the hand can make the prediction 
of treatment effects difficult. Here we describe the use of a biomechanical model to investigate the effects of 
the proposed tenodesis surgery. 

Methods 
A biomechanical model of the hand [2] built in OpenSim [3] was modified to attach the tendons of the finger 
extensor mechanism, proximal to the wrist, to the distal radius. This allows normal passive extension of the 
wrist but increases the coupling between wrist flexion and finger extension. Simulations were run with 
varying flexor muscle activity to evaluate the resulting kinematics; extensor activity was absent replicating the 
functional limitations of the patient. With the hand at rest, initially the finger flexors were activated; following 
this the finger flexors were relaxed and the wrist flexors were activated. Finally, cocontraction of both flexor 
groups was simulated. 

Results & Discussion 
Activation of the finger flexors from the resting position resulted in 
finger flexion and wrist extension. Note that in this case, wrist 
extension is not driven by active wrist extensor activity, but by 
active flexion of the fingers through tenodesis. This has the result 
of controlling the part of the force-length curve where the finger 
flexors operate, allowing grip strength to be increased. 
Subsequently, on relaxation of the finger flexors and activation 
of the wrist flexors, the wrist returns to a more flexed posture 
and finger opening is achieved. This tenodesis procedure thus 
allows active grasp and release of the fingers even with no 
extensor activity and an otherwise unstable wrist. Poor control 
(i.e. cocontraction) results in unwanted extension of the MCP 
joints, and may be a concern in practice.

Conclusion 
We have shown how a biomechanical model can be useful for 
the development of novel surgical treatments, the use of established treatments in new conditions, or in the 
patient-specific optimisation of those methods. This is an efficient precursor to cadaver-based biomechanical 
studies that could be used to develop specific surgical methods. Further modelling work will involve 
customisation of the model to allow the representation of patient-specific geometry in addition to muscle 
function, and the addition of intrinsic muscles. 
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Introduction: Hypertrophic Cardiomyopathy (HCM) is an inherited disease considered to be the leading 
cause of sudden cardiac death (SCD) in athletes and is found in 1 of 200 people of the general population. 
Current recommended treatment is medication to control symptoms, however, still affecting the patient's 
quality of life, limiting their daily activities1. Hypertrophic Obstructive Cardiomyopathy (HOCM) is a common 
complication of HCM characterized by obstructive motion of the anterior mitral leaflet causing mitral 
regurgitation, compromising systolic left ventricular (LV) reduced ejection fraction, and significant outflow 
pressure gradients (>30mmHg) 2. Some patients who are unresponsive to medication are prone to highly 
invasive surgery, including myectomy or ablation3, with relatively high mortality and morbidity rates. In this 
study we show the impact of a novel treatment on LV flow. 

Methods: LV images were used to construct 3D geometric models representing healthy, HOCM and treated 
HOCM cases. Utilizing computational fluid dynamics (CFD) methods, we present the modelling procedure of 
a LV, implementation of boundary conditions (BC) and assumptions, leading to numerical models which 
predict hemodynamics representing the cases at hand. Three 3D models were used to display the different 
aspects of the modelling procedure including transient time-dependent analyses of the flow in the healthy 
LV, the pathologic HOCM LV and the treated LV. Fluid-structure interaction (FSI) and contact analyses were 
used to model the LV geometry post operations.. 

Results & Discussion: Results obtained from the analyses and simulations were used to compare the 
hemodynamic effects due to  changes to the physiological structure of the LV between HOCM treated, 
untreated and healthy cases utilizing CFD. Using these results it is possible to suggest new ways of 
treatment, improving current approaches to LV modelling utilizing CFD.   

Conclusions: Analyses show that the disturbed flow patterns and high pressure gradients over the aortic 
root found in pathological cases can be dramatically reduced after treatment. 
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Introduction 
A lack of widespread clinical adoption of motion capture (mocap) based objective evaluation, especially for 
upper extremity (UE), is found in the literature. This could partly be attributed to reasons like such analysis 
require coding skills in computing languages that an average clinician might be unfamiliar with. Numerous 
opensource applications have been developed to help researchers and clinicians deal individually with 
marker-based or inertial-sensor-based mocap data, e.g., MoKKa, Biomechanical ToolKit, biomechZoo, 
GaitViewer, C3Dserver, MOtoNMS, pyCGM, etc. It is also likely that some research groups might have 
developed their packages that may not be available to those outside these groups. This might prove to be a 
hindrance in reproducibility of results and collaboration, consequently, slowing the advancement of this field. 
As a recent addition to this list of applications, Motion Capture Analysis & Plotting Assistant (MCAPA)1 was 
developed to offer an opensource framework for post-processing, visualisation, and interpretation of inertial-
sensor-based mocap data for user-friendly analyses1 (especially in the field of prosthetic arms). MCAPA 
eliminates the need for coding, making movement analyses more feasible for clinicians and researchers 
alike. This package is expected to enable user-friendly analysis involving inertial-sensor-based 
measurements and facilitating the translation of mocap beyond the lab. The current study presents an 
updated version of MCAPA, i.e. MCAPA version 2.0 that incorporates C3D data compatibility. (Note: The 
C3D format is a public domain, binary file format that is used in Biomechanics, Animation, and Gait Analysis 
laboratories to record synchronised 3D and analog data.) 

Methods 
MCAPA 2.0 (https://github.com/runbei/mcapa) is coded in MATLAB® R2018a and compiled as a standalone 
executable application powered by MATLAB® Runtime. Following mocap for select functional task execution 
using a full-body Xsens system via MVN Analyze 2018 software, this data is exported to *.MVNX filetype. 
Similarly, after concurrent mocap for the same functional task execution using a full-body Plug-in Gait (PGM) 
marker protocol via Vicon Nexus 2.6 software, this data is exported to *.C3D filetype. Both these filetypes 
(i.e. *.MVNX and *.C3D) are compatible with our latest version of the app. Among other kinematic 
information provided by the MVN biomechanical model, the joint angles calculated per Z-X-Y Euler angle 
sequence and ISB guidelines2 can be analysed using MCAPA facilitating an array of qualitative and 
quantitative assessments. Although, the PGM model (Vicon Plug-in Gait 2010) provides joint angle outputs 
based on a proprietary model that does not follow ISB Guidelines2. This package helps establish equivalence 
in the joint coordinate system (JCS) between the two models and converts the PGM outputs to match the 
Euler sequence followed by the Xsens MVN model and consequently the ISB recommendations. 

Results & Discussion 
This app has helped carry out qualitative comparison (e.g. ensemble graphs) and quantitative comparison 
(e.g. maximum angles, minimum angles, joint range of motion, bar graphs, etc.) of both marker-based and 
inertial-sensor-based functional data that has been captured concurrently for the human UE. Furthermore, 
this app can be easily customised to match requirements for different research questions and the associated 
statistical tests as well as providing different model outputs at kinematic and kinetic levels. 

Conclusion 
An enhanced version of a previously reported opensource app1, MCAPA 2.0, has been developed for user-
friendly data analysis and data visualisation with both marker-based and inertial-sensor-based measured 
data compatibility to help clinicians and researchers. Future work would involve developing this package in 
Octave as well as incorporating compatibility with the lower-extremity data outputs (for both marker- and 
inertial-sensor-based data) for gait analysis. 
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Introduction
Computational models of the heart are increasingly being used in the development of devices, patient 
diagnosis and therapy guidance. While software techniques have been developed for simulating single 
hearts, there remain significant challenges in simulating cohorts of virtual hearts from multiple patients. To 
facilitate the development of new simulation and model analysis techniques by groups without direct access 
to medical data, image analysis techniques and meshing tools we have created a publicly available virtual 
cohort of twenty-four hearts.

Methods
Our cohort was built from heart failure patients, age 68±14 years selected for cardiac resynchronization 
therapy upgrade. We segmented four-chamber heart geometries from end-diastolic CT images. We 
generated tetrahedral meshes with an average edge length of 1.1±0.2mm. We added ventricular fibres with a
rule-based method with an orientation of -60º and 80º at the epicardium and endocardium, respectively. We 
ran benchmark electro-mechanics simulations to test the numerical stability of the meshes. We simulated 
ventricular electrical activation with a reaction-eikonal model.[1] The resulting activation times were used to 
trigger active contraction in ventricular myocardium.[2] Passive mechanics of ventricular tissue was 
represented with a transversely-isotropic Guccione law.[3] All the other tissues were modelled as isotropic. 
Omni-directional springs were applied at the cropped left pulmonary veins and at the superior vena cava. 
Normal springs were applied at the ventricular epicardium to represent the effect of the pericardium.[4] We 
simulated free active contraction on all the twenty-four meshes, using the same parameters for all hearts. 

Results & Discussion
Our pipeline resulted in twenty-four four-chamber heart meshes with high-quality elements (scaled Jacobian 
of 0.7±0.1 for all meshes). There was a significant variability in the volumes of the cardiac chambers in our 
cohort. The left ventricular (LV) volume had the highest variation, ranging between 169mL and 437mL 
(269±78mL). The right ventricular (RV), left atrial and right atrial volumes were 219±39mL, 98±45mL and 
102±45mL, respectively. The electrophysiology simulations resulted in a QRS duration of 140±16ms. The 
mechanic simulations resulted in a LV and RV stroke volume (SV) of 95±28mL and 65±11mL, and an LV and 
RV ejection fraction (EF) of 35±1% and 30±2%, respectively. We investigated the effect of the anatomy on 
the simulation output. We correlated the LV and RV latest activation times (LATs), SV and EF to the end-
diastolic LV and RV volumes, LV and RV long-axis length and LV diameter. We found that LV and RV volume
had a strong positive linear correlation with the LV SV and the RV SV (R = 99.5% and 93.4%, respectively). 
The LV LAT was strongly linearly correlated with the LV volume (R = 83.7%), while the RV LAT had a strong 
correlation with the RV long-axis length (R = 80.4%).

Conclusion
Our results show a significant variability in cardiac anatomy in heart failure patients. We showed that heart 
size has an effect on simulation results, underlying the importance of using patient-specific models in 
computational cardiac electro-mechanics. Our simulations show the numerical stability of our meshes. Our 
publicly available cohort can be used for multiple patients computational studies, and constitutes a significant
contribution to the cardiac modelling community.
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Introduction 
Subject-specific modelling of the musculoskeletal system has in recent times been considered as a standard 
in the analysis of human motion and gait abnormalities. This approach of modelling is however predicated on 
the availability of additional information such as medical images from magnetic resonance imaging [1]. In some 
cases, especially in the instance of retrospective analysis, this extra information is unavailable, and 
researchers are left with the alternative of using scaled generic models. While this alternative is acceptable, it 
suffers from some disadvantages which impacts their accuracy and reliability [2] especially when there is 
pathology thereby limiting their utility in making predictions for healthcare decision making. In this initial study, 
we evaluate the influence of using a scaled generic approach on the kinematics and kinetics of gait in a juvenile 
subject and compare to available data from a subject-specific approach at and across two time points (T1 and 
T2).  

Methods 
A subject specific model developed using NMS Builder (www.nmsbuilder.org) of a juvenile from an earlier 
study was used. The Gait2932_Simbody model bundled with OpenSim 3.3 (opensim.stanford.edu) was scaled 
anisotropically to match the juvenile’s mass and anthropometry with the maximum isometric force of the 
generic model scaled by body mass. Inverse Kinematics, Inverse Dynamics, Static Optimization and Joint 
Reaction Analysis were subsequently performed in OpenSim to estimate joint angles, moments and joint 
contact forces (JCF).  

Results & Discussion 
Results indicate a concurrence in joint angles and moments 
between the two models and at the two time points considered. 
The similarities in joint kinematics is most observed in the range 
of motion and general trend of the joint angle profiles at the hip, 
knee and ankle which is consistent with what has already been 
reported [3]. An offset was also observed in the kinematics 
results from the two models with the largest difference found at 
the subtalar joint (45°). This can be attributed to differences in 
the joint axis definition between the two models. Similarly, 
agreements were also observed in the net joint moments 
estimated in stance compared to the subject-specific with 
exceptions for some motions such as knee flexion-extension 
and subtalar eversion-inversion. The largest difference 
reached about 3%BW (Nm). For the JCF (Figure 1), the scaled-
generic estimates at the hip were consistent with the subject-specific at both time points considered but differed 
(max. mean diff>1BW) for the other joints.  

Conclusion 
Differences have been shown to exist between subject-specific and scaled generic estimates of JCF 
associated with the definition of musculotendon parameters and architecture. Despite this, our results suggest 
some reliability in hip joint reaction forces estimated from scaled generic musculoskeletal models and 
correlation with subject-specific models. Further work would look at accounting for the differences occurring at 
the other joints and how this could be improved. 
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Introduction 
Customised orthopaedic reconstructions after severe trauma are challenging for the surgeon and the 
decision if the patient would benefit more from a bone reconstruction than an amputation has to be made on 
a case-to-case basis. This decision is influenced by the amount of bone loss, the state of the soft tissue, the 
overall health of the patient [1], and often also by the available technical equipment for the intervention. 
Accurate three dimensional models are particularly useful for visualising the fracture and for planning to 
achieve accurate bone reconstructions. These models are typically obtained from medical resonance (MR) 
or X-ray computed tomography (CT) images. Access to this technique can be a limiting factor, especially in 
countries of the developing world. Statistical shape models (SSMs) were used in the past to reconstruct the 
shape from planar X-ray images for the purpose of surgical planning for joint replacement surgeries [2]. In 
this study, the accuracy of shape reconstructions with SSMs from planar X-ray images of partial bones was 
evaluated.  

Methods 
Statistical shape and appearance models (SSAMs) created from CT scans of 51 female cadavers was 
created using a leave-one-out strategy according to Nolte and Bull [3]. Five subjects representing the full 
range of body heights were selected for reconstruction. Digital reconstructed radiographs (DRRs) of the 
femur were created using a volume rendering algorithm to simulate X-ray images of the coronal and sagittal 
plane as typically acquired in clinics. To simulate bone defects, the DRRs were cropped at levels of 90%, 
80% and 50% of the complete length of the bone.  

Two methods were used to reconstruct the bone shapes. The first method minimised the root-mean-squared 
(RMS) distance between the contour lines of the simulated X-ray image and a projection of the shape model. 
The second method minimised the difference of image intensities of the simulated X-ray and a DRR 
generated using the reconstructed model [3]. For both methods the images of the projection of the shape 
model was X-ray image by aligning the contour lines. Results were evaluated by comparing the 
reconstructed shapes to the full shapes segmented from source CT images and using non-parametric 
statistics to compare the results.  

Results & Discussion 
Median RMS errors of the reconstructions are shown in 
Figure. Reconstructions from contour lines using medial-
lateral (ML) and anterior-posterior (AP) view showed 
significant better results than reconstructions from single 
planes or from reconstructions using image intensities with 
RMS errors below 2 mm. Reconstructions from single plane 
projections showed reasonable results for defects of up to 
10% using the contour method. Intensity method showed 
better results than the contour line method for reconstruction 
from a single image. 

Conclusion 
The results show that the method presented is able to reconstruct bone shapes with an accuracy that can be 
useful for orthopaedic reconstructions, especially if X-ray images from two view angles are available. This 
method could help for surgical planning and even implant design if no 3D medical imaging is available. 
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Introduction 
High-resolution non-invasive three-dimensional imaging of chondrocytes in articular cartilage remains
elusive. The aim of this study was to explore whether laboratory micro-computed tomography permits
imaging cells within cartilage. This could yield new information on cartilage structure and potentially provide
a pattern that would enable three dimensional strain measurements in the chondral material under loading.

Methods 
Bovine osteochondral plugs were harvested, processed using different sample preparation techniques and
subsequently micro-CT scanned. All samples were scanned in liquid. The signal to noise ratio (S/N) of
cellular features quantified scan quality and were statistically analysed. Cellular features resolved by micro-
CT were validated with established histology staining.

Results & Discussion 
With the optimum stain, medium and micro-CT scanning strategy, cellular features were visible throughout
the cartilage volume. Chondrocyte volume fraction was highest at the subchondral bone, reducing in number
towards the cartilage surface. When the histology slides were compared to the corresponding micro-CT slice,
the same number of cells (p = 0.49) and cell distribution pattern were found (Figure 1).

Figure 1 Comparison of micro-CT and histology on a single bovine osteochondral sample 

Conclusion 
Three-dimensional visualisation and quantification of the chondrocyte population within articular cartilage can
be achieved across a field of view of several millimetres using laboratory-based micro-CT. Our findings
compare well with histology, but enable non-destructive 3D study and provide the necessary pattern for 3D
strain measurement. This will be useful to study how cartilage transmits load to bone and to compare this to
chondral repair biomaterials currently being developed in numerous centres around the world.
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Introduction 
Diagnosis, management and treatment are still a challenge for Aortic Dissection (AD), a complex pathology in 

which a tear in the aortic wall propagates leading to the formation of two lumina, the false (FL) and the true 

(TL) lumen. The crude markers currently used in clinical practice are not reliable for outcome prediction. 

Indeed, it has been demonstrated that personalised features – morphology, flow patterns, pressures and 

velocities, play an important role. Patient-specific flow fields have not been measured in vitro, despite 

significant recent efforts to develop personalised CFD models to improve clinical outcome [1]. In this work, we 

present an in vitro study of a Type-B AD using established flow diagnostics, Particle Image Velocimetry (PIV). 

Methods 
The AD geometry was extracted from CT scans and a rigid model was manufactured via rapid prototyping. 

The phantom was then connected to an in vitro platform, previously developed by the authors, which includes 

a computer controlled pulsatile pump and patient-specific tuned Windkessel simulators to reproduce the 

downstream vasculature (figure 1).  To accurately reproduce the patient-specific conditions, the setup was 

informed with a rich dataset, including brachiocephalic pressure, 2D PC-MRI and CT scans (ethics: HRA ref. 

12/YH/0551, Leeds Hospital ref. 788/RADRES/16). Flow rate and pressure waves are acquired, as well as 

high-resolution haemodynamics data, obtained performing PIV with a high-speed camera and a Nd-Yag laser. 

Figure 1. In vitro mock circulatory loop (a) including a pulsatile pump system to provide physiological inlet flow rate curves, four 

personalised afterloads, PIV setup (high speed camera and Nd-Yag laser) and a patient specific AD phantom (b). 

Results & Discussion 
Physiological pressure and flow data are acquired at the inlet and outlets of the phantom. The flow field in the 

AD phantom is obtained using PIV and velocity fields are obtained in different sections of the vessel. This is 

the first attempt to characterise the haemodynamics of a patient-specific aortic dissection in vitro using high 

resolution PIV measurements.  
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Introduction 
Clinical evidence suggests that central (aortic) blood pressure (cBP) is a better cardiovascular (CV) risk 
indicator than brachial BP [1]. Specifically, an increase in central systolic BP (cSBP) leads to hypertension, 
which is the single most important cause of disability and mortality worldwide [2]. Current non-invasive 
approaches to estimate cBP use a generalised mathematical transfer function to estimate the cBP waveform 
from a peripheral (radial or carotid) pressure waveform [1]. We propose a novel non-invasive approach to 
estimate cBP from aortic blood flow and geometry. Our algorithms use computational models of arterial 
haemodynamics which are fully personalised with CV parameters estimated from clinical measurements. The 
algorithms were developed using an in silico dataset, and validated against invasive cBP from an in vivo 
dataset of post-aortic coarctation repair patients. 

Methods 
The in silico dataset contains waveforms representative of 78 healthy adult subjects aged 25-75, with varying 
cardiovascular properties. It was created using a 1-D model of the largest systemic arteries [3]. The in vivo 
dataset contains ascending and descending aortic flow and geometry (from MRI), and invasive catheter cBP 
measurements for 12 post-aortic coarctation repair patients. Each subject’s CV parameters were estimated 
from their data. These parameters were used with aortic geometry and flow as inputs to two computational 
models (Figure 1, left): (i) a three-element Windkessel (0-D), and (ii) a 1-D model of the upper-thoracic aorta 
[4]. Performance was assessed using the mean absolute error (mean error ± standard deviation), MAE, 
between reference and estimated cSBP for each dataset (Figure 1, right).  

Figure 1 - Left to right: cBP models; cBP estimation for a random in silico subject; linear correlation for central systolic blood pressure
(cSBP) estimation, in silico dataset; cBP estimation for a random in vivo subject; linear correlation for cSBP estimation, in vivo dataset. 

Results & Discussion 
The cSBP estimation MAEs for the 0-D and 1-D algorithms were, respectively, 5.4 ± 0.7 and 5.6 ± 3.0 mmHg 
(in silico dataset); and -2.2 ± 7.0  and 0.3 ± 10.2 mmHg (in vivo dataset). 

Conclusion 
We have developed and tested new algorithms for estimating the cBP waveform from phenomena occurring 
directly in the ascending aorta. Current MAEs are within clinically acceptable ranges (< 6 mmHg). Further 
development and verification of these methods will be presented at the conference. 

References 
1. McEniery, C. et al. European Heart Journal. 2014; 35(26), 1719–1725.
2. Williams, B. et al. European Heart Journal. 2018; 39(33), 3021–3104.
3. Charlton, P.H. et al. [submitted to American Journal of Physiology].
4. Alastruey, J. et al. Journal of The Royal Society Interface. 2016; 13(119), 20160073.

R1

R2CT

Pout

PWk,3

Qin

Qin

3-element Windkessel

1-D aortic model

In vivoIn silico
cSBPcBP cSBPcBP

0 0.2 0.4 0.6 0.8
Time [s]

60

80

100

120

140

Pr
es

su
re

 [m
m

H
g] cBP: reference

cBP: estimation

0 0.2 0.4 0.6 0.8
Time [s]

60

80

100

120

140

Pr
es

su
re

 [m
m

H
g] cBP: reference

cBP: estimation

60 80 100 120 140
Reference [mmHg]

60

80

100

120

140

Es
tim

at
io

n 
[m

m
H

g]

60 80 100 120 140
Reference [mmHg]

60

80

100

120

140

Es
tim

at
io

n 
[m

m
H

g]

0 0.2 0.4 0.6 0.8
Time [s]

50

60

70

80

90

Pr
es

su
re

 [m
m

H
g] cBP: reference

cBP: estimation

60 80 100 120 140
Reference [mmHg]

60

80

100

120

140

Es
tim

at
io

n 
[m

m
H

g]

0 0.2 0.4 0.6 0.8
Time [s]

50

60

70

80

90

Pr
es

su
re

 [m
m

H
g] cBP: reference

cBP: estimation

60 80 100 120 140
Reference [mmHg]

60

80

100

120

140
Es

tim
at

io
n 

[m
m

H
g]

108



Modelling the effect of RBC concentration distributions on microhaemodynamics 

J.M. Sherwood 
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Introduction 
In intermediate microvessels of 20-100µm diameter, the particulate nature of the blood becomes important, 
and the resulting fluid dynamics are highly complex. In particular, microhaemodynamics are dominated by both 
the properties of the red blood cells and their spatial distribution. It is well established that RBC radial migration 
results in a cell-depleted layer (CDL) adjacent to the wall of blood vessels. This observation is commonly 
coupled to the assumption that the RBC concentration in the core is constant. This study posits that this is an 
oversimplification and proposes that by modelling RBC concentration as a spatially varying distribution, it is 
possible to model microscale blood velocity accurately using a continuum model. 

Methods 
Experimental: Human blood from healthy donors was perfused at 25% feed haematocrit through a 
microchannel with square 50x50 µm cross section and a 90 degree bifurcation as described previously [1]. A 
custom-built micro particle image velocimetry system using microstrobe illumination enabled measurement of 
RBC concentration distributions and velocities, averaged over 20 seconds [1] . Average inlet velocities were 
varied in the range 1-8 mm/s and the proportion of flow entering the side channel (flow ratio) was varied in the 
range Q*=0.1-0.5. A total of forty combinations of inlet velocity and flow ratio were measured.  
Numerical: ANSYS CFX was used to model the experimental cases for inlet flow rate and flow ratio. Four fluid 
models were considered. i) Newtonian fluid, ii) a shear-rate dependent Carreau-Yasuda model, with 
parameters defined as in [2], iii) shear rate and haematocrit dependent Quemada model, with parameters from 
[3] and measured average haematocrit for each branch, iv) Quemada model with full RBC concentration
distributions imported from the experimental data.
Analysis: Experimental and numerical velocity profiles were normalised by their average velocity. The four 
viscosity models were compared to the experimentally determined velocity profile and the root mean square 
(RMS) difference in normalised velocity was calculated for each experimental condition.   

Results & Discussion 
The left figure shows sample velocity 
profile in the side branch, comparing the 
Newtonian and Quemada model with 
distributed H to the experimental data. 
The numerical model recapitulates the 
experimental data accurately, while the 
Newtonian data fails to reproduce 
salient features, i.e. the blunted and 
skewed profile. The right figure shows a 
summary of the RMS error for the 
branches. The average root mean 
square error for the Newtonian fluid was 
0.14, and reduced for the Carreau-
Yasuda fluid (0.11), and the Quemada 
fluid with uniform (0.9) and spatially 
varying haematocrit (0.05). This 3-fold 
improvement was highly signficant 
(p<10-6). 

Conclusion 
By accounting for the heterogeneous distribution of RBCs within a channel, it was possible to significantly 
improve the modelling accuracy for microscale blood flow. Future work involves development of a transport 
model to predict RBC distributions, rather than requiring an experimental input.  
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Left panel: sample velocity profile inside branch, showing experimental data 
(dots with shading showing uncertainty), Newtonian fluid (dashed) and 

Quemada model with distributed H (solid line). Right panel: summary of RMS 
errors in the side branch for the four viscosity models. 
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β-catenin promotes endothelial dysfunction in response to atheroprone ‘disturbed’ 
flow via a Frizzled-4 dependent pathway 
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Introduction 
The development of cardiovascular disease is strongly influenced by local mechanical forces. Endothelial cells 
are sensitive to haemodynamic stresses, and in particular to perturbations of flow direction. Atherosclerotic 
plaques develop in regions of arteries where flow is multi-directional or ‘disturbed’; such flow is known to 
promote endothelial dysfunction, although the signalling mechanisms responsible are not fully understood. 
The Wnt/β-catenin pathway plays an important role in mechanosignalling in non-vascular cells; in this study, 
its role in mediating the effects of disturbed flow on human aortic endothelial cells was explored.  

Methods 
Cells seeded into 6-well plates were exposed to flow for 72h using an orbital shaker housed inside an incubator. 
The swirling of the medium with each rotation of the platform creates two distinct flow environments within 
each well: an area in the centre exposed to disturbed flow and a region around the edge exposed to 
undisturbed flow. Flow metrics within each region were determined by computational fluid dynamics using 
STAR-CCM+. Following exposure to flow, cells were harvested from each region and either RNA or protein 
was prepared for qRT-PCR or western blot, respectively. For immunofluorescence studies, cells were fixed 
directly in glass-bottomed wells and imaged by confocal microscopy. 

Results & Discussion 
The expression of Frizzled-4 was significantly increased in cells exposed to disturbed flow for 72h, as was the 
expression and transcriptional activity of β-catenin. Interestingly, this was not associated with activation 
(phosphorylation) of Lrp-6, suggesting that β-catenin is activated by a non-canonical pathway. Knockdown of 
either Frizzled-4 or β-catenin significantly reduced the expression of pro-inflammatory transcripts (E-sel, MCP-
1, VCAM-1, IL-8) in cells exposed to disturbed flow, and this was associated with reduced activation and 
nuclear localisation of NF-κB. Similar effects were observed when cells were treated with iCRT5, an inhibitor 
of β-catenin transcriptional activity. Treatment with iCRT5 also reduced the adhesion of THP-1 monocytes to 
endothelial cells in the centre of the well, confirming the importance of β-catenin activation in mediating 
inflammatory responses to disturbed flow. Addition of iCRT5 to endothelial cells also reduced permeability to 
FITC-avidin in regions of disturbed flow and appeared to reduce transport through bicellular junctions. 
Furthermore, iCRT5 also reduced endothelial proliferation induced by disturbed flow although had no effect on 
endothelial-to-mesenchymal transition. Treatment with DKK-1, an inhibitor of canonical Wnt signalling, had no 
effect on the expression of pro-inflammatory genes, NF-κB activity or monocyte adhesion under disturbed flow 
conditions, suggesting that the canonical Wnt-Fzd pathway is not involved in these responses.  

Conclusion 
These data suggest the involvement of a novel Frizzled-4-β-catenin mechanosignalling pathway in 
endothelium exposed to disturbed flow that promotes a pro-inflammatory phenotype and endothelial 
dysfunction. 
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Introduction

Tissue engineering is growing exponentially with an increasing interest in cell culture techniques. Solid 
substrates are predominantly used for adherent cell culture although, drawbacks of standard dish culture e.g. 
limited area, nutrients and alterations in cell phenotype restrict efficiency.[1] It was widely accepted that liquid 
culture substrates were not feasible due to inability of cells to form focal adhesion complexes.[1] However, 
recent studies[2-4] have demonstrated that protein nanosheets at liquid-liquid interfaces facilitate anchorage 
for different cells. This study aims to characterise the local mechanical properties within individual domains of 
protein nanosheets at a liquid-liquid interface using Magnetic Tweezers (MT); a micro-rheology technique 
used to deliver in-plane forces whilst preserving nanosheet integrity. The development and implementation 
of a comprehensive MT protocol for controlled actuation, tracking and viscoelastic parameter extraction is 
presented. The discovery and development of liquid-liquid interfaces for cell attachment will open new 
avenues of research in biology, medicine, and biotechnology. This revolutionary technique will allow 
development of emulsion-based bioreactors (EBB); enabling mass production of differentiated cells, 
undifferentiated stem cells and cell therapy products. 

Methods

A user-interface was created in LabVIEW to control the MTs. Additionally, a current control system was 
created to improve the MT manipulation accuracy. The MTs were used to apply 1 nN of force on magnetic 
beads in the nanosheet. Experiments were carried out on two nanosheets manufactured at pH 8.5 and 10.5. 
The bead displacement was captured by video and tracked using Fiji software. Displacement data was fed 
into a MATLAB program, which filtered and fit the data to different viscoelastic models (SLS, Power Law, 
Maxwell, Platypus). The Platypus model was created by the authors with influence from the Casson model. 
For each dataset, the goodness-of-fit of each model was ranked to determine the best model to represent 
nanosheet behaviour. The parameters from the best model were then used to quantify the stiffness of 
nanosheets fabricated at pH 8.5 and 10.5. 

Results & Discussion

The current control system reduced variation of emitted MT current by 70%. The Fiji bead-tracking system 
developed resulted in 60% less noise than previous systems (±17nm and ±42nm noise respectively). 
Overall, the system resolution improved 4-fold from 10.5nm to 2.4nm. Using data from this high-resolution 
system, the Maxwell model was deemed best-fitting (mean ranks: Maxwell: 1.2, Power Law: 2.3, SLS: 2.8, 
Platypus: 3.5). Using the parameters from this model, the stiffness of the nanosheets at 8.5 and 10.5 were 
determined to be 701.3 ±53.1Pa and 1671.7 ±247.4Pa respectively. These were statistically different 
(p<0.0001). Hence, this demonstrates the possibility of tailoring nanosheets to fit desired properties.  

Conclusion 

The Maxwell model best fits nanosheet behaviour and was used to obtain viscoelastic parameters. Protocol 
applications include further study of lipid bilayers and non-adherent cell interactions within liquids. Further 
investigations into nanosheet-cell interactions are required to develop EBB as a scalable culture technique.  
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Introduction 
Protein-protein interactions define specificity in cell signalling that requires precise timing and placement of 
interacting partners. Deregulation of such intricate networks often lead to pathologies. We pioneer the 
characterization of the BNIP-2 and Cdc42GAP Homology (BCH) domain as a versatile scaffold protein 
domain that regulates small GTPases, kinases and metabolic signalling at specific locales. Specifically, BCH 
domains control Ras, Rho and Rac GTPases signalling by engaging them with their immediate activators, 
the guanine nucleotide exchanger factors (GEFs) or their inactivators, the GTPase-activating Proteins 
(GAPs). This leads to dynamic actin cytoskeletal rearrangement and also activation of endosomal 
Ras/MAPK signalling for cell morphogenesis, motility, growth and differentiation. One member also facilitates 
shuttling of ATP citrate lyase (ACL) on the kinesin motor from cell body to neurite termini where it produces 
acetylcholine at the synapses. Here, we will discuss the plasticity of BCH domains in the context of its 
molecular evolution, unique structure, versatile functions and their links to cancer and neurological disorder 
such as ataxia. We further show how one of the BCH domain-containing proteins, BCP2, controls cell 
spreading and cell motility by specifically engaging Rho with its GEF under the different influence of 
extracellular matrix. The significance of BCH domain as a concerted scaffold that bridges biochemical and 
mechanical cues to cell dynamics will be explored in the context of the emerging field of mechanobiology. 

Methods 
MDCK cells stably expressing BCH domain-containing protein or its expression depleted by shRNA, were 
plated on either collagen or fibronectin as the substrate and measured for their ability to exert (i) cell 
spreading and cell motility through bioimaging analyses, (ii) force generation by traction force microscopy 
and (iii) its ability to interact with Rho and GEFs through co-immunoprecipitation studies.  Various mutants of 
the protein were also examined for their effects on these processes. Breast cancer cells MDA-MB-231 were 
also used to examine their impacts on cell motility. 

Results & Discussion 
MDCK cells overexpressing BCP2 showed retarded cell spreading when plated on fibronectin or uncoated 
surface but these cells spread normally on collagen-coated surface. Consistently, BCP2-expressing cells 
induced greater traction force and enhanced Rho activity when compared to wildtype control or BCP2-
knockdown cells. The ability of BCP2 to inhibit cell spreading was blocked by inhibiting myosin II that is 
downstream of Rho signalling, suggesting that BCP2 inhibited early cell spreading by activating 
Rho/ROCK/myosin node. Consequently, BCP2 knockdown cells showed enhanced cell motility. Co-
immunoprecipitation studies showed that BCP2 utilizes its novel Rho-binding motif to bridge Rho with its 
RhoGEF, thus leading to inhibition of cancer cell migration. Interestingly, collagen that is exerted via one of 
its unique integrins, led to BCP2 failing to engage Rho and RhoGEF. All these results show that BCP2 acts 
as a scaffold protein to activate Rho/ROCK/myosin signalling to suppress cell spreading, cell polarization 
and cell migration. Such inhibitory role is lost under the influence of collagen but not by fibronectin. 

Conclusion 
BCH domain emerges as an important regulatory scaffold domain that not only serve to regulate GTPases, 
kinases, integrins and metabolic signalling at specific locales and timings, but it also promotes the integration 
and crosstalk of these signalling nodes. Consequently, it can bridge biochemical and mechanical cues to cell 
dynamics that help shed new lights to our better understanding of the mechano-pathology of diseases. 
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Introduction 
Flow-mediated dilation (FMD) is a key non-invasive clinical assessment of endothelial dysfunction, an indicator 
of early atherosclerosis and cardiovascular diseases. FMD involves the measurement of an artery dilation, e.g. 
of the brachial, radial, femoral, or popliteal artery, induced by transient hyperaemia, following a temporary 
ischemic occlusion of a distal arterial segment. Such transient conditions, however, may also involve changes 
in the wall shear stress (WSS), blood pressure, and wall stiffness which have not been clearly established in 
relation to early vascular changes. This work aims to clarify the role of these flow-related mechanisms by 
investigating the haemodynamic environment of a straight arterial conduit with compliant walls during FMD.  

Methods 
By implementing a strongly-coupled fluid-structure interaction (FSI) solver within the open-source OpenFOAM-
extend library [1], the arterial vessel was modelled as a quarter cylinder with an in-vivo measured hyperaemic 
inflow condition (by [2]). The FSI solver follows a partitioned approach with separated solvers for fluid and 
structure, and an implicit coupling method between fluid and solid, with interface values being passed from 
one solver to the other. The solution of the fluid flow is based on the finite volume method (FVM), while the 
solid is solved by a Lagrangian FVM solver. The mesh motion for both the fluid and the solid, due to the 
interface displacement, is updated at every timestep using a dynamic mesh solver in OpenFOAM based on 
the Laplace equation discretisation. Prior examples of FSI simulations in OpenFOAM and the foam-extend 
project have demonstrated its use for cardiovascular flows [3].  

Results & Discussion 
The results demonstrate the diameter change during FMD, while haemodynamic shear stresses and pressure 
values are also analysed. Current results are being used for correlating the displacement of the arterial walls 
and the prescribed in-vivo inlet velocity. 

Conclusion 
The methodology has been established for subsequent simulations. Future work will investigate the FMD in 
idealised and anatomically-correct bifurcated arterial models with prescribed ischemic occlusion of the distal 
branching arteries. It will also include the investigation of further haemodynamic metrics, such as the time-
averaged wall shear stress, the oscillatory shear index, and the transverse WSS, in comparison with in-vivo 
data.  
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Introduction 
Aortic tapering is one of characteristics of the arterial tree which affects the development of pressure in the 
aorta. With tapering, the cross-sectional area of the vessel decreases along the aorta towards the periphery. 
Since this decrease in area results in a change in the wall mechanical properties, wave reflections are 
generated. The aim of this study is to evaluate the impact of tapering on the pressure. We simulated blood 
flow using the non-linear one-dimensional (1D) model which solves the conservation of mass and momentum 
equations in the time domain. Most of the previous studies on tapering have applied the transmission line 
model and frequency-based methods.  

Methods 
The thoracic aorta is modelled as a single vessel with a constant thickness, coupled to a three-element 
Windkessel model [1]. Different tapering angles (α) are implemented by changing the cross-sectional area at 
the outlet. The length and the inlet cross-sectional area of the thoracic aorta at diastolic pressure are 24.13 
cm and 4.52 cm2, respectively. The physiological range of tapering angles in human vessels is from 0 to 1.5 
degrees [2]. Wave Intensity Analysis (WIA) is performed for the measurements at the inlet of the thoracic 
aorta model for each of tapering angles [3]. 

Results & Discussion 
With increasing angle of tapering, there is an upsurge in both peak pressure and pulse pressure. The increase 
in peak pressure can be explained by the increased arterial resistance in the thoracic aorta. Furthermore, 
lower arterial compliance causes higher peak pressure in the aorta, since the damping ability of the arterial 
wall is reduced. Also, increasing the tapering angle causes an increase in the magnitude of both the forward 
and backward wave intensity. (see Figure 1) 

Figure 1. WIA (left) and the pressure (right) at the inlet of the thoracic aorta with different tapering angles. 

Conclusion 
Tapering not only causes continuous reflections in the arterial structure but also increases the impedance of 
the system. Increased tapering angle is associated with an increase in peak pressure due to the increase in 
segment resistance, and an increase in pulse pressure due to the decrease in arterial compliance.  
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Introduction 
Primary Blast Lung Injury is a leading cause of mortality in explosive related accidents and attacks. Injury
prediction through simulation requires accurate modelling of blast wave pressure loading of a target with
consideration of reflections from the environment. Reflections cause complex waveform loading and greater
structural damage through increased pressure magnitude and duration [1,2].

Methods 
A 3D finite element simulation of a blast wave propagating through a wedge of air with spherical symmetry
conditions has been created using a Coupled Eulerian Lagrangian (CEL) technique in Abaqus CAE, Explicit
Dynamics [3]. At the domain inlet, the relationship between peak pressure and peak velocity is determined in
silico. Empirical data is extracted from the CONWEP loading function and the desired peak pressure at the
CEL inlet is found. The corresponding initial velocity is then calculated and set at the inlet as a boundary
condition to generate a blast wave. Lagrangian walls are included in the Eulerian domain of air to generate
reflections. After validation, an Axelsson Blast Test Device (BTD) is included within the modifiable complex
environment to model injury prediction [4]. This BTD is then replaced with a human thorax model comprised
of tissue material models. This is used for analysis of internal stresses within the body and assessment of
chest wall velocity as an injury predictor.

Results & Discussion 
Validation of air blast propagation is carried out through comparison of both pressure decay and shock
velocity decay with space and time. Reflections are validated through comparison of pressure load on target
with time and the effect of varying angle of incidence. This ensures consideration of all possible surrounding
geometries. CT imaging of blasted lungs show damage is concentrated around the mediastinum, due to
internal reflections, and between the ribs, which act as shields [1,5]. Evidence supporting the development of
such damage can be corroborated with stress fields extracted from this model.

Conclusion 
The model is capable of highly accurate simulation of peak pressure decay with distance, shock velocity
decay with distance, static pressure decay with time, application of reflected pressure loading to a target,
and prediction of injury based on Axelsson methodology for any complex environment. Progression paths
include secondary mode of injury, introduction of armour layers to the thorax model, and further development
towards more precise biological microstructure modelling.
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Introduction 
Peripheral nerve injury (PNI) affects 1M people in Europe and the USA p.a.1 Patients experience debilitating 
symptoms resulting in loss of end-organ function and morbidity.1 The current gold standard aims at establishing 
a connection between proximal and distal nerve stumps through microsurgical autografts.2 However, the 
clinical outcomes are still poor as only 50% of patients experience functional recovery.2  

Engineered Neural Tissue (EngNT), an anisotropic cellular hydrogel nerve conduit, has been developed an as 
engineered alternative to tissue grafts and is showing significant promise3. Here we seek to inform the design 
of EngNT by developing computational models of neurite growth in order to identify spatial arrangements of 
biomaterial within a conduit that maximise the rate of regeneration. Neurites respond to a suite of physical 
cues, and this provides an opportunity to arrange these cues spatially to promote neurite growth. We present 
a new computational model that predicts neurite growth in response to the mechanical environment, and 
combine it with in vitro and in vivo data to inform conduit design. 

Methods 
Neurite growth is described through a 3D latticed-based random walk. At each time step (∆𝑡), the stochastic 
movement of a neurite (∆𝑥) is calculated following a Euler approximation of an overdamped Langevin equation, 
which relates the movement of cells to the forces acting on them.4 Here three forces are considered: 1. the 
mechanical resistance of cells to a change in direction (𝑀(𝑁)), modelled as 𝒩(0, 𝜎2) dependent on the angle 
made between the current and any future direction the neurite may take (𝜃𝑁); 2. a forward bias representative 
of the chemotactic cues between the distal and proximal ends of a repair site (𝐵(𝑁)); 3. a durotactic bias along 
a stiffness gradient (𝐷(𝑁)):  

∆𝑥 =  
1
𝛽

[𝑀(𝑁) + 𝐵(𝑁) + 𝐷(𝑁)]∆𝑡, (1) 

where 𝛽 is the kinetic friction. The 𝑀(𝑁) and 𝐵(𝑁) functions and parameters were determined by fitting to in 
vivo neurite counts within EngNT and to mimic neurite orientation data using a particle swarm algorithm.5–7 
Additionally 𝐷(𝑁) parameters were chosen to ensure bias movement towards larger stiffness.8 The model was 
run for thousands of neurites on a 3D cylindrical geometry to mimic a preclinical nerve injury scenario.  

Results & Discussion 
Results of the particle swarm fitting approach demonstrate good agreement with experimental data. Performing 
a sensitivity analysis where simulations with ±10% difference in parameter values compared to the data 
resulted in a mean error of 2%. The parameterised model was used to explore the spatial arrangement of 
biomaterial in a conduit, and identified new candidate conduit designs for future preclinical testing. 

Conclusion 
An in silico model of PNI was developed and tested within a multidisciplinary framework. This is the first 
parameterised model for PNI repair, which can now be taken forward to inform the optimal spatial arrangement 
of materials to promote neuronal regeneration following injury. 
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Introduction 
The non-uniform distribution of atherosclerosis within the arterial tree has been attributed to low wall shear
stress (WSS) and to highly multidirectional flow, amongst other mechanical factors. Effects of shear on cultured
endothelial cells are being investigated by swirling the culture dishes on an orbital shaker. Computational fluid
dynamics (CFD) can be used to simulate the wave and compute shear on the base of the well [1], but the
model has not been validated experimentally. Here we use particle image velocimetry (PIV) to characterise
the flow behaviour in a 2D plane. Due to the 3D nature of the problem, the accuracy of the post processing
PIV algorithm is tested using synthetic datasets derived from the CFD model.

Methods 
For the PIV, polyamide particles suspended in the fluid were illuminated using a laser sheet aligned parallel to
the base of the well. Image pairs were acquired using a high frame rate camera affixed to the shaker and an
angled mirror was used to image from below the well. The CFD simulations of the swirling well were modelled
with a constant and fluctuating RPM using Star-CCM+ software. Artificial PIV images were produced from the
CFD model to match the experimental setup using Synthetic Image Generator [2]. The experimental and
synthetic PIV image pairs were post-processed using PIVlab [3] to produce 2D velocity maps. These were
quantitatively compared with CFD velocity maps.

Results & Discussion 
Due to the thickness of the laser sheet and out-of-plane fluid motion, out-of-focus particles were apparent in
the PIV images, so 2D velocity maps represented an average of a 3D fluid domain. When the CFD data was
averaged perpendicular to the base of the well, the peak velocity magnitude was 0.18 m/s; the experimental
value was 0.1 m/s. Magnitude discrepancies could not be attributed to errors in post processing since there
was excellent agreement between CFD and synthetic PIV velocity maps, but rather due to errors in the
idealized CFD model not capturing the experimental model accurately. Surface tension effects were neglected
in the CFD model but when fluids with varying surface tension and contact angle values were tested with the
PIV, it produced different velocity plots showing that surface tension is having an effect and needs to be
incorporated into the CFD model. Similarly a measurement of orbital shaker rotation showed a 150 ± 10 RPM
fluctuation as opposed to the CFD modelled with a constant 150 RPM. This further adds to the discrepancy
seen between the CFD and PIV velocity maps.

Conclusion

The next step is to incorporate surface tension, contact angle and fluctuating RPM into the CFD model to be
able to accurately compare to the experimental PIV velocity maps. The shear stress patterns at the base of
the well can then be validated and rigorously compared to cell behaviour under different flow conditions.
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Introduction 
The complex process by which the spermatozoa reaches the site of fertilization in the mammalian female 
reproductive system is still not fully understood. It is known to involve a combination of chemical 
(chemotaxis), thermal (thermotaxis), and directional (rheotaxis) behavioural mechanisms affecting the 
spermatozoa-oviduct interaction. After the deposition of millions of spermatozoa inside the female body, only 
thousands will reach the oviduct, a tube-like structure connecting the uterus to the ovaries. This structure 
plays a major role in the process and in our research. Here, the male cells will undergo a transformation 
process known as “capacitation”. Then, following a gradual release from this site, the spermatozoa will be 
presenting alternating periods of more vigorous motility patterns i.e. progressive and non-progressive. Such 
combination of movement seems to be essential for navigating the topological intricacies of the oviduct and 
achieving a successful outcome. To increase our understanding of this complicated biological processes, we 
applied an Agent-Based Modelling (ABM) approach [1]. This technique aims at making sense of such 
complex problems by focusing on the low-level characteristics of the individual participants and their 
interactions with the environment. To do so, we modelled each of the participants (the spermatozoon) to acts 
as an autonomous agent bound to simple rules i.e. forward motion, change of direction, collision with the 
oviduct walls. The ABM paradigm expects that the non-deterministic system-level biological behaviour (i.e. 
spermatozoa distribution, time-to-fertilise) emerges as a result of the interactions of each spermatozoon with 
the environment (the oviduct).  

Methods 
Our model, implemented in FlameGPU [2], builds up on our previously validated work [3] to support 
investigation using porcine-derived parameters and oviduct structures. By targeting the highly parallel 
processors available on Graphical Processing Units (GPUs), the few thousands of agents participating in the 
process are simulated simultaneously. This aids our model in more closely reproducing the biological 
behaviour. For each simulation run (lasting between 8 and 48 hours), we ground our model in reality by 
informing it from the literature or from experimental data. 

Results & Discussion 
The model produces results which are in line with experimental data in terms of the sperm distribution at key 
regions of the oviduct and the time of fertilisation. We are now using the model for exploring the relationship 
between low spermatozoa motility parameters and diminished fertility in pigs. A similar link has been 
suggested to exist in humans due to dietary choices, Sexually Transmitted Diseases, or exposure to 
pollutants. 

Conclusion 
We present our work to enable investigating the fertilisation process using porcine-derived parameters and 
oviduct structures. Our implemented ABM approach exploits the highly-parallel processors in GPUs. Our 
approach aims at advancing the understanding of the emergent system-level behaviour that cannot be easily 
traced back to direct observations at the individual spermatozoa level. 
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Introduction 
The limited availability of human donor corneas, the costly and exhaustive procedures of clinical trials, and the 
aim to reduce and replace in vivo studies indicates that there is a requirement for a laboratory based model of 
the cornea. We have therefore developed an ex vivo organ culture model of the cornea that can be used for a 
range of corneal related studies, including to study the effectiveness of a bioengineered endothelial graft. 

Methods 
Paired freshly enucleated porcine corneas were mounted on artificial anterior chambers (AACs) and cultured 
under short term (ST, 24 hour culture) and long term (LT, 5 day culture) conditions. For ST culture AACs were 
contained within an acrylic box and placed in an incubator at 31⁰C. For LT culture AACs were contained within 
an aerated acrylic box and placed in an incubator at 27⁰C. Under both conditions the epithelial surface of the 
corneas were automatically moistened with a droplet of epithelial cell culture media at a flow rate of 100µl/hr 
using a syringe pump. Additionally, the endothelial surface was perfused with fresh endothelial cell culture 
media. One cornea from each pair was damaged by scraping the endothelium. Central corneal thickness 
(CCT) was measured using pachymetry or optical coherence tomography (OCT). A bioengineered corneal 
graft was transplanted into the ex vivo corneal model using the EndoSerter®.  

Results & Discussion 
Using pachymetry the mean thickness of paired whole porcine globes prior to enucleating corneas was 918 ± 
64 µm (n = 6). Under ST culture conditions, damaged corneas increased in mean thickness by 62 ± 3 % (n = 
3) when compared to the undamaged cornea from the same donor which was measured by OCT (swollen
corneas exceeded pachymeter detection limit). Under LT culture, paired corneas were successfully cultured
for 5 days with no evidence of contamination or tissue decomposition. Pachymetry measurements indicated
that damaged corneas significantly increased in CCT to such an extent that CCT exceeded the detection limit
of the pachymeter (1500 µm+), this occurred as rapidly as 1 day in culture. In comparison, daily pachymetry
measurements were obtained for undamaged corneas with a delayed increase in thickness (Day 1= 930 ± 19
µm to Day 5= 1410 ± 16, n = 1) which occurred over a 5 day period and clear corneal opacity was observed.
Successful graft transplantation within this ex vivo model was also demonstrated. This study is the first to
propose an ex vivo cornea organ culture model that produces detectable CCT measurements over 5 days in
culture, which is assisted by the automated moistening of the epithelium. Additionally, it is the first model that
permits the use of pachymetry and OCT to measure CCT, as well as enabling surgical procedures to be
undertaken. Moderate swelling can occur, however, pachymetry indicates that this is still significantly lower
when compared to damaged corneas. Current work aims to introducing a flow of endothelial culture media into
the anterior chamber of the system in order to maintain a stable pressure which can be detected with rebound
tonometry. Tissue morphology is being evaluated by histological analysis.

Conclusion 
This model is an important addition to the evolution ex vivo of corneal organ culture models and will be a useful 
tool for various studies that aim to evaluate corneal disease, injuries or treatments including the transplantation 
of bioengineered grafts.     
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Introduction 
The role of pulse wave reflections in the increase of the augmentation pressure and, in turn, pulse pressure 
(PP) with ageing has been recently challenged as recent studies have highlighted the potential importance of 
ventricular ejection properties in determining blood pressure pulsatile components [1,2]. The first systolic 
shoulder (P1) of the pressure waveform is proportional to the product between the aortic pulse wave velocity 
(PWV) and aortic flow at time of P1 (U1) [3], and the usual peak pressure (P2) to the product between PWV 
and the volume of blood (V2) ejected at the time of P2 [4]. Assuming proportionality between proximal and 
distal PWV and noticing the close relationship between the augmentation index (AIx) and the ratio P2/P1, we 
investigate the relationship between AIx and a new index entirely based on ventricular mechanics, AIx, 
defined as V2/U1. 

Methods 
The study involved patients from a normotensive (n=164, 126 men, age 49±8 years, blood pressure 
110±16/69±10 mmHg, means±SD) and hypertensive (n=156, 83 men, age 46±17 years, blood pressure 
130±23/83±13 mmHg) cohort. Reflected waves were quantified using the reflection coefficient G, i.e. the ratio 
of backward to forward pressure component. A Least Absolute Shrinkage and Selector Operator (LASSO) 
analysis was performed to statistically identify the main contributors to AIx among a set of cardiac and arterial 
parameters (Age, PWV, G, QIx, MBP, PP). To determine the relative contribution to AIx of arterial (G) and 
cardiac (QIx) properties, variations of AIx with QIx for an approximately fixed G were assessed, and vice versa. 
A sensitivity analysis of changes in AIx to QIx and G was also performed using an in silico model of blood flow 
in the larger arteries of the upper thoracic aorta.  

Results & Discussion 
The LASSO analysis identified QIx and G as the main determinants of AIx with standardised coefficients of 
0.24 and 0.49, respectively (p>0.001 in each case). AIx was found to increase with increasing QIx and G. In 
silico and in vivo studies were consistent as the coefficient of % increase in AIx per ml.s.m-1 increase in QIx 
was 0.18, for both normotensive and hypertensive subjects, compared with a theoretical value derived from 
the sensitivity analysis of 0.16 % change in AIx per change ml.s.m-1 in QIx. Change in AIx per change in G 
was 35% and 28% for normotensive and hypertensive cohorts, respectively, compared with a theoretical 
value derived from the sensitivity analysis of 30 % change in AIx per change in G. The sensitivity analysis 
also confirmed QIx had a greater impact on AIx since a 30% change in QIx from baseline resulted in a 35% 
increase in Aix, while the same increase in baseline G yielded a 27% increase in AIx. 

Conclusion 
We have proposed a new index based entirely on ventricular ejection dynamics and studied its relationship 
with AIx. The results of this part-in-silico/part-in-vivo study further challenge the role of reflection waves in the 
increase of AIx, as our new index was as correlated, if not more, to AIx than G. 
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Introduction 

Scaffold based 3D tumour models are proven to have better in vivo niche mimicking capabilities in comparison 
to traditional 2D culture systems. This is attributed to their tunable mechanical properties, ability to provide 
structural integrity along with better cell- cell and cell-ECM interactions as well as the feasibility of incorporating 
multiple cell types in specific spatial orientation [1]. Such a system can also be easily incorporated within 
perfusion bioreactors enabling dynamic culture.  Our lab has previously reported that poly urethane (PU) based 
scaffolds can be used as a robust 3D structure to develop a pancreatic cancer model using a single cell type 
[2]. However, the tumour microenvironment is heterogeneous in nature and consists of different cell types 
along with matrix proteins, all contributing to tumour formation, cancer metastasis as well as its response and 
resistance to treatment. Hence, recent studies have been focused on the generation of multicellular tumour 
models, primarily in the form of spheroids [3]; however, such spheroid systems have several limitations 
including lack of long term culture, formation of necrotic core and lack of tunable properties. No studies have 
been reported till date for a scaffold-based multicellular model of pancreatic ductal adenocarcinoma which can 
address several of these limitations. The aim of our work is to develop, for the first time, a PU scaffold based, 
multi cellular, robust 3D pancreatic tumour model using pancreatic cancer, stellate and endothelial cells. 

Methods 

PU scaffolds were prepared using Thermal Induced Phase Separation (TIPS) method. Absorption based 
surface modification of scaffolds enabled coating with ECM proteins for enhancement of ECM mimicry [2]. 
Cells were seeded in the scaffolds at a seeding density of 0.5x106 cells/ scaffold for mono cultures and 
0.25x106 cells/scaffold, per cell type for the multi-culture systems. Long term (up to 4 weeks) culture was 
carried out within the scaffolds. Various in situ assays including cell viability, SEM, Confocal Laser Scanning 
Microscopy to map hypoxic gradient and study cell specific markers were carried out at specific time points 
throughout the culture. 

Results & Discussion 

Our data show that long term co culture systems involving cancer cells, stellate cells and endothelial cells were 
feasible on both coated and uncoated PU scaffolds. Growth rate shift was visible based on the coating used, 
highlighting the importance of ECM proteins. A tri-culture system was also attempted within the scaffolds for a 
more niche mimicking in vitro model of pancreatic tumour.   

Conclusion 

Our data show, for the first time, the feasibility of PU scaffolds to support a multicellular tumour growth along 
with the possibility for a robust ECM mimicry. We highlight the development of a robust, long term niche 
mimicking model system for relatively high throughput, personalized study and treatment of pancreatic cancer. 
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Introduction 
Cancerous tumours exhibit dense, leaky and chaotically-formed blood vessel networks. It is these inherently 
unique vascular architectures across patient samples which present a physical barrier to drug delivery1. 
However, no tool exists yet which incorporates whole tumour vasculature to facilitate a deeper understanding 
of how network spatial heterogeneities affect fluid and drug transport in the tumour microenvironment. 

We have developed a novel numerical, image-based framework called REANIMATE (REAlistic Numerical 
Image-based Modelling of biologicAl Tissue substratEs), which incorporates in vivo and ex vivo imaging of 
intact tumours to predict tumour fluid dynamics in silico1. We have applied REANIMATE to an orthotopic 
glioma (GL261) and a colorectal carcinoma (LS147T) to predict the effects of vascular normalization 
therapy2. 

Methods 
Our platform predicts intra- and extra-vascular fluid transport across whole, realistic tumour networks using 
datasets gathered using in vivo and ex vivo biomedical imaging methods1,2. Whole tumour vasculature is 
obtained ex vivo using optical projection tomography, where the spatial architectures are used to 
parameterise the computational model. Baseline flow solutions are parameterised and validated against 
spatial perfusion maps, obtained in vivo using arterial spin-labelling MRI on equivalent samples, to predict 
physiologically-accurate flow solutions. 

Our framework is compartmentalized into two models: 1) vascular blood flow is modelled discretely using a 
flow estimation scheme3; 2) these blood flow solutions are coupled, via a discrete set of point sources of flux, 
to a distributed Green’s function model which simulates the effective fluid transport in the porous interstitium 
under the assumption of Darcy flow. A linear system is formed to solve for source strengths, enabling in silico 
predictions of tumour interstitial fluid pressure (TIFP). 

Results & Discussion 
Vascular normalization therapy was simulated by modifying the hydraulic conductance of the blood vessel 
lumen and oncotic reflection coefficients, in addition to stabilising (constricting) vessels diameters, radially 
from the tumour core to periphery. It was assumed that greater therapeutic efficacy was achieved at the 
tumour surface compared to the core. 

Simulations did not emulate the changes in magnitude of TIFP as observed experimentally4 when compared 
to baseline flow solutions. We next evaluated model parameters to identify those which exhibited a greater 
sensitivity to flow. Interstitial hydraulic conductivity was singularly identified as such a parameter and so was 
combined with the previous normalization method.  

Our model predicted dramatic and contrasting changes in perfusion and TIFP across both tumour cell-lines 
following therapy. GL261 exhibited a uniform increase in TIFP which minimally altered interstitial perfusion. 
However, LS147T formed an elevated TIFP gradient which resulted in significant increases in TIFP and 
interstitial perfusion emanating from the tumour core. 

Conclusion 
Our results suggest vascular normalization may also manipulate the tumour interstitial hydraulic conductivity, 
in addition to the lumen permeability to fluid transport and vessel stabilisation. However, the response to 
therapy is highly-dependent on tumour vascular architecture. Further, normalization therapies should seek to 
induce a TIFP gradient to increase perfusion and not reduce TIFP uniformly across a tumour. 
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Introduction 

Neuroblastoma is an aggressive paediatric cancer of the sympathetic nervous system1. Nearly ten new 
cases are reported annually in Ireland, 100 in the UK and 800 in the US. Current therapies are not effective
in the long term for almost 80% of patients with the clinically aggressive high-risk disease.

The accurate representation of the tumour architecture and patient diversity are two primary challenges in
the identification of new agents for paediatric drug development particularly with the limited number of
patients eligible for clinical trials. The main challenge in treating neuroblastoma is to combat tumour
metastasis and resistance to multiple chemotherapeutic drugs.

We aimed to bridge the gap between conventional 2D culture and in vivo tumours for neuroblastoma by
developing a 3D neuroblastoma tissue-engineered platform and exploring its therapeutic relevance to
genotoxic and targeted drugs.

Methods 
Chemotherapeutic sensitive Kelly and resistant KellyCis83 neuroblastoma cell lines2 were cultured in a 3D in
vitro model on collagen-based scaffolds containing either glycosaminoglycan (Coll-GAG) or
nanohydroxyapatite (Coll-nHA) and compared to 2D cell culture and an orthotopic murine model3. The model 
was characterised by cell proliferation (DNA content) and viability, secretion of Chromogranin A (CgA) and
fluorescent microscopy (DAPI). Chemosensitivity to cisplatin treatment was assessed in all tested models.

Results & Discussion 
Neuroblastoma cell lines actively infiltrated and proliferated over the 21 day timeframe and exhibited
physiological activity by secreting CgA demonstrating the correlation between cell numbers and
concentration of CgA. Both cell lines responded to cisplatin, a cytotoxic drug commonly used in
neuroblastoma treatment, displaying > 100-fold increased resistance to cisplatin treatment when compared
to 2D cultures, exhibiting chemosensitivity similar to orthotopic xenograft in vivo models. The data is in
agreement with previous studies reporting a significant increase in cancer cell resistance to chemotherapy
when grown in 3D when compared to their 2D monolayer counterparts in various cancer types. The efficacy
of cellular uptake and gene knockdown by liposomes bearing miR-324-5p was similar in both 2D and 3D in 
vitro culturing models highlighting the proof-of-principle for the applicability of this model for validation of
miRNA function.

Conclusion 
We successfully established and characterised a physiologically relevant, scaffold-based 3D neuroblastoma
model, strongly supporting its potential value in the evaluation of chemotherapeutic and miRNA-based drugs
and investigation of neuroblastoma biology.
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Introduction 
The resolution of standard optical microscope is diffraction-limited to ~250nm. Although fluorescence based
single-molecule-localisation-microscopies (e.g. PALM, STORM, STED etc.) can better this, the limits are still
10’s nm. Also, the need for fluorescing labels means the image is at best a pointillist phantom of the original
bio-material, and limits the applicability to so-called “discovery” applications. The alternative, Electron 
microscopy (EM), requires complex, disruptive and time-consuming sample preparation in order to generate
electron contrast and to render the sample electrically conducting and vacuum compatible.

Here we describe a method that allows a solid state physicists’ probe-based technique, so-called s-SNOM, to
be used with biological material for the first time ever. By coupling the s-SNOM technology with a range of new
tunable laser sources we demonstrate the ability to generate chemical maps of cell sections at ~2.3 nm
resolution. This is ~ 100x better than conventional microscopy, and comes at  ~ 1/100th of the time, effort and
cost of EM. The resultant “Mid-infrared Chemical Nano-imaging” (MICHNI) technology2 promises to completely
transform the life sciences. It will make images of intracellular “ultrastructure” (i.e. organelles, nuclear 
substructures etc,) and viruses routinely and cheaply available, with widespread applications in pathology,
pharma, immunology and cancer, among many others.

Methods 
A culture of RPMI-8226 myeloma cells was dosed with the anti-cancer drug Bortezomib (BTZ), spun down,
FFPE embedded and sectioned in a manner similar to that used for standard H+E biopsy processing. The
sections were mounted on glass slides, dewaxed, and imaged with a novel “scattering-type scanning near-
field optical microscope” (s-SNOM) that uses a sharp conducting probe to focus light to give a spatial resolution
of , in this instance ~2.3nm. Uniquely, the s-SNOM was equipped with quantum cascade lasers (QCL’s) that 
could be tuned (5 µm < λ < 12µm) through the B-C absorption peak of the BTZ, allowing us to image its binding
sites.

Results & Discussion 
The s-SNOM images contained a breath-taking wealth of “ultrastructure “ intracellular morphological
information that has never before been seen optically. Regions of elevated BZT concentration were clearly
isolated and had absorption spectra that matched those of BZT test reference samples.

Conclusion 
We demonstrate that s-SNOM can be used to obtain <2.5nm resolution optical images of single cells. The
sample preparation is quick cheap and simple (compared with EM). We believe the MICHNI technique will find
wide application across the whole of life sciences.
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Introduction 
Lipid shelled vesicles (liposomes) are widely used in the field of drug delivery. They have been often utilised 
as carriers for delivering chemotherapeutics to cancerous tissue, in order to increase the local drug 
concentration.1 Co-encapsulation of hydrophobic and hydrophilic drugs in liposomes has been proposed as a 
powerful means to enhance therapeutic efficacy. The present study instead focuses on dual encapsulation of 
drugs and biologically-active nanoparticles, as a novel drug delivery approach.2 We demonstrated production 
of nanoscale liposomes co-encapsulating silver nanoparticles (SNPs) and rhodamine (rho) as a model drug, 
using both batch and microfluidics based techniques. 

Methods 
1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and cholesterol were mixed at a molar ratio of 7:3 in 
ethanol (EtOH). The volume ratio between the lipid solution and the nanoparticle suspension in water was 1:10 
for the batch production; the mixture was mixed by stirring for 10 minutes on a hot plate, to form liposomes. A 
microfluidic reactor (Fig. 1-A) was also employed, where the lipid and nanoparticle suspensions were mixed 
through a serpentine shaped reaction channel. The device was operated at a total flow rate of 1 ml/min and a 
flow rate ratio (aqueous/organic) of 10. The resultant suspensions were centrifuged at 80000g and the 
supernatants were collected. The percentage encapsulation efficiency was calculated based on the 
measurement of UV-Vis absorbance of the samples (Eq.1). Samples were also imaged by TEM (Fig. 1-C).  

. 1							
total amount of material – amount of material in the supernatant

total amount of material x	100% 

Results & Discussion 
Microfluidics based production has indicated higher encapsulation of nanoparticles along with lower 
encapsulation of rho comparing to the batch production (Fig. 1-B). Higher amount of SNP encapsulation and 
relatively lower amount of rho encapsulation can be related with the size of materials which leads SNPs to stay 
inside the liposomes and rho to be able to pass out from the liposomes. 

Figure 1 - A) Photograph of the microfluidic reactor;  length of mixing channel: 60mm, with dimensions of 
1.0mmx1.0mm. B) encapsulation efficiency of SNPs and rhodamine, for both production methods; and C) TEM 
image of a liposome encapsulating SNPs. 

Conclusion 
Liposomes co-encapsulating SNPs and rhodamine have been produced via batch and microfluidics based 
methods, demonstrating a rapid and cost-effective route to produce co-loaded drug delivery vehicles.  
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Introduction 
The assessment of risk of vertebral fracture in patients with lytic metastases is currently based on the Spinal 
Instability Neoplastic Score (SINS), which however in many cases does not provide clear guidelines [1]. The 
goal of this study was to develop a subject-specific finite element approach to evaluate the biomechanical 
stability of vertebrae with lytic lesions.  

Methods 
The biomechanical assessment of the vertebrae of eight patients suffering of lytic metastases with SINS 
between 7 and 12 (indeterminate instability) was performed.  Subject specific FE models of the vertebrae 
with lytic lesions and adjacent controls were generated from the computed tomography images 
(0.6x0.6x0.6mm voxel size [2]) of the thoracolumbar spine of each patient. Metastatic vertebrae (N=12) and 
controls (N=18) were modeled. Bone was modeled as heterogeneous, isotropic, nonlinear material and each 
vertebra was meshed with 10-nodes tetrahedrons (maximum side length equal to 1 mm). Each vertebra was 
virtually tested in compression and the failure load was defined as the load at 1.9% apparent deformation. 
Bone mineral density (BMD) and ultimate stress (vertebral strength, σu) were computed for each vertebra.  

Results & Discussion 
Vertebral strength ranged between 1.4 MPa and 7.2 MPa (4.5±1.6 MPa for vertebrae with lytic lesions, 
4.6±1.3 MPa for control vertebrae).  Similar average values of BMD and σu were found for vertebrae with or 
without lesions (p>0.56). Predicted ultimate stress (strength) correlated well with BMD for pooled or 
separated data (R2=0.83-0.86) (Figure1). No significant correlations were found between the SINS values 
and the ultimate stress (p-value = 0.121) (Figure1). 

Figure 1: Typical stress strain curves from a patient with lesions in L3 and L4 (left); Correlation between computed BMD 
(centre) or SINS (right, only for vertebrae with lesions) and the predicted vertebral strength. 

Only in four patients the vertebrae with lytic lesions were found to be mechanically weaker (-19% to -75% 
difference for ultimate stress) than the controls, whereas in the other cases the vertebrae with the lesions 
were found to be stronger (8% to 88% difference for ultimate stress) than the adjacent control vertebrae. 

Conclusion 
We have presented an approach that can be used in combination with the SINS for a better classification of 
patients with vertebrae weakened by lytic lesions 
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Introduction
Children born with hypoplastic left heart syndrome (HLHS) require complex surgery of the heart and vessels 
just after birth to ensure survival. As part of the first surgical intervention, it is often necessary to add a piece 
of tissue (patch) in order to enlarge and reconstruct the aorta which in these patients is too small to be 
otherwise compatible with life [1,2]. Such major reconstruction often involves complications that require 
regular follow-up of the patient and life-long support, with problems related specifically to the patch itself. In 
this study we aim to assess the shape, size and mechanical properties of the patch by means of in-silico 
tools.  

Methods 
The present work is based on retrospective patient data collected before the first surgical repair when the 
patient is only few days of age. Patient-specific geometry was generated and extracted through an image 
segmentation process. Afterwards virtual reconstruction and positioning of the patch on the innominate 
native aorta was made using specialized computer visualization tools under the direct supervision of a 
cardiac surgeon. 

Following this step of aortic wall reconstruction, a statistical shape model is used on the newly created post-
surgery configurations to generate an average shape from a cohort of six geometries (Figure 1). The 
average model comprises 2 distinct parts: one for the patch and one for the native tissue. Finally, a blood 
flow domain is created within the wall structures of the patch and native tissue. The influence of the patch on 
the local haemodynamics is studied in silico via a fluid-structure interaction simulation formerly validated 
against experimental data. Physiological flow boundary conditions are imposed in the region of interest 
where appropriate.  

Results & Discussion
We developed a computer model that allows us to generate a representative patch from a group of six patient-
specific geometries and study its characteristics using a high-fidelity multiphysics model. Early fluid structure 
simulation results have demonstrated a strong influence of the material properties mismatch between the patch 
and the native aortic tissue on local haemodynamics of HLHS patient aorta. We present data that support this 
hypothesis and discuss potential paths to obtain an improved patch design. 

Conclusion 
Patient-specific modelling of aortic patch has the potential to improve the overall quality of surgical 
procedures in HLHS patients. Statistical shape modelling in combination with fluid-structure interaction 
analysis preserves the essential geometric features of a set of patient morphologies and allows us to obtain 
previously inaccessible insight into the patch mechanics. 
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Introduction 
Precocious cervical ripening is associated with spontaneous preterm birth (SPTB) and leads globally to peri- 
and neonatal mortality and morbidity [1, 2]. A promising preventive treatment for SPTB is the Arabin® cerclage 
pessary [3], which was introduced in 2003 as a less invasive solution compared to vaginal progesterone and 
cervical cerclage [4]. Nevertheless, the in-situ biomechanics of the Arabin® pessary, arising from the 
interaction of the device with the cervix and the upper cervico-vaginal space, are poorly understood [5]. Finite 
Element Analysis (FEA) might be a valuable tool in gaining a deeper understanding to improve the effective 
positioning of the Arabin® pessary. The objective of this study is to set up a preliminary modelling framework 
to study the mechanical effect of the Arabin® pessary on supporting the cervix. 

Methods 
MRI data (provided by Cannie et al. [6]) was used to obtain a 3D model of a patient-specific geometry of the 
uterus and the cervix, using ITK-snap1. Dr. Arabin GmbH & Co. KG provided the 3D model of the Arabin® 
pessary used in the study by Cannie et al. [6]. Finite element (FE) meshes were generated for both patient 
geometry and pessary using ANSYS ICEM 16.1, with a maximum element size of 3 mm and 1.5 mm for the 
patient and the pessary models, respectively. The simulations were conducted in ANSYS APDL 16.1. 
Properties of medical grade silicone (linear isotropic elastic material) were chosen for the pessary, with 
Young’s Modulus of 25.5MPa and Poisson’s ratio of 0.48. A Neo-Hookean hyperelastic material model was 
chosen to mimic the cervix tissue, with a shear modulus of 1.3kPa, based on parameters reported by Badir et 
al. [7]. Rigid contact between pessary and cervix was simulated and fixed displacement boundary conditions 
were defined in all directions at the bottom of the cervix and in the x-, y-direction at the top of the uterus. A 
pressure value of 1.3kPa was applied at the nodes corresponding to the area surrounding the internal os to 
reproduce the intrauterine pressure (IUP) [5] at 26 weeks of gestation [8]. This IUP was applied to a FE model 
(FEM) without the pessary too. 

Results & Discussion 
The 1st and 3rd principal elastic strain values were evaluated across 
the FEMs with and without the pessary. The IUP in the FEM without 
pessary resulted in a maximum 1st and 3rd principal strains of 52% and 
33%, respectively, at the level of the internal os. Whereas in the FEM 
with pessary (Figure 1), the maximum 1st and 3rd principal strain values 
were 25% and 22%, respectively. The results suggested that the 
pessary indeed provides mechanical support to the cervix, aiding its 
mechanical closure, by decreasing the amount of stretch experienced 
at the level of the internal os.  

Conclusion 
Our model is supposed to elucidate the mechanism of the cervical pessary and help to improve teaching quality 
and information of patients, which together might contribute to a more effective use of the device in future. 
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Figure 1: FEM of the interaction between 
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Introduction 
In clinical trials of new interventions, the risk to humans can be reduced partially by using in silico models
(virtual patients) [1]. Compared to Dual-energy X-ray Absorptiometry based areal Bone Mineral Density (DXA-
aBMD), Quantitative Computed Tomography based Subject-Specific Finite-Element (QCT-SSFE) derived 
minimum femur strength under side-fall loading (MinPatS) contains additional influences from femur shape, 
size and volumetric bone mineral density (vBMD). However, compared to aBMD the distribution of MinPatS in 
patient populations is poorly characterised [2]. This study attempts to develop a method for obtaining the 
distribution of MinPatS in virtual patient populations based on the DXA-aBMD distribution in that population. 

Methods 
At any location of the proximal femur vBMD is assumed to vary linearly with DXA-aBMD of the femoral neck. 
It is assumed that the slope of the linear relationship depends on the local “bone tissue type” – zero for marrow 
(M), mT for trabecular (T) and mC for cortical (C) – but is “universal” (i.e. fixed over the population). “Bone tissue 
type” is determined by “universal” vBMD thresholds: vBMD ≤ τMT implies M-type, vBMD > τTC implies C-type,
and T-type otherwise. A physical patient population comprising 98 post-menopausal British women was 
recruited to receive proximal femur CT scans and DXA scans [3]. CT data were discretised into 3 mm 
tetrahedral meshes obtained by morphing a template mesh to all patients’ geometries based on the femur 
anatomical landmarks [4]. Differences at anatomically-similar locations in the morphed mesh between 
measured vBMD values and vBMD values predicted using the above model were minimized (in a least-squares 
sense) by modifying model parameters. For each physical patient, 10 virtual patients were created spanning 
aBMD values in the range observed in the physical population but with identical femur size and shape. The 
optimized model parameter set was used to modify vBMD values element-wise in each virtual patient starting 
with the vBMD values in the physical subject. MinPatS was computed for virtual patients using the side-fall 
strength model developed in [5] and compared with physical patients results.  

Results & Discussion 
The parameter set mT = 0.72 (g.cm–3)/(g.cm–2), mC = 0.17 cm–1, τMT =
0.16 g.cm–3 and τTC = 0.88 g.cm–3 produced the smallest root-mean-
squared-error of predicted vBMD = 0.064 g.cm–3. The slopes 
corresponding to the different tissue types were significantly different 
and in agreement with results in literature [6]. Yet, initial results 
suggest that variation in MinPatS is explained entirely by variation in 
aBMD alone for fixed bone shape and size. On the other hand, critical 
fall orientation, failure type and failure location were identical for all 
virtual patients generated from the same physical patient, which 
suggests that these are independent of aBMD.   

Conclusion 
The virtual population modelling framework developed here can be 
used to predict efficacy of hip fracture risk reduction interventions with 
the advantage of including the influence of bone size and shape.   
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Figure 1 The distribution of MinPatS of 
Patient004 and virtual patients in terms of 
varying loading orientations.
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Introduction 
Deformation is a critical parameter in determining material properties of soft musculoskeletal tissues such as 
ligaments and tendon. To accurately measure ex vivo deformation of an anatomically complex structure such 
as anterior cruciate ligament, a non-conventional technique is required. Digital image correlation (DIC) is an 
optical method that can accurately measure surface deformation of soft biological tissue without any contact 
between the tissue and the loading equipment [1]. To account for the complex anatomical structure of anterior 
cruciate ligaments, a three-dimensional and multi-camera DIC system can be adopted [2,3]. For the first time, 
this study aims to develop and employ a combination of inverse finite element (FE) analysis and a full-field 
(360° view) three-dimensional digital image correlation to determine stress-strain behaviour across the surface 
of anterior cruciate ligaments. 

Methods 
Five anterior cruciate ligaments were collected from 
canine cadavers. Approximately 10mm of femur 
and tibia bone sections were left connected to the 
ligaments to form a femur-ligament-tibia complex, 
allowing for the measurement of end-to-end 
ligament deformation as well as for better grips 
when clamping the sample. 
Samples were secured inside a tensile testing 
machine with a 10N load-cell capacity and they 
were sprayed with matt black colour paint to create 
speckle patterns on their surface. A preload of 0.1N 
was applied and the samples were preconditioned 
by performing five loading-unloading cycles to a 
maximum load of 9.9N at strain rate of 10%/min. Subsequently, a tensile load of 9.9N was applied at 1%/min 
strain rate, during this time deformation pictures were taken using a full-field 3D DIC setup. 
The full-field 3D DIC setup consists of six digital SLR cameras, obtaining 5184 x 3456 pixels per image. 
Adjacent cameras were paired generating three camera pairs in total (i.e. the first pair consisted of cameras 1 
and 2) (Figure 1). Each camera pair was positioned 25⁰ to the adjacent one to obtain the desired stereo vision 
output. The DIC system was calibrated twice; firstly, between the adjacent cameras following Dantec 
Dynamic’s established procedure, and secondly between the camera pairs following an in-house developed 
iterative method.  

Results & Discussion 
FE models were generated from the DIC images which were then utilised with particle swarm optimisation 
process for the inverse analysis study [4]. The inverse analysis was designed to predict the hyperelastic 
material parameters of the ligament based on the best possible match between applied load and displacement 
results as obtained experimentally and predicted numerically. The optimisation tool was monitoring the 
minimisation process of RMS values between the experimental and numerical displacement at a point on the 
middle region of the ligament. The RMS was calculated as percentages of the final deformation at a point 
across the surface of the ligament and it reached an RMS of approximately <1.5% by the 50th iteration.  

Conclusion 
In this study, we developed and validated a digital image correlation system to monitor deformation around the 
sample on three planes (x-y, x-z and y-z). The tissue-level information obtained from the DIC system were 
employed to characterise material properties of the ligament complex through inverse FE analysis. 
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Figure 1: The full-field 3D DIC setup. Steel tank to keep the
samples hydrated during tests.
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Introduction 
Cerebral vasospasm (CVS) is an acute constriction of a cerebral artery which decreases the blood supply to 
the brain and is the leading cause of death for patients who survive hospitalisation following subarachnoid 
haemorrhage. Recently, the use of stent-retrievers to resolve the spasm has challenged the understanding 
of the disease and raised the potential for a shift towards a safer treatment [1]. We apply mathematical 
models of arterial growth and remodelling to gain insight into the underlying processes. 

Methods 
We model the arterial wall as a nonlinear elastic cylindrical membrane using a constrained mixture approach 
that explicitly accounts for load bearing, remodelling and damage of individual constituents [2]. Constituents 
are configured within the tissue in a preferred stretch to achieve optimum mechanical response about the 
homeostatic configuration. We account for collagen attachment stretch distributions and their remodelling [3] 
as well as the passive and active response of VSMCs with remodelling. In addition, we integrate our model [2] 
into a finite element framework that describes the anisotropic growth of a fibre-reinforced soft tissue [4]. We 
hypothesize that CVS is driven by VSMCs’ remodelling about the new configuration and stiffening, and that 
treatment is successful when VSMCs are stretched beyond a failure threshold (Fig. 1). 

Results & Discussion 
The model describes the mechanical response of an artery in health, vasospasm and following damage of 
VSMCs. It predicts the magnitude of pressure necessary to treat the spasm and allows us to determine whether 
stents would be successful, based on experimental measurements of the force they exert. The model predicts 
that stent-retrievers are generally successful in smaller arteries (<3mm) but fail in the larger ones. However, 
the pressure necessary is about an order of magnitude smaller than balloon angioplasty. 

Conclusion 
The model presented tests a novel hypothesis on the 
pathophysiology of vasospasm and predicts what 
magnitude of pressure is sufficient to resolve it. The 
predictions are consistent with clinical observations [1] and 
support the use of stent-retrievers in some cases instead 
of balloon angioplasty, with significant clinical benefits. 
The result that a much lower pressure than balloon 
angioplasty is sufficient to resolve CVS promotes the 
design of new stents that would be successful in larger 
arteries, allowing a safer treatment option. 
More generally, the sophistication of the FE anisotropic 
growth model [4] to incorporate representation of collagen 
undulation distribution and VSMC active response has 
broader application to modelling other soft-tissue diseases; 
examples are discussed. 
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Figure 1: Pressure-diameter curve (solid) for a 
vasospastic cerebral artery. The dilatation threshold 
corresponds to VSMC stretch equal to 1.8 (failure). 
Comparison of efficacy of two stents: Solitaire would 
be successful in treating CVS, while Trevo would 
reach a new mechanical equilibrium before VSMC 
damage (point E). 
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Introduction 
3D scaffolds are crucial for tissue engineering, as they serve as an adhesive substrate for the implanted cells 
and also provide physical support to guide the formation of the new tissues or organs1. 3D nanostructures 
resemble the native 3D fibrous structure of the natural extracellular matrix, provide contact guidance for cells 
and are capable of inducing vasculogenesis among the assorted tissue layers. 3D bioprinting and other 
approaches for the fabrication of 3D structures lead to scaffolds with low porosities, and poor pore distribution, 
resulting in structures, which are not applicable for tissue engineering. Furthermore, bio-printed products have 
been limited in diameter to the micro-scale, causing problems to the development of microvasculature, which 
is of vital importance for the maturation of the multicellular-tissue construct. Our newly developed technique, 
3D electrospinning, can provide a spatially-distributed interconnected pore structure that is essential for tissue 
ingrowth, vascularization, and diffusion of nutrients, due to its facile control of porosity, fibre size, and 
morphology.  

Methods 

Electrospinning is one of the most conventional methods used in tissue engineering, due to its ease of use, 
cost-effectiveness and speed. It uses high voltage to form and expand fibres out of a viscous polymer solution. 
Our recently developed new nanoprinting technique merges conventional 3D printing with electrospinning2. 
3D/4D electrospinning technology is capable of assembling macroscopic 3D (smart) objects consisting of 
nanofibers hundred times faster than conventional 3D printing technologies. 4D printing can be defined as 3D 
printing objects that can change their shape over time, or in response to an environmental stimulus3. Such 
shape-changing objects can respond to changing parameters, like heat, light, electricity, moisture, pH, and 
can be used in soft robotic systems, smart textiles, drug delivery or biomedical devices. 

Results & Discussion 

In general, electrospinning process produces flat (2D) mats, however, when certain additives are incorporated 
in the electrospinning solution, macroscopic 3D nanofibrous structures can be obtained4. Our results with 
polystyrene imply that the polarization and electrostatic induction of the deposited fibres are the keys to forming 
3D structures with nano-fibres. The fibres at the top of the layer have the same charge as the incoming fibres, 
thus they repel each other during the 3D build-up and fabricate a non-compact ‘spongy’ structure (Figure 1a). 
We have identified possible ways by using the 3D electrospinning apparatus to make a ‘smart’ 4D material 
that can change its shape upon temperature, pH change or electric current (Figure 1b). This opens up new 
possibilities for the biofabrication of smart nanomaterials. 

Figure 1. a) 3D electrospun flower-like polystyrene structure. b) 4D electrospun material changing shape 
upon temperature or pH change. 

Conclusion 
3D structures are advantageous for generating tissues for wound healing, artificial tissue/bone/ligament and 
drug development. 3D electrospinning can potentially form realistic models of tissues and organs mimicking 
the corresponding organisms at a high level. The full potential of 4D printing technology will be achieved when 
nanoscale manipulation and programming during the production process is possible. 
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Introduction 

Angiogenesis is the formation of new blood vessels from existing vasculature, and it is a complex process 
involving the relationship of endothelial cells (ECs) with their extracellular environment. There are several 
factors which regulate angiogenesis. They include but not limited to growth factors, flow, and the surrounding 
environment. Current in vitro angiogenesis assays mostly focus on proliferation, migration, and differentiation 
of ECs in 2D. While these systems provide a general understanding of potential angiogenic factors such as 
drugs, flow, and cell-cell interactions, they do not fully represent the 3D native environment of the blood 
vessels. Accordingly, we developed a dynamic 3D in vitro angiogenesis model to study the basic features of 
angiogenesis such as drugs, flow, and cell-cell interactions. 

Methods 

The bilayer scaffolds were fabricated via combining electrospinning and emulsion templating. PHBV tubes 
were electrospun using a hexagonal key attached to a rotator. A photocurable PCL was synthesised, and the 
PCL PolyHIPE tubes were manufactured via emulsion templating. Both tubes were then combined by inserting 
one to another (Figure 1A and 1B). Human aortic endothelial cells (HAECs) were seeded into the electrospun 
layer to create an endothelium layer while the outer PCL PolyHIPE tube provided a highly porous and 
interconnected environment for HAECs to outgrow. A rotational seeding method was used to increase seeding 
efficiency and cell distribution homogeneity. A basic flow chamber was designed and fabricated via 3D printing 
(Figure 1C), and using the developed angiogenesis model, we tested the effect of different shear stresses 
either in the presence or absence of two angiogenic drugs (2-deoxy-D-ribose and VEGF) for their potential to 
promote outgrowth of HAECs from the endothelium formed on the surface of the inner tube to the outer 
PolyHIPE layer. The effect of the presence of bone cells on angiogenesis is currently being investigated. 

Figure 1. (A - B) SEM images showing the microstructure of the bilayer tube in different magnifications. (C) The bioreactor setup for flow 
experiments 

Results & Discussion 

The results of the flow experiments demonstrated that cells were capable of outgrowing when low shear stress 
applied (1-2 dyn/cm2). No outgrowth was observed in the static culture (no flow) conditions. The presence of 
angiogenic factors further promoted HAEC outgrowth to PolyHIPE layer with an increased outgrowth distance. 

Conclusion 
A novel 3D angiogenesis model is successfully developed, and the stimulatory effect of drugs and flow on 
HAECs outgrowth have been demonstrated. We concluded that the developed model has a great potential to 
be used in the evaluation of angiogenesis in vitro. 
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Introduction 
In the UK, there is currently a high medical need for human nerve allografts to treat peripheral nerve 
regeneration occurring after traumatic injuries. The implantation of an autologous nerve graft, or an imported 
allograft from the US, both present limitations and a high NHS cost. We aimed to develop a new nerve 
allograft by decellularising human femoral nerves from deceased donors in the UK, while validating a new 
closed-system for processing tissue to meet GMP requirements in national tissue banking.  

Methods 
Twelve femoral bundles were retrieved from 6 independent donors within 48 hrs of death (age range: 20-66 
years old; 1:1 male to female), and 25-30 cm long native nerves were dissected out. One nerve segment 
(min 6 – max 25 cm) from each donor was decellularised by a series of hypotonic, mild detergent, nuclease 
and hypertonic steps over a total of 5 days at 37-42°C in a closed system bag (CryoMACS). Histological 
analyses were performed on native versus decellularised nerve biopsies and included: Van Gieson, Sirius 
Red, DAPI, Fluoromyelin® and immunohistochemical staining. The absolute amount of residual double 
stranded DNA was measured by a PicoGreen assay on dried tissue. Biomechanical testing was performed 
by using a uniaxial pull-to-break assay on a Lloyds universal tester (100N load cell).     

Results & Discussion 
Human femoral nerves were successfully decellularised, with minimal residual DNA (mean ± SD: 2.44 ng/mg 
± 1.62; p < 0.001) below the acceptable limit of 50 ng/mg of dry tissue. Histology investigation revealed that 
nerve fascicle architecture has been preserved during decellularisation. Biomechanical properties of the 
nerve were not significantly affected (mean load at failure ± SD: 9.32N ± 8.7 vs 12.2N ± 7 in native vs 
decellularised nerves; p>0.05).    

Conclusion 
We successfully decellularised human femoral nerves from cadaveric donors in a sterile closed-system. 
Future work will include cytotoxicity tests in vitro and implantation into an animal model of peripheral nerve 
injury to prove safety and efficacy of the new graft. This study will ultimately lead onto a clinical evaluation of 
decellularised human nerves in the UK to repair peripheral nerve injuries.  

Funding and Ethics 
This work was funded by NHS Blood and Transplant and a CASE studentship to GW. Work was performed 
under HTA licences 11018 and 12608. 

134



Automated Assessment of Corneal Limbus and Foveal Blood Vessels with Fully 
Convolutional Networks 

Bryan M. Williams1,2, Hanjie Yao3, Vito Romano2, Dongxu Gao1, Xiyin Wu4,5, Yaochun Shen3, 
Yalin Zheng1,2 

1 Department of Eye and Vision Science, Institute of Ageing and Chronic Disease, University of Liverpool, L7 
8TX, UK. 2 St Paul’s Eye Unit, Royal Liverpool University Hospital, L7 8XP, UK. 3 Department of Electrical 

Engineering and Electronics, university of Liverpool, L69 3GJ, UK. 4 School of Computer Science and 
Engineering, Nanjing University of Science and Technology, 210094, China. 5 Key Laboratory of Intelligent 

Perception and System for High-Dimensional Information of Ministry of Education, Nanjing University of 
Science and Technology, 210094, China. 

Introduction 
The quantitative analysis of blood vessels is important for the management of eye disease. To obtain this 
information, the vessels must be identified and traced by experts so that their structure may be investigated. 
Given the amount of vessels and imperfect imaging, this is a time consuming, labour intensive and 
subjective task with a need for an objective and automatic method. Traditional image processing approaches 
[1] often fail at this task when the image contrast is insufficient which, being due to patient factors, is very
common. The aim of this work is to develop effective automated deep learning vessel segmentation
techniques for blood vessels on the corneal limbus and fovea in fluorescein angiography (FA) images.

Methods 
We adopt a convolutional neural network (CNN) approach due to the impressive speed and results that have 
been demonstrated on many medical imaging and computer vision classification tasks. We propose a vessel 
segmentation method using multi-region probabilistic fully convolutional neural networks (FCNNs) [2]. We 
extract regions of interest from examples of corneal limbus and foveal FA data with a fast high-sensitivity 
approach to obtain a training dataset with corresponding annotated ground-truth data, which gives prediction 
values for each pixel. The trained network was tested on two different problem datasets: corneal limbus 
vessels (14 images); and foveal vessels (15 images). All the images were acquired using the Heidelberg 
HRA2 (Heidelberg Engineering, Heidelberg, Germany). As a final stage in testing, the vessel maps for each 
test image were reconstructed from the testing results. 

Results & Discussion 
We evaluate the performance of the method by comparing predicted segmentation maps with annotated 
ground truths, achieving mean accuracies of 0.936 and 0.925 and area under curves (AUROCs) of 0.939 
and 0.915 for the corneal limbus and foveal datasets respectively, demonstrating the excellent performance 
of the method and robustness of the prediction. Two examples are shown below in the figure. 

(a)                                         (b)                                          (c)                                          (d) 
Figure 1: Illustration of the segmentations (b,d) of corneal limbus (a) and foveal (d) blood vessels. 

Conclusion 
The method proposed here demonstrates excellent ability in the complex task of segmenting blood vessels 
in FA, with potential for accurate results in future modalities, such as optical coherence tomography 
angiography. Reliable automation of this complex task can save considerable amounts of time and improve 
disease management and diagnostic potential, bringing us one step closer to complete, fully automated 
diagnostic systems for conditions such as diabetic retinopathy and corneal neovascularisation. 
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Introduction 
Existing approaches to source reconstructing magneto/electro-encephalographic (M/EEG) signals are 
typically crude in the temporal domain. Rich neural dynamics are, for the most part, neglected by inversion 
algorithms, potentially resulting in sub-optimal reconstruction. Reliable source localisation is imperative for 
presurgical planning and facilitates more complex post-hoc neuroscientific analyses. 

Methods 
We present a novel fully time-varying solution to the inverse problem, built upon a static variational Bayesian 
(VB) approach pioneered by Friston et al. and Wipf and Nagarajan, modelling our solutions as a time-varying 
covariance matrix, 𝑿"~𝑀𝑉𝑁(0, 𝑪+). We regularise the dynamics with a time-varying prior, parameterised by a 
Long-Short-Term Memory Recurrent Neural Network (LSTM RNN). Approximate posterior distributions are 
constructed via a secondary LSTM RNN, which is fed sensor space M/EEG data. Nonlinearities introduced 
by the LSTMs here renders classic VB inference impossible. Consequently, we train all parameters jointly 
using stochastic gradient variational Bayes (SGVB), employing the “Reparameterisation Trick” introduced by 
Kingma and Welling. Static estimates are made for the M/EEG measurement noise and spatial maps. 

Results & Discussion 

Figure 1 shows the successful reconstruction of the (simulated) source space data for one particular 
instance of the algorithm. Ground truth and inferred dipole time-series data are plotted, with validation data 
shown enlarged in the bottom panel. The LSTM prior RNN comprised of a single layer with 12 hidden units, 
whilst inference was achieved with 40 units. The model was trained for 500 training epochs with a learning 
rate of 0.01. For comparison, the mean squared error (MSE) from a stationary beamformer approach is 
shown. We acknowledge this superior performance over a time-invariant beamformer is to be expected in 
simulations, but demonstrates both that the method is working and the potential benefits that could be 
achieved in real data. 

Conclusion 
We have introduced a time-varying probabilistic approach to the inverse problem, where in simulations, we 
have shown excellent reconstruction accuracies, paving the way to applications to real M/EEG data. 
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Introduction 
Using echocardiography during cardiac catheterisation can offer accurate anatomic information in real-time 
without harmful radiation. Current challenges with view identification include high inter- and intra-observer 
variability due to artefacts and a complicated tissue structure. Therefore, the level of skill and the length of 
training for echocardiography are considerable. This aim of this work was to demonstrate the use of a 
convolutional neural network (CNN) to classify trans-oesophageal echocardiography (TOE) images into 10 
standard views during interventional cardiology procedures. This could subsequently be used for training or 
for the development of autonomous systems for TOE. 

Methods 
Clinical TOE data was obtained from 15 patients undergoing cardiac interventional procedures guided using 
TOE. The echocardiograms were processed to remove data overlays resulting in a total of 12,318 images. 
Images were manually categorized into the 10 most-common standard TOE views for use as ground truth 
labels. The data were then used to train a U-Net CNN architecture [1]. 

Results & Discussion 
Our study achieved 83% accuracy for view classification across all the images in the training data. Comparison 
of this value to other pre-existing single spatial network accuracy rates shows that this system currently 
underperforms by approximately 7% [2]. The cross entropy for error was 0.21 and validation accuracy was 
90% (N=10). The network achieved 100% prediction accuracy for images in the views: descending aorta long-
axis, descending aorta short-axis, mid-oesophageal 5 chamber view (ME5CV) or trans gastric basal short-
axis. These data suggest that images taken of the descending aorta and the trans-gastric plane are most 
accurate. Catheter procedures that implement these views would benefit most from this system at present. 
The worst prediction rate was for mid-oesophageal atrioventricular long-axis (40%). Although the prediction 
rate for ME5CV was 100%, it was 49% for mid-oesophageal 4 chamber view despite capturing similar 
structures. 

Conclusion 
The classification accuracy obtained in this study does not yet contest published work. However, methods for 
improvement will be implemented. Namely, introducing an expert rater’s data into the training and applying 
two-strand networks. Within deep learning, other approaches such as unsupervised or active learning for trans-
oesophageal echocardiography datasets are yet to be published but theoretically show promise. We believe 
that if machine accuracy can overtake human accuracy, there is a large scope for application in interventional 
cardiology 
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Introduction 
Alzheimer’s Disease (AD) is a debilitating chronic neurodegenerative condition affecting 10% of people aged 
65 and older and the 6th leading cause of death in the US. No effective treatments have been discovered so 
far, due in part to irreversible reduction of brain matter having already occurred by the time of diagnosis. 
While prior research has achieved AD diagnosis with some measure of success, it provides extremely limited 
capabilities in terms of AD prediction [1]. Forecasting AD several years before its onset would allow timely 
interventions and enable clinical studies into the efficacy of pre-onset treatments. We present a new deep 
learning model capable of the forecasting AD earlier and with higher accuracy than previously possible. 

Methods 
The Alzheimer's Disease Neuroimaging 
Initiative (ADNI) [2] dataset contains clinical 
information and biomarkers from 2104 patients 
during visits that occur every 6 months 
spanning over five years. The dataset contains 
1907 metrics recorded from the patient during 
each visit although it is common for many 
entries to be missing, and the patterns of 
missingness to be inconsistent across patients. 
Out of these, we used 697 features as follows: 
692 volumetric measures taken from the segmentation of MRI scans, 4 cognitive test scores, and 3 
demographic features. Our network generates a sequence of latent representations of the patient status 
across the time horizon, providing more informative modelling of the temporal relationships between the 
patient’s history and future visits. We shuffled the data and performed an 80/20 split across 1652 patients. 
To address the class imbalance within our dataset, we used a weighted Cross Entropy Loss based on the 
class proportions. We also augmented the data by subsampling from the patient trajectories. 

Results & Discussion 
We compare the performance of our proposed model against a 
reimplementation of the current state-of-the-art forecasting model 
based on a Recurrent Neural Network (RNN) [3]. The task is to 
predict the subjects’ health status - normal (N), mild cognitive 
impairment (MCI), Alzheimer’s Disease (AD) – at a point in the 
future based on the available data from all previous visits. The 
baseline model concatenates the intended time horizon to the 
hidden layer output of the RNN. Table 1 summarizes the 
performance, with our model improving on the state-of-the-art F1 
score for AD forecasting 18 months and 24 months in advance 
by 17.6% and 9.2%, respectively. While forecasting the health status 30 months was previously unreliable, 
by any measure, our method achieves an F1 score, precision and recall of above 0.6. 

Conclusion 
We present a novel approach for the prediction of Alzheimer’s Disease from multimodal longitudinal data, 
and show that it is possible to detect it, 24-30 months in advance, from fMRIs and standard patient 
information. We also observed that, as the number of visits used for prediction increases, our model attains 
consistently better F1 scores across all time horizons when compared to the state-of-the art. 
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Figure 1. Proposed model for AD forecasting.

Table 1. F1 scores of the state-of-the 
art model and our proposed model on 
health status (N/MCI/AD) prediction. 

Interval 
(months) 

F1 
Baseline 

F1 
Proposed 

6 0.7494 0.7957
12 0.5995 0.7442
18 0.5468 0.6433
24 0.5741 0.6273
30 0.5412 0.615
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Introduction 
Fractional flow reserve (FFR) is recognised as the gold standard in clinical diagnosis of the severity and 
functional significance of a coronary artery stenosis. However due to the invasive nature of the clinical 
procedure, non-invasive techniques have been developed that involve the processing and segmentation of 
clinical images of the patient coronary network, and then methods from computational fluid dynamics (CFD) 
are applied to determine the FFR. Of interest in this work is the utilisation of Machine learning (ML) 
techniques in order to facilitate and in some cases replace segmentation and CFD techniques in order to 
improve both the speed and accuracy of model predicted FFR. 

Methods 
In order to work towards this goal an ML model, based on a 2-tiered deep learning algorithm, is compared 
with the equivalent 1D model-predicted FFR. A virtual patient data base of 18,000 patients was created, with 
75 % used to train the ML model and 25 % used as a test set. 

Results & Discussion 
A linear correlation coefficient of 0.99, a p-value of 0 and a mean absolute difference of 0.003, which is 
shown in Figure 1, the ML model achieves excellent agreement with the 1D model for the virtual population. 

Conclusion 

The results indicate that there is a potential for machine learning models to enhance or even replace existing 
physics-based modelling for the estimation of non-invasive fractional flow reserve. The virtual patient data 
base is based on idealised, population averaged geometry and hence in the future the ML algorithm will 
need to be trained and tested using clinical FFR measurement data. 
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Figure 1: Comparison of Machine Learning Model against 1D Model for idealised patient coronary networks 
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Introduction 
About 60 million people in the world are afflicted with Epilepsy and out of which, one-third have recurrent 
disruptive seizures that are resistant to anticonvulsant drugs and resective surgery. Intracranial 
Electroencephalography (iEEG) captures the neural activity in the brain and is used in identifying seizure 
states by correlating the signal with common epileptiform iEEG patterns. Using this method to classify inter-
ictal and pre-ictal states is challenging as the task is patient-specific and temporally dynamic in nature. 
Seizure precursors usually wax and wane in attempts to ignite a clinical event, but the forces both driving 
and suppressing seizure generation remain hidden. This transition could be a gradual change or a cascade 
of changes in dynamics, which could in theory be detected and could be more likely in focal 
epilepsies(Mormann, et al) which is the case, with the subject in this study. The goal is to come up with an 
ensemble of statistical methods and recurrent neural networks that predict the onset of seizure an hour 
beforehand allowing early medical intervention. 

Methods 
The data used in this study has been collected during the NeuroVista trial (2013), which recorded intracranial 
EEG on the cortical surface through two silicon implantable lead assemblies, each with eight platinum iridium 
contacts distributed across two electrode arrays. The 16 channels of intracranial EEGs was acquired at 400 
Hz and wirelessly transmitted to an external, hand-held personal advisory device. The data-clips were 
recorded over a period of 3 years. Each data-clip is 10 minutes long in duration. The raw data is passed 
through a Butterworth filter(5th order with 0.1-180 Hz cut-off) and is truncated into non-overlapping windows 
of 30s duration. A combination of arithmetic mean of individual window analysis is used to aggregate them 
into a single probability score for each 10-minute segment. The dataset has a total of 559 recordings (231 
pre-ictal and 328 inter-ictal). 
The state-of-the-art seizure localization and prediction involves analyzing the High Frequency Oscillations 
(HFOs,greater than 2kHz), statistical moments of the time series, frequency domain properties and features 
obtained by state space representation of EEG signals motivated by linear dynamical systems. But the signal 
analysis in this work is constrained by the 400Hz sampled data and so the spectral power in 6 physiologically 
relevant frequency bands are considered. These bands are delta (δ : 0.5-4 Hz), theta (θ : 4-8 Hz), alpha (α : 
8-12 Hz), beta (β : 12-30 Hz) and gamma (γ: 30-100 Hz). In addition to these extracted spectral features, we
include temporal features like time auto-correlation features to train the kNN-classifiers and eXtreme
Gradient Boosting models. Gradient boosting is an ensemble modeling approach where new models are
created that predict the residuals or errors of prior models and then added together to make the final
prediction.These classifiers and regression models perform by transforming the data into a new lower-
dimensional space and then by optimizing the parameters to have a minimum misclassification error. In
addition, Long Short Term Memory network, a widely used approach in natural language processing has
been used for classifying the data to effectively capture the latent feature that characterizes the time series
iEEG data. This is achieved using a linear feedback constantly feeding through each module in the network.
Results & Discussion
The performance of algorithms is assessed by analyzing ROC curves, a plot of true positive rates versus
false positive rates at various thresholds and by computing the AUC to quantify a model’s performance. As
expected, LSTMs dominate other statistical and machine learning models with a high AUROC score and its
performance is comparable to the existing seizure prediction models available in the scientific literature.
Conclusion 
The results show that this study could be a promising step towards closed-loop seizure therapy when 
implemented on a neuromorphic chip. A similar approach could be extended to identify reliable biomarkers 
that delineate the epileptic zone, thereby improving the efficacy of surgical treatments. 
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Introduction 
Upper limb function after stroke can be improved with repetitive, task specific movement[1]. Achieving high 
practice intensity necessitates independent activity, outwith routine therapy. Weight support devices (WSDs) 
can help stroke survivors (SS) perform upper limb exercises by unloading the weight of their arm, providing 
more opportunity for rehabilitation activities[2]. However, current commercial WSDs are expensive, creating a 
barrier to adoption by users. The purpose of this study was to test the feasibility of a novel upper limb WSD 
(Strathclyde Arm Support, University of Strathclyde, UK) that could provide similar benefits as existing systems 
but be more user friendly and relatively cheaper making it more likely to be accepted for home use. 

Methods 
Healthy participants (n=8) and participants living with stroke (n=5) were recruited for this study. Each 
participant was asked to perform three tasks with their upper limb (healthy – non-dominant side; stroke – 
impaired side): reaching forward for an object (RF); reaching to the side for an object (RS) and reaching up for 
an object on an elevated platform (RU). Each task was performed with and without the WSD. Three-
dimensional motion analysis (Vicon, Oxford, UK) was conducted with participants living with stroke to track the 
movements of the upper limb during these tasks.  

Each participant was asked to perform each task up to a maximum of three repetitions to the best of their 
ability. Shoulder flexion/extension, shoulder abduction/adduction, and finger marker trajectory within the 
respective plane of movement were recorded to determine if there is a difference in range of movement with 
or without the device.  

A short 15-minute interview was conducted with the participants to obtain their opinions on the device at the 
end of the session. 

Results & Discussion 
One participant (stroke group) was unable to participate due to device failure during the investigation. The 
failure was subsequently recorded and necessary adjustments made to be usable for the remainder of the 
investigation. The remaining participants found the device comfortable and straightforward to use.  

For participants living with stroke, they appreciated that the device assisted in lifting their arm against gravity 
however, differences in range of movement were varied between participants and the tasks set. Two 
participants had a greater range in finger marker trajectory in the RS (x-axis) task with the WSD and one 
participant exhibited greater shoulder abduction/adduction on the RS task with the WSD. The majority of 
participants (healthy and stroke) had difficulty in performing the RF task with the WSD noting that the device 
felt restrictive. 

Conclusion 
This upper limb WSD could potentially aid stroke survivors with rehabilitation exercises. Adjustments to the 
device will be necessary to facilitate the RF movement. Another study will be conducted with participants living 
with stroke over an extended period to obtain greater evidence of the device’s feasibility. 
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Introduction

The history of prosthetics is almost as old as that of mankind. The first example of a prosthetic dates to 200 
B.C., the Roman general Marcus Sergius had a metal hand crafted to allow him to hold a shield during
battle. We have come a long way since, with prosthesis like the Power Knee [1], being on a par with human
legs. Latest research though, aims to form the beginnings of a mind-machine connection using
Electromyography. This work introduces an alternative myography, Mechanomyography (MMG) which is
more robust and cheaper.

Methods 

Human muscle produces vibrations in the 1-50Hz range, with majority components between 5-15Hz. Those 
vibrations are referred to as Mechanomyography and are believed to be unique to individual muscles [3]. 
Condenser microphones have been found to be best suited for MMG [2]. In order to verify and analyse MMG 
sensors, as well as examine if condenser microphones are the favourable sensor choice, a physical model of 
human leg is necessary. The project is focused on transfemoral amputees and so any tissue mimicking 
material chosen should have parameters similar to the upper thigh area. The phantom uses gelatine to 
mimic muscle, Agar to mimic skin and PVA to model subcutaneous fat. The sensors are evaluated in the 
range 1Hz to 100Hz and compared to filtered response gathered from a healthy rectus femoris, vastus 
lateralis and vastus medialis. Additionally, the effect of silicon liner and hard sockets is evaluated.  

Results & Discussion 

Results indicate a difference in response between individual sensors. Although, the difference is not 
significant, it needs to be addressed. The disparity comes from inaccuracies in 3D printing and hand 
assembly of the sensors, as the microphones used are hold to an industrial standard. Additionally, results 
indicate that there is a correlation between signals obtained from a healthy human leg and the phantom. As 
the sensors are tested either in a single frequency or with a sweep in a frequency range, the ability in 
simulating real muscle is limited. The exact density of human muscle is also difficult to discretise as it varies 
based on the level of activation. Lastly, the effect of silicon liners and hard polymer sockets no signal quality 
and strength was tested. Silicon liner has a clear effect on MMG signals, whereas sockets seem to result in 
very little change in sensor output.  

Conclusion 

This project aims to lay the ground work for integration of MMG sensors into prosthetic sockets for 
transfemoral amputees. Sensors might be either integrated into silicon liners or hard polymer sockets. This, 
in combination with well-established sensing modalities like accelerometers, gyroscopes and geometers, 
gives a sensor fusion suite. Through signal processing, segmentation and the use of Machine Learning, the 
fusion allows for better interpretation of amputee’s movement intent. 
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Introduction 
Accurate fetal anomaly screening is important to expecting parents and their 
healthcare providers, but detection rates are limited by current technology. 
The iFIND project aims to improve those detection rates by developing a 
new computer-guided autonomous ultrasound imaging gold standard. As 
part of this, we evaluate experience and image quality of a previously 
developed operator-dependent single-armed robotic prototype. We also aim 
to refine our evaluation tools for eventual use in clinical studies comparing 
against the current sonographer-operated gold standard. 

Methods 
19 non-pregnant, healthy volunteers aged 18 and above had their abdomens scanned by one of two 
experienced sonographers using a Philips C5-1 curvilinear probe with the Philips EPIQ 7G ultrasound 
system, then by the robot with a Philips X6-1 matrix array probe attached, operated under the instruction of 
the same sonographer. Both scans aimed to capture a pre-determined set of views, with images captured 
where possible and labelled. These images were presented using custom software, in a random order with 
the labels hidden, to one sonographer who assessed image quality using criteria adapted from the British 
Medical Ultrasound Society Peer Review Audit Tool 2014 v3. All volunteers were given a questionnaire 
asking about the experience of the robot scan using 10 Likert items with a five-point scale (0: strongly 
disagree to 4: strongly agree), along with a free-text box to provide further feedback. This study was 
approved by our local ethics committee. 

Results and Discussion 
Given the desired clinical application, it is important that overall, volunteers reported feeling safe (3.53 ± 
1.17) and experiencing little discomfort (0.68 ± 1.20) or pain (0.37 ± 0.90). There were outliers, though they 
mostly did not elaborate on this. In future, subjects should complete the same set of questions twice, once 
for each scan (sonographer and robot). From feedback, questions should be added to evaluate additional 
aspects which contribute to patient acceptability. If subjects feel discomfort, pain or unsafe at any point, they 
should be asked to elaborate on when and why, as these are critical issues to resolve. They would then be 
asked to indicate the type of scan they prefer, with each scan on opposite ends of a five-point scale. 

In total, 252 images were captured; 162 by sonographer and 90 by robot. At the liver, pancreas and 
abdominal aorta (areas the prototype was better able to capture), the robot had a similar pass rate for image 
quality to sonographers (90.8% vs 96.6%, p>0.05). In future, image quality assessment should be done by 
multiple sonographers not involved in image capture, with the mean score used for analysis. Expanded 
criteria could be used to assess the full range of applicable ultrasound settings, especially once future 
prototypes adjust these settings autonomously. 

Conclusion 
Robotic ultrasound is promising in terms of patient experience and image quality. As we continue developing 
the technology, we will refine the tools for evaluating these crucial standards of patient experience and 
image quality in tandem. 
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Introduction 
Trans-oesophageal echocardiography is an intra-operative ultrasound procedure used for both diagnostic 
and interventional procedures to assess cardiac structures. An add-on robotic system has been developed 
for the TOE probe which is moving towards automation. For the automation, understanding the inverse 
kinematics (IK) which relate the probe pose to the joint parameters is essential. To do this, a soft-computing 
approach was developed by constructing an Adaptive Neuro-Fuzzy Interface System (ANFIS) to learn from 
the training data generated using forward kinematics. This network was previously trained and validated 
using randomly generated probe tip locations and found to have a maximum error <0.3 degrees for each 
joint parameter. This paper aims to have a task-driven validation of the ANFIS network by validating the 
network with probe poses used in TOE-guided trans-septal puncture. We also aim to assess the amount of 
patient variation that could impact the adjustment of the robot. 

Methods 
Task driven validation of the ANFIS network required using data acquired from joint parameters of views 
used in real-world TOE guided procedures. A view planning platform was used that allowed modelling of the 
movements of the TOE probe using forward kinematics allowing for manual adjustment. The probe pose’s 
rotational angles, Rot-X, Rot-Y and Rot-Z are computed by the ANFIS network to give us the calculated IK 
solution of the joint parameter and original joint parameters were used as desired outputs of the IK solution. 
We calculated the error of the ANFIS network and performed a qualitative assessment of the visible 
structures using the desired and output joint parameters. We also performed qualitative and quantitative 
assessment of the clinical heterogeneity between patients’ anatomical structures.  

Figure 1 (left) Overview of the TOE robot 
Figure 2 (right) Proposed ANFIS architecture for computing the IK problem of the TEE robot 

Results and Discussion 
Task-driven validation found maximum error to be <6.5 degrees for all joint parameters with a mean of <4 
degrees. The qualitative assessment found this error to have no impact on the clinical effectiveness of the 
probe. Assessment of patient variation found significant patient heterogeneity. 

Conclusion  
We therefore conclude the ANFIS-based IK solution is effective, as it has acceptable clinical accuracy 
(despite the larger degree of error than tested with random probe position) and has applicable use in TOE-
guided trans-septal punctures. 
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Introduction 
With the rapid development of computer resources, image processing techniques have become increasingly 
important to acquire anatomical and functional information of cardiovascular structures [1]. The aim of this 
work was to present an indirect, image-based and non-invasive methodology able to infer material properties 
by means of phase contrast magnetic resonance imaging (PC MRI). Such a method would improve the 
predictive capability of patient-specific simulations of cardiovascular interventions, thus enhancing the potential 
of the in vivo information provided by the current imaging techniques [2]. 

Methods 
In this study we proposed a modified formulation of the flow-area (QA) method [3] to retrieve material properties 
from PC MRI. The QA method provides an estimation of the vessel stiffness as based on the pulse wave 
velocity (PWV). According to the standard formulations [4], a surrogate of the elastic module (E) can be 
obtained from PWV. This study involved both in silico and in vitro experiment to assess our modified QA-based 
formulation and evaluate its efficacy. In silico, a fluid-structure interaction (FSI) approach was implemented to 
simulate flow within a vessel’s model. A range of linear elastic materials with different elastic modules (EINPUT 
ranging from 0.5 to 32 MPa) was modelled for the vessel’s wall. A total of twelve FSI simulations was run. The 
modified formulation was applied on the simulations’ results in terms of flow and area to infer the E values 
(EOUTPUT), which were compared to the assigned EINPUT. In vitro, a deformable phantom was inserted within a 
mock circulation loop mimicking cardiac flow conditions. PC MRI of the phantom was acquired in two 
experimental conditions to measure flow and area variations. The E of the phantom material was inferred 
indirectly (EINDIRECT) by applying our QA-based method on the MRI measurements. The resulting values were 
compared to the ones obtained directly from standard tensile tests (EDIRECT). 

Results & Discussion 
The EOUTPUT obtained with the modified QA-based method presented a good matching with the EINPUT assigned 
to the numerical models with a percentage error of 7.8±4.1% (n = 12). This good correspondence was also 
confirmed in vitro. The PC MRI post-processing for the two conditions resulted in an EINDIRECT value strongly 
comparable with the EDIRECT from tensile tests, with a percentage error of 2%. In this work we investigated a 
non-invasive, image-based approach for the assessment of mechanical properties of vessel’s models based 
on a modified formulation relying on the PWV as obtained from the QA method. The numerical campaign 
allowed to assess the predictive capability of the method on a wide range of materials in a totally controlled in 
silico environment. The method was also tested in vitro, thus in a less controllable scenario. Although very 
promising results were achieved in this study both in silico and in vitro, further investigations will be conducted 
on different materials, also considering hyperelastic and viscoelastic behaviours, and more complex 
geometries, including patient-specific anatomies. 

Conclusions 
This study presented promising results of an indirect and non-invasive method to establish elastic properties 
from solely bi-dimensional PC MRI data, which is routinely acquired in patients referred for cardiovascular 
interventions. With further refinement, the proposed method could be routinely implemented in clinical setup, 
thus opening up to the use of in silico modelling tools for clinical practice in order to provide personalized 
healthcare treatment to patients. 

Acknowledgments 
This work was funded by the VIVIR project (PE-2013-02357974) and British Heart Foundation 
(PG/17/6/32797). 

References 
1. Capelli C et al. Interface Focus 2018; 8:20170021.
2. Celi S et al. Curr Pharm Des 2017; 23:3285-3300.
3. Vulliémoz S, Stergiopulos N, Meuli R. Magnet Reson Med 2002; 47:649-654.
4. Laurent S et al. Eur Heart J 2006; 27:2588-2605.

145



Human in-silico investigations into therapeutic strategies in 
acute myocardial ischemia 

Hector Martinez-Navarro*, Xin Zhou*, Ana Minchole, Alfonso Bueno-Orovio, Blanca Rodriguez 

Computer Science Dept, Woflson Building., University of Oxford, Parks Rd., OX1 3QD, Oxford (UK) 
* Both authors contributed equally.

Introduction 
Acute myocardial ischemia is a major cause of sudden arrhythmic death. Anti-arrhythmic treatments or side-
effects associated to cancer therapies can produce cardiotoxic effects increasing the occurrence of adverse 
cardiac events especially in patients with coronary artery disease.  

Methods 
A computational multiscale model of acute ischemic human ventricles embedded in the torso was developed 
and validated with extensive experimental and clinical data. The effect of pharmacological action was 
simulated by applying channels in sodium, potassium and calcium ionic currents. For each simulation, the 
12-lead ECG was computed and arrhythmia vulnerability was quantified by computing the vulnerability
window (VW) for reentry.

Results & Discussion 
Ion channel block/overexpression resulted in substantial changes in the formation of ischemia-induced re-
entries, both in frequency and in the underlying mechanism. Reduced excitability and early 
afterdepolarizations (EAD) were the most relevant re-entrant mechanisms linked to class I and class III 
antiarrhythmic drugs, respectively. This throws light upon the high mortality rate in drug studies like CAST 
and SWORD. Mild calcium block reduced arrhythmic risk induced by potentially cardiotoxic treatments 
prolonging the QT interval, such as first-line cancer treatments like nilotinib or class III anti-arrhythmic drugs. 

Conclusion 
In this study, high performance computing simulations using human-based multiscale ventricular models 
provide mechanistic insights into paradoxic pro-arrhythmic effects of classic anti-arrhythmic drugs, such as 
flecainide and sotalol, and suggest potential anti-arrhythmic strategies.  

A: Vulnerability windows for reentry computed for acute myocardial ischemia with 50% IKr block with and without additional 25% ICaL 
block. B: Reentry is facilitated by ectopic stimuli with 50% IKr block; however, its formation is hindered if additional 25% ICaL block. C: 
Action potential traces in the border zone (white region) showing EADs facilitating reentry (Panel B, 50% IKr block, timestamp=718ms). 
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Introduction 
Cardiac resynchronization therapy (CRT) increases the risk of ventricular tachycardia (VT) in patients with 
ischemic cardiomyopathy (ICM) when the left ventricular (LV) epicardial lead is implanted in proximity to 
scar1. However, the underlying mechanisms of increased VT risk remain unknown. To determine the 
mechanisms underpinning this risk, we investigate the effects of pacing on local electrophysiology (EP) in 
relation to scar that provides a substrate for VT in ICM-CRT patients. 

Methods 
Imaging data from ICM-CRT patients (n=24) were used to create patient-specific LV anatomical 
computational models including scar morphology. Simulations of LV epicardial pacing at 0.2-4.5cm from the 
scar were performed using an EP model of chronic infarct. Dispersion of repolarization and the vulnerable 
window for uni-directional block were computed, as surrogates of VT risk. Dispersion of repolarization was 
computed as the volume of tissue with high repolarization gradients (HRG). The vulnerable window was 
computed as the time window in which uni-directional block can be induced via premature stimulation. 

Results & Discussion 
Simulations predict that pacing in proximity to scar (0.2cm) compared to more distant pacing to a scar 
(3.5cm) increased the volume of HRG (~78%, P<0.01) within 1 cm around the scar (Figure 1-A). In Addition, 
pacing 0.2cm instead of 4.5cm from a scar widened the vulnerable window (~23%, P<0.01) increasing the 
likelihood of uni-directional block (Figure 1-B). ANOVA and post hoc tests show significantly (P<0.01) 
reduced volume of HRG when pacing 3.5cm or more from the scar compared to pacing at 0.2cm, whereas 
the difference in volume of HRG when pacing 3.5 and 4.5cm from a scar is not significant. 

Figure 1: A) Effect of pacing distance from a scar on repolarization gradients and the volume of high 
repolarization gradients (HRG) within 1 cm around the scar. B) Example of uni-directional block when pacing 
0.2 cm from scar and applying a premature stimulus adjacent to the scar. 

Conclusion 
Increased dispersion of repolarization in the vicinity of the scar and widening of the vulnerable window when 
pacing in proximity to scar provides a mechanistic explanation for VT induction in ICM-CRT with lead 
placement proximal to scar. Pacing 3.5+ cm from scar may avoid increasing VT risk in ICM-CRT patients. 
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Figure 1. The modelling framework and the skull model used in the simulations
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Introduction 
Lambdoid craniosynostosis (LC) is a rare non-syndromic craniosynostosis type with a prevalence of 1 in
40,000 births and characterised by fusion of the lambdoid sutures at the back of the head [1]. Surgical
correction is the only option to expand the cranial vault and correct the asymmetry at the skull in LC [1]. As
the timing of the surgical operation varies, different surgical methods such as endoscopic strip suturectomy,
bone flap remodelling or switching, distraction osteogenesis or spring assisted correction may be used [1].
Spring assisted posterior skull expansion is indicated before six months of age because the elastic
properties of the skull allow greater expansion [2]. However, the aesthetic outcome of this operation may
remain suboptimal due to the rapid growth of the skull at early ages, changes in the bone and suture
properties, and the limited deformation vectors provided by the springs. The aim of this study is to develop a
parametric finite element (FE) model of the LC skull, which simulates biological mechanisms such as skull
growth and suture calcification over time and that could be used in the future to optimise spring surgery.

Methods 
The bony skull and suture geometries from an LC male patient who underwent spring correction were
reconstructed from the pre-operative computed tomography (CT) scan (age: 134 days) in Simpleware
ScanIP. The skull growth and suture calcification between this CT and the day of the operation (age: 196
days) was simulated as a thermal expansion function [3] according to literature skull volumetric growth data
[4] in FE code MSC Marc. Osteotomy and spring implantation were performed in the grown FE model as
done during surgery. Further skull growth, suture calcification and skull expansion due to spring forces
between the day of the operation and the post-operative CT imaging (age: 420 days) were then simulated.
The resulting skull shape from the FE simulation was compared with the skull model reconstructed from the
post-operative CT images to validate the numerical solution (Fig. 1).

Results & Discussion 
The difference in overall
intracranial volume between the
resulting FE model and post-
operative CT images was
around 5 per cent. The FE
model simulating the surgical
correction showed overall good
agreement with the post-
operative skull model
reconstructed from CT images,
demonstrating that it is possible
to capture the shape changes of 
the LC skull during surgery and
over time, using this FE model.  Parametric simulations allow evaluating the effect of biological mechanisms
on LC skulls and outcome of correction methods.

Conclusion 
Replicating this modelling framework retrospectively on more patients would allow to tune the parameters for
the LC population and to use the model prospectively. A parametric study on spring types and locations
could then allow optimisation of function and aesthetic outcomes in LC surgical corrections.
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Introduction 
Different pulsatile operating modes for Continuous Flow Left Ventricular Assist Devices (CF-LVADs) were
proposed to alleviate complications occurring under constant speed heart pump support. These CF-LVAD
operating modes were generally designed to regulate the pump operating speed or pump flow rate aiming to
improve arterial pulsatility, coronary arterial blood flow, aortic valve function or left ventricular unloading [1].
Although blood flow rate and pressure signals in the cardiovascular system and heart pumps are studied for
varying speed CF-LVAD support, blood velocities over a cardiac cycle in aorta remain unclear. The aim of this
study is to evaluate the aortic blood flow velocities for varying speed CF-LVAD support over a cardiac cycle
utilising Computational Fluid Dynamics (CFD) analyses.

Methods 
A patient-specific aorta model was reconstructed from computed tomography scans using Mimics 3D [2]. The
CF-LVAD outlet graft was connected to the aorta to simulate the blood flow generated by the CF-LVAD. The
inlet blood velocity at the CF-LVAD graft and the outlet pressure of the computational domain over a cardiac
cycle was obtained from a lumped parameter model
simulating the left ventricular function and heart pump
support [3]. The aortic blood flow velocities were evaluated
for 10000 rpm constant speed CF-LVAD support generating
4.71 L/min mean blood flow over a cardiac cycle, pulsatile
CF-LVAD support for co-pulsative and counter-pulsative
speed regulation at the same mean pump speed as in the
constant speed CF-LVAD support over a cardiac cycle and
pulsatile CF-LVAD support for co-pulsative and counter-
pulsative pump flow rate control at the same mean pump
flow rate as in the constant speed CF-LVAD support over a
cardiac cycle. The CFD analyses were performed with
Ansys Fluent using a structured mesh with 4106 control
volumes. Blood is modelled as non-Newtonian and
incompressible.

Results & Discussion 
Results of the time-dependent simulations were analysed to
determine the maximum wall shear stress (WSS) acting on
the aortic wall, pressure drop within the aorta and entropy
generation in the flow domain. Shear rate on particles is
integrated in order to estimate haemolysis.

Conclusion 
Results indicate that one reason for the aortic regurgitation
could be the reverse-flow regions, which might extend up to
the aortic valve. Varying speed CF-LVAD support may help
the aortic valve to operate under physiologically better
conditions and prevent aortic valve dysfunction.
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Introduction  
Mechanoelectrical transduction (MET) is the fundamental process of hearing that transforms auditory stimuli 
into electrical signals intelligible to the brain. It occurs when auditory stimuli open mechanosensitive ion 
channels located in the hair cells of the internal ear. Since 1988, the gating-spring model developed by 
Howard and Hudspeth(1) has been the main explanation for this phenomenon: the stimulus-driven deflection 
of the stereocilia tense the tip link that transmits force to a single MET channel and thus opens it. Although 
this model has been very successful, the predicted size of the movement associated with the channel's 
opening is unrealistically large for a single channel(2). Furthermore, experiments indicate that each tip link 
connects to two channels rather than one and there is strong evidence that the lipid bilayer that supports the 
channels modulates their open probability(3,4). We developed a new model of mechanotransduction that 
features two channels per tip link, which interact through membrane-mediated elastic forces.  

Results  
By using only realistic parameters, the model not only quantitatively reproduces all the main physiological 
properties of MET, but it also accounts for experimental results that were previously unexplained. This study 
lies at the interface between the fields of membrane mechanics and mechanotransduction in the inner ear. It 
describes a physiological function for the bilayer-mediated cooperativity between mechanosensitive ion 
channels in a vertebrate sensory system.   

Figure 1. Illustration of the model and its main features. (A–C) The upper insets show a side view of a typical mammalian hair bundle
with three rows of stereocilia. The main panels show an enlarged view of the lower end of a single tip link, connected to two MET 
channels within the lipid bilayer. The channels are linked to the cell cytoskeleton via two adaptation springs. Three configurations are 
shown: in the absence of a stimulus (A), when a positive stimulus is applied (B), and when adaptation takes place (C). 
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Introduction

Effective anaesthesia plays an essential role in intravital microscopy. Current methodology for assessing the 
depth of anaesthesia employed by Imperial College London’s Faculty for Imaging by Light Microscopy (FILM)
- based on visual assessment of mouse breathing rate (BR) - is labour intensive and prone to error. We
present a low-cost, non-invasive and high-accuracy device to monitor the BR of anaesthetised mice via the
use of piezoelectric-transduction. Pressure changes upon the transducer correspond to the movement of the
mice during their respiratory cycle. The device uses Fast Fourier Transforms to assess the BR from the
changes in potential difference across the transducer and emits warning alarms when the BR is too high or
too low. This device was produced as part of an MEng Group Project in 2017/2018 which was awarded Best
Poster by Academic Vote.

Methods

Live testing of the BR monitor was done alongside imaging carried out by members of the Lo Celso 
Research Group in the Imperial College London FILM imaging labs. All imaging sessions followed the same 
initial set-up. The species of mouse used was Mus Musculus, C57/Black6 (both males and females, typically 
between 8 and 16 weeks of age). Before the imaging began, the patient mice were anaesthetised with orally 
delivered isoflurane and had the appropriate surgery required for the imaging session.  The transducer was 
then placed underneath the immobilised patient mice. Sustained anaesthesia was ensured by a constant 
supply of orally delivered isoflurane. In the prototype stage, the BR monitor logged data for a pre-specified 
amount of time which was later analysed offline in MATLAB.  Later tests gave realtime evaluations of BR. 
Our code is freely available at https://github.com/proever/Breath-Rate-Monitor, along with instructions, 
component lists and schematics to reproduce our device.

Results & Discussion

Device recordings from a live imaging session are shown below. These results were verified to correspond to
the BR of the mouse by visual inspection. The device was able to record individual breaths virtually noise-
free and was able to measure the BR trends over the course of an imaging session. 

Conclusion

We have produced a low-cost, easily reproducible device that provides accurate and reliable BR estimates, 
reducing the labour cost of long intravital imaging sessions and the quality of BR assessment.
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Introduction 
Improving the power efficiency of the algorithms is desired in biomedical signal processing. Event-Based 
signal processing is a new paradigm that leads to the development of low power signal processing methods. 
This sampling method is expected to be optimal for burst signals, with varying activity over time. Speech, 
EEG, ECG, etc. signals falls into such signal categories. Consequently, this sampling technique naturally 
suits applications in which the data speed varies – as it does in most ‘real world’ signals. 

Methods 
Event-based asynchronous sampling does not use a clock but rather generates samples only when an event 
occurs in the signal [1]. Therefore, it maintains information on the precise sampling instants and avoids 
redundant samples when the input signal is inactive. Level crossing sampling is a common technique used 
for event-based sampling. When the continuous time input signal crosses a set of discrete amplitude 
(threshold) levels, which can be optimized according to the properties of the signal [2], samples are 
produced.  

In order to reconstruct a function 𝑓 from the sampling points 𝑓(𝑥𝑗) that are non-uniformly spaced, using a 
trigonometric polynomial 𝑝𝑀 of suitable degree and period is the best numerical method [3]. 𝑝𝑀 has period 
2𝑀 + 1 and order 𝑀 and can extract the spectrum of the sampled signal. A reasonable and computable 
approximation of 𝑓(𝑥) from data set {𝑓(𝑥𝑗), |𝑥𝑗| ≤ 𝑀} can be achieved by interpolating the data 𝑓(𝑥𝑗). Ideally, 
𝑝𝑀(𝑥𝑗) = 𝑓(𝑥𝑗). However, for finite 𝑀 this is not equal, and the error should be minimized. LSP is an accurate 
reconstruction method for irregular sampling problem which can be solved by the inversion of a Toeplitz 
matrix, (𝐶𝑀)𝑘𝑙 = ∑

𝑤𝑗

2𝑀+1
𝑒−2𝜋𝑖(𝑘−𝑙)𝑥𝑗/(2𝑀+1)

𝑗∈𝐽𝑀
|𝑘|, |𝑙| ≤ 𝑀. 𝑤𝑗 is a set of weights, 𝑤𝑗 =

𝑥𝑗+1−𝑥𝑗−1

2
. If the samples 

are taken in 𝐽𝑀 ≥ 2𝑀 + 1, 

𝑏𝑀(𝑘) =  
1

√2𝑀+1
∑ 𝑓(𝑥𝑗)𝑤𝑗𝑒−

2𝜋𝑖𝑘𝑥𝑗

2𝑀+1𝑗∈𝐽𝑀
 |𝑘|  ≤ 𝑀 , 𝑎𝑀 =  𝐶𝑀

−1𝑏𝑀 , 𝑝𝑀(𝑥) 
1

√2𝑀+1
∑ 𝑎𝑀(𝑘)𝑗∈𝐽𝑀

𝑒
2𝜋𝑖𝑘𝑥

2𝑀+1  |𝑘|, |𝑙|  ≤ 𝑀

Results & Discussion 
𝑀 is the bandwidth of the polynomial we are using to interpolate the signal. This polynomial should have a 
bandwidth at least equal to the bandwidth of the signal we are trying to interpolate. For a non-stationary 
biomedical signal, every time the polynomial is fitted, the Fourier coefficients change. Windowing is a method 
to take this problem into account, because different 𝑀 could be achieved for different windows based on the 
error in the reconstruction. The advantage of windowing method is that by putting a long biomedical signal 
into a system, it automatically switches between blocks and fits the whole signal. However, for a real signal, 
period, number of harmonics, 𝑀 and other characteristics are unknown and vary from block to block; that is 
the bandwidth problem. One method to estimate the bandwidth, is finding the approximate maximum 
frequency, 𝑓𝑚𝑎𝑥, in the signal. A possible way to do this estimation is getting higher-order derivatives of the 
original signal. As the order of harmonics increases, the magnitude of 𝑓𝑚𝑎𝑥 is increased. The asymptotic 
behaviour of the curve, which represents the number of zero crossings versus order of differentiator, gives a 
good estimation of suitable boundary for the bandwidth.  

Conclusion 
The advantage of event-based sampling due to time sparsity is the possibility to have adaptive bandwidth 
and adaptive sampling rate to the input signal. The main objective is to reduce data rate based on the 
statistics of the input signal to get a good reconstruction.  
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Introduction 
Severe traumatic brain injury (TBI) is the major cause of death and disability in working-age population, as 
claimed by the World Health Organization (WHO) [1]. TBI patients face long periods of care within a 
specialist neuro-intensive care unit. Indeed, in the United Kingdom total indicative admissions cost is 
estimated to be £68 million a year [2]. Furthermore, following the damage caused by the trauma, many 
pathophysiological mechanisms may develop and dramatically aggravate the prognosis. Approximately 40% 
of the hospitalized TBI patients worsen in time, due to the onset of Secondary Brain Injury (SBI) [3]. An 
important mechanism causing SBI is the occurrence of multiple cortical spreading depolarizations (SDs), 
which are mass depolarization waves that slowly propagate through the cortex and cause the nearly 
complete disruption of the ion homeostasis into neurons. The detection of SD in neurocritical patient care 
provides a basis for disease characterization and treatment stratification. This work describes a novel 
microfluidic analysis platform targeted at real-time monitoring of TBI patients that can visualize the pattern of 
neurochemical changes caused by the evolving injury. 

Methods 
The system uses an array of 4368 Complementary Metal-Oxide-Semiconductor (CMOS) chemical sensors 
as a multi-ion imaging platform. The Ion-Sensitive Field-Effect Transistor (ISFET) due to its native Si3N4 
passivation layer, is inherently sensitive to protons, and hence is a suitable candidate for a highly-integrated 
pH sensor. The array is made sensitive to other ionic species by coating the surface with polymeric 
ionophore membranes, thus the biosensor is capable of measuring the concentration of four ions - 
potassium, sodium, calcium and hydrogen - which change substantially during a SD. The microfluidic chip 
has been designed with the purpose of (1) handling low volumes, (2) integrating a disposable reference 
electrode, (3) avoiding fluidic leakage, (4) maximising the number of pixels exposed to the solution and (5) 
relying on accessible and low-cost fabrication techniques i.e. laser patterning of the channels and 3D printing 
of the assembly modules. The microchip-based sensors are integrated as part of a portable platform which 
transmits the data via Bluetooth to a smartphone app. An image processing algorithm allows to calibrate the 
sensors for each ion and acquires the data for monitoring of the multiple ionic species. 

Results & Discussion 
The microfluidic platform achieves a real-time monitoring of microliter liquid streams such as the output of a 
brain microdialysis probe. Calibration measurements demonstrate high selectivity to each target ion, with 
performance close to the Nernstian sensitivity (59 mV/dec). This data allows to compute the sensitivity matrix 
of each region to each ion, which in turn enables accurate reading. These results represent the first step 
towards portable concurrent reading of several species on the same microchip. 

Conclusion 
The system performs a fast and reliable response to ionic concentration change in flowing dialysate stream. 
The application of such device in the detection of the dynamic SD waves and in the determination of their 
progression and severity allows the prediction of lesion development, paving the way for early and specific 
treatments and the minimisation of the associated health care expenditure. 
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Introduction 
There are currently no real-time, non-invasive devices to monitor hydration levels for sports and healthcare 
applications, resulting in a cost to both performance and life. NPL and QMUL have been collaborating to 
develop such hydration monitoring technology. This study looks at the creation of dielectric concentration 
correction equations for different blood components which could be used to predict blood dielectric properties, 
or determine blood composition, which is pivotal in hydration monitoring technology. 

Methods 
Using a microlitre dielectric setup, a systematic study was conducted to measure the effect varying key blood 
components (albumin, %HCT and osmolality) had on the dialectic properties of pure water. Albumin (BSA 3.5-
5.5g/dl) and %HCT (Bovine RBC 30-50%) samples were made by dissolving known quantities of each into 
osmotic water (288mOsmol/kg). Different osmolalities (250-330mOsmol/kg) were created by dissolving 
different amounts of NaCl into pure water. Samples of pure water and reconstituted blood (4g/dl albumin, 40% 
HCT, 288mOsmol/kg) were also made. The dielectric properties of each sample (n=6) was measured between 
0.5-20GHz by pipetting 200µl of the sample onto the tip of the dielectric probe. 

Results & Discussion
 

 

 

 

 

 

 

 

 

 
Conclusion 
The presented study showed that there was little difference between dielectric measurements of reconstructed 
bovine blood, and simulated dielectric values obtained using concentration corrective equations calculated 
from a systematic study of individual blood components. This could help pave the way for non-invasive, real-
time hydration monitoring. 
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Fig.1. The mean (n=6) dielectric constant measured for 
reconstituted blood (4g/dl albumin, 288mOsmol/kg, 40% 
HCT), overlaid with simulated blood with the equivalent 
makeup. Mean % difference = 0.46%. 

From the systematic study of the 
individual blood components, 
dielectric concentration correction 
equations for each of the blood 
components was made. Using these 
corrective equations on the pure water 
dielectric measurement, the dielectric 
constant of a simulated blood sample 
(4g/dl albumin, 288mOsmol/kg, 40% 
HCT) was made (Fig. 1).  

When comparing the dielectric 
constant of the reconstituted blood 
sample to the values from the 
simulated blood sample (Fig. 1), it was 
found that there was a mean % 
difference of less than 0.46% across 
all frequencies. This helps verify that 
the concentration corrective equations 
are correct, and could be used to 
either determine blood composition or 
predict blood’s dielectric properties. 
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Introduction 
Sepsis or septic shock is an uncontrollable immune reaction to a viral or bacterial infection that affects 
around 0.4% of the world population. This number is constantly rising due to the increasing aging 
population and antimicrobial resistance. The onset of sepsis is rapid with mortality rates varying between 
20 and 50% [1,2]. The outcome often depends on patients’ immune strength, country of residence and the 
time of diagnosis. Around 46,000 patients die of sepsis annually in the United Kingdom alone, costing the 
economy over 10 billion in pounds [3]. There are often no symptoms that can distinguish the condition from 
the precursor disease. However, the hyperlactatemia accompanies the condition [4] and elevates lactate 
concentrations in interstitial fluid (ISF) and blood above the normal levels of 2mmol/L with higher 
concentrations indicating the more severe condition. The sooner the detection of sepsis occurs, the greater 
are the chances of patients’ survival [5]. World Health Organization has recently expressed concern for the 
lack of continuous monitoring devices for the reliable diagnosis of sepsis [6]. In the following work, we 
propose the use of amperometric biosensor based on microneedle technology developed in O’Hare’s group 
to detect the levels of lactate in ISF. By applying it on the skin microneedles pierce through the epidermis 
and do not reach nerves or blood capillaries, making the device minimally invasive and more comfortable. 

Methods 
Gold, platinum, and indium tin oxide (ITO) working electrodes were studied in vitro with a combination of 
surface modification chemistries in order to find the most optimal design. The modifications were prussian 
blue (PB) based and platinum black based. The experiments were conducted by placing working 
electrodes in a PBS buffer solution and gradually adding increasing amounts of lactate. PB based 
electrodes were subjected to -0.1V to induce the reduction reaction, whereas platinum black electrodes 
were subjected to +0.7V to induce oxidation reaction. 

Results and discussion 
Gold showed stable response to low levels of lactate (<0.6mmol/L), however, platinum showed better 
sensitivity and linear range (up to 3mmol/L). Covering electrodes with PB proved effective in detecting 
concentrations of below 1mmol/L but has denatured after an addition of total of 4.2mmol/L of lactate. 
Platinum black, on the other hand, showed extended linear range up to around 4mmol/L, enough for early 
sepsis detection but not the septic shock, which happens at higher concentrations. Hence, linear range can 
be extended with a suitable blocking layer (Nafion, chitosan, pHema) that would limit the diffusion of ions 
close to the electrode. As an alternative to gold and platinum electrodes, the early stages of ITO testing 
showed some potential for use as an amperometric biosensor device for lactate detection. 

Conclusion 
PB was an effective mediator at detecting low concentrations of lactate however did not survive at relevant 
concentrations. Platinum black, on the other hand, performed well detecting up to 4mmol/L of lactate. By 
implementing the suitable blocking layer detection range can be extended for monitoring later stages of 
sepsis. ITO electrodes are showing potential as a viable substrate for lactate detection at the early stages 
of testing. 
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Introduction 
Peripheral nerve implants, like vagus nerve stimulators have successfully been used to treat rheumatoid 
arthritis and epilepsy, but lack of knowledge about nerve patho-physiology makes these devices less 
efficient[1]. In order to overcome this problem and improve the efficiency of electroceuticals, an electrical 
impedance based tomographic technique is proposed to map the nerve fascicles. 

Method 
A three fascicle, 2D neve model was generated in COMSOL3.5a. with nerve and three fascicular diameters 
1.4mm, 0.2mm, 0.175mm and 0.15mm, respectively. 16 electrode-single ring tomographic sensor was placed 
in a ring, around the circumference of the nerve bundle, having close contact with the surface. Then all the 
materials were provided with their respective conductivity values, determined at 1kHz frequency and 1.5µA of 
current[2].  

Figure 1: Physical properties of the generated nerve model [2, 3] 

Results & Discussion 
Electrical impedance data obtained by simulating the generated model was reconstructed using Tikhonov 
regularization, sparsity matrix and Gaussian Laplace techniques to obtain the tomographic image. 
Generated images clearly depict the presence of epineurium and nerve fascicles, but the Gaussian Laplace 
technique produced the most optimized results with a clear boundary of epineurium.  

Figure 2: EIT based reconstructed image of the simulated model. 
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Introduction 
Al-Ajam et al. [1] investigated the use of a bone-anchored device as a hard-wired conduit for transmitting 
electromyography (EMG) signals from implanted epimysial electrodes towards realising EMG control of smart 
upper limb prostheses attached to the bone-anchor. The complexity of the implant-prosthesis connection could 
be further reduced by implanting the EMG recording device. A system to both power the implant and to facilitate 
bidirectional serial communications through the conduit is presented. 

Methods 
The system (figures 1a & 1b) incorporates an external power supply and two transmitter-receiver (TX-RX) 
modules (an external master & an internal implant module). The 1-wire signal line and a ground line are passed 
through the bone-anchor conduit. The 1-wire signal is a modified RS-232 communication protocol, modulated 
between 6-9 V. The TX module actively transfers a 0-3 V digital signal onto the 1-wire signal line, while the RX 
module passively monitors the 1-wire and converts all modulated signals back to the 0-3V level. Power is 
obtained by passing the 1-wire signal via a 22 F smoothing capacitor to the voltage regulators on the implant. 

Results & Discussion 
Fig. 1c shows power (80 mW) and bidirectional serial data transmission (baudrate 38400 bps) between the 
master and the implant. Collision avoidance must be incorporated in the communication protocol as may occur 
if both TX modules are active simultaneously. During transmission RX interrupts within the sender should be 
ignored as the RX module detects both incoming and outgoing transmissions. 

Conclusion 
Bidirectional communication allows in vivo changes to electrode configurations [2] and data streaming. 
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Introduction 
Functional Electrical Stimulation (FES) is frequently used in the rehabilitation of Spinal Cord Injury. For 
research purposes it is often necessary to record Electromyographs (EMG) during stimulation to assess the 
efficacy of FES treatments, however stimulation artefact can corrupt or distort the EMG signal. Three main 
causes of stimulation artefact are known: voltage gradient induced potential difference between recording 
electrodes due to stimulation current flowing through the tissue [1]; residual charge on the electrode-skin 
interface at the end of a stimulation pulse [2], and; amplifier saturation due to common mode (CM) voltages 
exceeding the amplifier’s CM voltage range [3]. In practice, it can be difficult to ascertain which of the causes 
are responsible for stimulation artefact interference if the capability of the amplifier is not known. Here we 
present a method to simulate excessive CM voltage as a means to characterise the sensitivity of a biopotential 
amplifier to CM voltages.  

Methods 
A Bipolar Junction Transistor (BJT) configuration (fig. 1a) was used to realise a differential signal relative to 
the EMG reference (~2 mVp-p, 100 Hz) as a proxy for an EMG signal to the amplifier (Digitimer, D360, gain: 
100x, bandwidth: 10-500 Hz). A Digitimer, DS8R stimulator was used to generate a train of 10 stimulation 
pulses (80 mA constant-current, biphasic, 1 ms pulse width, 30 Hz) that were coupled into the amplifier input 
through a large resistor used to simulate skin and electrode impedance. The stimulation pulse was sufficient 
to generate a CM voltage of approximately 15 V relative to the EMG reference electrode. The amplifier output 
was captured using a CED Power 1401 data acquisition system and visualised with CED Signal software 
(Version 6), sampling frequency 2 kHz. 

Results & Discussion 
The amplifier is desensitised for at least 30-50 ms after each stimulation pulse (fig. 1b). The effect was present 
with both monophasic and biphasic stimulation. At stimulation current intensities below 80 mA, the effect was 
worse until a CM voltage of around 11 V was reached when the effect stabilised; most likely due to ESD 
protection built into the preamplifier. Connecting parallel back to back clamping diodes between the amplifier 
inputs and the amplifier reference have a beneficial effect by limiting the CM voltage to approximately 0.7 V 
thus reducing the impact and the recovery time of the amplifier to around 20 ms. In a clinical setting 
consideration should be given to the positioning of the stimulating and recording electrodes so as to minimise 
the CM voltage. 

Conclusion 
The circuit presented provides a means to 
characterise a biopential amplifier in 
response to stimulation induced CM 
voltage. Such knowledge allows an 
amplifier’s suitability (amplifier recovery 
time vs stimulation frequency) for an 
intended application to be determined. 
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Introduction 
Among the main causes of death and disability, stroke certainly plays a leading role. Although clinical 
examination and judgement are today mandatory for stroke diagnosis, this process can be assisted and 
potentially sped up by the use of analytical technologies, such as proteomic biomarkers. [1] In the realm of 
biomarkers, Sarissa Biomedical is proposing a novel point-of-care purine measurement technology 
(SMARTChip). Using a blood sample from a finger prick, a SMARTChip can rapidly differentiate patients with 
stroke from stroke mimics. The sensor consists of screen-printed electrodes on a ceramic substrate, which 
need calibration solution to be put and removed before its use. This abstract describes the development of a 
simple fluidic system designed to deliver and remove liquids from the electrode area by using capillary forces. 

Methods 
The fluidic system is created by patterning an adhesive tape 
layer then covered with a hydrophilic plastic film. This is a 
standard technique that is used to assemble medical devices, 
which allows for quick and cost-effective mass production. It 
has also allowed a great flexibility in fluidic channels design 
and prototyping. Different shapes and thickness of the fluidic 
channels were investigated to find an optimal solution from a 
usability testing perspective. Three fluidic channel geometries 
were studied to understand the impact of capillary channel 
constrictions on fluid flow and user performance, as illustratd 
in Figure 1. In addition, adhesive tapes with different 
thicknesses (200µm, 300µm and 425µm) allowed comparative 
assessment of the effect of channel height on the filling and 
removal efficiency. Test specimens were produced for each 
combination of channel geometry and tape thickness by 
patterning the tapes using a CO2 laser cutter. Each test 
specimen was assembled into a finished SMARTChip and the 
behaviour was tested by observing experience end-users 
(clinicians) attempting to make a measurement and video 
recording the attempts. Each configuration was tested five times and each time with a different user; to observe 
different behaviours and individual bias into account. The observations were focused on identifying any under-
filling, over-filling, incomplete solution removal and trapped air bubbles. 

Results & Discussion 
The 200µm thick tape resulted in all tests containing trapped air bubbles, partial under-filling and incomplete 
solution removal as the clearance from the electrode surface was not sufficient. The 300µm thick tape 
performed well for filling operations, however incomplete solution removal was observed for 40% of cases with 
constricted channel geometry. An adhesive tape thickness of 425µm performed most reliably across all 
channel geometry configurations. There were no cases of under-filling, over-filling, incomplete solution removal 
and trapped air bubbles observed for the straight channel configuration of the 425um thick tape. 

Conclusion 
These results show that the combination of a 425µm thick adhesive tape with the straight channel geometry 
without flow constriction provides an optimal liquid filling and evacuation performance. A further usability study 
will be conducted as part of a clinical trial to gather more insight and further optimize the channel geometry. 
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Figure 1. Three different channel geometries that 
were tested. Each with a different level of flow 
constriction. 
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Introduction 
Arthroplasty is an orthopaedic surgical procedure where the articular surface of a musculoskeletal joint is 
replaced, remodelled, or realigned by osteotomy or other procedures. It is an elective procedure that is done 
to relieve pain and restore function to the joint after damage by arthritis or other type of trauma has occurred. 

Methods 
In this study, the mechanical and morphological properties of the scar tissues that form to replace the native 
hip capsule ligament around the implants made from different materials were compared. The implants that 
have been considered were either made of a stainless steel femoral stem and a polymer (polyethylene) 
acetabular cup or made of a stainless steel femoral stem and a ceramic acetabular cup and head. The 
harvested tissues were compared to the native tissue that had been removed in patients of a known age and 
sex during a first arthroplasty. Micro-tensile tests were performed on millimetre samples of the harvested 
tissues. The samples were prepared along the longitudinal and transverse orientations of the fascicles long 
axis. A nonlinear 1D model was first derived to represent the mechanical behavior of the homogenized 
tissue.  

Results & Discussion 
The non-linear forces displacement responses of the tissues were analyzed in conjunction with immuno-
histological staining of the samples using H and E, Masson’s trichrome staining and collagen I and revealed 
the hierarchical architecture of the ligament tissues over four scales. The wavy fibre organisation inside the 
fascicle was showed to align with the long axis of the substructure. Morphological differences between types 
of tissues were quantified by characteristic parameters such as the amplitude and the period of the fiber 
waves. Characteristic shape elements were determined over 4 scales for each tissue at the fiber, the fiber 
bundle, the fascicle and the tissue scales. The strain energy function for the tissue constitutive laws were 
computed using the second Piola-Krichhoff stress and the Green-Lagrange strain for large deformations for 
each type of tissues.  

Conclusion 
The constitutive laws showed non-linear elastic  
behaviours that displayed more extensibility of  
scar tissues grown near ceramics that the native 
 tissues and less extensibility of scar tissues  
grown near polymer. A preliminary micro-scale  
FEM model at the fiber scale was built for each  Figure	Caption:	Force-deflection	responses	of	the	scar	tissues 
type of tissues in order to provide insights on subjected	to	micro	tensile	test	for	the	scar	tissues	harvested	near	either	
the observed differences in the mechanical  ceramic	or	polymer	implants	and	the	native	tissues
responses at the tissue scale. 
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Introduction 

The development of novel microdevices for implantable and wearable technology has spurred interest in how 
these may interface with the human body. Whilst many larger ‘wearables’ can simply be strapped to the skin, 
to make real advances in this field we must: (1) understand the tissue mechanics of where these devices are 
of use; and (2) study these on a scale that is relevant to the end device, which in many cases is on the 
micro-scale.  This presentation will discuss our work characterising and comparing skin and mucosal tissue 
on a micro-scale. 

Methods 

We use nanoindentation and custom-manufactured probes to examine how soft tissues behave 
mechanically under quasi-static and dynamic forces.  We do this using a Hysitron Triboindenter, on scales 
from 1 – 40 µm, at velocities from 1 – 100 µm/s and to a depth of 10 µm.  Our skin and mucosal tissue come 
from C57 mice and is excised from the animal prior to use.  The skin tissue selected was ear skin, as it has a 
low amount of hair and is easily accessible.  The mucosal tissue used was from the buccal mucosa, excised 
from the mouse cheek – both tissues were mounted on a stage using superglue.  The skin was indented in 
air and the mucosal tissue indented whilst submerged in PBS, to more accurately represent the natural 
tissue states.  Indentation data was fitted using Matlab (curve fitting toolbox) using both a Hertz and an 
Ogden model, to provide a comparison between elastic 
and hyperelastic models for these tissues.  
Viscoelasticity was accounted for using a Prony series to 
allow full dataset comparisons. Histology was used to 
compare the differences between the tissues. 

Results & Discussion 

Our studies showed a clear scale dependence in both 
tissues, with the smaller probes experiencing a stiffer 
material behaviour.  We propose that this may be due to 
the tissue’s impressive capacity to distribute force rather 
than puncturing.  Puncture was not observed under the 
indentation depths.  The tissues exhibited similar data 
spreads and stiffnesses were in the same order of 
magnitude.  However, surprisingly we found the mucosal 
tissue to be stiffer than skin, when we had expected that 
this would be the softer tissue.  We propose that 
mechanisms including the model selected for study, 
viscoelastic differences and testing environment may be 
key to these differences, which we will discuss in our 
presentation.  We will also relate these to the tissue 
structure, using our histology data (e.g Fig 1).  

Conclusion 

Microscale tissue mechanics are often surprising, so 
experimental characterisation is important for technology interfacing.  Our study has compared skin and 
mucosal tissue on a micro-scale, finding elasticity, viscoelasticity and structural variations.  This data is a 
small yet important subset of what will be needed to ensure efficient wearable and implantable devices. 

Fig 1: Structural composition of mucosal tissue 
showing collagen and cellular composition 
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Introduction 
The response of the human skin to mechanical loading is an important consideration when designing 
products that interact with the skin, an example of such a product is medical textile. The shear forces acting 
on the skin are one of the (commonly overlooked) risk factors for the development of pressure ulcers and it is 
hypothesised that improvements can be made when the interaction characteristics with skin are better 
understood. However, it is known from literature that large differences in shear response exist between 
people. These differences have been linked to a range of personal traits, including skin moisture content and 
the amount of skin surface lipids, however, the exact relationships and the underlying mechanisms are not 
understood. In this study we aim to relate these skin characteristics by combining in vivo spectroscopy and in 
vivo shear measurements.   

Methods 
Fifteen subjects participated in this study. Exclusion criteria were a history of skin conditions, such as 
eczema, and trauma to the skin of the volar forearm. Subjects gave informed consent. To keep the 
conditions during the experimental programme close to real life the skin was not prepared or conditioned 
before the measurements. Fourier Transform Infrared Spectra were measured on the volar forearm by 
pressing the forearm against an ATR crystal. Six relevant characteristics of the measured FTIR spectra were 
identified from literature, four parameters related to the ‘greasiness’ of the skin and two parameters related to 
the skin moisture content. Immediately following the spectroscopy measurements, an in-vivo shear 
measurement was performed on the same location on the volar forearm, using an in-house developed 
tribometer, which is discussed in more detail in [1] and [2]. A textile specimen with an open foam backing 
was brought into contact with the skin and loaded at 0.45 N, resulting in an average contact pressure of 
10 kPa. Following contact, the specimen was slowly moved laterally at a velocity of 200 μm s-1, and the 
resulting shear force during the pre-sliding stage was measured.  

Results & Discussion 
As expected from literature, the shear results showed large interpersonal differences, with shear stresses 
ranging from 4.6 to 10.8 kPa, which translate into coefficients of static friction of between 0.48 and 1.1. 
These results were correlated to the six parameters of interest from the fifteen measured spectra. From this it 
was found that the frictional response of the skin correlates with the ratio of the heights of the Amide I and 
Amide II peaks (R = 0.78) and with the width of the 2920 cm-1 band (R = 0.69). No significant correlation with 
the other bands of interest in the FTIR spectra was observed. 

Conclusion 
Characteristics of FTIR spectra obtained in vivo correlate to the shear response to mechanical loading of in 
vivo skin. The main characteristics are the moisture content of the skin and the disorder of the fatty acids, 
which correlates to the reciprocal of the viscosity. There appears to be no correlation between the shear in a 
textile-skin contact and the amount of lipids, esters and free fatty acids in the sebum on the skin. 
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Introduction 
Clinical trials for Duchenne muscular dystrophy (DMD) assess functional performance in artificial set-ups, 
relying on subjective and motivation-dependant tasks. Furthermore, current outcome measures are subject to 
intra-rater & inter-rater variability in the patient performance itself.  As a consequence, a larger sample size 
and longer duration of clinical trials are required, often delaying access to novel therapies.  

Methods 
In the KineDMD study, we pursue a patient-centric approach to obtain a complete data-driven picture of full-
body behavioural capacity in real-life over a 12-month period.  Our Ethomics approach (Ethology & Omics) 
has 2 sides: “At home” & “In clinic”.  “In clinic” we focus on full-body motion analysis using high-resolution 
wearable sensors that can track full-skeleton movements of patients during standardised clinical assessments, 
therefore reducing the subjective assessment of clinical endpoints by data-driven objective analytics. DMD 
boys and age-matched healthy controls (HC) are assessed in the clinic during 6-monthly visits in conjunction 
with physio assessments whilst wearing a sensor suit of 17 sensors velcro-attached to normal clothing, 
capturing full body kinematics of 22 joints. To this end, we are developing a number of machine learning 
algorithms that analyse the behaviour. 

Results & Discussion 
Our interim analysis of the 15 recruited DMD subjects at their recruitment visit, reveal that motor coordination 
in HC and DMD show algorithmically identifiable static and dynamic differences. Our Gaussian Process 
regression approach combining features of individual gait-cycles of the 6-minute walk test was able to estimate 
from full-body kinematics the North Star Ambulatory Assessment (NSAA) total score of the boys with good 
accuracy. It is also possible to predict the NSAA scores (both cross-sectional and longitudinal) from the suit 
data of the NSAA assessment. The predicted and actual scores were highly correlated, supporting the notion 
that machine learning can accurately predict the results of functional assessments.   

Conclusion 
The ultimate goal of this study is to derive new digital biomarkers, which are independent of artificial set-up 
and subjective biases and can be assessed in real life/home environment, to capture individual variations in 
disease progression and benefit to therapies.  
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Introduction 
The optimal treatment of ‘uncomplicated’ type-B aortic dissections (uTBADs) continues to be debated. uTBADs 
are commonly managed medically, but up to 50% of the cases develops complications requiring invasive 
intervention1. Patient-specific computational fluid dynamics (CFD) can provide detailed information on the 
aortic haemodynamics and assist the clinical decision-making2,3. This study presents a new approach for the 
implementation of personalised CFD models using non-invasive datasets commonly collected for aortic 
dissection (AD) monitoring. An innovative way to account for arterial compliance in rigid-wall simulations using 
a lumped capacitor is introduced, and a parameter estimation strategy for boundary conditions calibration is 
proposed. The approach was tested on 3 complex cases of AD, and the results were compared against 
invasive blood pressure measurements (IBPM). 

Methods 
The dataset of 3 AD patients was acquired (Prot. n. 900/CE 
Lazio1); it included CT scans, Doppler measurements of 
stroke volume (SV) and IBPM at multiple locations. AD 
geometries were extracted from CT scans and CFD 
models were implemented in CFX (ANSYS, USA). The 
flowrate wave adjusted to the patient’s SV and heart rate 
was applied at the model inlet. A lumped capacitor was 
coupled to the inlet of the aorta to account for aortic 
compliance effects in rigid-wall models, and Windkessel 
models were coupled to the outlet branches to simulate the 
downstream vasculature. The model parameters were 
calibrated to represent the condition of the patient under 
investigation.   

Results & Discussion 
Pressure results positively matched IBPM (mean diff. 3.6 ± 
2 mmHg). Haemodynamic results (e.g. intraluminal 
pressures, flow partition between the lumina, wall shear-
stress based indices) provided insight into the state of the 
disease. It was noted that small tears in the distal intimal 
flap (IF) induce disturbed flow in both lumina. Moreover, 
oscillatory pressures across the IF were often observed in 
proximity to the tears in the abdominal region, which could 
indicate a risk of dynamic obstruction of the true lumen. 

Conclusion 
This study shows how combining commonly available clinical data with computational modelling can be a 
powerful tool to enhance clinical understanding of AD. 
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Figure 1. CFD results for Patient 1. (a) Pressure field at 

peak systole; (b) pressure difference (∆P) between the true 

lumen (TL) and the false lumen (FL) calculated at three 

different phases of the cardiac cycle along the dissection; 

(c) Oscillatory shear index (OSI) contour map.
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Introduction 
Significant remodelling of the vascular wall underlies cardiovascular disease resulting in the formation of 
atherosclerotic plaques populated with macrophage and smooth muscle cells (SMCs). These SMCs are 
thought to arise from the vessel wall, as mature SMCs de-differentiate from a contractile to a migratory, 
proliferate phenotype. However, the remodelling process is not fully understood and uncertainties remain over 
the plasticity of cells within the wall. Both drug development and regenerative medicine have been restricted 
by these uncertainties. Recently, through a combination of time-lapse, high-speed fluorescence and 3D 
reconstruction microscopy, we demonstrated unambiguously [1] that freshly isolated mature, contractile SMCs 
can rapidly transform into not only a migratory but a phagocytic phenotype, a characteristic behaviour of 
macrophage. Results also showed strong heterogeneity in the proliferation of SMCs [2] and the presence of 
other highly proliferative cell types in vascular wall that readily interact with SMCs. To better understand 
vascular cell fate, including characterizing cell-cell phenotypic heterogeneity, we are developing strategies that 
enable screening at the single cell level of large numbers of freshly isolated vascular cells.  

Methods 
We have employed two different microfabrication strategies to create a series of addressable microwell arrays: 
firstly using the epoxy-based negative photoresist SU-8 3050 to form 50 m deep wells patterned over a glass 
substrate; and secondly adapting a soft lithography approach [3] to produce a 100 m thick 
poly(dimethylsiloxane) (PDMS) membrane with through-holes (to act as wells) that is oxygen plasma bonded 
to a glass substrate. By incorporating individual microwells of different areas (from 60x60 to 180x180 m) and 
seeding with a suspension of freshly isolated cells of appropriate density, cells are sedimented stochastically 
across the microwell arrays such that many wells contain single cells. These cells are imaged in situ prior to 
inducing de-differentiation by exposure to serum-containing culture media (10% FBS) and subsequent 
changes in their phenotype are tracked (morphology, proliferation, end-point immunocytochemistry).  

Results & Discussion 
Single native SMCs have been successfully seeded into microwells and tracked for 1 week in culture. Time-
lapse microscopy was used for validation and clear variation in the proliferation of individual cells was observed 
(from a single division to reaching the 4th generation over 7 days), as well as heterogeneity in the expression 
of SMC markers (e.g. SMA) in the resulting daughter cells. In this work, we aim to investigate phenotypic 
changes in single-cells from pure populations of SMCs, which we obtain by a multi-step enzymatic digestion 
process, as well as in mixed vascular cell populations (e.g. including “non-SMC” from the adventitia) where 
clusters of 2-4 cells are seeded per well. This will enable us to investigate how cell-cell interactions affect the 
resulting phenotype of both SMC and other cells in the vascular wall (e.g. progenitor-like cells). Unexpectedly, 
in mixed populations, non-SMC did not stay confined within their wells and were able to migrate along SU-8 
walls (previously studies have reported no cell attachment to SU-8 [4]). SMCs did stay confined but often 
adhered to and spread along the sidewalls, hindering image analysis. Therefore, our ongoing work is focused 
on the use of PDMS-based arrays and the capture of expanded data sets where phenotype is quantified by 
live-cell imaging of proliferation, microbead uptake and Ca2+ responses to pharmacological stimulation. 

Conclusion 
This microwell array approach, which is amenable to drug screening applications, will enable detailed 
characterization of phenotypic changes in vascular cell sub-population and will provide new insights to inform 
tissue engineering applications.  

Acknowledgments 
We are grateful to Medical Research Scotland for supporting this research. 

References 
1. Sandison M.E., Dempster J., McCarron J.G. J Physiol 2016; 594(21):6189-6209
2. Sandison M.E., McCarron J.G. FASEB J 2015; 29:418.8
3. Hsu C.H., Chen C., Folch A. Lab Chip 2004; 4:420-424
4. Wang Y. et al. J Micromech Microeng 2007; 17:1371-1380

167



Modelling Chemokine Transport within the Lymphatic System: Toward an
Integration of Cellular and Transport Phenomena.

D.J. Watson  1  , M. B. Bandara2, J. Frattolin1, D. Kalogiros3, F. F. Masci2, M. Russell3, R. J. B.
Nibbs2, B. Brook3, J. E. Moore Jr.1

1Dept. Bioengineering, Imperial College, South Kensington, SW7 2AZ, London. 2Institue of Infection, 

Immunity and Inflammation, University of Glasgow, G12 8QQ, Glasgow. 3The Mathematical Sciences 

Building, University of Nottingham, NG7 2RD, Nottingham.

Introduction

Developing an understanding of the transport of chemokines within lymph nodes may elucidate the 
mechanism and kinetics of inflammatory processes [1]. Finite element methods allow for the modelling of 
chemokine transport. While continuum mechanics can address cell-specific behaviours such as pinocytosis it
fails to capture the discrete nature of cells and their interactions with each other and the micro-enviroment. 

Previous works considering the advective, diffusive and reactive processes within the subcapsular sinus, 
medulla and cortices have yielded new insights into the immunological function of the lymph nodes [2]. 

Methods

Unique challenges are posed when
these models seek to operate at the
scales associated with cellular
dynamics. 

This work seeks to combine
discontinuous Galerkin methods and
cellular automata to develop
computationally efficient models which
can explore the cell-chemokine-fluid
substrate interactions which
characterise immunological behaviour. 

Results & Discussion

A three layer model is proposed, see
Figure 1. The first layer models the fluid
mechanics considering both Stokes
flow in the subcapsular sinus and
Darcy flow in the cortex. A second layer
models the advection, diffusion and
reaction of chemokines within the fluid. A final layer consists of a cellular automata of interacting dendritic 
and T-cells. Each of the layers interact with the other two allowing for complex emergent behaviour.  

Conclusion

By integrating cellular automata and continuum mechanics it is possible to generate a more holistic model of 
inflammatory responses. It remains to be seen if these models can elucidate the function of the immune 
system in health and disease. 
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Figure 1: A diagram showing the three layers of the model and the
interactions they consider.
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Introduction 
Three ovine aortas were used for nanoindentation testing and three for uniaxial tensile testing. For 
nanoindentation, the entire aorta was split into nine transverse sections. The aorta was divided into sections 
separated by 2 cm in length from the aortic root to the celiac artery region. Each of these sections were used 
to create three 5-millimeter circle biopsy punches for nanoindentation (a total of 81 biopsies). For uniaxial 
testing, a total of 27 strips of aortic specimens were collected from three animals with three strips for each of 
the following regions: ascending, upper thoracic, upper abdominal aorta. Each strip had a testing length of 
4x12 mm after clamping. Subsequently, the same samples were used to determine elastin, collagen and 
glycosaminoglycan (GAG) levels using established biochemical assays. 

Methods 
Three ovine aortas were used for nanoindentation testing and three for uniaxial tensile testing. For 
nanoindentation, the entire aorta was split into nine transverse sections. The aorta was divided into sections 
separated by 2 cm in length from the aortic root to the celiac artery region. Each of these sections were used 
to create three 5-millimeter circle biopsy punches for nanoindentation (a total of 81 biopsies). For uniaxial 
testing, a total of 27 strips of aortic specimens were collected from three animals with three strips for each of 
the following regions: ascending, upper thoracic, upper abdominal aorta. Each strip had a testing length of 
4x12 mm after clamping. Subsequently, the same samples were used to determine elastin, collagen and 
glycosaminoglycan (GAG) levels using established biochemical assays. 

Results & Discussion 
Overall, our study found that although the testing approach and loading orientation and rates differed with the 
two methods, reasonable agreement was found that the elastic modulus via tensile and nanoindentation 
increased with increasing distance from heart. The elastic modulus determined from nanoindentation testing 
was in the range of 0.04-0.12 MPa and from uniaxial tensile testing at physiological elastic modulus about 
0.08-0.20 MPa. One interesting finding in our study is that there was a significant correlation between an 
increase in G’ (P<0.0001) and collagen (P=0.001) with distance from the aortic root whilst elastin (P=0.001) 
and GAG (P=0.01) levels were significantly decreased. Our results seem to be consistent with previous studies 
[2, 3], which also showed that the mechanical properties of the aortic tissue increased from proximal to distal 
locations of the aorta. The collagen GAG and elastin distribution in the proximal and distal regions is also 
agreeable with those of previous studies [2, 4]. 

Conclusion 
In conclusion, there is a significant increase in macroscopic and micromechanical properties from the 
ascending aorta to the abdominal aorta. It implies that the biomechanical changes were correlated with 
increased collagen, decreased elastin and GAGs as the distance from the heart increases. The findings of this 
study shows the first to comprehensively map the mechanical and biochemical properties across the entire 
aorta. It can aid to more understand on the mechanisms of aneurysm and dissection development in different 
regions of the aorta. 
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Introduction 
Foetal circulation is a complex system that differs from the corresponding neonatal and adult system. Current 
understanding of the foetal haemodynamics is limited1, while the role of haematocrit at different gestational 
ages has not yet been investigated extensively. Computational models can aid elucidate circulation 
haemodynamics2. To this end, this contribution proposes a multi-compartment lumped parameter model of 
the foetal circulatory system to investigate the effect of haematocrit variations on the systemic arterial flow. 

Methods 
A multi-compartment lumped parameter model (LPM) of the foetal circulatory system is developed using 
Simulink®. The model describes 19 elastic arterial segments and 12 peripheral vascular beds, represented 
respectively by electrical circuits and a 3-element Windkessel model2,3. Inflow and boundary conditions were 
calculated based on previous data1,2 and were adjusted using allometric laws4 for a 33-week gestational age 
and foetus weight. Two validation studies were conducted: validation study-1 included only the ascending 
aorta and the brachiocephalic trunk, and was compared against adult flow waveforms5; validation study-2 
assessed the accuracy of the developed foetal LPM by investigating the flow waveform at the position of 
aortic isthmus against reference data6. The Isthmic Flow Index was additionally calculated and compared 
with reported data7. Several different values of haematocrit (Hct) were investigated (spanning from 10% to 
80% Hct) to represent a range of anaemic, healthy, and polycythaemic conditions respectively.  

Results & Discussion 
Both validation studies yielded results in good agreement with previous investigations5-7. The developed 
foetal LPM enabled computations of blood flow waveforms at various arterial positions, similar to previous 
estimations2. Simulations of the foetal flow with 10%, 45%, and 80% Hct were further performed to 
demonstrate the effect of haematocrit on the arterial circulation. Our results indicated a clear difference 
between the 45% and 80% Hct models at the position of the ascending aorta, whereas no apparent 
difference was detected between the models for 10% and 45% Hct. A similar trend was manifested at the 
positions of the aortic isthmus, the thoracic aorta, and the umbilical artery. However, at the position of the 
ductus arteriosus there was no difference between the models. Finally, the calculations revealed an almost 
exponential relationship between systemic vascular resistance and haematocrit. 

Conclusion 
The present lumped parameter model reveals that haematocrit variations result in changes in the systemic 
vascular resistance and the pulsatility indices of the flow-rate waveforms. This in turn has shown that 
haemoatocrit has an important effect on the foetal circulation. However, further investigation is required to 
improve the robustness of the LPM with respect to the inflow and boundary conditions adopted.  
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Introduction 
Leukocyte migration is essential for immune response, which is guided by chemokine concentration gradients. 
However, little is known about how these gradients are formed and regulated. Microfluidic devices can be 
utilised to conduct quantitative analysis of chemokine-extracellular matrix (ECM) interactions. To replicate 
native ECM, a customisable FEFEFKFK peptide hydrogel is used [1]. By seeding dendritic cells (DCs) into the 
peptide hydrogel, DC migratory responses to known chemokines gradients can be evaluated. This study is 
focussed on assessing the biocompatibility of DCs within the hydrogel, in well plates and microfluidic devices. 

Methods 
Two concentrations of peptide FEFEFKFK SAPH were fabricated, 10 mg/mL and 20 mg/mL, following the 
procedure outlined by Wan et al. [1]. A prepared hydrogel volume of 200 µL was injected into cell culture 
inserts in a 24-well plate. The gel was immersed in media, which was changed three times per hour to reduce 
pH to physiological values. Bone marrow-derived DCs from mice were cultured for 7 days prior to testing. Cell 
suspension was placed directly on top of the hydrogel, and a seeding density of 7.5×105 cells/mL of hydrogel 
was utilised. After 24 hours of incubation, cell viability was evaluated by cell counting. To assess DC migration 
into the hydrogel, the remaining cell suspension was removed, and viable cells counted. The number of living 
cells was then evaluated within the hydrogel. Cell viability will also be assessed using a live/dead assay with 
confocal microscopy. The protocol will be adapted to microfluidic devices, where dendritic cells suspended in 
cell media will be allowed to migrate into the peptide gel within a microfluidic device.  

Results & Discussion 
The majority of DCs migrated into the hydrogel after 24 hours, and cell counting indicated that no more than 
approximately 100,000 living cells remained within the media. Preliminary results suggest that DCs are viable 
in both SAPH concentrations, with a higher number of living cells recorded for the 10 mg/mL hydrogel (Fig. 1). 

Fig. 1 Number of living DCs within the FEFEFKFK peptide hydrogel and within media after 24 hours of incubation. 

Conclusion 
Preliminary viability of DCs in a customisable FEFEFKFK peptide hydrogel was achieved. Work is ongoing to 
assess DC biocompatibility through confocal microscopy, as well as migration and viability in microfluidic 
devices.  
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Introduction 
Additive manufacturing (AM) of medical devices including orthopaedic implants and hearing aids is highly 
attractive because of AM’s potential to match the complex form and mechanics of individual human bodies. 
Wearable and implantable tissue-support devices, such as ankle or knee braces, and hernia repair mesh, 
offer a new opportunity for AM to mimic tissue-like mechanics and improve patient quality of life.  

Results & Discussion 
Here, we demonstrate how explicit programming of the toolpath in an extrusion AM process can enable new, 
flexible mesh materials with digitally tailored mechanical properties and geometry. Meshes are fabricated by 
extrusion of thermoplastics, optionally with continuous fibre reinforcement, using a continuous toolpath that 
tailors the elasticity of unit cells of the mesh by incorporation of slack and modulation of filament-filament 
bonding. 

Conclusions 
We show how the tensile mesh mechanics can be engineered to match the nonlinear response of muscle, 
incorporate printed mesh into an ankle brace with directionally specific stiffness, and present further 
concepts for tailoring the 3D geometry for medical applications.  
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Introduction 
Medical personnel working in intensive care units, functioning close to full capacity, need to treat patients 
based on urgency. During such temporally critical periods prioritising patient treatment by real time monitoring 
of their cardiovascular activity can prove game-changing, especially in centralised healthcare systems such 
as the National Health Service (NHS). State of the art artificial intelligence techniques, such as deep learning, 
have emerged as promising tools to assess such urgencies.  
 
In this work, a methodology is proposed to predict aortic blood pressure waveform, a critical parameter to 
assess the cardiac state of a person, with artificial intelligence using blood pressure waveforms from easily 
accessible and measurable arteries such as radial, femoral and carotid as inputs.   

Methods 
Supervised learning is applied in this work to demonstrate the idea of prediction of cardiovascular time 
sequences using practically measurable inputs such as arterial pressure waveforms and anthropometric data. 
The required training and testing datasets for this work were synthetically generated using a validated one-
dimensional numerical model of human systemic circulation.      

The parameter of interest in this work is the aortic blood pressure waveform, a time sequence. Since a time 
sequence prediction is required, a recurrent neural network (RNN) powered algorithm is chosen as the viable 
method. Long Short-Term Memory cells, a type of RNN cell, are trained to predict aortic pressure waveform 
using pressure waveforms measured in downstream arteries such as radial, femoral and carotid, all generated 
using the above one dimensional systemic circulation model, as inputs.    

Results & Discussion 
The approach, inverse analysis, and algorithm used in this work has provided promising results. Important 
features of the pressure waveform such as dicrotic notch and pressure values with time were predicted within 
acceptable limits.   

 

Conclusion 
Prediction of heart outflow pressure waveform, a parameter indicating cardiac state of a person, using inverse 
analysis of obtainable pressure waveforms from different parts of the body is possible with the help of deep 
learning.    
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Introduction 

Spasticity is a neurological disorder affecting voluntary motor control (Thompson et al., 2005). Clinical features 
of spasticity, such as clonus (rhythmic contractions), occur as an aberrant response to muscle stretch (Kheder 
et al., 2012). Consequently, this interferes with day-to-day activities. Other triggers such as temperature, 
bladder emptying and stress are also known to affect spasticity (Cheung et al., 2015; Phadke et al., 2013).  

Studies of new methods to treat spasticity should assess changes in the severity and frequency of spastic 
events, related to the trigger which caused them. Recording this outcome measure through a mobile 
application (app) allows participants to provide this information at any time of the day, from anywhere.  

We therefore propose the design of an app which can record this information. Our focus is on spasms as the 
spastic event monitored as part of a study to measure the effects of electrical neuromodulation on spasticity.  

Design 

Following a spasm, or at the users’ own convenience, they will input the nature of the trigger which caused 
this spasm, either from a list provided, or by entering their own trigger description. They will then rate the 
severity and frequency of this event using the Penn Spasm Frequency Scale and select where on the body it 
occurred using a diagram. Following this, users will be asked to add a comment, or skip this step. The data 
will be time-stamped, therefore creating a day-by-day diary of severity and frequency of spasms, with optional 
diary inputs, as well as building a picture of intrinsic and extrinsic triggers affecting each app user. 

Discussion & conclusion 

When using this app as an outcome measure in a clinical study, we cannot ignore the fact that by asking the 
participants to input a trigger of their spasticity, we are making them more aware of the possibility of spastic 
events occurring, therefore creating a modality for self-management of spasticity. Conversely, raising 
awareness of certain triggers may cause anxiety and an increased spastic response to those triggers. To 
address this, we will include formal questionnaires before and after the intervention to assess awareness and 
attitudes towards intrinsic and extrinsic triggers of spasticity. 

This app is currently being developed for a clinical study assessing the effects of neuromodulation on 
spasticity. Besides the obvious advantages of ease of data collection for the outcome measure, the app will 
also allow the participants in this clinical study to engage in the self-management of their spasticity.  
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To what extent is using the newly clinically approved Kuka LBR iiwa 7 R800 robotic 
arm to conduct trans-thoracic echocardiography feasible and plausible? 

Z. A. Khan, S. Wang 

Introduction 
Robotic echocardiography using existing commercially-available systems could reduce human error and 
occupational hazards associated with cardiac ultrasound. The recently released Kuka LBR iiwa 7 R800 
robot, the first robotic component to successfully obtain the CB Test certificate for medical use, has sensitive 
pressure sensors preventing excess force being applied to pre-programmed target positions1,2. This makes it 
ideal for ultrasound. Despite this recent advancement in robotics, no study has been published to validate 
the feasibility of the selected Kuka robot in performing trans-thoracic echocardiography (TTE). This study 
uses simulation techniques and a virtual robotic experiment platform to assess the use of the Kuka LBR iiwa 
7 R800 robot for TTE with respect to reaching the necessary anatomical positions, range of tilt at each 
location, safety distances from the patient and joint configurations. The study aims to provide an evaluation 
of this robot when used for TTE and determine the need for further clinical study with the real robot. 
Methods 
The 20 standard TTE views were initially defined using a custom-made 
software, developed using Unity, a 3D game engine widely used for 
designing medical simulation software3. A location and required range of 
motion of the probe was determined for each view via this software. The 
second software was a virtual robot experiment platform (V-REP) used for 
simulation, where the target position represented the ultrasound probe in the 
test scene4. V-REP assessed whether the robot would be able to obtain a 
set of TTE views and calculated the distance in metres from each of the 
eight robotic links to the patient, as shown in Figure 1. Different 
configurations of the robot reaching this position were also investigated in 
addition to the possible locations of the robot within the room itself. 

Results & Discussion 
Results showed all target positions could be reached without the robotic 
arm colliding with the patient. The average distance from the robot to the 
target position was at least 0.18 metres for all views. Furthermore, the 
minimum range of possible tilt of the probe at each target position was 70° 
in the elevation orientation and 85° in the lateral orientation. The best 
robotic configuration was calculated as having the greatest average 
distance away from the patient and the robot could only be placed to the right of the patient. The only 
insufficient tilt was 23.5° too small for the apical long axis three chamber view in the elevation orientation, 
although this may be due to limitations associated with the bespoke TTE view planning platform. Future 
modifications to this study would include improvements to this software and the concordance between both 
simulation platforms. The location of the robot in the consultation room would also need to be further 
investigated and an algorithm would need to be devised to find the most suitable robotic configurations. 

Conclusion 
This study successfully achieved its aims and proposes further clinical study with the real Kuka LBR iiwa 7 
R800 robot as these results support the potential feasibility of using this robot for future TTE. 
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Figure 1: V-REP showing the Kuka 
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With improvements in health care extending overall life expectancy, a greater proportion of the population 
is reaching old age and suffering from age-related disorders like dementia and cardiovascular diseases 
(CVD). Both disorders are considered among the most socially and economically burdensome conditions 
in UK, costing a combined total of £35.3 billion per year to UK economy [1,2]. Research and 
epidemiological studies suggest associations between CVD and dementia, in addition to CVD playing a 
causal role in dementia development. This study aims to investigate the potential for serum analysis using 
Attenuated Total Reflection Fourier-transform Infrared spectroscopy (ATR-FTIR) in combination with 
multivariate analysis, to discriminate patients with CVD, who have various levels of cognitive impairment, 
from controls. 

Serum samples and associated neuropsychological test data have been donated by the Glasgow 
Cardiovascular Research Centre. Serum samples from 147 healthy controls and 253 patients with CVDs 
have been analysed. The disease group includes patients with i) Coronary Artery Disease and ii) Heart 
Failure which further categorised into i) Atrial Fibrillation, ii) Non-Ischemic Cardiomyopathy, and iii) 
Ischemic Cardiomyopathy. Out of 400 total participants 373 participants were tested for cognitive 
impairments and 245 participants have been found to have cognitive impairment. 

Using random forest analysis, sensitivity and specificity values of 76% and 81%, respectively, are 
achieved for differentiating healthy controls from CVD patients. The major spectral features and hence 
biochemical components responsible for the classification have also been identified during the analysis; 
with most features responsible for classification found in the fingerprint region. Upon categorising the 
disease group into subgroups, the sensitivity for differentiating control from patients increased while 
specificity remained the same or decreased slightly. Sensitivity and specificity values of 70% were 
achieved for differentiating cognitively impaired from cognitively intact groups and upon categorising 
these groups according to their CVD status, sensitivity values increased for cognitively impaired CVD 
group and decreased for cognitively intact CVD group, when compared against cognitively intact healthy 
controls.  

ATR-FTIR when combined with pre-processing and random forest analysis especially for control vs 
disease analysis performed similarly well as reported in literature [3]. The study is ongoing, and the 
updated results will be presented. 
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Introduction 
3D representation of the heart provides surgeons with spatial information to assist in surgical planning. 3D 
printing provides this but with the required printing time. A 3D rendered heart in a virtual environment 
provides a quick visualisation with additional helpful features. This has been tested in similar fields, such as 
a surgery planning systems for liver surgery (Rietinger et al, 2006) and for teaching purposes in gynaecology 
(Gor et al, 2003). In this study, a virtual reality (VR) headset, the HTC Vive, was used to assess the 3D 
drawing capabilities for surgical planning in cardiology.  

Methods 
5 different coloured pairs of markers were placed onto the virtual heart: green, blue, yellow, orange and 
purple. The aim was to draw between each pair of markers of the same colour, generating a value for the 
length of the line drawn in centimetres. We recorded and compared these to the ‘true’ measurement which 
was an average of measurements made by ‘experienced users’. An invite was sent to members of our 
university and altogether we recruited 21 volunteers, both male and female, ranging from the ages of 19-26. 
The first 10 participants took measurements of a full-scale heart, while the next 11 took measurements of the 
same heart but in half scale. This was done to see if there would be any difference in the accuracy of the 
smaller measurements vs the larger ones. 

Results and Discussion 
The difference in the averages between the test results and gold standard results for the full-scaled heart 
ranged from 0.1cm to 1.1cm, depending on the measurement looked at. For the half-scaled heart, the 
difference ranged from 0.1cm to 0.8cm. In every instance other than one, the test results had a greater 
standard deviation than the gold standard results. Unfortunately, only 5 out of the 12 results across both 
scales of the heart showed the level of accuracy that was being targeted. Furthermore, the fact that 10/12 of 
the participants results had higher standard deviations than the gold standard results suggests that the task 
may not have been explained well enough, or that the participants were struggling to use the equipment 
properly. 

Conclusions 
Overall, this study has shown that although the technology does not provide the level of accuracy we were 
looking for , with improvements it may be a viable option for planning cardiac surgery. 
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Figure 1: A picture of the 
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Figure 2: The 
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participants to 
measure between, 
imputed into the 
virtual 
environment.
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Introduction 
There are several methods of chest wall motion analysis in literature with Optoelectronic plethysmography and 
structured light plethysmography being the most established examples. However, methods currently available 
are expensive and cumbersome to use. Optotrak Certus, an optical tracking system based method, may 
offer a new and better method of evaluating chest motion, post-thoracic wall reconstruction surgery. 

Aim  
To compare the accuracy of two different optical marker placement methods, directly on the chest wall and on 
a Velcro vest, in measuring chest wall motion using Optotrak optical tracking system. 

Method 
Two healthy male volunteers were recruited to 
undergo assessment of their chest wall using 
Optotrak motion system. Markers were either 
attached directly on to their chest wall or attached 
to the Velcro vest. 6 markers were arranged in 3 
rows on both sides of the chest at the levels of 
ribs 2, 5 and 7. The markers were infrared light 
emitting diodes that were registered by the 
Optical tracking camera. The resulting raw data 
corresponded to 3D coordinates of each marker 
over time. Respiratory cycles were 
extracted from the data using Fourier transform with high-pass filtering, and Principal Component Analysis 
was performed using MathWorks’s MATLAB software. The scatter plots were obtained with data points 
corresponding to each marker. We analysed the motion of the left and right chest wall, at each corresponding 
rib level, through the scatter points. Comparing the motion in this way allowed us to draw conclusions about 
the symmetry of the chest wall, as increased clustering reflected more symmetrical motion of the chest wall. 
We then simulated chest wall reconstruction by attaching a rigid structure on the anterior middle right side of 
the volunteers’ chests, to see how this affected chest wall motion symmetry during breathing. This will enable 
us to compare patients reconstructed side of the chest to the unaffected side, following chest wall 
reconstruction surgery. 

Results & Discussion 
The scatter plot corresponding to markers placed directly on to the chest 
wall displayed greater overall clustering compared to the scatter plot 
when the markers were placed on the Velcro vest. Furthermore, while 
using the vest less clustering was observed in the bottom row 
markers instead of the expected middle row where chest wall 
reconstruction was simulated. Whereas, while applying the markers 
directly to the skin less clustering was noted on the simulated region of 
the chest wall.  

Conclusion 
The bare skin method is more accurate than the vest method at assessing chest wall motion abnormality and 
further research is required on patients who have undergone chest wall reconstruction to determine the clinical 
applicability of this chest wall motion tracking method. Our findings will be used in future work to assess chest 
wall motion following patient specific chest wall reconstruction of lung cancer patients using 3D printing. 
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Figure 1) Markers attached directly 
to their chest 
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Introduction 

The popularity of medical software has been increasing with the public and software developers. However, 
there are instances where developers are unaware of the regulatory frameworks covering the development 
of medical software including mhealth. Hence, there is a need to review these regulations to guide 
developers. 

Methods 

This paper is a literature review and commentary covering relevant guidance from the US FDA, EU Medical 
Device Directives, UK MHRA, and International Standards 

Results and discussion 

Medical Devices are defined within the MDD (93/42/EEC) and the new MDR regulations. Both of these 
include software. If intended to function as a medical device as defined then it must conform to regulations 
as one. Manufacturers should be aware of this and design their products accordingly. The minimum 
international standards that fulfill FDA and EU regulations include IEC82304-1:2016, IEC 62304: 2006, and 
within these are the use of ISO 13485:2016 and ISO 14971:2012. These four standards cover software 
development, quality management systems and risk analysis; these allow manufacturers to have design 
control over their products and to fulfill essential requirements to place these products into the market. 
Standards guide manufacturers to use best practices to produce the best possible product to maximize 
benefits and minimize harms for end users and patients. 

Conclusion 

This paper discusses regulations governing medical software development to increase awareness on the 
required standards in their manufacture. In so doing those adhering to these standards increases the 
veracity and robustness of their products while assuring quality and safety. 
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Introduction 
Blood pressure (BP) is a vital sign parameter recommended to monitor cardiovascular health. Frequent BP 
measurements with a cuff-based BP monitor provide discomfort and inconvenience to the users during the 
measurements. To overcome these limitations, cuffless BP using pulse transit time (PTT) based technologies 
has been proposed. However, these technologies face frequent calibration and wearability issues. Thus, single 
channel PPG-based BP estimation has been attempted which eliminate these limitations, but the standard BP 
estimation accuracy has not been achieved. Therefore, an improved single channel PPG-based BP estimation 
algorithm with standard accuracy is required. 

Methods 
In this study, PPG waveforms and corresponding BP data were obtained from the MIMIC II database. Each 
PPG signal recordings present in the database were segmented into 5-second signal segments from which 
9877 good quality signal segments with their corresponding BP were extracted. In total, 17 PPG signal features 
were extracted from each signal segment out of which three significant features (total area, rising time and 
width 25%) were selected using the multicollinearity test. Three machine learning approaches (Multiple Linear 
Regression (MLR), Support Vector Machine (SVM) and Regression Tree) were trained and tested from the 
dataset consists of 9877 sets of three significant PPG signal features along with corresponding BP using 10-
fold cross-validation. The cross-validated data were also separated into two BP categories (Normotensive and 
Hypertensive) present in the dataset to calculate categorical BP accuracies according to AAMI/ISO standard 
criteria (mean difference no greater than ±5mmHg and standard deviation (SD) of difference no greater than 
±8mmHg) for BP measurement device validation. 

Results & Discussion 
The Regression Tree algorithm achieved the least mean difference and SD of difference for SBP (-0.03±13.4) 
mmHg and DBP (-0.1±9.3) mmHg as compared to the MLR (SBP 0.09±18.6, DBP 1.1±10.9) mmHg and SVM 
(SBP -0.8±19.7, DBP 1.2±11.1) mmHg. However, only the mean differences of all the algorithms matched with 
AAMI/ISO standard criteria. The Regression Tree algorithm also achieved least mean difference and SD of 
difference in Normotensive (SBP -4.7±12.9, DBP -1.5±7.7) mmHg and Hypertensive (SBP 3.9±12.9, DBP 
1.1±10.3) mmHg BP categories as compared to the MLR and SVM. The Bland-Altman plots also showed the 
agreement of Regression Tree algorithm and the reference BP method with a small percentage of outliers 
(<3%).  

Conclusion 
This study revealed that the Regression Tree algorithm is the best cuffless BP estimating algorithm that meets 
the AAMI/ISO standard criteria in terms of overall mean difference with the least SD of difference when applies 
to the MIMIC II database. Moreover, it showed that the Regression Tree algorithm also estimates categorical 
BP (Normotensive and Hypertensive) with the least mean difference.   
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Background 
Digital image correlation (DIC) is a surface displacement measurement technique that can measure the 
deformation of solid objects. DIC therefore has a high potential for use in assessing the validity of finite 
element (FE) models. Previous work has validated the displacement and strain fields obtained with a stereo 
microscope DIC system. After the system was validated, it was used to examine and calibrate nitinol material 
models. In minimally-invasive medical devices, a large benefit of a superelastic shape-memory alloy, such as 
nitinol, is its ability to crimp to a low profile and self-expand at body temperature. When devices are crimped 
down and then expanded, however, residual strain can be induced, which is non-recoverable. Residual 
strains can affect device performance and are currently predicted via FE simulations. This study 
experimentally measures micron-scale residual strains in nitinol through FIB-DIC, which combines DIC with 
focused ion beam (FIB) milling on a scanning electron microscope (SEM) [1]. A FIB mills out a section of the 
surface of a test specimen, and as the specimen undergoes strain relaxation, SEM images are captured. 
The amount of strain relaxation is then calculated using DIC. 

Methods 
The substantial challenges associated with FIB-DIC, particularly in specimen preparation, consideration of 
nitinol material models, and compensation for SEM imaging distortions, will first be examined. The accuracy 
of strain measurements using the FIB-DIC method is then evaluated. A test specimen was loaded in a four-
point bend test. The specimen was then placed in an SEM equipped with a FIB (FEI Scios; Thermo Fisher 
Scientific Inc.). After FIB milling, DIC software (VIC-2D; Correlated Solutions, Inc.) was used to calculate 
the amount of strain relaxation that occurred. The DIC results were then compared to an analytical four-point 
bend test solution.  

Results  
The FIB-DIC technique was able to accurately calculate strains across the plane of the nitinol specimen, and 
the DIC results matched up well with the analytical test results.  

Discussion & Conclusion  
In this analysis, FIB-DIC showed the ability to accurately measure residual strains in nitinol and has a high 
potential for building understanding of the complex mechanics of nitinol. To ensure accurate results, 
significant attention needs to be given to specimen preparation, superelastic sample properties, and SEM 
imaging distortions. This is the first study that employs the use of FIB-DIC to investigate residual strains in a 
superelastic shape-memory material, such as nitinol. 

Increased understanding of residual strains can lead to design changes for improved device performance, 
and FIB-DIC can be used as a powerful tool to improve the performance of state-of-the-art superelastic 
material models. Future uses of FIB-DIC in this context will be discussed. 
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Introduction 
Craniofacial bone is highly vascularized tissue and its repair and regeneration is challenging especially when 
the network of blood vessels is disrupted due to pathology or fracture, which makes healing extremely difficult 
[1,2]. Traditional scaffold implantation does not induce angiogenesis (formation of blood vessels), instead it 
relies on an inflammatory healing response that results in insufficient oxygen and nutrient supply, hence, 
resulting in non-uniform cell differentiation and cell death [3,4]. This project investigated a tailored chemistry 
approach to obtain nano ceramics with added functionality.  

Methods 

A continuous Hydrothermal Flow System was used to synthesize cerium. Copper and zirconium doped ZnO. 
Raman Spectroscopy, X-ray Diffraction, Transmission Electron Microscopy, Brunauer–Emmett–Teller (BET) 
was performed to analyze nanoparticle properties. Cell Viability Assay on Human Osteosarcoma Cells MG63, 
Human Embryonic Mesenchymal stem cells was performed and early Osteogenesis was observed using 
Resazurin Assay and Alkaline Phosphatase Activity respectively. 

Results & Discussion 

Chemical characterization suggested successful synthesis of cerium, copper and zirconium doped ZnO. It was 
revealed that changing the flow parameters and concentration of precursor solutions lead to variation in crystal 
size and shape. Transmission Electron microscopy and Brunauer–Emmett–Teller (BET) demonstrated that 
the particle size ranged from 35-90nm and particles possessed rod-shaped morphology. A 7-day cell viability 
study demonstrated no adverse effects on cells.  

Conclusion 

The preliminary data illustrated the non-cytotoxic nature of doped ZnO. It also revealed   promising results to 
initiate early Osteogenesis and vascularization, which is the pre-requisite for bone regeneration. Further 
investigations on release mechanisms and biocompatibility are in progress which will lead to additional 
understanding of future potential for craniofacial bone regeneration and vascularization.  
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Introduction
Hyaline cartilage serves as a load bearing surface and facilitates near frictionless articulation of synovial joints. 
Both the composition and organisation of this tissue vary as a function of depth [1-2]. The zonal variations 
found in native cartilage are driven by the various mechanical demands of the tissue (load bearing, lubrication, 
subsurface stress transmission) and may play important roles in maintaining biological homeostasis [3]. 
Following our previous work on multi-zonal scaffolds [4], we aimed to recapitulate the zonal organization of the 
collagen network using a combination of high throughput and commercially available processing techniques: 
porogen leaching, directional freezing, and electrospinning. Furthermore, we aimed to decouple the 
contribution of each zone to the aggregate response of the scaffold using mechanical compression. 

Methods
Zonal scaffolds were produced from a single biocompatible and FDA approved polymer - polycaprolactone 
(PCL). Based on the fabrication technique different solvents and methods were employed (Figure 1). Scaffold 
production began by dissolving PCL in tetrahydrofuran, adding sucrose, and drying at room temperature to 
obtain an initial porogenated layer. The dry polymer was then transferred to a cooling platform, where a layer 
of PCL dissolved in dioxane was directionally frozen on top at -20 °C. The frozen construct was transferred to 
a pre-cooled 75% ethanol bath to remove the dioxane [5]. The constructs were then washed in water and dried 
at room temperature to remove any remaining sucrose. A final layer was added by electrospinning PCL fibres 
on top of the porogen leached side of the construct. 

The scaffolds and isolated zones were evaluated in their as fabricated (dry) and hydrated state using 
unconfined compression. Their flow dependent and flow independent responses were quantified. Scaffold 
architecture was examined and verified using scanning electron microscopy. 

Results & Discussion 
The fabricated scaffolds demonstrated a zonal structure 
similar to that of the native tissue. Results from 
mechanical testing demonstrate zone specific 
contributions to the overall mechanical performance. 
Furthermore, there was strong interfacial adhesion 
between the zones. 

Conclusions
The work presented in this study furthers our 
understanding of the functional properties of articular 
cartilage and how we can better engineer scaffolds to 
mimic its performance. Potential directions for future 
research include cell seeding studies, validation of 
cartilage repair in an animal model, and optimisation of 
the tissue-scaffold interface through functionalisation of 
the polymer. 
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Figure 1. (A) Dissolved PCL and sucrose left to dry, (B) an 
additional layer of dissolved PCL added on top, (C) dioxane 
crystals formed during directional freezing, (D) ethanol 
substitution of dioxane crystals and sucrose, (E) dry porous 
PCL structure, (F) electrospun fibres deposited on the porogen 
surface. 

183



Electrospun Fiber Fabrication As Synthetic Extracellular Matrix to Elucidate 
Collagen Fiber Structure in Osteogenesis Imperfecta 

T. Cebe1, M. Balasubramanian2, G. Reilly1

Presenting Author: Tugba Cebe tcebe1@sheffield.ac.uk, 
1Department of Materials Science and Engineering and INSIGNEO Institute for in silico Medicine, 

University of Sheffield, Sheffield, United Kingdom 
2Academic Unit of Child Health, Department of Oncology & Metabolism, University of Sheffield, 

Sheffield, United Kingdom 

INTRODUCTION: Osteogenesis imperfecta (OI) is a heritable disorder of bone matrix formation, usually 
caused by mutations in the type I collagen genes, COL1A1 and COL1A2, which leads to increased 
bone fragility, and deformity [1]. It is characterized by poor bone quality, mass, and strength. In this 
project, we aimed to create a 3D model of extracellular matrix production using electrospun 
Polycaprolactone (PCL) scaffolds [2] to investigate OI effects on in vitro collagen production in order to 
better understand how type 1 collagen mutations alter early collagen formation processes.  

METHODS: PCL pellets were dissolved in dichloromethane, non-aligned and aligned fiber scaffolds 
were fabricated by electrospinning. Primary fibroblasts, and controls were collected from human donors 
under informed consent from Sheffield’s Children Hospital. For this project, cell-secreted collagen was 
analyzed using a laser scanning confocal microscope fitted with a Ti: sapphire multiphoton laser. 
Samples were illuminated and second harmonic generation (SHG) [3] signals were detected.  

RESULTS: Both aligned and non-aligned fibers were of uniform diameters. Fibers collected on high 
and low speed collectors exhibited a difference in fiber alignment. High speed collection has a more 
aligned structure (Figure 1). Human fibroblast from healthy donors and OI patients were cultured on 
aligned and non-aligned fibers. Cell adhesion on aligned fibers was remarkably greater than on non-
aligned. Cells elongated along the direction of fiber alignment. However, cells spread out more on non-
aligned architecture. Collagen secreted by fibroblasts from healthy donors aligned in the direction of the 
electrospun PCL fibers.  

CONCLUSION: Our results demonstrate that fibrous scaffolds traditionally used for tissue engineering 
can be used to create in vitro human cell-based models of matrix deposition in 3D. This will be a 
powerful tool to better understand the mechanisms behind diseases of extracellular matrix production 
such as OI. 
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Figure 1: Representative 
Scanning Electron Microscopy 
images of PCL, aligned (left) and 
non-aligned (right). The diameter 
of aligned fibers is 10 ±1 µm and 
non-aligned are 13±2 µm.
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Introduction 
Biomaterials play a role important in medical fields. For the functionality of a material for use in medical
applications, three important factors are taken into account: biocompatibility, mechanical properties and
corrosion resistance . This paper evaluate in vitro cytotoxicity of a new system Ti-Mo-Zr-Ta (3 composition)
obtained in vacuum arc remelting MRF ABJ 900.

Methods 
Cell viability for TMZT alloys was tested by the MTT test (Tetrazolium Salt Method) [13, 14] using a
tetrazolium salt, wich in in aqueous solution at neutral pH, has a yellow color and is capable of penetrating
the cells.

To evaluate cytotoxicity, 3 metal samples of TMZT alloys was cut to size 5 mm x 5 mm x 3 mm, then
prepared specifically for the MTT assay and placed into well plates together with the culture medium. Cell
viability was expressed as a percentage by reference to control well plates (wells containing complete culture
medium).

Results & Discussion 
The study of the viability of HOS cells co-incubated with samples belonging to TMZT alloys consisted of
assessing cell viability at 3 and 9 days respectively by seeding the cells after passage on the metal samples
in 24-well plates of 1x105cells / well / 1ml MEM complete (MEM with 10% FBS and 1% antibiotic-
antimycotic), incubated in humid atmosphere at 37 ° C and 5% CO2. For conclusive results, cells were
seeded in wells containing only complete culture medium (referred to as Control wells), thus comparing with
the results of samples from TMZT alloys. For the 3-day test, after 24 hours the medium was removed by
aspiration; washing with PBS and adding completely fresh medium was performed. For the 9-day test, the
culture medium supplemented with the extract was first changed after 24 hours and then at 48-hour
intervals. For this, the medium was removed by aspiration; washing with PBS and adding fresh medium
completely.

In the case of TMZT alloys analyzed, their low cytotoxicity was due to the presence of alloying elements (Mo,
Zr and Ta), which contribute to the formation of stable oxides.

Conclusion 
Based on the results, we can say that TMZT alloys have adequate cell viability and can be considered
potential candidates for medical applications.
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Introduction 
3D printing using Fused Deposition Modelling (FDM) has been used to produce scaffolds and complex 
designs1. FDM can be used to develop membranes, which can be used for biological sampling and diagnosis. 
Many infectious diseases including TB and flu are transmitted via air through the inhalation of droplet nuclei. 
The collection efficiency of cotton, cellulose, polycarbonate and Sartorius gelatine s have been studied when 
sampling airborne microbes. Gelatine filters show good collection efficiency for hydrophilic viruses2, however, 
they may be unsuitable for delicate organisms3. Gelatine filters have been used in face masks for 
Mycobacterium tuberculosis detection4. Fragility of gelatine filters can limit their utility and they may degrade 
in the high humidity when sampling in masks. Furthermore, gelatine is not DNA-free material. 
In the work presented here, we show that biodegradable polymers can be printed as multilayers matrix for 
microbial capture. PVA is considered promising material to be used for cell entrapment as its cryogel has been 
used as matrices for cell immobilization5. Also, the maintenance of E. coli within a PVA scaffold microstructure 
has been studied recently6. The goal of this study is to i) design and print a full face mask and sampling 
matrices from PVA and examine the matrix for Mycobacterium detection. ii) Study surface and mechanical 
features of the matrix.  

Methods 
The PVA filament was used to print the designed models of matrices and face mask. PVA matrices were either 
inoculated with bacteria or exposed to aerosols generated by an Omron A3 nebuliser. Quantitative polymerase 
chain reactions (qPCR) were used to determine bacterial recovery rate from both PVA and gelatine samples. 
These were dissolved in water, bacteria pelleted followed by DNA extraction and qPCR. The mechanical and 
physical features of PVA printed samples including tensile strength, porosity, surface topography, roughness 
and wettability were studied.  

Results & Discussion 
The 3D printed PVA matrices yielded results comparable to gelatine filters for Mycobacterial detection. PVA 
can be handled and fabricated into fully printed face mask due to its toughness. The hydrophilicity of the PVA 
matrix surface, its roughness of (Ra >1) and the formed pores between PVA layers of the model may enhance 
the capture of bacteria.  

Conclusion 
3D printed PVA matrices were quantitatively examined for bacterial diagnostic objectives. FDM offers printing 
novel products for microbiology applications, saving time and cost. 3D designs may be the future innovative 
technology for microbiology applications. 
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Introduction 
The skin is a highly complex, hierarchical, and dynamic organ that consists of an epidermal barrier layer and 
dermal matrix, which contains hair follicles, glands, blood vessels, and nerves. Whilst current 3D organotypic 
co-culture models recapitulate the basic bi-layered organisation of skin, they lack the cellular and structural 
complexity of native skin.  Thus, these simplistic models fail to capture many of the key biological functions of 
human skin and are limited in their ability to model normal tissue function and disease processes. 

The overall aim of this project is to develop next-generation in vitro models of human skin using 3D bioprinting 
to mimic the tissue’s essential structural and cellular complexity.  As a first step towards this aim, the studies 
presented here produced and characterised several ECM-based bioinks for the development 3D bio-printed 
skin models.  

Methods 
To identify an appropriate bioink to be used in the human skin equivalent model we have synthesised photo-
crosslinkable gelatin methacrylate (GelMA) and hyaluronic acid methacrylate (HAMA), and purified 
decellularised ECM (dECM) from porcine skin. These materials were then characterised for their gelation, 
cytocompatibility, rheology and printability. Cytocompatibility was measured using a LIVE/DEAD™ 
(ThermoFisher Scientific) assay. Rheometry was performed on a Discovery-HR3 (TA Instruments). Printability 
experiments were performed on 3DDiscovery™ (RegenHU, Switzerland). The Degree of Functionalisation 
(DoF) of GelMA materials were measured using a Fluoraldehyde™ o-Phthaldialdehyde Reagent Solution 
(OPA) (ThermoFisher Scientific), and dECM materials were analysed for their ECM protein content by Western 
blot analyses.  

Results & Discussion 
The GelMA precursor was generated with 84% degree of functionalisation (DoF) and formed stable hydrogels 
upon exposure to 365 nm light and in the presence of the photo-initiator (Irgacure 2959).  Biocompatibility tests 
indicated that 5% GelMA (wt/vol) supports good viability, approximately 80%, for human dermal fibroblasts 
with 0.05%-0.1% photoinitiator concentrations, but viability dropped to 50-60% in 7.5-10% GelMA hydrogels. 
Temperature sweep experiments showed that GelMA has sol-gel transition at around 35-37 ˚C, which is an 
optimal temperature for cell culture. Printability experiments performed on a 3DDiscovery™ (RegenHU) 
demonstrated the poor printing fidelity of GelMA in a defined 1.5 cm x 1.5 cm grid pattern. To improve the 
viscosity and stability of the bioink, we therefore blended the HAMA precursor with GelMA in the mass ratios 
1:1, 1:2 and 1:3, and a minimum ratio of 1:3 was sufficient to improve printing resolution. We also produced 
dECM hydrogels from porcine skin to explore the potential of native skin-derived ECM as a bioink. Western 
blot analyses in combination with curability tests demonstrated the success of the dECM protocol by indicating 
the presence of major ECM molecules, collagen I and fibronectin, and the ability to form stable gels in neutral 
conditions. Rheological analyses further demonstrated the shear thinning properties of dECM hydrogels, 
indicating their potential suitability as a bioink.  

Conclusion 
Following further characterisation of the GelMA/HAMA and dECM materials, we will print 3D organotypic 
models and compare them against the established Collagen I/Matrigel model. Thus, the bioinks developed 
here represent promising biomaterials for 3D bioprinted skin equivalent models. 
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Introduction 
Despite advances in coating techniques and biofunctionalisation methods, long-term performance and stability 
of neural interfaces still remain a challenge. Consequently, next generation bionic devices suggest the 
incorporation of living components directly within neural implants to foster the formation of natural connections 
between the device and the host tissue. This study investigates the use of a poly(vinyl alcohol) - norbornene 
(PVA-NB) hydrogel system, functionalised with glycosaminoglycans (GAG) to promote cell differentiation 
towards the formation of functional neural networks in vitro. 

Methods 
PVA-NB synthesis was performed following previous protocol described in Qin et al1. GAG mimetics were 
chemically linked and the final product was then dialysed and recovered through lyophilisation to form 
hydrogels by visible light photopolymerisation. The cytocompatibility of the functionalised PVA-NB hydrogel 
was evaluated by culturing human ventral mesencephalic (VM) cells on the hydrogel matrices and performing 
quantitative immunostaining of relevant neural biomarkers such as β tubulin for neural outgrowth and GFAP 
for astrocytes. The gliosis modulation and inflammatory response of the functionalised hydrogels were studied 
by the secretion of pro-inflammatory cytokines. 

Results and Discussion 
The functionalised PVA-NB hydrogel was successfully polymerised and it preserved biofunctionality as 
assessed by the promotion of VM cell presence for up to ten days in culture compared to previous biosynthetic 
hydrogels (PVA-SG) developed in the group (Figure 1A-C)2. A neurotrophic effect imparted by 
glycosaminoglycans (GAG) mimetics is suggested. Soluble fraction and volumetric swelling values of the 
functionalised PVA-NB hydrogel systems were investigated and found to be in line with common properties of 
hydrogel systems for neural tissue engineering applications.  

Figure 1:  Confocal images of VM cells grown on top of tissue culture glass dishes (A), PVA-SG hydrogels (B) 
and PVA-NB hydrogels (C). Scale bar = 100 μm. 

Conclusion 
Biofunctionalisation of neural electrodes with GAG mimetics shows promise as a functional approach to 
promote the integration of electrodes through the attenuation of glial scar response and through promoting a 
neuroprotective response in vitro. This study further promotes the exploration of glycan mimetics to potentiate 
matrix-inspired therapeutic strategies at the neural-tissue interface. 
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Introduction 
The main objective of the organ-on-chip platform is to create a micro-device that mimics the environment and
function of organs. These in vitro tissue models are advantageous for drug testing, toxicity assessment, and
fundamental biological studies. However, the development of vascularised and perfusable 3D tissue models
remains a significant challenge. Here, we report the fabrication of biocompatible hydrogels with defined
microfluidic channels that can be used to model interactions between the vasculature, immune system, and
human tissues.

Methods 
For microchannel fabrication, a 3DDiscovery™ (RegenHU, Switzerland) extrusion-based bioprinter generated
15 mm long filaments of 25% w/v Pluronic F-127 using a 105 µm nozzle. The Pluronic was printed in a silicone
(Dowsil™SE1700) frame (15 mm x 20 mm). The pillars at the entrance and the exit (diameter 2 mm) were
printed to create an open pore for the perfusion channel. Next, different types of cell-laden hydrogels seeded
with 105 cells/ml of human dermal fibroblasts were cast onto the printed pattern at different concentrations.
Following hydrogel crosslinking or gelation, the sacrificial Pluronic was removed by flushing 4 oC PBS into the
channel. Later, the channel dimensions were measured by using an optical microscope. Subsequently, the
optimum formulations of two specific hydrogels, gelatin-methacrylate (GelMA) and fibrin hydrogels were further
characterized for cell viability (LIVE/DEAD™, Thermo Fisher Scientific), cell proliferation (Ki67 expression and
DNA content), and F-actin cytoskeletal morphology (phalloidin) over an 8 days culture period.

Results & Discussion 
Initial screening of GelMA, fibrin, collagen, alginate, and agarose hydrogels identified 6% GelMA and 30mg/ml
Fibrin as optimal formulations for creating patent, uniform, and reproducible microchannels around the
sacrificial Pluronic. Average channel widths were 361±22 µm for GelMA and 343±44 µm for Fibrin. We further
characterised channel reproducibility and integrity over an 8-day culture period with dermal fibroblasts. This
analysis demonstrated good initial channel resolution for both hydrogels. However, by day 8 fibrin maintained
better resolution than GelMA (channel width increased by 11.39% for GelMA and 2.79% for fibrin). Live/Dead
assay analyses showed comparable cell viability (>80%) in both hydrogels. Finally, we observed that fibrin
allowed cells to regain their elongated morphology. On the other hand, in GelMA the fibroblasts remained
rounded.  On-going studies are assessing the cell growth and proliferation in the two systems.

Conclusion 
In summary, this study has established inverse 3D printing methods to create perfusable microchannels within
two different types of the cell-laden hydrogels. It appears that fibrin hydrogels provide better environments for
fibroblasts to regain their physiologic morphology and offer higher mechanical integrity to the printing-based
microchannel network. Future studies aim to further develop blood vessel-like structures within the
microchannels by injecting endothelial cells (HUVECs) and to investigate the interactions between HUVECs
and dermal fibroblasts.
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Introduction 
Current electrodes used in invasive neural devices are usually made of metal, which are stiff and inorganic 
materials, leading to damage to the implant caused by the immune reaction of the surrounding tissue, including 
the formation of a glial scar which encapsulates the device and reduces its efficacy. Hydrogel systems are 
polymeric matrices that can minimise this inflammatory response through addressing the mechanical mismatch 
from the rigid metal electrodes. This study aims to understand the interaction of a mixed neural population of 
human ventral mesencephalon (VM) cells grown in Polyvinyl Alcohol (PVA) - based hydrogel through cell 
morphological characterisation and cell mechanics to modulate inflammation. 

Methods 
PVA-SG hydrogel (8% PVA-tyramine, 1% sericin, 1% gelatine) were made using UV photopolymerisation. The 
cytocompatibility of the PVA-SG hydrogel was evaluated by culturing human ventral mesencephalic (VM) cells 
on the hydrogel matrices and performing quantitative immunostaining of relevant neural biomarkers such as β 
tubulin for neural outgrowth and GFAP for astrocytes, as well as F-Action for cell cytoskeleton. The supernatant 
was used to conduct an ELISA analysis of pro-inflammatory cytokine IL-6. 

Results & Discussion 
Cell Viability of VM cells on PVA-SG hydrogels in 2D was assessed first to understand the role of Poly-L-
Lysine (PLL) on adhesion. PLL was observed to enhance cell adhesion on the gels. However, a characteristic 
quiescent phenotype of the VM cells was evident from the morphological roundness of the cells. In addition, a 
significant increase release profile of proinflammatory cytokine IL-6 from the gels compared to healthy controls 
was observed. This suggests an overall low permissive environment from the gels to support mixed neuronal 
cell outgrowth in 2D. Similarly, the cell viability of VM cells on PVA-SG hydrogels in 3D was assessed through  
cell adhesion and proinflammatory release of IL-6. It was observed that average number of VM cells present 
on the gels decreased over time with no expression of their phenotype, astrocytes/neurons respectively 
assessed by specific antibody markers. The release of IL-6 from the encapsulated cells showed an increase 
release profile when compared to healthy controls. Overall, these results allude to the low permissive 
environment of the PVA-SG hydrogels for neural cell outgrowth. However, these observations have led on 
functionalisation approaches of the hydrogel system for promotion of cell adhesion and outgrowth as next 
phase. 

Conclusion 
Low VM cell viability has been observed on the PVA-SG hydrogels assessed by cell presence in 2D and 3D 
in vitro neural cultures and by the release of proinflammatory cytokine IL-6. These observations lead to further 
analysis of the cell mechanics through mechanoreceptors (Piezo 1, Yap and Syndecan 4) to elucidate the lack 
of morphology of the VM cells on this hydrogel system.  
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Introduction 
     Treating long-term diseases such as cancer imposes a stringent sequence of various treatments on 
patients. For instance, cancer may be treated with radiation and chemotherapy; the latter in many treatment 
protocols requiring the implantation of a catheter during a prolonged period of time. To maximize the effect of 
such measures, integrated and validated methodologies are needed as decisional basis for appropriate risk 
management, as well as to secure best possible patient treatment and safety with regard to clinical use of 
medical devices. This is also of great importance during the development of new medical devices, as well as 
in scientific research, when it comes to testing and validating results. 
     The necessity for standard methodologies can be illustrated with reference to a study with tragic outcome 
at Karolinska Institutet (KI) in Stockholm, Sweden, where six patients died upon receiving synthetic trachea 
transplants[1]. The rush forward to clinical disaster could have been avoided if some of the facts available in 
the open literature in regards to the material used in the implant had been considered during its design.  
     To reassure the safety and quality of life for patients living with medical devices for a short- or longer period 
of time, it is in other words of great importance to secure detailed understanding for the controlling factors and 
mechanisms of the underlying processes directly connected to loss of device performance and functionality in 
order to predict, monitor, and control the quality of the device during its clinical use, i.e. from storage to clinical 
exposure and clinical service lifetime. 

Methods 
     In the present study an integrated and validated methodology for better risk management of Central Venous 
Catheters (CVCs) used for the administration of cytostatic drugs (FE100C/Taxotere) to cancer patients, have 
been realised by the development of a modular testbed (platform) allowing for reproducible testing of the 
materials used in these devices under controlled conditions and in an environment simulating realistic (human 
body) conditions, i.e. in contact with drugs and whole blood. The loss of engineering performance due to 
material-drug-biological system interactions have been evaluated over time, and the in-vitro results compared 
to the results obtained from ex-implanted CVCs (in-vivo results). Both commercial CVCs (tubes) and flat sheets 
of medical-grade polycarbonate-based aliphatic polyurethanes, as well as medical grade silicon (Class VI 
certified), have been exposed to drugs/whole blood in the testbed and later characterised using standard 
analytical techniques (FE-SEM, FTIR, TGA, tensile testing, etc.). Changes in surface morphology of the device, 
as well as chemical- and mechanical properties, after artificial (in-vitro) aging and clinical (in-vivo) use have 
been identified and compared.  

Results 
     The main outcome of the present study is the validation of a testbed consisting of in-vitro and in-vivo 
modules for assessing the risks involved with clinical use of CVCs. Comprehensive understanding of the 
properties and interactions between the human body and the device material, in relation to human health, 
safety and quality of life, have been evaluated from the performed tests by linking in-vitro and in-vivo results. 
Overall the project results have proven to have great impact on assessing the risks associated with clinical 
use of CVCs, and how it effects the overall treatment of the patient. 

Conclusion 
     An increased porosity of the material surfaces of all CVCs tested was established, as well as a direct link 
between the surface porosity and (i) release of inorganic fillers from the catheter into its environment, (ii) 
decrease of mechanical performance, and (iii) increase in probability of catheter failure during use. A 
correlation between in-vitro and in-vivo results were established, with clear indications of less than acceptable 
engineering performances after clinical exposure as the overall result.  
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Introduction 
Antibiotic resistance in microorganisms has emerged as a serious healthcare concern, especially with regards 
to developing strategies for combating nosocomial infections. Metallic nanoparticles (e.g. Ag, Au, Cu etc) have 
far less chance of inducing resistance compared to conventional antibiotics because of the versatility of their 
antibacterial mechanism.  In addition, these nanoparticles also have tissue regenerative effects which make 
them promising for wound healing applications. In this context, the present work reports a water soluble 
nanocomposite antimicrobial film based on copper nanowire (CuNW) reinforced hypromellose matrix which is 
able to kill both gram positive and negative bacteria with high efficiency. The CuNW film is characterized based 
on stability, solubility, copper release and antimicrobial activity.  

Methods 
The copper nanowires are synthesized in an oil bath by reducing copper salt (CuCl2.2H2O) with hydrazine 
hydrate at 80 °C using ethylenediamine as the nanowire promoting agent. For the film synthesis, 10 mg of 
CuNW was dispersed in 10 mL of 1% (w/v) hypromellose solution by ultrasound probe for 1 min and then 
stirred for 2 h. The solution was then poured on a petri dish and dried at 40 °C in the oven. Time dependent 
antimicrobial assay was carried out by plate count using different weights of the film after determining the 
minimum inhibitory concentration (MIC). Cytotoxicity tests are currently underway using human cell lines. 

Results & Discussion 
The synthesized CuNW were 15 m to 20 m in length and ~50 nm in diameter as determined from the SEM 
image (Figure 1a). When embedded within hypromellose film, the CuNW shows a uniform distribution without 
any visible agglomeration (Figure 1b). The film showed strong antibacterial activity against E. coli (92% cell 
death) and S. aureus (90% cell death) after 24 h of incubation in nutrient broth (Figure 1c). The film also 
exhibited clear zones of inhibitions on agar plates. The MIC values for E. coli and S. aureus were determined 
to be 0.80 mg/mL and 0.86 mg/mL of CuNW respectively. The plate count images for E. coli treated with 
CuNW-cellulose film shows significantly reduced number of colonies compared to the control plate (Figure 1d). 
The antibacterial mechanism is similar to copper 
nanoparticles which include membrane damage and 
toxicity due to Cu2+. 

Conclusion 
Water soluble copper nanowire-cellulose composite films 
were synthesized and showed excellent antimicrobial 
activity. The films were stable and retained activity over a 
month showing protective nature of hypromellose. The 
easy solubility of the films resulted in facilitated release of 
CuNW in the solution which interacted with cellular 
membrane leading to bactericidal effect. However, to 
determine the cytotoxicity of the films, MTT assay and 
fluorescence imaging (Live/dead assay) is being carried 
out on human cell lines in order to clear the way for 
potential exploitation of these films as wound dressing 
material. 
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Introduction 
Cancer treatment methods include chemotherapy and the use of radiation. There have been reports of these 
methods preventing cancer proliferation through necrosis (forcing the tumour cells to rapture) [1]. These 
released a lot of ions from the cell to the body medium causing oxidative stress to the normal cells [2]. The 
effective way of curbing the problem is the use of nanoparticles as carriers of the cancer drugs. Conversely, 
there are design challenges with nanocarriers in terms of drug loading efficiency and release patterns [3]. We 
propose of the use of hydroxyapatite (HAp) nanoparticles alone to inhibit the tumour plasma membrane. HAp 
is calcium phosphate hydroxide and has been used extensively as a biomaterial in bone tissue scaffolds, and 
dental argumentation. The HAp was introduced to HeLa cells and electrochemical studies performed invitro. 
Normal human epithelial cells (RWPE-1) were used as control. 

Methods 
HAp was prepared from Achatina achatina snail shells and phosphate containing-solution. The AA shells were 
calcined into calcite powder after which diammonium phosphate solution was added to form a suspension and 
stirred. Two HAps were prepared by varying the stirring time. HAp1 and HAp3 were stirred at 1 and 3 hrs, 
respectively. HAps were characterised using X-ray diffractometry and infrared spectrometry after which 
electrochemical studies were performed using cyclic voltammetry (CV). 5 mg of HAp was added to PBS. Five 
different concentrations of the suspension were added to 100 µL HeLa cells and 5 µL from the bulk then added 
to interdigitated electrode for CV reading. Cell viability studies were also performed using cellometer.  

Results & Discussion 
The anodic peak current from the CV readings corresponded to the cell viability. It was observed that the 
anodic peak current was higher for normal cells as compared to the HeLa cells. The reason been that normal 
cells produce signalling for proliferation through polarization whereas cancer cells are through depolarization. 
As a result, the normal cells gave more ions out of the cytoplasm whereas cancer cells were the opposite. 
Upon addition of   the HAp1 and HAp3 into the normal cells and HeLa cells, the peak currents declined for 
normal cells but for HeLa cells became higher (Hyperpolarization) than the HeLa cells alone. The 
hyperpolarization occurred at 1 µL of HAp1 and 2 µL for HAp3. The hyperpolarization corresponded to the cell 
death based on the cell viability test. The cell viability was 84% for normal cells, 13% and 14% for HAp1 and 
HAp3, respectively. The HAp inhibited the plasma membrane through hyperpolarization [4]. 

Conclusion 
The hydroxyapatite prepared from Achatina achatina snail shells inhibited Hela cells plasma membrane 
potential through hyperpolarization without affecting the normal cells, and the implication is that the HAp 
could eliminate the associated challenges with chemotherapy and radiation method of treating cancer. In 
addition, the cyclic voltammetry technique has the potential for cancer diagnostic.  
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Introduction 
Ischemic heart disease is the leading cause of morbidity and mortality in the world [1], caused by the elastic 
and muscular arteries shrinkage (stenosis). The most popular treatment employs a flexible metal mesh (stent) 
to mechanically support the opening of stenotic segments. However, despite improvements on the stent 
design, there is a high probability of medium-term restenosis [2]. This study is focused on the development of 
a setup for neointimal tissue characterization inside stents with Finite Element Analysis simulations (FEAs) to 
measure its bioimpedance and to determine the stent occlusion. The FEAs include a study case with a stent, 
characterizing its lumen in stable and vulnerable plaques in restenosis situations. 

Methods 
FEAs were performed using COMSOL Multiphysics® program. The electrical properties [3] of every single 
layer which composes the neointima (Fat, muscle, fiber, endothelium) plus blood, have been considered to 
perform the simulations. In addition to this, a 4-wires system has been selected to measure the bioimpedance: 
2 for input current excitation and 2 for output voltage response measure. The setup dimensions described in 
Fig. 1a, were selected to adapt it to an average left anterior descending (LAD) artery diameter [4]. The AC 
current amplitude was set to 3µA, and the voltage response at the output electrodes was measured to calculate 
magnitude and phase of the tissues. In Fig. 1c the 8 electrode-pairs are indicated by numbers; therefore, there 
are 8 setups or simulation sets like the one shown in Figure 1a, which are placed at the stent end. 

Results & Discussion 
Before simulating all the tissues, including blood, at the same time, several simulations were done to 
characterise separately every single tissue depending on the performed measurement frequencies (From 1Hz 
to 1MHz) and the changes of thickness (h in Fig. 1a). After this, it was represented three different coronary 
lumens getting narrower through simulating the same 9 different cases in them by increasing the occlusion 
percentage. Their respective geometries were: Regular (symmetrical) or irregular (asymmetrical) provoked by 
muscle or fat tissue increment. Then the sixth case corresponding to a 30% of occlusion (measured at 1kHz) 
was selected for each one of them to be compared (Fig. 1d).  

Figure 1. Views for the 4-electrode setup: (Dark) 2 for input current excitation and (Grey) 2 for output voltage response (a). Perspective 
view of regular geometry neointima with a stent of 1150µm of internal radius (b). Lateral view of irregular geometry neointima, each 

number represents a pair of electrodes (input and output respectively). Magnitude impedance comparison between regular (square), 
and irregular lumen provoked by (rhombus) muscle increment (stable plaque), and (triangle) fat tissue increment (vulnerable plaque) for 

each simulation set. 

Conclusions 
This work presents a progress into the FEAs applied to the neointimal tissue characterization in implanted 
stents. Our preliminary results demonstrate that it is possible to distinguish vulnerable from stable plaque in 
restenosis cases by detecting the increment/decrement in magnitude impedance at 1kHz frequency. 
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Introduction 

A customised 3D bioprinting platform has been developed with the ability to fabricate patient-specific, multi-
cellular, fibrous tissues using autologous cells, hydrogels, various extracellular matrix (ECM) components 
and growth factors. This method has the potential to eliminate the need for surgical autotransplantation of 
fibrous tissues such as cartilage, muscle and peripheral nerve that are associated with donor site defects 
and potential painful lifelong complications. In addition, this method also provides a favourable environment 
for 3D tumour study.  

The custom bioprinter has multi-nozzle support with dual nozzle-bed temperature control, thus allowing the 
incorporation of many biomaterials with precise, high-resolution placement. This system also allows control 
over scaffold porosity and degradation time through hydrogel physical and chemical property tuning. 
Bioprinted tubular scaffolds have shown excellent biocompatibility and cell viability with adipose-derived 
stem cells (ADSCs) and differentiated (neural) ADSCs (dADSCs).  

Methods 
A custom-built 3D bioprinting platform was used to bioprint ADSCs and pre-differentiated dADSCs 
encapsulated in extracellular matrix solution in the lumen of hollow cylindrical hydrogel scaffolds with internal 
diameter ranging from 460 to 760 µm. Live/dead imaging was used to analyse cell viability and aggregation. 
Hydrogel scaffolds were chemically-degraded, leaving behind functional tissue, thus providing a viable 
platform for fibrous tissue engineering. 

Results & Discussion 
Single-cell bioinks containing ADSCs and dADSCs survived, aggregated and remained viable over at least a 
10-day period. Cellular aggregation was also observed from day 1 onwards. Further imaging processes 
investigated the presence of differentiated cell surface biomarkers, morphology and neurofilament guidance 
within the hydrogel scaffolds. 

Conclusion 
It has been shown that ADSCs and dADSCs can proliferate and aggregate inside 3D bioprinted tubular 
hydrogel scaffolds for at least 10 days. Future work will look at the addition of further ECM materials, growth 
factors and hydrogels. Neuronal co-culture and 3D fascicle bioprinting will also be investigated. 
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Introduction 
Separation of particles (cells, beads, and droplets) is critical in a variety of biomedical applications such as 
early disease diagnostics. To date, standard methods have used 2D-chips fabricated using PDMS based soft 
lithography or embossing/etching materials such as Topas or glass. Often hydrodynamic flow focusing is used 
to spatially confine the sample flow to particular areas on the chip and so facilitate target species detection; 
however, 2D systems have limitations when it is necessary to make fine, micrometre scale, adjustments to 
flow profiles and/or the spatial position of the focused sample stream so as to match up with elements of 
external bulky equipment such as the laser or light paths of a spectrometer or internal fields used in electrical 
or acoustic actuation. These limitations can be overcome by using a 3D flow focusing method which can 
dynamically adjust the flow patterns within the sample chip (Figure 1a, left). For complex systems containing 
multiple sensor and actuation stages that are best made using hybrid construction of plug-and-play 
subsystems, a critical aspect of the overall functioning of the system is knowing at what points in time individual 
particles (e.g. cells, beads) are in the vicinity of different functional parts of the device. For high throughput and 
high particle densities, this becomes more difficult the larger the chip and the faster the flow. To address this, 
here we used a strategy of integrating several optical sensors into a hybrid device made from 3D printed and 
conventional soft lithography PDMS parts (Figure 1a, right), and so provide this timing data. Using these, it 
has then been possible to develop an automated flow-focusing and sorting microfluidic system with the 
flexibility and stability required for the sorting and refinement of labelled cells and beads (Figure 1b). 

Methods 
In brief, fibre-based break-beam (or light scattering) optical sensors used for timing purposes have been 
incorporated into the detection chamber and sorting element of the hybrid device. Each sensor is made up of 
a light source, a pair of optical fibres, a photodetector and associated DAQ systems. This pair of sensors 
provides accurate timing data (ms resolution) corresponding to the transit of a target cell/bead of interest from 
the detection chamber to the sorting device.  This timing data can then be used to trigger the actuation required 
to send a particular cell/bead into either a waste or collection channel for downstream processing of refined 
populations. The whole system is controlled and automated by customisable LabVIEW programs. 

Results & Discussion 
In the sorting demonstration below, here, red and green fluorescent beads were added to the sample stream 
to facilitate visualisation of when a target bead (cell) was directed into the collection channel (Figure 1c and 
1d). Using this method, we achieved a sorting accuracy higher than 95% with a reasonably high purity of 92.2% 
(corresponding to a 9 fold refinement of a solution already containing 10.8% of target beads; much greater 
degrees of refinement occur when the starting solution contains a lower target species concentration.  

Figure 1. (a) Schematic of the microfluidic system. The sample is a mixture of red and green fluorescent beads. The emission wavelength 
for the optical sensor1 and the optical sensor 2 is 532nm and 405nm respectively. P1-P4 are pressures connected to a pump. W: Waste 
channel, C: Collection channel. (b) Image of the detection window. R: Red Beads (targets), G: Green Beads. (c) & (d) Images of a break-
beam controlled sorting event with the red bead going into the collection channel while the green bead going into the waste channel. 

Conclusion 
In summary, we have demonstrated a hybrid 3D hydrodynamic focusing microfluidic detection-sorting system 
which uses optical sensing and timing to improve sample detection, analysis, and target separation. This 
approach has promising applications in multi-modal systems assembled from highly flexible microfluidic 
subunits. 
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Introduction 
Parkinson’s disease (PD) is a degenerative disorder that affects dopaminergic neurons in the substantia nigra. 
In PD, the dopaminergic neurons degenerate, resulting in less dopamine being available for 
neurotransmission. Cell therapy, along with the use of biomaterials, has emerged as a promising therapeutic 
strategy. However, the existing delivery approaches have shown limited success in clinical translation1. This 
study aims to develop a device for the delivery of a cell-embedded in situ forming collagen hydrogel. Here, 
computational approaches on the delivery of collagen to the striatum are presented, to gain insight into different 
parameters affecting the delivery. 

Methods 
The delivery of collagen to the striatum was modelled computationally in the two-dimensional and three-
dimensional spaces. In 2D, the striatum was modelled as a circular space, with an area of 3.98 cm2 
corresponding to the mean volume of putamen in PD patients2. The 3D model was reconstructed from MRI 
images of rodents provided by MIRCen (CEA, France). Within the finite volume method framework, the Volume 
of Fluid (VOF) method was used, assuming two isothermal and immiscible fluids, representing the collagen 
hydrogel and the striatum. The collagen flow was considered incompressible, with non-Newtonian fluid 
behavior characterized experimentally, and constant inlet velocity corresponding to a maximum delivery 
volume. 

Results & Discussion 
Two different designs of needle tips were used for the delivery, a blunt and a bevel tip. The interaction between 
collagen and the striatal tissue phases was analyzed in both the simplified 2D geometry and the anatomically-
realistic 3D model. The fluid phase distribution was computed, with a=1 indicating collagen, a=0, brain tissue 
and 0<a<1 indicating the interface. The effects of collagen injection on the pressure fields within the striatum 
were also examined. A difference in the pressure between the two needle tips was observed, with the bevel 
tip showing higher pressure values on the delivery site. The fluid phase distribution of the collagen hydrogel 
within the anatomically-correct 3D model was similar, being in good qualitative agreement with experimental 
observations. 

Conclusion 
The intrastriatal injection of a hydrogel is a complex process and computational analysis of the delivery can 
help identify the obstacles facing clinical translation. Further analysis is required including the development of 
a hyper elastic model for the brain tissue. 
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Introduction 
Coughing is the protective reflex action where air is rapidly expelled from lungs to clear excessive secretions, 
fluids, foreign materials, or microbes from the airway.	Insufficiency in coughing, which may be due to the lack 
of strength in expiratory muscle or incomplete closure of the glottis, can lead to chest infections; a frequent 
cause of morbidity and mortality in patients with respiratory and neuromuscular disease [1].	In this research 
we have designed and tested a novel coughing assistive device (CoughAid) that mimics the function of the 
glottis and trachea in the upper respiratory system to investigate factors that contribute towards an efficient 
cough. 
Methods 
The CoughAid device consists of a mouthpiece connected via a short tube (mimicking, on the bench, the 
trachea) to a normally-open solenoid valve, which simulates the function and presence of the glottis.  A 
pressure sensor (Honeywell SSCSNBN015PDAA5) monitors pressure in the tube upstream of the CoughAid 
device and a linear pneumotachometer (BIOPAC TSD160A and DA100C) records the expiratory flow 
downstream of the device. The operation of the CoughAid is as follows:  1. The valve is open and the user 
inhales fully.  2. The valve closes, replicating the closing of the glottis in preparation for a cough.  3. The user 
increases pressure in their lungs against the closed valve, generating the pressure needed for the cough.  4. 
When the pressure measured in the tube upstream of the valve reaches user-defined threshold the valve is 
opened, rapidly releasing the pressurised air in the lungs and initiating an artificial cough. 
Experiments were carried out to evaluate the effectiveness of CoughAid in generating artificial coughs by 
measuring peak cough flowrate, peak cough pressure, cough expiratory volume and cough acceleration. 
Five healthy subjects participated in the study. Subjects were first asked to cough voluntarily with the valve 
kept open, giving a baseline for a peak voluntary. They were then asked to emulate a cough using CoughAid 
by performing a peak expiration manoeuvre. In both tests subjects were asked to cough five consecutive 
times into the mouthpiece while standing, with lips closed tightly around the mouthpiece to prevent air leak 
during cough. In tests using the CoughAid device, the cough pressure threshold was set by each participant 
to a level that they found comfortable. 
Results & Discussion 
The CoughAid demonstrated artificial coughs with flow and pressure profiles similar to voluntary coughs. A 
Paired T-test (n=5) showed significant increase in pressure (p<0.002) and acceleration (p<0.005) in all 
subjects when coughing using the CoughAid compared to voluntary cough. We propose that this increase in 
coughing pressure and acceleration is a valid indicator of increased cough effectiveness.  The increase in 
coughing pressure may be attributed to the solenoid valve being able to hold higher pressures than the 
glottis.  Consequently, it is proposed that the valve can build up higher pressures before the initiation of the 
cough. This also suggests that the strength of the glottis may be correlated with peak cough pressure and 
acceleration, although this will require further investigation.  In four out of five participants, an increase in 
flow rate and expiratory volume was also observed. 
Conclusion 
The heuristic adopted in this study is that an increase in cough pressure and flow rate results in increased 
coughing effectiveness. This is usually achieved by increasing the strength of respiratory muscles. In this 
study, we explored a novel alternative solution, by investigating the effectiveness of an artificial coughing 
device, the CoughAid. Possible applications of CoughAid include simulation of vocal folds and respiratory 
conditions, and as a test-bed for the development of medical devices for respiratory support. Further 
investigations will be carried out to analyse different pressure threshold settings in order to quantify the 
relationship between glottal strength and cough characteristics. 
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A Dual Mode Multi-element Random Phased Array for Image guidance and HIFU 
treatment of the Liver 
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Introduction 
Random phased arrays not only offer electronically controlled dynamic focusing but can also produce and 
steer multiple simultaneous foci without suffering from secondary maxima. The unused surface area of the 
transducer, however, reduces the intensity at the focus and requires increased energy to be transmitted 
through the intervening tissue causing collateral damage. Moreover, the reliance of the therapeutic phased 
arrays on external imaging modality is a major limitation in its clinical use. We have thus developed a dual 
mode random phased array by optimizing the element distribution of an existing therapeutic array to make it 
suitable for both image guidance and therapy.  

Methods 
Dual mode phased array has the advantage of inherent registration between the imaging and therapeutic 
frames of reference, thus strong scattering objects in the path of the HIFU beam path such as ribs can be 
detected and High Intensity Focused Ultrasound (HIFU) beam can be adjusted accordingly. A random phased 
array consisting of 277 elements mounted on a spherical shell with radius of curvature 130 mm and diameter 
170mm is proposed. Size of each element is 7mm and the inter-element spacing range from 7.9mm to 10mm. 
Acoustic field intensity was calculated using an analytical approach and multiple foci were generated and 
steered in the therapeutic operating field. Moreover, synthetic aperture imaging technique was used to image 
targets.  

Results & Discussion 
Simulations were performed in MATLAB. Spatial pressure distributions were calculated in a 3D field with 
dimensions of 400×400×400 with a grid spacing of 0.25 mm. The input acoustic power was set to 15W. The 
peak intensity of the beam for un-steered focus was 420 W/cm2. The beam was steered up to 18mm in the 
lateral directions without observing any grating lobes. Synthetic aperture imaging technique was used in 
simulation to image a wire phantom consisting of 5 wires spaced 5mm apart laterally and 10mm apart axially. 
The proposed array offers 1.2 times higher focal intensity, 5mm greater steering range and upto 8 dB lower 
side lobe level than its predecessor, suggesting that it is suitable for both imaging and therapy.   

Conclusion 
A multi-element random phased array was proposed by optimizing the element distribution of an existing 
therapeutic random phased array. The proposed transducer has an increased intensity gain and high spatial 
resolution and is suitable to perform both image guidance and therapy of a liver tumour through the ribcage.  
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Fig. 2. a) Simulated 2D intensity distribution in the 
axial yz (left) and focal xz (right) planes, when the 
focus is positioned at the geometric centred (top) 
and when steered 18 mm away from axis 
(bottom), colorbar indicates intensity in W/cm2 

Fig. 1. Element distribution 
of the proposed random 
phased array 

Fig. 3.Position of wires (left), grayscale 
image normalized to -35 dB (right) 
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Introduction 

   Cancer arises from small insertions or deletions of nucleotides, polymorphic alterations in the 
human genome and mutation-originated sequence variations which all play important precursor roles 
in its development. Activated KRAS mutations are very common and take place in approximately 90% 
of pancreatic cancers, 30% of lung, 60% of thyroid and 43% of colorectal carcinomas. More than 40% 
of these cancers can be cured if discovered early. This project aims to develop an electrochemical 
sensor that can accurately detect circulating tumour DNA using electrochemical methods.  

Methods 

   The simplicity and affordability of carbon electrodes has made them suitable for characterizing processes in 
electrochemistry. Carbon electrodes are chemically inert at negative potential ranges in all media giving them 
an advantage over metal electrodes. A PCR reaction for ctDNA was developed to amplify DNA from patients 
positive for the KRAS G12D mutation and PCR cycle numbers in relation to DNA yields was optimised. DNA 
hybridization measurements was used to analyse the electrochemical activity of unmodified electrodes and 
DNA modified electrodes at different concentrations and to determine if differential binding could be obtained 
from such samples. 

Results & Conclusion 

   Both the single and multielectrode carbon electrodes were sensitive and selective. An electrochemical 
measurement protocol was established and the desired bands of amplicons were obtained after amplification 
of clinical samples. Cyclic voltammetry proved to be more sensitive for carbon electrodes. A clear dose 
response showing a decrease in peak current was observed as target DNA was bound with current time to 
result of approximately 3.5 hours.  
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Introduction 
Applying engineering solutions to solving biological problems has proven fruitful in the treatment of many
different diseases, injuries and afflictions. Maxillofacial injuries (those to the bone structure of the face) are a
common occurrence, yet comes with its challenges in its treatment. These injuries are normally caused by:
airbag induced collision; sports; grievous bodily harm and tumour resection. Due to the complexity and
uniqueness of the facial structure within each person, the current methods of treatment, which include metal
plates or an invasive autograft surgery (usually from the pelvis), do not provide satisfactory aesthetics, a metal
graft is not truly biocompatible and there can be a lack of supply of autologous bone1. As such a treatment
method wherein bespoke grafts, seeded with the appropriate cells, can be made quickly would change the
face of how this challenge could be tackled. This is where 3D bioprinting comes into the fore. A 3D printed
graft, created from CAD, in tandem with patient-specific stem cells can be used to create a bespoke graft, that
would degrade as the mineralised bone is deposited in the correct form.

Methods 
There have been a few methods and materials selected to try to make 3D bioprinting the suitable candidate
for this application. Techniques such as electrospinning and freeze extraction have been implemented, using
a range of polymers including Polycaprolactone (PCL) and Polylactic-co-glycolic Acid (PLGA). There is also
the addition of micromanufacturing to alter the morphology and shape of the scaffold. The decision in which
cells to use has also been investigated, and how best to seed these cells into the scaffold to maximise their
efficacy.

Results & Discussion 
The results found have been promising so far, if not conclusive. Initial experiments have achieved success in
cell viability within 2D structures, however work continues to try to implement this into a structure that would
fill the 3D space within the maxillofacial defect.

Conclusion 
As mentioned, the current methods for treating maxillofacial injuries can be improved upon by the use of 3D
bioprinting, and even though there are no conclusive results as yet, there are promising signs that 3D
bioprinting can be a vital process in the production of these bespoke grafts.
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Introduction 
Only 3.4% of anticancer drugs succeed through from Phase I testing to receive eventual approval.1 One of the 
major challenges in the management of all cancers is determining the efficacy of anticancer drugs. Therefore, 
improved in vitro models that more closely mimic in vivo conditions are needed to assess both fundamental 
biological questions and drug efficacy. The tumour microenvironment, comprising cancer cells, cancer stem 
cells, fibroblasts, pericytes and endothelial cells2, influences drug mechanisms of action. In particular, Cancer 
Associated Fibroblasts (CAF) have become of recent interest as targets for complementary cancer therapies.3 
This is due to their role in collagen deposition, encouraging tumour progression and metastasis.4 Microfluidic 
technologies provide large throughput yet miniaturised methods to assess the phenotypic response and drug 
effects on human tumour models in 3D with a high degree of physiological relevance.5 The aim of this work is 
to establish an in vitro tumour model through a primary breast cancer cell-CAF spheroid co-culture and to test 
the effect of two enzyme inhibitors on viability and collagen expression in microfluidic platforms. 

Methods 
Microfluidic devices were manufactured using standard soft lithography 
techniques and consisted of a multi-layered microfluidic device for spheroid 
culture. Two human cell types were co-cultured: immortalised CAF and the 
primary breast cells (Cellaria Wood, AMSBIO). CAF were formed through 
isolation of resident fibroblasts, or other precursors cells, and exposure to 
various stimuli to trigger CAF differentiation. Spheroids were formed in a 1:3 
ratio of cancer-CAF cells and treated with an ATP Citrate Lyase (ACLY) 
inhibitor and a P300 inhibitor at varying concentrations beginning on the third 
day of culture for one week on every second day.  

Results & Discussion 
Preliminary data demonstrates that direct co-culture with CAF or exposure to 
CAF conditioned media is beneficial to cancer cell survival in 3D. CAF dissociation from cancer cells over time 
(over 10 days of culture) was observed with different ratios of primary breast cancer cells to CAF, resulting in 
variation of collagen expression levels. Increasing concentrations of both inhibitors triggered a reduction in 
collagen expression, but with no statistically significant effect on viability. Finally, higher inhibitor concentrations 
were found to limit cancer cell and CAF spheroid growth. 

Conclusion 
A co-culture of two different tumour components was established and 
used to determine the toxicity and limitation to collagen deposition of 
anti-cancer drugs.  
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Figure 1: Brightfield timeline of cancer 
cell-CAF co-culture in  a 1:3 ratio in a 

microfluidic device

Figure 2: Ratio of collagen deposition to CAF area 
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Introduction 
Detection of food adulteration is a challenge. However, the identification of adulterated meat in processed 
products is important for health and personal preference1. Mitochondrial genomic DNA (mtDNA) is a good 
candidate for reliable identification of meat ingredients2; however, the extraction of mtDNA from processed 
products is a bottleneck for the development of detection strategies. Therefore, we constructed a rapid (~5 
min) mtDNA extraction device. mtDNAs from different meat samples, such as pork (Sus scrofa), chicken 
(Gallus gallus), and beef (Bos taurus)3.  

Methods 
The paper-based portable mtDNA extraction device was 
assembled by loading pad, sample pad, transfer pad, 
binding pad, and wicking pad (Fig. 1). mtDNA extraction 
was achieved by in a three-step process: sampling, 
washing, and elution. First, different concentrations of 
meat samples were added in 20 μL of lysis buffer (20 
mM Tris-HCl, 4 M GuSCN, 1 mM DTT, pH 7.7), mixed 
well, and applied to the sample pad of the handheld 
device. Subsequently, 180 μL washing buffer (15% (v/v) 
isopropyl alcohol) was loaded on the buffer hole at the 
end of case sequentially. Three minutes following the 
washing buffer injection, 5 μL of distilled water was 
added and collected again by pipetting the elution hole 
three times using a micropipette. Finally, 5 μL of 
mtDNA-containing solution from the elution hole was 
obtained and further employed in the real-time PCR. 

Results & Discussion 
We have successfully detected different meat samples such pork, chicken, and beef with a dynamic 
detection range of 0.1–100% and high correlation coefficient was successfully achieved. Further, the 
different meat types were selectively detected from the mimic adulterated meat samples. The applicability of 
the proposed strategy was tested by determining the meat authenticity from ten commercially available 
processed food products, which is difficult to visually assess. Finally, we found comparable the DNA 
extraction efficiency of mtDNA from the proposed device and Qiagen DNAeasy kit.  

Conclusion 
In this study, the proposed ready-to-use mtDNA extraction device was successfully employed for mtDNA 
extraction within 5 min. A simple, cost-effective, environmentally friendly, sensitive, and specific detection 
strategy was established to identify various meat types, without requiring a laborious and time-consuming 
mtDNA extraction strategy. Hence, the proposed handheld device-based mtDNA extraction and identification 
of meat types could be employed to assess meat adulteration in the meat industry and serve as an 
alternative on-site meat analysis system. 
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Fig. 1 Schematic illustration of rapid extraction of mtDNA from 
processed meat products with handheld DNA extraction device. 
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Introduction 
DNA has been increasingly accepted as an informative biomarker in applications such as microorganism 
detection, medical diagnostics, food safety, and environmental monitoring. In these fields, DNA analysis is 
widely used with extreme sensitivity and specificity based on DNA amplification technique, and DNA 
extraction process of complex samples is strongly required for effective performance of DNA amplification 
[1]. Currently, DNA extraction procedure is commonly based on well-developed silica-based techniques. 
However, there are limits to utilize in resource-limited environments due to being time-consuming, labour-
intensive, and expensive. Although simple DNA extraction systems have been recently reported [2,3], there 
are still remaining challenges for conventional treatment to complex samples such as blood, food, and soil. 

Methods 
The handheld strip featured a simple combination of various porous materials arranged according to their 
expected functions and binding affinities to genomic DNA. Different binding affinity to DNA molecules of pad 
materials is inducing DNA transportation and concentration on the elution hole by lateral flow separation. 
DNA extraction on the strip is performed by three steps. (1) Sample containing target cells was loaded in the 
sample hole. (2) Washing buffer was injected in the buffer hole for washing and transportation of DNA. (3) 
Concentrated DNA solution in the elution hole was collected by micropipette from the binding pad. 

Results & Discussion 
In the concentration between 10 CFU to 106 CFU, and the 
volume of 5 μL to 100 μL, DNA extraction from S.aureus cells 
in buffer was successfully performed by the handheld strip. We 
showed that the rapid and effective DNA extraction in various 
type of complex samples (such as saliva, whole blood, urine, 
milk, meat, soil, and pond water) can be performed using the 
handheld strip within 3 minutes. Moreover, this fabricated strip 
could be an excellent platform for DNA storage and 
transportation, thus being potentially suitable for expanding the 
area of DNA analysis in resource-limited environments. 

Conclusion 
The developed handheld strip was confirmed to effectively 
extract DNA from samples of various concentrations and 
volumes without the need for additional treatment. The most valuable feature of the developed device is its 
applicability to various types of complex samples under different condition in the diagnostic fields of DNA 
analysis, such as medical, food, and environmental. Purified and concentrated DNA immobilized on the 
binding pad was eluted into a small volume of solution for direct downstream amplification, allowing rapid 
DNA extraction in resource-limited settings. The proposed handheld strip was robust, portable, easy to 
assemble, and user-friendly. We expect that our development and perspective could be a good starting point 
for realization of a broadly applicable platform for ideal nucleic acid testing in harsh conditions. 
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Figure 1. Scheme and photograph image of the 
handheld lateral flow strip for rapid DNA extraction 
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Introduction 
Lock-in amplifiers (LIA) are currently used for signal recovery in the presence of high noise [1]. They are based 
on low-pass filtering the product of a sinusoidal signal by a reference sinusoid with the same frequency, 
effectively calculating the zero-time correlation between sinusoid and signal (Figure 1). To ensure that the 
frequencies of signal and reference are the same, in a LIA signal and reference are phase-locked. 

We note that LIAs can be sensitive to narrowband noise with a frequency closer to the reference frequency 
than the bandwidth of the low-pass filter. In this respect, generating a signal synchronous with a pseudo-
random reference, and detecting it by correlation with the sequence itself, offers promise of a better noise 
immunity [2]. 

In this work we investigate a computer sound card as an acquisition system for the extraction of signal by 
correlation with a pseudorandom sequence. 

Methods 
Maximum-length pseudorandom sequences [3] are generated with open – source electronic platform Arduino. 
A signal is simulated through sequence attenuation and noise addition using a Bruel & Kjaer noise generator, 
and detected through a Behringer U-Phoria UMC404HD sound card. A correlation algorithm has been 
implemented in Python using the Jupyter platform. Simultaneously, a dedicated hardware platform is currently 
under development, designed using with the EDA platform KiCad. 

Results & Discussion 
 

  

The comparison between the Lock –in 
amplifier and our spread spectrum based 
detection system will be presented.  

The hardware designed is currently 
under fabrication by a third – party 
contractor. 

 

 
 
 

Conclusion 
Spread spectrum as alternative to Lock – in technology for signal recovery is under evaluation.  
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Figure 1 – Basic principle of a LIA, when S1 is the signal with noise, S2 is the                   
reference signal and D is the detected signal. 
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Introduction 
Amblyopia or “lazy eye” affects approximately 2–5% of the general population in the UK1. Treatment must be 
started as early as possible as it is less effective after age 82. The current gold standards for infant acuity 
testing are based on printed cardboard targets (‘standard tests’) and have been in place for almost 35 years3. 
In spite of this, no national nor international standard criteria are in place to quality assure them. Electronic 
platforms show promise to replace card-based tests4. However, the fast-changing nature and photometric 
differences across manufacturers of electronic devices makes them potentially inaccurate when used for visual 
testing5. This work studied the photometric compliance of three standard tests (Teller cards, Keeler cards, Lea 
Paddles) and four electronic displays (phone, tablet, laptop and 4k monitor). 

Methods 
Luminance measurements were made of white, black, grey background, and two targets for the standard tests 
under fluorescent light, and under high Colour Rendition Index cold and warm lights. Measurements of white, 
black, and three grey-emulating grating patterns were also measured for the four electronic displays under two 
illumination conditions, with and without fluorescent lights. The luminance measurements were compared via 
ANOVA tests (α = 0.05) and used to calculate target Weber contrast between gratings and backgrounds of the 
standard tests: a high Weber contrast might reduce effectiveness because targets would be visible due to 
luminance mismatch rather than perception of the target’s gratings. Contrasts were not measured for electronic 
displays as their grey backgrounds are emulated with very fine gratings4. 

Results & Discussion 
None of the colours had consistent luminance (p-value ≤ 0.001) across  the three standard tests under any of 
the three illumination conditions. The four electronic displays also had significant luminance disparity for all 
five colours under both illumination conditions (p-value < 0.001). All standard tests and electronic displays met 
the British Standards (BS) uniformity criterion and the ICO standard overall luminance criterion. None of the 
standard tests met the BS overall luminance criterion under fluorescent light, while all the electronic displays 
did. For standard tests, the contrast between gratings and background differed, with Keeler cards having the 
lowest contrast and Lea paddles having the highest. 

Conclusion 
The traditional gold standard tests for measuring infant acuity have significant inter-test variability in 
photometric compliance, i.e. luminance, luminance uniformity and background—grating contrast. The clinical 
relevance of these disparities is uncertain due a lack of published data. The electronic displays measured here 
comply with such standards as exist, and while disparities exist between devices, they could be calibrated to 
comply with any further specific requirements. 
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Introduction 
Sepsis is a medical emergency with a high mortality rate. It is a result of the body’s immune and 
inflammatory systems dysregulated response to bacterial pathogens1. Currently, bacterial detection times 
can take up to 72 hours and every hour sepsis goes without targeted antibiotic treatment, mortality raises by 
10%. Sepsis affects 260,000 people per year in the UK with 44,000 fatalities2. Current bacterial detection 
methods are expensive, lengthy and complex. Electrochemical sensors allow for cheap, quick and simple 
detection of sepsis-causing bacteria.   

Methods 
Specific thiolated single stranded bacterial DNA (ssDNA) sequences (obtained from Streptococcus 
pneumoniae’s Lyt A gene) and alkanethiols (e.g. 6-mercapto-1-hexanol) were attached to custom micro 
fabricated 30 µm and custom PCB multiplex gold electrode surfaces via incubation in solution, generating a 
sensing layer on the electrode surface. Target DNA sequences (tDNA) complementary to the ssDNA were 
then added, resulting in the ssDNA and tDNA becoming hybridised on the surface. Differential pulse 
voltammetry (DPV) and Electrochemical impedance spectroscopy (EIS) measurements with frequency range 
from 100 KHz – 0.1 Hz were taken pre and post hybridisation. Live measurements of hybridisation were also 
obtained by steadily increasing tDNA concentration from 50 pM – 500 nM over 8 hours.  

Results & Discussion 
Differences in electrode behaviour between pre and post hybridisation stages were evident in DPV and EIS 
measurements on both sensor systems. DPV revealed the difference in current response due to mass 
transport of redox agent to the electrode surface to be in the nA range for the microelectrode and µA range on 
the PCB electrodes. This agrees with mass transport theory for differing electrode geometry. Charge transfer 
resistance (resistance of electron transfer from redox agent to surface) is of particular interest and showed 
differences between the two stages. These measurements are in 
agreement with the theory that bacterial DNA can be detected readily 
due to the immobilised ssDNA hybridising with specific complementary 
tDNA sequences from solution, modifying the surface properties, 
leading to changes in signal. These differences are evident after 30 mins 
of complementary tDNA addition. The live measurement’s showed 
differences after 5 mins and developed a concentration dose response 
curve as expected for a biological ligand-target hybridisation system. 

Conclusion 
Sepsis is one of the leading causes of death worldwide, slow bacterial 
detection times of current methods compound this problem. By 
modifying electrochemical sensors with specific DNA sequences for sepsis causing bacteria and measuring 
target binding it will allow detection within much reduced time frames. The multiplex PCB allows for multiple 
bacterial detections to be performed on one chip. 
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Figure 1 Example of PCB multiplex senor. 
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Introduction 
The virulence factor pyocyanin, produced by the gram-negative bacterium Pseudomonas aeruginosa (PYO), 
can cause significant morbidity and mortality amongst infected patients. Current microbial analysis methods 
are time consuming; rapid detection in-situ is therefore imperative for early diagnosis, treatment and 
prevention of further contamination. [1] Electrochemical techniques such as differential pulse voltammetry 
(DPV) allow for rapid and sensitive method for detecting toxins such as PYO. [2] However, the commercial 
electrodes utilised within these techniques are costly. 3D printing offers cheap, rapid electrode prototyping 
which has potential for developing new diagnostic technology. Carbon nanotubes (CNTs) may be utilised for 
incorporating conductive electrode layers into 3D builds, ultimately forming a design which incorporates both 
a working and a counter electrode for electrochemical experiments.  

Methods 
CNT electrodes were characterised against a commercial glassy carbon (GC) electrode. Electrochemical 
interrogation was performed using a PalmSens EmStat Blue potentiostat (PalmSens Version EM Stat 3, 
PalmSens, Houten, Netherlands) using a standard 3 electrode electrochemical set-up. DPV parameters 
specified pulse amplitude 100 mV, 100 ms pulse width and 0.005 V/s scan rate for CNT electrodes and 
pulse amplitude 110 mV, 5 ms pulse width and 0.005 V/s scan rate for GC electrodes. Calibration curves 
were obtained for each electrode and inter-electrode and long-term repeatability experiments were 
performed. 
CNT electrodes were 3D printed using an ASIGA Pico2 HD 27 UV 3D printer (ASIGA), following laboratory 
protocols. Silver paint (Agar Scientific) formed a conductive connection between electrodes and wires. 

Results & Discussion 
DPV scans reveal satisfactory detection of PYO by CNT electrodes. Linear quantification of PYO yielded an 
R2 value of 0.968 for CNT electrodes, compared to 0.996 for the GC electrode. Promisingly, both electrodes 
detected PYO over the same concentration range. However, further work to improve this limit of detection is 
required. CNT inter-electrode variability must also be progressed, through improving connections between 
electrodes and wires, as well as developing methods for printing a uniform and repeatable CNT layer. A 
long-term repeatability study gave an RSD value of 3.27% for a typical CNT electrode and 0.97% for a GC 
electrode.  

Conclusion 
The initial response of the CNT electrodes to clinical concentrations of PYO are promising. Their response 
was reliable over multiple days, with the added advantage of their extremely cheap manufacture. However, 
major steps must be taken towards developing a more robust and repeatable product. Manufacturing 
methods must be addressed, regarding repeatable CNT density and building reliable connections. Future 
work will involve improving repeatability and striving for a cheap and disposable 3D printed electrode for 
infection detection within a clinical setting. 
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Introduction 
Silk is a biomaterial that has been used for surgical sutures, meshes and scaffolds [1]. It can also be processed 
into hydrogels. The secondary structures of silk are: silk I, soluble silk containing extended helices or random 
coils; silk II, which has a high beta sheet content providing stability and mechanical strength; and silk III, which 
contains threefold polyglycine II-like helices. [2][3] The aim of the present study was to generate physically 
crosslinked silk hydrogels with tuned secondary structures. 

Methods 
Bombyx mori silk was reverse engineered into a silk fibroin solution, which was then processed into a silk 
hydrogel.  First, the sericin was removed from the raw silk (i.e. degumming) and the high-order silk fibroin 
structure was disassembled by dissolving the fibres in lithium bromide. Next, the silk fibroin solution was 
dialysed against water to remove the lithium bromide salt. The silk solution was then self-assembled into a 
hydrogel using either sonication or a DC current (i.e. an e-gel).[4] 

The difference in silk content of both hydrogel types was determined by gravimetric analysis of dried samples. 
The secondary structure of the hydrogels was determined using Fourier Transform Infrared Spectroscopy and 
deconvolution was performed to quantify the beta sheet fraction of the silk fibroin.  

Results & Discussion 
The e-gel contained more silk, although there was some batch to batch variability. In contrast, silk was 
quantitatively incorporated into the sonicated silk hydrogel. The sonicated hydrogel showed a higher 
percentage of beta sheets than the untreated silk solution, indicating that the structure of silk had shifted to 
silk II. The e-gel contained fewer beta sheets and more alpha helices and turns which indicates the structure 
had similarities to silk I. The e-gel contained less random coil and more side chains present which showed that 
a conformational change had occurred.  

Conclusion 
Silk can be reverse engineered to a silk fibroin solution which can be further processed into physically 
crosslinked hydrogels with a tuned secondary structure.  
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Introduction 
The detection of prognostic, predictive and diagnostic biomarkers in the point-of-care clinical setting promises 
to redefine the landscape of healthcare in both the developed and developing world. The practicalities of 
delivering health care in the developed world require change amidst growing realisation that the escalating 
cost of health care is unsustainable in times of fiscal uncertainty, increased prevalence of chronic disease and 
changing demographics. Point-of-care testing of biomarkers would facilitate early intervention of therapy with 
consequent reductions in mortality and morbidity in targeted patient groups and may alleviate strain on 
economic resources within healthcare. Additionally, the identification of predictive and prognostic biomarkers 
would enable a shift to personalised treatment strategies and concurrent monitoring of treatment and disease 
progression, thereby improving health care mechanisms. However, current point-of-care testing focuses on 
the detection of single biomarkers that are often elusive on investigation of heterogeneous diseases, which 
require a panel of biomarkers or fingerprint of the sample to provide sufficient diagnostic information. The 
development of an integrated spectroscopic and electrochemical device would circumvent such challenges 
and enable rapid, specific, sensitive and predictive point-of-care diagnostics for a myriad of medical conditions. 

Methods 
The designed device facilitates positioning of pooled/spiked human serum samples and model complexes in 
multiple detection wells on a disposable chip, to perform infrared spectroscopic and electrochemical analyses. 

Results & Discussion 
Preliminary spectroscopic results indicate comparable performance of our silicon component compared to 
standard diamond internal reflection elements for the molecular classification of pooled human serum samples, 
with identification of absorption bands related to proteins, carbohydrates, lipids and nucleic acid signatures.  

Preliminary electrochemical results indicate suitability of our gold component for direct detection of redox-
active biological molecules, where characteristic redox peaks may be utilised for the quantitative detection of 
certain diagnostic biomarkers. Additionally, preliminary results indicate satisfactory performance of indirect 
impidimetric detection of biological molecules by measuring their affinity binding to antibodies on self-
assembled monolayers on sensor surfaces using redox-active probes. Specifically, the increase in charge 
transfer resistance upon binding to self-assembled monolayers permits quantitative detection of certain 
prognostic biomarkers.  

Conclusion 
Preliminary evidence indicates satisfactory device performance for both qualitative and quantitative detection 
of biological molecules in heterogeneous samples, which we anticipate could permit translation of rapid, 
specific and sensitive devices with significant prognostic and diagnostic information to the point-of-care clinical 
setting.  
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Introduction 
Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) has been widely recognised for 

its potential as a diagnostic platform [1][2]. It is, however, seldom used in healthcare pathways. This is believed 
to be due to a lack of high-throughput capabilities that leaves ATR-FTIR incompatible with current clinical 
laboratory workflows. The salient component of ATR-FTIR is the Internal Reflection Element (IRE) which is a 
fixed and expensive component and is therefore the main barrier toward the development of a high sample 
throughput ATR-FTIR approach. Silicon is a widely used and cheap material that can be used to easily 
fabricate devices from to serve as a low cost IRE option. The main issue with using Silicon for IR optical 
applications is the propensity of certain wavelengths of IR light to be absorbed into the Silicon lattice [3]. 
Presented is a multi-compartmental disposable Silicon Internal Reflection Element (SIRE) that has 
successfully overcome these limitations and has been used to carry out rapid analysis on serum samples. 

Methods 
SIREs were fabricated using conventional microfabrication techniques [4]. Arrays of v-shaped grooves 

etched into the surface of the Silicon form optically active areas that allow IR light to couple into the SIRE for 
analysis. SIRE designs were investigated to achieve optimum beam transmittance through the Silicon crystal. 
SIREs were then assessed on their ability to identify and quantitate various biomolecules such as glucose, 
lactate, albumin and c-reactive protein in both phosphate buffered saline and human pooled serum. 

Results & Discussion 
A SIRE design with high Signal to Noise Ratio (SNR) and good reproducibility was achieved. 

Reproducibility was assessed by comparing the Relative Standard Deviation of prominent spectral peaks 
(amide I and amide II) acquired using the SIREs. A 1-way ANOVA also determined that no significant difference 
existed between serum spectra collected from 14 identical SIREs (p<0.05). SIREs were capable of detecting 
and quantifying biomolecule concentrations with varying degrees of success. This suggests particular 
wavelengths of IR light are attenuated to a far higher degree hence SIREs may be more suitable to clinical 
applications where proteins and lipids serve instead of carbohydrates serve as more crucial indicators of 
disease. 

Conclusion 
High-throughput ATR-FTIR spectroscopic analysis has been realised through these cheap, multi-

sample, disposable Silicon IREs. This will enable the successful translation of ATR-FTIR spectroscopy into 
the clinical environment as evidenced by a health economics study determining that high-throughput ATR-
FTIR is capable of alleviating financial strain and improving patient outcomes of healthcare pathways 
associated with the diagnosis and treatment of brain cancers[5]. Preliminary studies have also shown that 
SIREs may also be used to discriminate between healthy patients and patients diagnosed with Sepsis following 
highly invasive surgical procedures further demonstrating the potential of high-throughput ATR-FTIR as a 
powerful serum diagnostics platform. 
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Introduction 
Osteoporosis is a disease affecting populations worldwide, with more than 3 million people affected in the UK 
alone. The most severe form of osteoporosis results from the permanent disuse of the lower limbs following 
spinal cord injury (SCI) or other immobilising conditions. Disuse osteoporosis significantly limits the number of 
viable rehabilitating treatments as bones reach such a severe state of fragility that extended movement of the 
affected limbs will likely result in fracture1. Interventional treatments for disuse osteoporosis therefore represent 
a viable and useful avenue of medical research. This project aims to develop methods for assessing the 
efficacy of such treatments, in addition to providing confirming evidence that angiogenesis and osteogenesis 
are coupled2, 3 during bone remodelling in SCI. 

Methods 
In order to determine the status of the treated bone, effective multimodal imaging protocols need to be 
developed which will provide in-depth temporal and spatial data to display the effects of treatment. To achieve 
this, two primary methodologies will be utilised: microCT scanning (using Bruker SkyScan 1172) in combination 
with digital image analysis, and bone histology. 

A rodent model of SCI will be used to instigate disuse osteoporosis. The hind limbs will be excised from both 
control and SCI rats at an appropriate timescale post-injury. Contralateral hindlimb pairs will be used for 
comparisons; one limb will be frozen and microCT scanned, with the other paraffin embedded and prepared 
for histological staining. 

Results & Discussion 

MicroCT will be used to garner structural / architectural data about the bone, such as trabecular strut spacing, 
thickness and alignment factor, and also to characterise how these attributes change following SCI. A general 
comparison between a control and a SCI rat can be seen in the figure below: 

These microCT images are examples of how bone 
architecture changes following SCI. Left: Control | Right: 
SCI. Source: Jonathan Williams 2015 – Microstructural 
analysis of disuse-related osteoporosis in an animal model 
of spinal cord injury 

Histology will be employed to gather vital 
information about the bone vasculature. An 
example of a staining protocol will be CD31 / 
Endomucin to show the presence or absence of 
so-called type H blood vessels, which are proven 
essential factors in healthy osteogenesis. 

The results from both imaging protocols will be correlated, with any observed associations investigated to try 
and pair changes in bone architecture with changes in bone vasculature. The work in this project aims to prove 
that angiogenesis in long bones plays a vital role in the regeneration of bone or the inhibition of disuse 
osteoporosis following intervention treatment. If this is proven, it will enable the design of superior treatments 
for disuse osteoporosis which target the root cause of the bone’s deterioration. 

Conclusion 
If an intervention treatment for disuse osteoporosis proves to be a success, this can only be achieved through 
valid proof of its efficacy by the development of suitable protocols. The protocols in this project are not specific 
to a single type of intervention; they can be used as a reliable set of assessments for many potential future 
osteoporosis treatments. 
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Introduction 
Vision loss resulting from glaucoma (the second leading cause of blindness worldwide1) can be mitigated or 
prevented with early detection and treatment. An invaluable indicator, detectable early in the condition, is 
structural change of the optic nerve head (ONH). The mainstay in clinics for ONH assessment is the 
subjective assessment of stereoscopic images. Quantitative diagnostic devices (which generate 3D images 
of the ONH and make an objective assessment based on this), if made affordable, have the potential to 
improve diagnostic ability in primary/community care2. Exploiting computer stereo vision to generate 3D 
images from stereo images obtained through a low-cost stereo imaging device is a potentially cost-effective 
solution. This work demonstrates 3D reconstruction of the ONH of a phantom eye using stereo images 
obtained using low-cost components through a novel simultaneous stereo fundus imaging technique. 

Methods 
Figure 1 depicts the imaging setup and eye phantom. Two 5MP board cameras were mounted orthogonally 
to each other and a 50-50 beam splitter was placed at 45° to their optical axes, yielding parallel optical axes 
separated by a distance on the order of a few millimetres. A scaled-up eye phantom comprising a 14D lens, 
7.4 mm iris, and interchangeable 3D printed speckle pattern textured ONH shaped models, illuminated by 
two LEDs placed inside the phantom, was built and its ‘fundus’ imaged, by direct ophthalmoscopy, using this 
setup. Computer stereo vision techniques were applied to the acquired stereo images to yield quantitative 
3D reconstructions. These were validated against photogrammetry software-generated ground truths. 

Results 
Stereo images of the ONH models of the eye phantom and their corresponding quantitative 3D 
reconstructions were obtained. Figure 1 contains the greyscale heightmap textured 3D reconstruction 
obtained of a glaucomatous ONH like ONH model and cross-sectional profiles of it and its corresponding 
ground truth aligned with it. The RMS absolute nearest neighbour distance (error) between the 
reconstruction and aligned ground truth in the glaucomatous case was determined to be 0.124 mm. 

Discussion & Conclusion 
The reconstructions accurately match their corresponding ground truths. The promising results of this work 
warrant further work to develop this technique and assess its potential for obtaining quantitative 3D 
reconstructions in patients. 
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Fig. 1. Experimental setup (left), two different views of the greyscale heightmap textured 3D reconstruction of a glaucomatous 
ONH like ONH model (middle) and cross-sectional profiles (right) resulting from extracting 0.1 mm slices, 1 mm apart, from it 
and its corresponding ground truth aligned with it (dashed line – ground truth, continuous line – obtained 3D reconstruction). 
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Introduction 
Patency rates of synthetic vascular grafts are low, particularly in those with a diameter less than 6.0 mm1. 
Additive Manufacturing, combined with the use of hydrogel materials, is a promising approach that may help 
address this challenge2. This study investigates a rapid fabrication method for the manufacture of hydrogel 
based vascular constructs. 

Methods 
A previously described micro-dip coating method3 was used to produce tubular structures, with the following 
modifications.  Separate solutions of Alginate (3-5% w/v) and Gelatine (8-20% and 40% w/v) were prepared 
in distilled water and incubated over night at 37 °C. They were then combined at a volume ratio of 1:1 to 
produce a range of Alginate:Gelatine blends, which were then incubated under gentle agitation for 24 hrs at 
37 °C.  The tubular constructs were fabricated by dipping stainless steel rods (1 mm or 2 mm diameter into a 
100 ml beaker filled with 50 ml of CaCl2 for 3 s, then placed into a 30 ml test tube with 10 ml of one of the 
Alginate;Gelatine blends. Finally, the coated rods were immersed in the beaker with 50 ml of CaCl2 a 2nd time 
to cross-link for 120 s. The structural integrity of the constructs were characterised by measuring their wall 
thickness immediately after cross-linking, at three randomly selected points along the construct’s length.  The 
constructs mass was recorded following cross-linking (control) and after 24 hrs and 48 hrs of immersion in 
PBS (10 mM) containing CaCl2 (100 mM). The swelling ratio at each of these time points was calculated 
according to a previously described methodology4.  

Results & Discussion 
A positive linear relationship was observed between the construct’s wall thickness and the Alginate 
concentration (figure 1). This is consistent with results observed by Tabris et al3. However, no clear 
relationship between Gelatine concentration and wall thickness was observed.  The swelling ratio of the 
constructs increased as the concentration of Alginate increased (figure 2). No relationship between variability 
in swelling ratio of structures and alginate concentration was observed (figure 2).   

 

 

 

 

 
 

 

Conclusion 
Micro dip-coating was shown to be a potentially suitable method to fabricate small diameter vessel like 
structures, with the structural characteristics dependent on the ratio of Alginate to Gelatine used. Future work 
will focus on investigating the impact of cross-linking agents, with a view to producing structures that will 
support cell growth and viability over extended incubation periods. 
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Figure 1 Effect of different Alginate: Gelatine hydrogel blends on wall 
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Introduction 
Studies have revealed approximately 50% of prosthetic users experience complications directly linked to 
prosthetic comfort and fit (A. Salawu, 2006), usually in the form of pressure ulcers (PUs) or deep tissue 
injuries (DTIs). Caused by the presence of excessive shear strains between the residual limb and prosthetic 
socket (A. Gefen, 2013), potentially caused by tibial oscillation during gait relative to the socket wall (M. Lilja, 
1993). Knowledge that made it possible to hypothesise that control of tibial oscillation with an external device 
would reduce the presence of dangerous shear stresses in the residual limb of a below knee amputee. To 
achieve this a novel system was conceptualised and designed to be used in a prosthetic socket simulation 
system, whereby an able bodied participant wore and open ended socket specifically designed to replicate 
the expected oscillations about a below knee prosthesis. With the systems effectiveness being assessed on 
whether or not the measured displacements could be reduced with the system engaged compared to 
disengaged. 

Methods 
Following Pugh’s Method of Total Design, an initial concept was designed and manufactured utilising hall 
effect sensors feeding back to an Arduino Uno Microcontroller. Whereby a magnet’s displacement was 
calculated and proportionally responded too with two electronic rotary servos located both anterior and 
posterior of the lower limb. Wearing the modified open ended socket, the participant was asked to walk on 
the MOTEK CAREN system, with hall effect and gait measurements being taken with the balancing system 
both turned off and on, with the aim to be able to quantify the impact of the system when it was engaged. 

Results & Discussion 
Hall effect data revealed that over a 33 cycle comparison with the device engaged versus turned off, a 5% 
reduction in oscillation was recorded, a factor mirrored with the KAREN data indicating a similar 6% reduction 
in angle change between the participant’s limb and the open socket. Although only slight, the overall 
indication that the device held potential for lower limb socket stabilisation during gait. With the device aiding 
in the reduction of large oscillations at the extremities of the stance phase, namely Heel Strike and Toe off. 
This response was the main effect that the device had been designed for, targeting characteristics of gait that 
are likely to increase shear stresses within a residual limb, effects that are thought to amplify the risk of DTIs 
occurring.  

Conclusion 
With a proof of concept experiment completed, it was possible to begin enhancing the design of the device 
to improve upon its ability to reduce socket oscillation of the open ended concept. Before progressing the 
research on, to look at how a similar system could be successfully integrated into a below knee prosthesis 
and trialled on a prosthetic wearing participant.  
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Introduction 
Microfluidics, via precise mass transport and compartmentalisation techniques, offers advanced experimental 
platforms for creating in vitro models to study neuronal function and dysfunction. Advantages offered to the 
neuroscience community include the ability to guide neuronal growth, particularly that of axons, and create 
distinct, fluidically isolated but synaptically connected cellular networks that mimic in vivo conditions, more than 
traditional culture techniques1,2. However, the lack of expertise in microsystems and microfabrication, and the 
requirement for bespoke and expensive equipment, hinders the uptake of this technology3,4. To make better 
use of the advantages that microfluidics can offer, and to make the technology readily usable, a modular 
system of microfluidic bricks that can be reversibly bonded to a substrate is proposed. This would enable 
researchers to build their own functional neuronal network using a range of elementary components to create 
bespoke in vitro assays and create more physiologically relevant models of the central nervous system (CNS). 

Methods 
Initially, a suitable substrate able to create a reversible, watertight bond 
with polydimethylsiloxane (PDMS) was identified and validated via culture 
of primary rat hippocampal cells. Cell network characterisation was 
performed via calcium imaging techniques, viability staining, and 
immunocytochemistry. To create modular PDMS-based devices, standard 
soft lithography techniques were employed. Blocks were based on square 
layouts, with guidance holes, for assembly onto a 3D printed baseplate 
(Figure 1).  

Results & Discussion
Preliminary results have shown that a 
commercially available pressure 
sensitive adhesive (PSA) film, 
ThermalSeal RTS5, is able to support 
the growth of cultured neurons, with their functionality confirmed via calcium 
imaging (Figure 2). Further characterisation is currently being carried out to 
create fully watertight seals between adjacent modular blocks by refining the 
fabrication procedures of the bricks and the overall assembly strategy of the 
system.  

Conclusion 
A modular system based on the connection of several microfluidic bricks has been designed and tested for the 
formation of neuronal circuits. Ongoing work is considering various strategies for obtaining hermetically sealed 
fluidic layouts by improving the design and fabrication of the bricks, as well as the assembly protocol, to enable 
a fully manual and easy to use microfluidic platform for neuronal assay development. 
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Figure 1 – a) two example blocks 
showing well and guidance holes. b) 
baseplate with 1mm diameter studs. 

c) example layout for a 2-block
device, with microchannel array

between main channels.

Figure 2 – Image taken during 
calcium imaging showing neural 

network formed on PSA, with 
processes entering microchannels 
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Introduction 
The control of molecular processes through the design of biomolecular circuits has a great potential for use 
in supercomputing, healthcare, smart materials, nanotechnology, and other fields. Let S denote the class of 
biomolecular circuits that be synthesized using DNA, RNA, and enzyme alone. Let SLTI denote a subset of S 
that comprises only linear time-invariant (LTI) systems. For S, the Visual DSD platform, described in [1]-[3], 
is intended to as a virtual plant simulator to minimize the mismatch in the theoretical simulation results 
obtained in silico and the experimental results obtained in the wet-lab. However, a smart use of Visual DSD 
for the synthesis of nontrivial dynamical systems requires the user to be well-versed in not only the Visual 
DSD programming but also in traditional systems theoretic techniques, including the synthesis/simulation 
platforms such as MATLAB/Python. To overcome this limitation for SLTI, we are presenting ART, an 
automatic representation translator, by combining the use of Visual DSD and MATLAB: viewed as a black 
box, it takes a user-defined SLTI system as the input via its graphical user interface (GUI) in MATLAB and 
generates an optimised code for an abstract chemical reaction network (ACRN) representation of that 
system as its output wherein the kinetic parameters, e.g., the chemical reaction rates, are also optimised. 

Methods 
An ACRN model of a given SLTI system is obtained in a modular manner using a finite number of catalysis, 
annihilation, and degradation reactions as explained in [3]. Since any given SLTI system can be expressed as 
a transfer function, our GUI in MATLAB takes a user-defined transfer function as its  input, obtains a 
canonical state-space representation of it, uses the method described in [3] to obtain the ACRN 
representation for each differential equation in the state-space model, stacks those together, and produces 
the text file of the required ACRN representation; the particle swarming optimization technique (see [4]) is 
used to choose the parameters such as the chemical reaction rates. To obtain the simulation results using 
Visual DSD, this text file should then be run in the “CRN” tab of Visual DSD.   

Results & Discussion 
For a wide range of chemical reaction networks, it holds that the network can be closely approximated by a 
set of linear ordinary differential equations (ODEs) [5]. To analyse and simulate systems described using 
ODE models, MATLAB is the leading software of choice today for a large number of researchers, many of 
whom are not familiar with Visual DSD. So besides reducing the time it takes to write the Visual DSD codes, 
our contribution also removes the restriction that the researcher using the Visual DSD platform must be 
proficient in the Visual DSD programming language. This can help in increasing the user base of Visual DSD 
and also help the transition of systems theory researchers into theoretical/computational synthetic biology.  

Conclusion 
Using Visual DSD and MATLAB, we have developed a novel automated pipeline that takes a user-defined 
transfer function as an input through its MATLAB-based GUI and generates the full code for its equivalent 
ACRN representation that can then be readily run, as it is, in the “CRN” tab of Visual DSD. This greatly 
reduces the time spent in writing software codes, and also increases the applicability/appeal of Visual DSD. 
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Introduction 
Synthetic Biology applications are valuable for industry and medicine as high-value compounds can be 
engineered by cells on demand and at low cost. Yarrowia lipolytica is a yeast strain capable of expressing a 
high number of heterologous compounds such as alpha-linolenic acid1, beta-carotene2 or bio-diesel-like3 fatty 
compounds. Other compounds could be produced: human insulin for diabetes management, testosterone 
or estrogen for hormone therapy or anti-inflammatory compounds to name a few.  Expressing heterologous 
enzymes puts a significant amount of burden to the host cell which prevents it from exerting its natural 
functions, reducing growth. Subsequently, the production of the compound of interest decreases. In this study, 
we wish to analyze how co-culturing inter-dependent strains may enhance burden reduction and growth and 
the effect this may have on heterologous protein yield. As example applications, this approach may to improve 
biotechnology derived compounds yield and give us insights into how microbial colonies interplay in the gut 
microbiome, enabling us to optimize antibiotic use and dosage. 

Methods 
We look at the problem of complex sugar digestion in yeast by heterologous expression of amylase. The 
expression of some amylases was regulated at the secretion stage by a series of characterized signal 
peptides4 while the expression of other amylases was modulated at the transcription level using a 
characterized promoter library5. The growth of the co-cultures systems (where each strain expresses one 
enzyme) is then compared to single strains that express the two enzymes.  

Results, Discussion & Conclusion 
Results, further discussion and the conclusion of our study will be presented and discussed the day of the 
event. 
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Introduction 
Explosive devices are the most common cause of injury sustained in recent conflicts.(1–4) Penetrating trauma 
caused by the produced energised fragment (glass shards, stones, nails, casings, etc.), categorised as a 
secondary blast injury, is the most common injury among the blast injuries, especially to the extremities.(5, 6) 
The resultant injuries have high infection risk, slow rate of recovery and can lead to amputation of the limbs.(4, 
7, 8) The tibia is the long bone with the highest rate of penetrating injury;(3, 9) however, the risk of injury to it 
has not been thoroughly assessed. 

Methods 
In this study, the risk assessment of penetrating injury to the ovine tibia was carried out using a gas-gun system 
with a 0.78-g cylindrical fragment simulating projectile. The generated injuries were rated using the modified 
Winquist-Hansen (mWH) classification. The experimental model was subsequently repeated on a small 
number of human cadaveric specimens for validation.  

Results & Discussion 
After validating and scaling, the impact velocity at 50% risk (± 95% confidence interval) for EF1+, EF2+, EF3+, 
and EF4+ fractures were respectively 250, 360 ± 60, 400 ± 60, and 970 ± 190 m/s, and the scaling factor was 
2.525. 

Conclusion 
These results help identifying the thresholds to improve the protection, and thus the injury outcomes for 
fragment penetrating injury to the tibia.  
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RUST and Modified RUST: A Verification Using Calibrated Radiographs of Healed 

Tibial Fractures.	
A Collingwood, P J Ogrodnik, PBM Thomas	

Introduction 
Several studies have examined scoring tools of radiographs as they are still the most common method of 
recording the state of a fracture over time. Whelan et al.  (2010) proposed the Radiographic Union Score for  
the Tibia, or RUST, was developed. This scoring system is based on the assessment of the existence of a 
fracture gap and signs of callus from radiographs of the fracture in the anterior-posterior and lateral-medial 
planes. This score has been refined and is known as modified RUST, or mRUST (Litrenta et al., 2015). 
Although RUST and mRUST have been tested for consistency of scoring, for example Cekic et al.(2015) and 
Leow et al. (2016), neither scoring system has not been validated against known clinical outcomes.  
The research team at Keele and the Royal Stoke University Hospital have been studying tibial fractures and 
fracture healing for over 26 years. As a consequence it has the ability and data to evaluate both scoring 
methods against known fracture healing outcomes. Therefore the aim of this paper is to present the 
outcomes of a study whose aim was to verify RUST and mRUST and to confirm whether they are accurate 
methods to assess when a fracture may be considered healed.	
Materials & Methods	
A clinical audit was conducted of 69 consecutive patients treated at the Royal Stoke University Hospital 
using a single method of treatment, the IOS monolateral external fixation system. The patient demographics 
are given in Table 3. A fracture was deemed healed when the stiffness of the fracture was greater than 15 
Nm/degree in two orthogonal planes  – equivalent to a maximum bend of 1 degree (Ogrodnik & Thomas, 
2018) in two orthogonal planes.   

RUST and mRUST scores were evaluated, independently, 
from radiographs taken at the clinic when the fracture was 
assessed as clinically healed. From a follow-up study, 
none had progressed to a re-fracture and hence are a 
definitive means of verification. 

 

 
 

Conclusions 
Both RUST and mRUST did not predict a healed fracture with the degree of accuracy required for either 
clinical use or for assessment of healing in a clinical study. This finding further supports the argument that 
radiographs are a poor method of assessing fracture healing. 
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Introduction 
Vibrations in prosthetic devices can be an effective medium to convey sensory and proprioceptive 
information to the user. Several studies have shown that the addition of the sensory modality to a vision-
based feedback system, results in task improvement and a reduction in cognitive load (Yamada et al, 2016). 
Additionally, recent studies have determined that such multimodal approaches can reduce instances of 
phantom limb pain intensity and increase embodiment following amputation (Snow et al., 2017; Page et al., 
2018; De Nunzio et al., 2018; Harris., 1999). However, vibration feedback is a subjective experience that 
varies with physiological differences between individuals and for the individuals. For example, weight 
changes, body temperature, electrode or sensor placement etc (Stephens-Fripp et al., 2018). This study 
investigates the dissipation of vibration superficially through tissue from a point source using EMG towards 
the development of a model that can adjust the vibration stimulus to the appropriate frequency and amplitude 
for each user irrespective of physiological changes. 

Methods 
Eighteen participants were asked to contract and relax their dominant forearms’ biceps and triceps in 20 
second phases while vibrations between 20 – 22hz were applied to the biceps and triceps individually. 
Unipolar electromyography (EMG) electrodes were placed 2.5cm apart from the vibrational point source 
along the biceps and triceps muscle belly. The raw EMG signal and vibrational artefact were recorded and 
the magnitude of the power spectral density (PSD) estimate from vibration at each electrode was used to 
determine the dissipation of vibration.  

Results & Discussion 
When looking at the PSD estimate of the vibration on the biceps and triceps in the contracted state, it was 
found that there was a general logarithmic decrease in magnitude of the vibrational artefact. ANOVA 
calculations indicated a statistically significant decrease (p = 0.008) for this condition. However, for the other 
conditions the p value did not reach statistical significance (p > 0.05). These results suggest that while it is 
possible to track the vibrational dissipation using EMG artefact there is less consistency in the dissipation 
trend between participants in the relaxed state.   

Conclusion 
These results suggest that for a vibrational source on the biceps in the contracted state the vibration 
dissipation follows a logarithmic decay. The discrepancies in other conditions may be due to experimental 
set up variations. For example, the level of contraction for each participant or the initial contact force from the 
vibration motor onto the skin. Future  work will take these factors into account and further investigations will 
confirm the effectiveness of using EMG to measure vibration dissipation and how it can be used to develop a 
self-adapting sensory prosthesis.   
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Introduction 
Facial prosthetics are currently dominated by hand produced, labour-and-time-intensive, silicone-based 
constructs. However, in recent years there has been increased interest towards using additive manufacturing 
as an alternative to conventional methods. This study aimed to assess how viable current commercial additive 
manufactured polymers are for use in maxillofacial prosthetics. Photopolymer material properties were 
compared against those of a widely used medical grade silicone, as well as investigating the extent to which 
bespoke properties may be incorporated into these 3D structures. The primary objectives of this study were to 
evaluate the biocompatibility, and characterise the mechanical properties of these commercially available 
printable materials. Further work will include assessing the relationship between the mechanical properties of 
tissue tested ex vivo, to that tested in vivo, thus imitating a clinical setting, and therefore allowing the 
incorporation of functionally graded lattice structures to provide additively manufactured polymers with 
comparable biological mechanical properties. Furthermore, a full process colour calibration, from ‘patient-to-
printer’ is also being investigated.  

Methods 
Biocompatibility: Three materials were tested, two photopolymers; Agilus30 White and MED610 (Stratasys, 
Ltd. Eden Prairie, Minnesota, United States), and a medical grade, platinum based silicone polymer, VST50 
(Factor II, White Mountain Avenue, Lakeside, AZ, USA). Two primary human cell lines were used: gingival 
keratinocytes and epidermal keratinocytes. The study took place over 10 days with analysis at time points: 1, 
3, 5 and 10 days. A total of three assays were used to test for cellular cytotoxicity, apoptosis and proliferation; 
LDH, Caspase-3, and Alamar Blue respectively.  

Mechanical Properties of Polymers: Five tests were undertaken, with the parameters and specimen 
dimensions based on the following standards, in line with those currently used in industry; Tensile Strength: 
ASTM D-412 Type C, Tear Strength: ASTM D-624 Type C, Compressive Strength and Indentation: ASTM D-
575 Test A 40% Compression, Shore A Hardness: BS ISO 7619-1.  

Results & Discussion 
Biocompatibility: Agilus30 White presented the highest occurrence of LDH at Day 1, with MED610 and VST50 
having lower but comparable levels. From Day 3 onwards the levels of LDH dropped significantly in all three 
materials, and were not statistically different. This was most likely due to early cell death reducing total 
confluence of the cell culture. The Alamar Blue results mirrored the LDH assays. Metabolic activity was low 
across all three materials, with Agilus30 White samples showing the lowest levels, and reaching almost zero 
from Day 3 onwards. Cells were prepared for the Caspase assay at Day 3 instead of 10, due to the reduced 
level of cell viability. VST50 portrayed the greatest levels and cell confluence, followed by MED610, albeit with 
some minor cell mutation, with Agilus30 White showing virtually no Caspase-3 presence.    

Mechanical Properties of Polymers: Agilus30 was shown to have a UTS of 2.7MPa and elongation at break of 
270%. The VST 50 had a UTS of >3.5MPa and >500% elongation at break. Full compressive strain of 40% 
produced stresses of 0.78MPa and 0.68MPa for Agilus30 and VST 50 respectively, although the silicone 
portrayed a lower strain energy per unit volume. The Shore A hardness results came in at 25.7±0.4 for Agilus30 
and 21.3±0.3 for VST50, both lower than expected. Agilus30 appears to be a viable mechanical alternative for 
currently used medical grade silicones, within the range of expected use for a facial prosthetic.  

Conclusion 
In conclusion, despite the limited technology available for this application, within the scope of additive 
manufacturing, the results have so far been promising in terms of both matching the current gold standard, set 
by silicones, and showing promise for the future development of an end-user clinical process.  
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Introduction 
Upper limb amputees have many complex needs from prosthetic hands, and the mixed uptake of the available 
prostheses has led to several recent surveys. The results of which show that 98% of users of upper limb 
prostheses desire to feel the level of force applied [1]. However, none of the commercially available devices 
offer such feedback. Detecting this force is the first step to provide amputees with sensory feedback. During 
this project, a low-cost high-sensitivity pressure sensitive artificial skin was developed for prosthetic hands.  

Methods 
Figure 1 illustrates the fabrication process, piezo-resistive material is made by mixing PDMS (Sylgard 184) 
and a curing agent with a ratio of 10:1 and adding 100µm milled carbon fibre (15 wt%) (a). Two conductive 
filaments are dipped in the piezoresistive material (b) and cured at 60°C for 3 hours (c). The sensor is formed 
by placing a plain conductive filament between the two coated filaments, which are placed perpendicular to 
each other (d). The middle filament is connected to ground, and analogue signal readings are read from the 
coated filaments.  

Figure 1 Sensor production steps 

Results & Discussion 
Analysing the sensor signals showed good pressure sensitivity and 
the ability to sense pressures as low as 0.5kPa. The range of 
detectable pressures extends up to 20MPa. A mesh of 5mm 
resolution was drawn on the sensor, and a two-layer feedforward 
neural network was trained to identify the location of the pressure 
exerted on the mesh. The trained network had an accuracy of 99%, 
and the results were plotted on a pressure map that shows the 
location and magnitude of pressure exerted. Figure 2 shows the 
pressure map indicating pressure at the top left corner.  

Compared to other pressure sensors using simple structures and 
relying on machine learning, the results show a higher resolution 
per output connection. Sohn, K et al. achieved a resolution of 4mm 
by using 16 probes and a considerably larger neural network [2]. The proposed design uses only 9 probes to 
achieve a resolution of 5mm when trained using manual testing data. It is expected that a higher resolution 
can be achieved with further training of the neural network using data collected through automated testing.  

Conclusion 
The key advantage of this sensor is the simple manufacturing process and a reduced number of probes. The 
design of the sensor mimics the human skin: i.e. a dense to sparse mapping of sensory areas. This allows for 
more continuous measurements across the sensor area and higher spatial resolution. Integrating this sensor 
into a glove will allow for the location and magnitude of pressure to be identified which, when fed back to the 
user, will increase grasp successes and give the prostheses user higher confidence in their device.  
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Introduction 
X-ray micro-CT with structured illumination can achieve subpixel spatial resolution through beam splitting1 and
dithering (a method by which the sample is translated in subpixel steps and multiple exposures are combined),
as well as give access to phase contrast, which has been proven to increase the contrast-to-noise ratio (CNR)
in images of soft tissue samples2. It is therefore an attractive method for applications that require non-
destructive, 3D imaging of soft tissue. However, increasing the spatial resolution through dithering also
requires a significant increase of the dose, which is potentially problematic for use in vivo, and an extended
scanning time, which raises issues such as sample movement. This study investigates how different scanning
trajectories designed to remove the need for dithering can help circumvent these latter issues while keeping
the advantages of structured illumination.

Methods 
This work focusses specifically on edge illumination (EI) x-ray micro–CT, a method developed at UCL, which 
provides access to both attenuation and phase contrast. EI is based on an amplitude modulation of the x-ray 
beam by splitting it into an array of narrow beamlets. This has the decisive advantage that spatial resolution is 
no longer defined by the source and detector blur, but by the width of the beamlets themselves. The associated 
drawback, i.e. having to dither the sample, can be overcome by applying smart sampling schemes that do not 
rely on dithering, but where instead the sample is translated laterally by only one subpixel step per rotation 
angle3. This preserves the spatial resolution that would be accessible via dithering while significantly reducing 
the dose that is delivered to the sample, as well as the scan time.  

The focus of this research is finding the sampling grid that optimises image reconstruction and gives access 
to the highest spatial resolution at minimal dose. EI x-ray micro-CT scans with different non-dithered sampling 
schemes were simulated and used to explore the effect of changing the sample displacement per rotation 
angle on the spatial resolution of the images. Furthermore, 3D-printed bio-scaffolds (some cell-seeded) were 
scanned with the new sampling schemes and the results were compared to the simulation and used to optimise 
the scanning set-up.  

Results & Discussion 
The results from the simulated scans showed that the length of the subpixel step by which the sample is 
translated per rotation angle has a direct correlation with the spatial resolution of the output image. It was 
observed that the overall quality of the resulting image does also change with this value. The latter effect 
appears to be sample dependent, while spatial resolution only depends on the scanning system and the 
method of reconstruction. The results of the experimental scans agree with the outcome of the simulations.  

Conclusions 
In summary, dose and scan time in EI x-ray micro-CT can be reduced while preserving the benefits of a high 
spatial resolution and access to phase contrast by applying smart sampling schemes that do not involve 
dithering. However, a comprehensive model for the best scanning trajectory (or sampling grid) for any given 
sample is yet to be developed. Looking forward, several avenues of reconstruction will be researched, 
including machine learning, which has already shown great potential in related applications. We envisage that 
these results will expand the applicability of EI x-ray micro-CT to radiation-sensitive soft tissue samples.   
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Introduction 
Magnetic resonance imaging (MRI) is a common tool used to investigate pathology in all age groups. Research 
has shown that up to 37% of patients undergoing an MRI scan experience moderate to high levels of anxiety. 
This number rises to 67% in children aged 4-8 years.1,2 One in seven patients cancel MRI scans because of 
fear or anxiety, and 12% of scans are terminated or result in unclear images due to patient anxiety or 
movement.3 Anxiety in young children can cause scans to be cancelled or incomplete, or can pose diagnostic 
difficulties due to motion-related artefacts.4-5  

The current widespread solutions are general anaesthesia (GA) or sedation; which each pose their own health 
risks and costs. Accordingly, we set out to develop a system to reduce anxiety through education and diversion. 

Methods 
A two-step strategy was adopted, with a virtual reality (VR) simulation of the MRI experience as the first step. 
The simulation could be viewed prior to a scan to educate and accustom the patient and carers to the 
environment and procedure. The second stage was a purpose-built game to be played during MRI scanning 
to distract the patient and encourage them to lie still. Playing the game in a mock up before the real scan 
could train the patient to lie still, and using the game during MRI scanning would further encourage stillness 
in the patient.  The multi-level game consists of a spaceship whose path is gaze controlled by the patient, 
collecting stars and avoiding meteorites, whilst motion sensors under the subject support bench monitor their 
position. If the patient moves, a weight change is detected. Beyond a certain threshold, fog is added around 
the spaceship, increasing the difficulty of play and losing points. Successful players advance through the 
levels, amassing points and scoring on a Leaders’ Board. 

Results & Discussion 
Preliminary user testing showed that the game (without motion sensors) kept the user engaged and 
entertained. The VR was successful in educating users about the whole procedure. It was also found that the 
novelty of the eye tracker elicited positive responses in users, further enhancing the gaming experience.  

. 

Figure 1: screen shot of the game during play  Figure 2. Still image from the VR tour of MRI 

Conclusions 
An immersive game to encourage and train stillness in MRI subjects has been developed, with motion 
detectors to monitor stillness. 
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Introduction

Light rays carry abundant information of the ambient 3D environment. Unlike conventional imaging that records only
lateral information as a 2D projection of light rays, light field (LF) imaging[1] allows to simultaneously capture both the
spatial and angular information of the incident light, making it an effective 3D imaging technique. Centre detection and
calibration for a microlens array is an imperative operation that facilitates accurate decoding of raw 2D LF data (obtained
from light field microscopy (LFM)[2,3])  into the standard 4D format and subsequent processing. In this abstract, we
propose a robust centres detection and calibration method which takes advantage of neighbourhood information in order
to achieve good results. 

Methods

The centre detection is based on the convolution of a raw 2D LFM image with a well-designed kernel containing specific
structures/patterns.  As  shown  in  Figure  1,  the  proposed  centre  detection  and  calibration  method  includes  a  few
procedures: (a) Compute the lenslet pitch and rotation angle using an input LFM image, and then rotate the image back
to zero-angle position; (b) Design a kernel that consists of nxn (e.g. 3x3) identical discs, with the diameter of each disc
equal to the lenslet pitch. (c) Binarize the LFM image with a proper threshold; (d) Extract a region of interest (ROI) with
similar size as the kernel from the binarized LFM image and then perform convolution on the ROI using the designed
kernel; (e) The point with the largest value in the convolved image is found to serve as the centre of the ROI; (f) Extract
another ROI and repeat the procedure (d)-(e) until all the centres in the binarized LFM image are detected; (g) Perform
average along each row and each column to give the final detection and calibration results.

Results & Discussion

Figure 1 and Figure 2 show that the proposed method is able to accurately detect the centres of a microlens array from
an LFM image, even for those regions of poor quality. 

Figure 1. From left to right: Initial region of interest from a binarized LFM image, designed kernel,
convolution result, a detected centre.

Figure 2. detected
centres

Conclusion

The proposed method achieves  robust  and accurate detection  for  the centres of  a  microlens array via  performing
convolution  on a  binarized  LFM image using  a  structured kernel.  Since  the  kernel  is  designed to contain  specific
patterns, it is able to take better advantage of neighbourhood information to detect target centres accurately. It has found
applications in LFM data processing and contributes to the construction of sub-aperture images, Epipolar Plane images,
etc.
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Introduction 
For hundreds of years it has been known that the morphology of cells and tissue microstructure are 
important markers of pathology. Morphological characterisation is predominantly undertaken using 
histological analysis of tissue biopsies. Due to the selectivity of biopsy and the two-dimensional nature of 
histology sections, this characterisation is limited, can miss crucial information particularly for heterogeneous 
pathologies and is an invasive procedure with patient safety and health economic implications. Diffusion 
weighted magnetic resonance imaging (DW-MRI) can be used to non-invasively quantify tissue 
morphological parameters, (e.g. cell radius or vascular volume) based on the hindered diffusion of water 
within tissue structures1,2. This offers an alternative to traditional biopsy but as yet, robust analysis methods 
have not been developed which can capture the large range of morphological markers used by histologists. 
We are developing such analysis methods through the parameterisation and creation of realistic digital tissue 
geometries (DigiTiss). These digital tissue geometries are used to simulate the DW-MRI signal, and given 
their digital nature, can be easily manipulated to investigate how specific morphological changes appear in 
the DW-MR signal.  

Methods 
Compucell 3D is an open source Cellular Potts modelling environment3. Parameter sweeps were used to 
map Compucell parameter changes to morphological features widely used in the histology literature.  
HREM is a block facing fluorescent histology technique4. HREM samples are destructively imaged via 
removal of thin sections from a resin embedded sample. The block facing nature provides inherent alignment 
of sequential images and thus facilitates 3D reconstructions, at micrometer resolution. 

Results & Discussion 
Using existing optical projection tomography image data of tumour vasculature, we have developed a 
computational model using a Cellular Potts modelling platform, Compucell3D, to created digital-tissues. The 
model takes vascular networks segmented into graph format from optical data, and populates the extra-
vascular space with cell-like-structures. We can create a range of digital tissues from a single vascular 
network by altering the simulation parameters. We have conducted a sensitivity analysis of the model 
parameters to map parameter changes to more commonly used morphological properties of cells e.g. 
surface area to volume ratio3.  
We have also developed and optimised a protocol for HREM, based on intravenous. and convection assisted 
delivery of fluorescent markers, for vascular endothelium, cell nucleus, cytoplasm and cell membrane in 
subcutaneous mouse model of colorectal cancer using cultured SW1222 cells.  
HREM provides high resolution , three-dimensional microscopy, allowing the imaging of both individual cells 
and vessel networks in large mouse tissue volumes. Once segmented, these data will provide cell 
morphological parameter values for the digital tissues.  

Conclusion 
We have presented the progress in the different aspects of a large project which aims to develop non-
invasive MRI biopsy. We have developed and characterised a computational model, able to produce digital 
tissues based on 3-dimensional image input data. We have also developed the protocol for a 3D imaging 
method HREM that will allow us to extract cellular morphologies which can be used to parameterise the 
computational model. 

References 
1. Johansen-Berg, H. & Behrens, T. E. J. Diffusion MRI: From Quantitative Measurement to In vivo

Neuroanatomy. (Elsevier Science, 2013).
2. Roberts, T. A. et al. Quantitation of brain tumour microstructure response to Temozolomide therapy

using non-invasive VERDICT MRI. bioRxiv (2017).
3. Swat, M. H. et al. Multi-Scale Modeling of Tissues Using CompuCell3D. Methods Cell Biol. 110, 325–

366 (2012).
4. Weninger, W. J. & Mohun, T. Phenotyping transgenic embryos: a rapid 3-D screening method based

on episcopic fluorescence image capturing. Nat. Genet. 30, 59–65 (2002).



The ANIMATE System: An Infant-Specific Scalable, Wearable, High-Density Diffuse 
Optical Tomography Technology 

Hubin Zhao1,2, Topun Austin1,2, Nick Everdell3 and Robert J Cooper1,2 

1DOT-HUB, BORL, Department of Medical Physics and Biomedical Engineering, UCL, London, UK. 
 2neoLAB, the Rosie Hospital, Cambridge, UK.   3Gowerlabs Ltd., London, UK. 

Introduction 
The neonatal brain is extremely vulnerable to injury. There are various sources of such injury (e.g. stroke, 
oxygen deprivation, prematurity), but one common factor is that infants who suffer a brain injury at birth often 
go on to develop cerebral palsy1. As a permanent movement disorder, cerebral palsy can severely limit the 
control of muscles, and significantly affect the quality of life. There are numerous treatments with the potential 
to enhance motor ability in infants with cerebral palsy, but most infants are only diagnosed at around 1 to 2 
years old, which is rather late to get the best effect from treatments1. Thus for cerebral palsy, early diagnosis 
is fairly crucial. In the healthy infant, the areas of brain that manage movement and receive somatosensory 
input (e.g. touch sensation) are structured like a map of the body. However, this structure becomes disordered 
in cases of cerebral palsy2. Early detection of infants with abnormal motor development could therefore 
potentially be achieved using a suitable functional brain imaging technology. However, no functional imaging 
technologies are currently available with the necessary precision, resolution, patient comfort, or motion 
tolerance to repeatedly image the motor system in vulnerable infants. The ANIMATE project seeks to develop 
the first infant-specific, scalable, wearable, high-density diffuse optical tomography (DOT) system. This 
technology uses near-infrared light and wearable electronics to enable high-quality images of newborn brain 
function to be obtained at the cot-side. 

Methods 
Between 2016 and 2018, our group developed a fibreless, modular high-density DOT system, which has been 
utilised to achieve functional imaging of the adult human brain3. Known as the micro-NTS (μNTS), this system 
consists of multiple independent light-weight DOT modules (with dimensions of 30 mm × 30 mm). Each module 
contains two sources and four detectors and can be coupled to the scalp in an arbitrary arrangement. This 
system demonstrated outstanding channel density and optical sensitivity, but it is inappropriate for use in the 
infant, mainly because of module size and the challenge of conforming to the curved infant scalp. To overcome 
this, the ANIMATE system uses a sophisticated 10-layer Rigid-Flexible printed circuit board (PCB) technology 
to produce double- and triple- hexagon DOT modules (Figure.1). The rigid islands maintain sufficient space 
for all electrical/optical components while the flexible sections enable power and data transmission and provide 
high conformability to ensure the optical components make good contact with the infant scalp. Each hexagonal 
section is equipped with 3 dual-wavelength sources and 4 detectors, such that the dual-hexagon modules 
generate 48 DOT channels over an area of ~9.4 cm2. This modular design can be scaled up to ~20 hexagonal 
modules per chain via board-to-board connectors. By combining dual-hexagon and triple-hexagon modules 
together, the system can be configured in a vast range of possible layouts.  

Figure 1.  (a) A diagram of single double-hexagon DOT module. (b) A photo of triple-hexagon module that demonstrates a high flexibility. 

Conclusion 
While the technology is at an early stage, the rigid-flex modules provide great conformability and high flexibility 
for application to the infant, and will make routine functional imaging of infant brain at the cot-side a reality.   
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Introduction 

Semiconducting polymer nanoparticles (SPNs) are a new class of optical nanomaterial which has received a 
great deal of attention over the past several years due to their excellent optical properties and 
biocompatibility.  SPNs have been used for photoluminescence, photoacoustic and chemiluminescence 
imaging and have also shown promise in sensing and therapeutic applications.1 However, controlled 
functionalisation of the surface of SPNs has been difficult to achieve.  Typically, the semiconducting polymer 
is blended with a surfactant, lipid or amphiphilic polymer in an organic solvent before injecting into water.  
This process forms nanoparticles consisting of a hydrophobic semiconducting polymer core and a 
hydrophilic coating, via a non-covalent interaction.  Providing a desired stable covalent linkage of a 
protective layer to SPNs is difficult, however, as it requires the multi-step synthesis of a functionalised 
semiconducting polymer.     

Results & Discussion 

Here we report a novel strategy to directly modify the backbone of a range of semiconducting polymers via a 
quantitative nucleophilic aromatic substitution reaction.  The desired functional groups can be added to the 
polymer backbone in a one-step reaction with alcohols and thiols, post-polymerisation (see figure below).2    
By utilizing this methodology, poly(ethylene glycol) (PEG) side-chains of varied length were grafted onto a 
series of conjugated polymers.  These novel fluorescent polymers self-assemble into single-polymer micelles 
in water, exhibit excellent colloidal stability, fluorescent brightness and photostability, without the need for 
any surfactants.   The micelles also showed very efficient circulation in zebrafish models, circulating for 
longer than any other nanoparticle system reported in the literature.   

Conclusion 

This novel chemical approach allows for the simple functionalisation of semiconducting polymer 
nanoparticles for applications in bioimaging and therapeutics.   
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Introduction 
Breast cancer is the most frequent cancer and the leading cause of cancer related deaths among women. 
Early Screening and diagnosis of the disease is the key to effective treatment. Molecular Imaging devices such 
as Positron Emission Mammography (PEM) have proved to be an effective means of detecting cancerous 
breast tissues [1]. The design of PEM scanners is done in such a way that they have reduced field of view 
(FOV) to cover the entire breast, and few detector modules [1]. High sensitivity and spatial resolution are key 
features of PEM scanners capable of early breast cancer detection. The PEM detector materials evaluated in 
this study are Hafnium dioxide (HfO2), Bismuth Germanate (BGO), Lutetium Aluminium Perovskite (LuAP), 
Lutetium Oxyortho-Silicate (LSO) and Lutetium Gadolinium Oxyortho- Silicate (LGSO).  

Methods 
In this study, five (5) detector materials both commercially available and newly proposed were simulated using 
Geant4 Application for Tomographic Emission (GATE) toolkit [2], and their performance in terms of sensitivity 
and spatial resolution were evaluated following National Electrical Manufacturers Association (NEMA) 
standards [3]. The scanner has a Trans-axial length of 120 mm and axial length of 180 mm, the x, y and z axis 
of a single module are 10, 40.7, 179.9 mm3. The module also measures 1x1 mm2pixel pitch with 5100 channels 
per module. Incident radiation from the bottom is facing 10 mm thick scintillation crystal. There are 25 modules 
that made up a complete ring of detectors with 27,500 channels in total. Sodium point like source was used to 
test the sensitivity and spatial resolution of the scintillation crystals used in the study. For the sensitivity 
measurement, the point like source was stepped along the Z axis of the scanner in 2 mm increments, a total 
of 121 scans were acquired, and a Minimum of 10,000 coincidences collected. For the spatial resolution 
measurement, the point like source with Activity of 104 Bq was placed at different positions (axial, centre of the 
field of view (CFOV) and trans-axial). 100k Coincidences were collected and analysed.  

Results & Discussion 
After simulating the scanner geometry and the phantoms, the sensitivity results obtained for each crystal for 
0.15 mm point source are HfO2 =9.3%, BGO =8.8%, LuAP =8.5%, LSO =8.2%, and LYSO =7.5%. The spatial 
resolution result for all the crystals obtained at the CFOV and trans-axial position were 1mm FWHM whereas 
on the axial position is 2.1 mm FWHM. This is as a result of using the same pixilation technique and voxel size 
for all the crystals.  

Conclusion 
The Breast PEM geometry combined with different scintillation crystals showed that it is capable of providing 
very high sensitivity and spatial resolution when used with crystals like HfO2 and BGO. Lutetium based crystals 
such as LuAP, LSO, LYSO also have good sensitivities which is why they are mostly used materials for Nuclear 
medicine imaging.  
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Introduction 
There are a wide range of fields within medicine which desire colorimetric measurements, such as screening 
for jaundice [1], anaemia [2] and quantifying paper strip tests [3]. Imaging presents an attractive non-contact 
approach to colorimetry with smartphones being preferable to digital cameras due to their prevalence, low 
cost, portability, and ability to carry out processing on the device to yield realtime results. The two key issues 
which must be overcome in order to obtain accurate results are the impact of ambient light and variations 
between devices. 

Methods 
In order to account for changes in ambient light, pairs of flash/ no-flash images are captured. The flash 
image is influenced by both the phone flash and the ambient light, and the no-flash image is purely 
influenced by the ambient light. Subtracting values from corresponding regions of interest in the two images 
will yield results which are independent of the ambient lighting [5]. 

In order to overcome the impact of inter-device variations, a one-time calibration stage is introduced. Images 
of a standardised colorcard are captured, and the illumination intensity corrected for using images of a grey 
card. A mapping from phone space to XYZ space, a device independent space, can then be constructed 
using RGB values from the images and measured XYZ values. For future measurements, ambient 
subtraction and this mapping can be applied to yield accurate colorimetric results.  

Results & Discussion 
The Macbeth Colorchecker DC card was imaged under fluorescent lighting, and the resulting colors of 
patches compared to a ground truth from images with no ambient light before and after subtraction. The 
color distance from the ground truth patch values significantly decreases after subtraction. 

Additionally, four phones were used to image the DC card under fluorescent lighting. The whole method as 
described above was applied and the resulting xy patch values compared to the ground truth values. The 
classification accuracy for all four phones combined was calculated and compared to the simplest alternative 
method, using open-source software dcraw [4] to do the mapping based on metadata information. A clear 
increase in classification accuracy when our combined approach is used over dcraw is observed. 

Conclusion 
We present a combined approach to tackling the key issues in smartphone colorimetric measurements, 
ambient light and device variations. This approach provides superior classification accuracy to using dcraw, 
the simplest alternative. The method yields accurate results, whilst maintaining a simple, streamlined 
approach for image capture. 
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Introduction 
Bacterial Vaginosis (BV) is one of the most common vaginal disorders suffered by women, yet its aetiology is 
unknown. This condition desperately needs a new approach to developing effective treatment, as it is known 
to affect ~ 50% of the female population in the developing world and ~ 33% of women in the developed world 
[1,2]. The disease is thought to be a result of ecosystem disruption with overgrowth of opportunistic pathogens 
rather than a single pathogen infection. Multi-species microbial biofilms and decrease in Lactobacillus crispatus 
are known to be the major aspects in BV; however, the initial process which causes this is unclear. Antibiotics 
or vaginal cream/gel are usually prescribed to treat the infection; however, reoccurrence is common. At 
present, there is no effective treatment for this condition. New studies are now focusing on the new paradigm 
Organ-on-Chip (OOC). This project involves creating a sophisticated 3D microfluidic tool the Vagina-on-a-Chip 
(VOC) which involves multidisciplinary research that will mimic the mechanical, biochemical and physical 
aspects of the vaginal tissue. The main aim of our work is to use the VOC platform to study the factors that 
cause disruption of the vaginal microbiome and the interaction between the vaginal epithelial cells and bacteria 
strains, to improve female healthcare. 

Methods 
The Vagina-on-Chip is being developed using multiple techniques that combines micro-engineering, 3D 
printing and cell culture. The chip contains two nutrient channels that provide growth media continuously to 
the cells and a central layer where vaginal epithelial cells are cultured in a 3D scaffold. The chip layers are 
created with 3D printed moulds and soft lithography method using silicone polymer (PDMS). Electrospinning 
is used to create a biocompatible membrane that forms the central layer of the chip. To mimic the normal 
vaginal environment, the bacteria (L. crispatus) is seeded through the top layer of the chip (nutrient channel) 
to reach the epithelial layer established on the membrane. This complex and innovative model replicates the 
human vaginal environment and function, providing a realistic in vitro platform to study conditions such as 
Bacterial Vaginosis (BV). 

Results 
The VOC is a novel approach to study BV and the interaction between vaginal epithelial cells, microbial biofilm 
formed by L. crispatus, and bacterial pathogens. Biocompatibility tests have been carried out on electrospun 
membranes in order to select the most suitable scaffold. Optimal design of the platform has been completed 
and epithelial vaginal cells are being cultured in the presence of (L. crispatus). The next stage of this work will 
be to add pathogens, such as G. vaginalis and P. bivia bacteria, to study the initiation and progression of the 
disease. To find the specific aetiology, we will further investigate the genetics of different bacterial strains and 
how they affect the biofilm formation. 

Discussion & Conclusion 
The VOC platform can be used to realistically model and obtain a better understanding of BV. The platform 
can be used by researchers to find better treatment for BV by challenging the bacterial ecosystem and examine 
the bacteria with different treatments such as antibiotics, prebiotics and probiotics. Our goal is to have a 3D 
model that could potentially replace animal testing for the new development of drugs and toxins and can be 
used to study pathogens that affect the epithelial layer of the lower reproductive system in females.  
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Introduction         
The drug development process is known to be inefficient and time consuming, with only 1:10 drug 
candidates progressing through clinical trials due to toxicity or lack of efficacy. This inefficiency is partly 
caused by a lack of physiological relevant pre-clinical models able to accurately predict human responses. 
Effective gut barrier permeability testing of new compounds and the effects on the liver is an important part 
of the drug development process. Caco2 / primary human hepatocytes (PHH) microsomes are widely 
accepted models for intestinal drug absorption and liver metabolism. Whilst these models offer advantages 
such as availability and ease of culture, there is debate as to the effectiveness of these models to accurately 
mimic the drug response of humans. A lack of mucosal cells and decreased paracellular transport is 
understood to limit the efficacy of the simple Caco-2 gut model. Development of a more effective in vitro 
model for accurate prediction of drug absorption and liver metabolism could improve the time, cost and 
overall efficiency within the drug development process. This study explores the use of human primary 
hepatocytes, 3D scaffolds and perfused organ on chip technologies to study in a single platform the full 
process of human drug first pass metabolism. 

Methods 
A perfused co-culture intestinal model was developed which comprised of Caco2 epithelial cells and goblet 
like HT29-MTX cells. These were seeded in transwell inserts and used for drug absorption and transport 
studies. Intestinal cultures were maintained within the perfused organ-on-a-chip system to form a functional 
barrier before co-culture with PHH.     
A multi organ-on-a-chip model was developed, containing PHH to replicate the liver for metabolism studies, 
with the intestinal model suspended above within the transwell inserts, with recirculating flow to connect the 
two organ systems. This system has the ability to simply model the full process of first pass drug metabolism 
in a single platform. 

Results & Discussion 
An initial gut co-culture model was established by culturing Caco2 and HT29-MTX cells on transwell inserts 
in a perfused condition. When placed under perfused conditions the co-culture model shows a 1.7-fold 
increase in permeability but maintaining a tight functional barrier formation in comparison to the static 
condition. Functionality was measured by Aminopeptidase-N enzymatic activity, results show a 1.3-fold 
increase in within the perfused conditions.  
To determine drug transport and metabolism Caco2/HT29-MTX co-cultures were combined with PHH’s in a 
multi-organ platform. PHHs were cultured on a collagen-coated scaffold within the perfused platform or for 
comparison in a standard 24-well plate.  

Diclofenac was chosen as a probe compound to assess the drug transport and metabolism of both the 
perfused and static models. Diclofenac absorption was aided by the addition of recirculating flow within the 
organ-on-a-chip system and the absorbed diclofenac was then metabolised by the PHH. This demonstrates 
that this gut-liver co-culture system can be used to model human first pass metabolism of xenobiotics. 

Conclusion 
This study explored an organ-on-chip approach to developing a more effective intestinal/liver model. The 
importance of perfused cultures was demonstrated to better mimic human drug absorption and metabolism 
in comparison to standard static models.    
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Introduction 
Osteocytes orchestrate healthy bone homeostasis. They coordinate bone resorption by osteoclasts and 
bone formation initiated by mesenchymal stem cells (MSCs) that differentiate into osteoblasts laying collagen 
fibers and further differentiate into osteocytes mineralizing the collagen fibers. Osteocytes bear numerous 
processes to detect their mechanical environment. However quantification of human bone cells in situ 
mechanical environment is challenging but essential to understand the effects of mechanical forces on the 
cell mechanobiology, differentiation and secretome quality and formation. 

Methods 
A bone-on-chip including one or multiple bone samples provides in situ 3D environment for human bone 
cells to grow, differentiate and form new bone. These systems also made it possible to track spatial 
reorganization of the bone samples by the matrix formed by the cells. In the bone-on-chip, human MSCs 
were reseeded on decellularized human bones and cultured for a long period of time to obtain stem cell 
derived osteocytes (SCDOs) (up 26 months). The systems were mechanically stimulated in either 3-point 
bending or compression to mimic human walk or run. The cell mechanobiology was measures by 
simultaneously recording the cell biological responses in the mechanically stimulated bone-on-chip and by 
modeling using image-based FEM (finite element method) the 3D mechanical fields at the cell and tissue 
scales in the same bone-on-chip. The MSCs differentiation markers release morphology changes were 
tracked by in situ immuno-histology using confocal microscopy. The secretome proteonomics and 
mechanical properties were measured by in situ immunofluorescence and mechanical testing. 

Results & Discussion 
The mechanobiology of bone stromal cells showed cytoplasmic calcium response adapt to the expected in 
vivo mechanical load at the successive differentiation stages. The cell morphology of SCDOs exhibited long 
processes organized in a network at 19 months among multiple bone cells populations. The cell organized in 
layers of alternate orientation up to 45o. In situ immuno-fluorescence under confocal microscopy at 547 days 
revealed the presence of o	 steocytes markers such as E11 and sclerostin of which the amounts were 
correlated to exercise and local stresses. The neo-formed bone displayed a strength nearly a quarter of 
native bone strength at 109 days and contained calcium minerals at 39 days and type I collagen at 256 days. 
Three types of bone samples were prepared with respect to the orientation of the osteons. The cells 
assembled the bone samples in space in order to respect the Haversian systems. 

Conclusion 
The bone-on-chip made it possible to grow SCDOs 
and study in vitro the effect of mechanical forces on 
human osteocytes on a physiologically relevant 
substrate. The observed spatial assembly of the  
bones by the cells provides an insight on the  
role of cells able to mechanically move bones in  
the early stage of repair of bone defects or fractures. Fig.1: 3D spatial bone assembly for longitudinal osteons and 

SCDOs mechanical microenvironment 
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Introduction 

Adolescent Idiopathic Scoliosis (AIS) is the most commonly diagnosed spinal deformity1. Scoliosis 
affects whole-body alignment, in turn causing changes to postural control and gait. An objective measure of 
balance that could be calculated with a wearable device would help inform patient support team without the 
constraints of the intervals of standard care. The assessment of balance has been well researched in 
patients with AIS. Most recently, the Dynamic Stability Margin (DSM) has been shown to be a useful 
measure of stability in patients with spinal deformity2 and stroke3, amongst other neurological conditions with 
altered balance. 

The objectives of this pilot study are; (i) to compare the DSM in a healthy population against the same 
participants wearing a device to induce a controlled, short-term and reversible ‘simulated AIS’ of the trunk in 
the frontal plane to determine the sensitivity of the metric to changes in functional compensation due to AIS 
pathology and treatment, (ii) to assess the ability of the gait tasks to challenge the DSM, and (iii) to provide 
pilot data with which to inform power calculations for further investigations in a population with AIS. Our 
hypothesis is that the DSM will be smaller when the participants are wearing the device to induce 
malalignment of the trunk. Additionally, certain tasks will challenge DSM more than quiet standing and 
normal walking. 

Study methodology: prospective quantitative within-subjects cross-over study. 
Method 

Twelve able-bodied, healthy volunteers were recruited of similar body size and age, with a dominant 
right foot and without historical orthopaedic or neurological disorder/injury of the vertebral column or spinal 
cord. All participants underwent clinical examination to rule out un-diagnosed scoliosis and to measure the 
angle of the spine in the frontal plane using a goniometer.  

A whole-body set of infrared markers was placed on the participant following the Plug-in Gait Model4. 
Participants were asked to carry out a standardised gait and static balance protocol twice; once as normal 
and once wearing a custom-made tilting device, which held the trunk in a lateral bend position so that the 
body was arced to the left at approximately 30-40⁰. Goniometry was repeated beforehand to confirm this 
angle. Participants were block randomized as to whether the tilting device was worn first or second.  

The Centre of Mass (CoM) was estimated in Visual3D using a 15-segment model. For walking data, 
pipelines were manually generated to calculate DSM. For standing data CoM and CoP sway area were 
calculated. Paired samples t-tests have been used to compare measurements with and without the posture 
device. 
Results 

The results of this ongoing pilot study will pave the way for the validation and development of an 
objective measure based on the DSM that determines and monitors the effects of AIS through curve 
progression and in response to invasive and non-invasive treatment.  
Conclusion 

Malalignment of the spine in the frontal plane decreases dynamic stability. This study will be repeated in 
a population with AIS to determine sensitivity to curve severity and response to treatment. 
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Introduction 
Despite being the most common long bone fractures in adults [1], the existing methods to confidently 
evaluate the healing of tibial fractures are inadequate, meaning medical staff rely heavily on qualitative 
information obtained from the patient such as recovery of motion or qualitative range of motion [2]. It is 
estimated that 30-40% of cases involve treatment periods longer than necessary, at the expense of the 
patient’s quality of life and wellbeing in addition to significant amounts of NHS time and money.  

Methods 
A common method of treatment for complex tibial fractures includes the use of external fixators, or frames. 
Mechanical behaviour of the bone during healing cannot be directly measured, but may be ascertained 
through measurements obtained via the frame. A novel application of existing measurement technology has 
been developed and implemented into a commonly used external fixator, which can measure the mechanical 
behaviour through the frame. These measurements can then be correlated to the mechanical behaviour of 
the bone, and as such provide a quantitative method for evaluating fracture cohesion. After initial testing, 
proof of this new concept required the newly integrated technology and frame to be mounted on an epoxy-
resin artificial bone before being mechanically tested through a series of compression loadings. As the 
intended future use for this technology would be based in a clinical setting, the testing undertaken was 
designed to match the likely conditions/equipment available in such a setting. Finite Element Analysis (FEA) 
using Ansys Workbench, and previously obtained bone-on-bone forces, have also been performed to identify 
any potential failure modes and if they are above an acceptable threshold. 

Results & Discussion 
FEA results show the mechanical integrity of the design can withstand the required experiments, as the 
compression loading performed included the extreme ranges of the likely possible loading conditions. Initial 
testing validated the output measurements produced by the technology and showed a significant correlation 
between the artificial bone mechanical behaviour and the integrated frame technology behaviour. This 
demonstrates proof of concept of the proposed method for obtaining quantitative data for determining 
fracture cohesion. 

Conclusion 
An innovative approach to the evaluation of fractures within the tibia, while still in early development has 
been proven to be effective when applied to an artificial bone. Results are found to be within expected 
ranges and encourage further study, and further development towards potential suitability for clinical usage. 
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Introduction 
The rupture of atherosclerotic plaques could cause serious clinical events. The wall shear stress (WSS) and
axial plaque stress (APS) could reflect the risk of plaque rupture. This study aimed to quantitatively
investigate the geometric effects on WSS and APS using computational fluid dynamics (CFD).

Methods 
Sixty three plaque models were developed from three severities (75%, 82%, and 89% in area), three
eccentricities (the deviation of plaque throat from the arterial centerline: 0, 0.375 and 0.75mm), and 7
different length combinations of the proximal and distal stenotic segments (2mm-5mm, 3mm-5mm, 4mm-
5mm, 5mm-5mm, 5mm-4mm, 5mm-3mm, 5mm-2mm), as shown in Figure 1. For each model, CFD
simulation was performed to calculate the maximum and area-averaged WSS and APS on the proximal and
distal stenotic segments. WSS is the stress on the plaque surface caused by the flow fraction. APS was
defined as :  APS t c c   where t  is the traction vector, c  is the unit tangential vector of the centerline (

=1c ), and t c is the dot product of t and c . The multivariate analysis of variance was performed to 
quantitatively investigate the geometry-stress relationship.

Results & Discussion 
The results showed that, the severity and eccentricity of a plaque were linearly related to its WSS and APS.
APS value on a segment (proximal or distal) of the plaque depended on the segmental length. It was also
shown that the difference of APS between proximal and distal segments depended exclusively on the
difference of length between segments (all p<0.05).

Conclusion 
The geometry of a plaque influences its WSS and APS values. APS and its proximal/distal difference depend
on the segmental lengths.

Figure 1. The geometric models of stenotic arteries with atherosclerotic plaques. 
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Introduction 
Current conservative clinical assessments of tendon pathologies provide only an indirect evaluation of 
tendon function [1]. However invasive, the in-situ categorisation of tendon behaviour is one missing element 
towards a comprehensive understanding of spasticity. In human studies, tendon recordings have lasted only 
a few hours and during surgery, which does not provide more inclusive dependencies of time related events. 
Transducers cannot be calibrated adequately unless independent of tendon cross-section and position which 
are likely to be difficult to determine in vivo. In this paper we introduce a more robust buckle transducer, 
having output independent of diameter and position of tendon, for in vivo measurement of tendon function. 

Methods 
A prototype transducer is described, in which a tendon (e.g. human flexor carpi radialis) passing across two 
outer bearing surfaces could be displaced with one central adjustable roller (Fig. 1, shown with central roller 
removed for placing during surgery) to develop strains within the buckle. This enables vertical and horizontal 
forces to be applied to the outer bearing surfaces w.r.t. the central roller. A cavity was cut into the underside 
of the body of the transducer, to enclose strain gauges and electronics, Fig 2, to be eventually sealed using 
thin Titanium foil, for inductively coupled power and telemetry. Six gauges were placed in two rows of 3; the 
siting of these was determined from a finite element (FE) model. Prior mathematical analysis and FE 
modelling of the strains under varying tensions from 0 - 500N, tendon size (4-5mm) and positions/angle, 
showed that by combining strains appropriately, tendon tension could be measured independently of the 
tendon cross-sectional area, an advantage which is essential for use in man, where post-experimental 
calibration cannot be performed. In this prototype version, gauges are wired directly to external electronics. 
Multiple linear regression was used to combine gauge sensitivities of each simulated independent variable. 

Results & Discussion 
In the FE model, the 3 mean strains of opposite gauge pairs were regressed against each of the 
independent variables: tension, cross-section and position, and within the limits of the tendon tensions, sizes 
and positions used, the results demonstrated the invariance of calculated load to cross-section and position, 
whilst reporting the tension to an accuracy of <1% at 500N. A previous, larger sized, transducer operating on 
the same principle reported maximum errors during experimental testing of 5% using rope yarn [2]. 

Conclusion 
The prototype buckle transducer potentially has the capability of measuring tendon tension independent of 
tendon cross-sectional area and position within the buckle. A reduced-height version of the device is 
currently being manufactured for experimental studies using tendon and rope, to confirm these findings. 
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Figure	1-	Buckle	transducer	with	central	roller	removed	
for	insertion	during	surgery,	showing	bearing	surfaces

Figure2-	Schematic	side-on	view	of		instrumented	
buckle	transducer,	with	tendon	shown	in	situ	
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Introduction 
Spasticity is a detrimental repercussion after spinal cord injury, stroke, cerebral palsy, and many other 
neurological disease survivors. Conservative and novel therapies are making a slow progress to treat 
symptoms and minimise the impact on quality of life [1]. One of the main obstacles towards designing more 
efficient therapies is the limited knowledge of the underlying mechanisms inside affected muscles and 
tendons during a spasticity episode. Current approaches that use transducers to measure time-dependent 
force and spastic events are either implanted in an animal that is later sacrificed, or in humans during 
surgery as a single, short-term recording (up to 4h) [2]. We report on a new approach that is aimed to 
implant in-situ buckle transducer around the tendon for the full duration of the therapy (minimum of 3 weeks) 
and directly record forces before, during and after therapy. 

Methods 
This paper proposes implantation of a buckle transducer (Fig. 1) for the duration of minimum of 3 weeks and 
monitor of spasticity and tendon forces during therapy that has shown to reduce spasticity [1]. The prototype 
transducer was designed for in-situ implantation around Flexor Capri Radialis Tendon of the forearm, and to 
have an output independent of diameter and position of tendon, for in vivo measurement of tendon function. 
Once positioned, the tendon will pass through a cavity inside the transducer equipped with 6 strain gauges 
for measuring sheer forces, as seen in Fig. 2. The volunteers will engage in a minimum of 2 weeks of 
therapy (see Fig. 3) consisting of 15 min focal vibrations applied to the forearm muscles followed by robotic-
assisted game playing (movement therapy) that engages the wrist joint into flexion and extension. In addition 
to the force data acquired from the tendon, EMG and EEG is recorded to capture multiple features of 
spasticity.  

Results & Discussion 
The initial results from the vibro-robotic therapy suggest a statistically significant (p<0.05) reduction in 
spasticity as measured with Modified Ashworth Scale, reduction in joint stiffness and increased volitional 
ability to flex and extend the wrist joint. However, this information only assessed the effectiveness of the 
therapy, therefore the inclusion of the tendon internal forces, EMG and EEG is intended to further the 
knowledge of spasticity action mechanisms and development of suitable musculoskeletal models.  

Conclusion 
Analysing internal mechanisms of the spasticity before, during and after the therapy is intended to further the 
understanding of this debilitating condition for optimisation of therapies that can effectively address the 
symptoms and improve quality of life of those suffering from the condition. 
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Introduction  
One  of   the  major  problems   in  analysing   the  movement  of   the  upper  extremity   (UE)   is   the   large  movement  
variability  between  repetitions  and  different  subjects  [1].  Current  quantitative  measures  of  UE  movement  and  
function  are  often  not  effective  when  identifying  the  presence,  location,  direction  and  degree  of  abnormalities.  
Clinicians  regularly  evaluate   the  quality  of   life  of  patients  with  UE  difficulties  or   injury   through  assessments  
relating   to  a  patient’s  ability   to  perform  specific   tasks.  Although  studies   in   lower   limb  movement  and  sports  
biomechanics  have  shown  that  coordination  variability  (CV)  is  an  important  factor  in  achieving  success  in  the  
execution  of  an  action,  CV  has  not  been  used  in  kinematic  assessments  of  UE  [2].  In  this  study,  selected  tasks,  
including  representative  activities  of  daily  living  (ADLs),  were  used  to  investigate  the  effectiveness  of  CV  as  
an  objective  measurement  tool.  

Methods  
A   total   of   30   asymptomatic   individuals   over   the   age   of   18   and  with   no   history   of  UE   injury   or   pathology  
performed  five  repetitions  of  six  tasks  (three  range  of  motion  and  three  ADLs)  using  their  dominant  side.  Motion  
of  the  hand,  forearm,  upper  arm,  scapulae,  and  thorax  of  the  participant  were  tracked  using  an  optoelectronic  
system.  Segment  and  joint  kinematics  were  then  computed  based  on  the  recommendations  of  the  International  
Society  of  Biomechanics.  The  continuous  relative  phase  (CRP)  method  assessed  coordination  in  movements  
that  were   likely  be   coupled   in   the   scapulothoracic,   thoracohumeral,  glenohumeral,  elbow  and  wrist   joints.  
Standard  deviations  of  CRP  were  used  as  a  measure  of  CV.  

Results  &  Discussion  
Two  representative  phase  angles,  for  the  scapulothoracic  (downward  rotation)  and  thoracohumeral  (extension)  
joints  respectively,   in  a   ‘Back  Pocket’   task  were  obtained  by  calculating   the   four-quadrant  arctangent  angle  
over  the  cycle  (Fig.  1a  and  b).  The  CRP  which  is  the  difference  between  phase  angles  was  used  to  obtain  a  
measure  of  coordination  between  the  two  joints  (Fig.  1c).The  standard  deviation  of  CRP  presented  a  measure  
of  variability  of  coordination  (Fig.  1d).  The  variability  is  low  at  the  starting  points  when  the  hand  is  in  a  stable,  
repeated  and  carefully  defined  position.  

Fig.1.Procedures  involved  in  CRP  analysis:  The  mean  phase  angles  for  (a)  scapulothoracic  and  (b)  thoracohumeral  joints  
during   the  Back  Pocket   task.  Dashed   lines   represent   the   individual  movement   cycles.   The  mean   and   individual  CRP  
differences  between  the  two  phase  angles  are  shown  in  (c).  Inter-cycle  variability  in  CRP  is  shown  in  (d).  

Conclusion  
The  CRP  method  was  used   to  measure  both  coordination  and  variability   in  coordination  continually  during  
ADLs.  It  can  be  concluded  that  the  CRP  analysis  method  has  potential  for  objective  analysis  of  CV  and  non-
complex  ADLs.  More  work  must  be  done  to  define  a  normative  range  for  CV  in  healthy  UE  movement  to  enable  
its  use  in  clinical  studies.  
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Introduction 
Musculoskeletal models are often used to estimate the muscle and joint forces associated with movement, 
which is useful for predicting long-term outcomes associated with mobility and function. To determine these 
quantities computationally within the highly-redundant musculoskeletal system, optimization approaches are 
required. However, determining the parameters of these optimization problems is challenging, and depends 
on many physiological and psychological factors that influence movement planning and execution. For 
example, musculoskeletal pain will influence movement, but it is difficult to quantify this influence 
mathematically within a modelling framework. Musculoskeletal modelling has been used to investigate 
differences in muscle and joint contact forces between groups with and without pain (1,2) using naturally 
occurring pain (1) and pain induced with injections of hypertonic saline solution (2). These studies supported 
the hypotheses that the presence of patellofemoral joint pain is associated with greater cartilage stress (1) 
and that with reduced muscle force from a ‘pained’ muscle in the neck, antagonist muscles reduce their 
activity (2). However, they did incorporated pain within the optimization cost function or constraints to 
determine the muscle recruitment solution, making it difficult to predict movement in the presence of pain. 
We hypothesize that the presence of pain will result in altered muscle recruitment and more variable 
kinematics during functional tasks.  

Methods 
A pilot study was conducted to investigate the effects of pain, induced via delayed onset muscle soreness 
(DOMS) in the major wrist flexors, on functional tasks. These data established the feasibility of distinguishing 
between pain and no pain conditions for incorporation into a musculoskeletal modelling framework. Joint 
kinematics and activation of flexor carpi radialis and ulnaris (FCR, FCU), flexor digitorum superficialis (FDS), 
and extensor digitorum communis (surface electromyography (EMG)) were quantified in the dominant arm of 
one female adult participant during unresisted flexion-extension and dart-throwing motion, a maximum grip 
task, and a functional dexterity test (FDT). Trials were conducted prior to and 30 hours following weighted 
wrist curls to exhaustion. Resultant kinematics, EMG signals normalised to maximum voluntary contraction, 
grip strength, and time to complete the FDT were compared between the baseline (no pain) and DOMS 
(pain) conditions. 

Results & Discussion 
Maximum grip force did not change between the pain and no pain conditions. Time for the FDT increased 
from 17.5 s to 24.4 s in the presence of pain. During flexion-extension, greater activity was observed in the 
FCU and FDS with DOMS. No change was observed during the dart-throwing motion. These results support 
the hypothesis that pain changes the muscle force recruitment solution, necessitating alterations to a 
musculoskeletal modelling framework. Furthermore, altered muscle recruitment solutions will affect joint 
contact forces, metabolic cost and functional mobility. 

Conclusion 
We propose to expand this work to additional participants to advance musculoskeletal modelling of pain.  
DOMS will be used as a non-invasive and temporary pain inducement with a repeated-measures design on 
a healthy cohort of adult participants. Within a wrist musculoskeletal model (3), the muscle model will be 
constrained based on ratings of perceived pain and model output kinematics will be compared to 
experimentally-measured kinematics. Variability across participants will be assessed to determine the 
specificity required to model individual participants. Alterations in movement patterns due to pain have 
potentially negative implications for long-term outcomes such as joint degeneration and overuse injury. Thus, 
this work has the potential to improve rehabilitation interventions to address these long-term outcomes.  
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Introduction 
All immune and inflammatory responses require leukocyte migration. The interstitial localisation 
and migration of leukocytes is guided by concentration gradients of a class of chemo-attractant 
cytokines, the chemokines. In healthy and diseased tissues, chemokine gradients are formed 
through diffusion, advection, binding kinetics, and cellular uptake. Little is known quantitatively 
about how chemokine gradients are produced in vivo, and how their characteristics affect 
leukocyte behaviour. We are therefore developing microfluidic chips in which the factors leading 
to chemokine gradient formation can be isolated and quantified. 

Methods 
The microfluidic chips consist of polydimethylsiloxane (PDMS) channels bound to a glass 
coverslip. Two arrays of trapezoidal posts encapsulate a hydrogel region, where well-defined 
extracellular matrix (ECM) formulations are injected1. On either side of that region are two fluid 
channels where fluorescent chemokines or a saline buffer are injected. Gradients of fluorescent 
chemokine form across the hydrogel and are visualized by fluorescent microscopy. An advection 
control strategy was designed from electrical-analogy modelling of Poiseuille and Darcy flows in 
the chip. Least-squares estimators are employed to estimate the gradient formation parameters 
from simulation of a partial differential equation (PDE) model2.  

Results & Discussion 
We visualized and quantified the diffusivity of the chemokine CCL19, from a physiologic source 
concentration of 20 nM3 into a collagen I hydrogel. The diffusivity of 5 × 10−10 m2/s corresponds 
to Stokes’ theory. Flow is controlled across the hydrogel by varying the relative hydrodynamic 
resistances of the open outlets. This method enables a cross-gel advection that is physiologic 
(0.5-10 μm/s) and uniform along the device. Pressure-actuated valves at the source inlet 
enable chemokine pulse supplies of different durations to measure binding and unbinding rates 
to ECM components. 
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Introduction 
The aorta is the largest artery in the human body, with a complex geometry and flow dynamics. Locations of 
arterial curvature and bifurcation are known to be prone to endothelial dysfunction, one of the early biological 
markers for atherosclerotic lesions that underlie most cardiovascular diseases [1]-[2]. However, the influence 
of local anatomical and haemodynamic factors, such as wall shear stress (WSS), on lesion development is not 
well established [3]. This is particularly relevant to conditions of obesity, which is believed to accelerate the 
initiation and progression of vascular changes, and may be associated with vascular remodelling, inducing 
increased vessel diameters and wall thickness [4]. In this study, we hypothesize normal and obesity-altered 
arterial conditions to investigate the effect of a range of anatomical and flow parameters on the haemodynamic 
environment. To that end, we utilised 3D computational fluid dynamic (CFD) modelling methods; such methods 
have become an essential tool in the study of cardiovascular diseases and can be indirectly incorporated into 
clinical practice by improving our understanding of the underlying mechanisms of such diseases.  

Methods 
Simplified three-dimensional aortic arch geometries were created using the ANSA pre-processor (BETA CAE 
Systems), while numerical simulations were performed with the open source platform OpenFOAM®, using 
physiological parameters adopted from the literature [5]. Preliminary results consider both steady and time-
dependent (pulsatile) flow for the solution of the incompressible Newtonian Navier-Stokes equations. The 
boundary conditions studied include different inlet profiles with both steady and pulsatile flow. Computational 
fluid dynamic analysis focussed on the variance of flow parameters, specifically velocity, pressure, and wall 
shear stress, for the different boundary conditions.  

Results & Discussion 
The results demonstrate the importance of normal and obesity-altered arterial conditions for aortic arch 
models. The branch flow splits in both steady-state and unsteady calculations influence the shear stresses 
developed on the aortic wall. Time-dependent metrics such as the time-averaged wall shear stress (TAWSS) 
and oscillatory shear index (OSI), indicate locations of disturbed flow.   

Conclusion 
In this work, simulations were conducted on simplified aortic arch configurations for various boundary 
conditions that could quantify the impact of such parameters and find associations with early signs of vascular 
changes in obese patients. The future direction of this work is to improve the accuracy of the simulations by 
implementing more complex boundary conditions, namely the windkessel model to account for the resistance 
and capacitance of peripheral arteries. The investigation will then be extended to patient-specific aortic models 
to confirm the results of this work.   
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Introduction 
Information propagates away from the heart the form of pulse waves; these travel through the vascular 
system and are reflected back towards the heart at bifurcations, other changes in arterial geometry and 
changes in material properties, including at distal resistance vessels. They carry information about pressure 
and velocity changes from the heart. Wave Intensity (WI) has been defined as the product of these changes 
in blood velocity and pressure occurring over a small sampling interval [1]: 

! .

It has the useful property that it is positive when forward travelling wavefronts are dominant, and negative 
when backward travelling wavefronts are dominant. If wave speed is known, then we may additionally 
separate the waves into their forward and backward travelling components. WI is a clinically relevant 
parameter; for example, it provides information about the contraction and relaxation of the heart. Its clinical 
utility is restricted, however, as pressure may only be accurately measured with adequate temporal 
resolution through invasive catheterisation; non-invasive estimates tend to be inaccurate. This restriction is 
obviated through employing a non-invasive formulation of WI based on the product of blood velocity and 
arterial diameter [2]: 

! ,

In our implementation, both quantities are measured from the same B-mode ultrasound images. While blood 
pressure and arterial diameter are intrinsically related, the relationship between the two in the physiological 
range is non-linear: the arterial wall has a complex structure and exhibits properties such as viscoelasticity 
and strain-stiffening. Here, we show that these non-linearities do not have a significant impact on the key 
quantities which may be derived from the different WIs.  

Methods 
Using 1D reduced modelling of the arterial tree, we may simulate arterial haemodynamics to good accuracy 
with reasonable computational complexity. Simulations of a 55 artery model of the human arterial tree, which 
incorporated a non-linear relationship between pressure and diameter, were conducted using Nektar++ - an 
open-source framework based on hp/spectral element methods. Both WIs were calculated for the mid-points 
of the thoracic aorta, and the common carotid, brachial, and radial arteries; the latter three were chosen as 
they are easily accessible to ultrasound. The WIs were then separated into their forward and backward 
travelling components, from which we calculated ratios of wave heights, reflection coefficients for reflected 
waves, the timing of the different peaks and the relative differences in peak heights.  

Results & Discussion 
While magnitudes of each WI differed as expected, there were no significant differences between the ratios 
and the other quantities derived for either WI formulation. 

Conclusion 
The non-invasive formulation of WI has been shown to accurately mimic the key behaviour of the established 
invasive WI; thus, non-invasive WI may be integrated into the clinic for routine use in assessing cardiac 
function and dysfunction.  
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Introduction 
Varicosities occur when venous valves become incompetent, allowing backflow of blood in superficial veins 
that results in enlarged and swollen “varicose veins”. Sclerotherapy is the most common treatment for varicose 
veins; it involves the intravenous injection of a surfactant, such as polidocanol, in order to damage the 
endothelial layer and cause vascular sclerosis. Given that the surfactant is prone to inactivation by blood 
components, it is emulsified with a gas to create a foam in order to prevent mixing with blood upon injection 
and maximise the therapeutic effect. The rheological properties of foams have been previously characterised, 
although they have not been correlated with clinically relevant outcomes. Most studies focused on two-
dimensional (2D) foams and rheometric measurements. Furthermore, a number of studies have demonstrated 
the thixotropic behaviour of foams, suggesting hysteresis in loading and unloading curves. If the history of 
shearing plays a role in foam rheology, then it may be inferred that rheometric measurements do not reflect 
the flow behaviour of sclerosing foams in physiological conditions. The aim of this study is to experimentally 
determine the apparent viscosity of clinically relevant sclerosing foams in a biomimetic setting and apply the 
results to blood flow profiles simulated inside a reconstructed vascular geometry. 

Methods 
Experiments were conducted using two different non-Newtonian models. The Herschel–Bulkley experiment 
was conducted using a rheometer. As well as calculating accurate yield stress of different sclerosing foams, it 
allows accurate measurement of the fluid consistency index and fluid flow index. The Power-law experiment 
involved injection of foam into a fixed horizontal tube of defined length while measuring static inlet pressure, 
which was in turn used to calculate apparent viscosity. Foams were produced using the double syringe system 
(DSS) and Tessari methods, and the independent variables studied were foam liquid-to-gas ratio and 
sclerosant concentration. The vascular geometry was reconstructed from a contrasted CT scan. The CT 
images were binarised using MATLAB, and a 3D STL file was reconstructed using ImageJ. The STL file was 
converted to a volume using ANSYS SpaceClaim. Simulations were carried out using ANSYS Fluent to obtain 
a mesh-independent solution of the flow field. 

Results & Discussion 
The preliminary results of the Power-law experiment show a steady increase in static inlet pressure during 
foam injection, which reaches a plateau when the tube is completely filled with foam. Data obtained from this 
experiment were fitted in Poiseuille’s equation to obtain preliminary viscosity values of 13.95 Pa.s-1 and 19.6 
Pa.s-1 for foams generated via the DSS and Tessari methods, respectively. Current studies are focusing 
on a more comprehensive analysis of foam rheology, and its application to a CFD-resolved flow field. 

Conclusion 
Studies in literature have mostly focused on 2D foam rheology and have not addressed the thixotropic effects 
imposed by the history of shearing. We have designed a method that can capture the rheological properties 
of sclerosing foams using accurate rheometric measurements to apply them to Power-law biomimetic 
Poiseuille flows, in order to obtain a physiologically relevant flow behaviour for sclerosing foams. 
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Introduction 
Pulmonary regurgitation [1] and obstruction in the left pulmonary artery [2], the most common complications 
affecting adult patients with repaired tetralogy of Fallot, are known to lead to right ventricular dilatation and 
dysfunction. Long-term pulmonary stenosis is also hypothesized to lead to abnormal lung development and 
elevated pulmonary vascular resistance [3]. Pulmonary valve replacement is deemed necessary in these 
patients, but the optimal timing to perform the surgery is still ambiguous [1]. The aim of this study is to 
numerically investigate the blood flow development in the pulmonary bifurcation of adult patients with 
congenital heart defects. In this work, we present results from a parametric analysis, where the effect of 
geometry (branch angle, origin, branch obstruction) and boundary conditions (unsteady flow, Reynolds 
number, pressure difference at the outlets, and non-Newtonian models) were examined. 

Methods 
Blood flow simulations were performed in simplified models of the pulmonary bifurcation, using a validated 
finite volume scheme in OpenFOAM®. Physiological and pathological conditions were assumed and local 
velocities, wall shear stress values, velocity and pressure distributions were evaluated. The fluid was 
considered incompressible and governed by the Newtonian Navier-Stokes equations. The Power Law, Cross-
Power Law, the Casson, and the Bird-Carreau non-Newtonian models were also investigated.  

Results & Discussion 
Blood flow in the pulmonary bifurcation is highly dependent on the local geometrical characteristics and the 
boundary conditions assumed. Flow separation increases with the branching angle, the branch origin, and 
stenosis. Branch obstruction and boundary conditions have, further, a significant effect on velocities and shear 
stresses developed on the vessel wall. The presence of peripheral stenosis and pressure difference at the 
branch outlets affects significantly the flow splits in the daughter branches. Finally, pressure ratios are 
considered to provide a good indication of flow discrepancies between the different cases tested. Evaluation 
of the results on more complex 3D anatomically-correct geometries is necessary. Future work will involve 
reconstruction of patient-specific models using CT and MRI data from adult patients with congenital heart 
diseases. More realistic boundary conditions will also be considered, including the pulsatile nature of blood 
flow and Windkessel models at the branch outlets to account for peripheral resistance. 

Conclusion 
Computational fluid dynamics tools have been utilised in this study to investigate the effect of a range of 
different geometrical characteristics and boundary conditions. The main findings of this study concern a new 
effect of the branch origin, and a notable branch flow split analysis under conditions of peripheral stenosis and 
pressure difference in the branch outlets.  
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Introduction 
1D computational modelling has been extensively used ago study arterial wave phenomena. Models 
incorporating the 55 largest human systemic arteries may be run on standard computer in minutes, and have 
aided our understanding of wave reflection, hypertension, heart failure, and other physiological and 
pathological processes. The mathematical formulation relies on solving the equations of conservation of 
mass and momentum in 1D compliant vessels: 

! , 

     ! . 

These two equations contain three unknowns: A, U, and P. Therefore, in order to close the system, a third 
equations that relates any two of the variables is required. Typically, this is given as a tube law, which is a 
relationship of the form !  or ! . One of the more accurate and 
commonly used tube laws derives from applying Laplace’s law to thin-walled, viscoelastic vessels: 

           ! , 

This law, however, incorrectly predicts both the tendency of arteries to become more difficult to distend with 
increasing area (strain-stiffening) and the behaviour of the wave speed with an increase in distending 
pressure. Parker [1] has proposed an empirical exponential tube law based on the experiments of Anliker [2] 
which corrects both of these issues. The law is simple to implement computationally as it results in analytic 
expressions for quantities such as the characteristics and wave speeds. Here we develop the mathematical 
formulation behind the new law and test it against existing models. 

Methods 
Simulations of a 55-artery model of the human arterial tree were conducted using Nektar++ - an open-source 
framework based on hp/spectral element methods. Flow and pressure waveforms were produced for both 
the empirical law and for Laplace’s law in a number of arteries, including the thoracic aorta and common 
carotid. 

Results and Discussion 
Models incorporating the new tube law more accurately simulated the expected physiological behaviour: 
arteries became increasingly difficult to distend as pressure increased, and the wave speed was convex 
when plotted against transmural pressure [1]. 

Conclusion 
The new tube law allows the modelling of strain-stiffening in a simple manner and correctly predicts arterial 
wave speed; therefore, it can be used to improve existing models of arterial haemodynamics. 
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Introduction 
Endothelial cells (EC) experience a complex and dynamic 3D microenvironment in vivo, which contributes to 
regulating EC identity and tissue-specific functions [1], including flow induced shear stress, chemical 
gradients, extracellular matrix (ECM) stiffness and composition, as well as paracrine signalling with 
surrounding tissue. However, due to limitations of conventional tissue culture techniques, more sophisticated 
models are required for investigating how the microenvironment regulates EC function in order to bridge the 
gap between in vitro and in vivo models. We have developed a microfluidic device where EC are cultured in 
a 3D vessel geometry, which allows independent control over these microenvironmental parameters. 

Methods 
The microfluidic device was manufactured by casting polydimethylsiloxane (PDMS) in a 3D printed mould 
(Fig 1A), inserting tubing in the mould to form inlets and outlets leading to a hollow chamber. The PDMS was 
cross-linked for 1h at 70°C after which the device was released from the mould and bonded to a glass 
coverslip using oxygen plasma treatment (Fig 1B). The device was sterilised with 70% ethanol. The vessel 
was created using the approach from Chrobak et al., 2006 [2], injecting collagen (4mg/ml) into the hollow 
chamber, around a stainless-steel needle (300µm diameter) inserted between the casted inlet and outlet. 
The collagen was polymerised at 37°C, after which the needle was withdrawn to leave a hollow cylinder in 
the collagen (Fig 1C). Human Umbilical Vein EC (HUVEC) at passage 3-5 were seeded in the device using 
capillary action (107 cells/ml). 4h post cell seeding, cells had attached to the collagen and the device was 
connected to a 3D printed perfusion unit, where it was perfused at low shear stress <1dyne/cm2 using 
hydrostatic pressure. The platform was designed as a well plate format, allowing real time imaging as well as 
four devices to be cultured in parallel. Permeability experiments were performed by perfusing the vessels 
with rhodamine fluorescent dextran (65-85kDa) at fixed time points and measuring the change in intensity 
over time using confocal microscopy with time-lapse imaging. The experiments were performed in a heated 
microscope stage at 5% CO2. Data analysis was performed using image processing software.  

Results & Discussion 
The developed device supports the formation of a functional EC monolayer covering the wall of the hollow 
cylinder in the collagen (Fig 1D-E), resulting in decreased permeability to dextran compared to a control 
vessel without cells. Further, the system supports long term culture, with HUVEC being viable in the device 
after >7 days. HUVEC also respond to shear stress when cultured in the device, with visible morphological 
changes after 72h culture at low shear stress (3-4 dynes/cm2).  

Conclusion 
We have developed a microfluidic device incorporating a 3D microvessel, which interfaces with a custom-
built perfusion platform, for studying EC function in a setting that allows accurate control of the 
microenvironment, including ECM properties, shear stress, growth factor gradients and co-culture.  

Figure 1: A-B: PDMS is casted in a 3D printed mould and sealed with a glass coverslip. C: Cross-sectional view of the 
microfluidic device. D-E: EC form a monolayer on the wall of the hollow cylinder inside the collagen.    
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Introduction

Pulmonary artery hypertension (PAH) is a rare, chronic disorder of the pulmonary vasculature characterised
by cellular changes in the vascular walls, causing progressive constriction, obstruction or obliteration of the
small pulmonary vessels in the lungs and thereby increasing the resistance to pulmonary blood flow. The
right ventricle (RV) adapts, by undergoing dilatation and hypertrophy, with the resulting severe RV overload
eventually leading to RV failure and, in the absence of a lung transplant, death.

Idiopathic pulmonary arterial hypertension (IPAH) is a sporadic form of the disease corresponding to non-
hereditary PAH of unknown aetiology. If left untreated, the prognosis for IPAH patients is poor, with mean
survival times after diagnosis of less than one year for children and 2-3 years for adults1.

Recent surgical developments have identified the Potts shunt (PS) as a potential palliative treatment for
severely  ill  children  with  drug-refractory  suprasystemic  IPAH2.  The  procedure  creates  an  anastomosis
between the left pulmonary artery (LPA) and the descending aorta (DAo), allowing blood to flow from the
LPA to the DAo, thereby equilibrating the pulmonary and systemic pressures and decompressing the RV.

Whilst some successful PS procedures have demonstrated sustained improvement in functional capacities
and prolonged survival, the clinical response to the PS procedure in suprasystemic IPAH patients is mixed 2,3.
Thus  a  validated  computational  model  is  being  developed  to  predict  the  patient-specific  post-operative
performance, based upon pre-operative measurements, and hence aid clinical decision-making.

Results & Discussion

A zero-dimensional lumped parameter model (LPM) of the circulatory system has been developed and the
parameters  manually  tuned  for  the  pre-operative  clinical  measurements  of  a  12-year-old  patient.  The
pulmonary and aortic pressures predicted by the LPM, see  Table 1,  show that  the pre-operative tuning
results in good reproduction of the clinically measured pressures and that the post-operative predictions
made by the model are in-line with expectations and measurements. 

Pao [mmHg] Ppa [mmHg]
Systolic Diastolic Mean Systolic Diastolic Mean

Pre-Operative Measurements 95 53 67 112 70 84
Pre-Operative LPM 93 52 67 112 70 85
Post-Operative Measurements 97 51 71 102 54 76
Post-Operative LPM 102 61 76 107 62 78

Table 1. Comparison of predicted aortic pressure Pao and pulmonary artery pressure Ppa with corresponding clinical 
measurements for both pre-operative and post-operative states

Geometric multi-scale models are being developed to further increase prediction fidelity, which will enable
detailed analysis of the local flow features in addition to a global analysis of the circulatory system, to aid
clinical decision-making regarding patient-specific suitability of PS.
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Introduction 
Cardio-respiratory synchronization (CRS) describes m heart beats occurring for each n respiration cycles 
(locking ratio n:m) for a relatively long time period [1]. Naturally, CRS appears elusive, occurring 
intermittently during prolonged recordings [1, 2]. It has been demonstrated that 1:1 CRS is a more robust 
phenomenon when breathing is guided at high-rates [3]. It has also been argued that because CRS is more 
pronounced for athletes at both spontaneous and high breathing rates, the underlying mechanism of CRS 
should be the same [3]. Therefore, this research aims to analyse the specific impact of breathing rate 
variability on CRS, by comparing the duration of CRS - and the encompassed signals’ statistical properties - 
in two cases: (1) during spontaneous breathing, and (2) while guiding breathing at rates close to 
spontaneous. Such a comparative analysis provides further understanding of the elusive phenomenon of 
CRS for spontaneous breathing, and to the mechanism of CRS for different breathing rates.  

Methods 
Cardio and respiratory activity were measured simultaneously for 13 volunteers. Spontaneous breathing for 
30 minutes (Spon in Fig. 1.) was followed by 3 intervals of guided breathing close to spontaneous rates. 
Interval 1- guided rate determined as average breathing rate (BR) for spontaneous breathing; interval 2- 
guided rate calculated as ratio 1:5, between desired BR and average heart rate (HR) for spontaneous 
breathing; interval 3- as interval 2, except with ratio 1:3. Instantaneous HR and BR were calculated for the 
four intervals, and from this, phase difference determined. Synchronization index [2], λ, was derived from the 
phase difference for different ratios 1:m and used to identify the duration of CRS episodes [3]. Variability of 
rates was considered statistically, to highlight differences between unguided and guided breathing. 

Results & Discussion 
Mann-Whitney U test between the standard deviations of unguided and guided BR showed a statistically 
significant reduction in variability (p<0.05). Additionally, there was a large increase in the proportion of 
stationary BR intervals when guided. No statistically significant changes were observed in HR. To compare 
durations of CRS during unguided and guided breathing, the U test was computed between durations for 
spontaneous and all other intervals (boxplots are in Fig. 1). The durations for the spontaneous session are 
statistically shorter than the durations of the 3 guided intervals (p<0.05), for both single episodes and total 
durations. However, CRS durations for the 3 guided intervals are statistically similar in length.  

Fig. 1. Left: longest single episode of CRS, counted in breaths. Right: total duration of CRS, as a percentage of the total time.

Conclusion 
A significant reduction in variability and substantial increase in stationarity of BR was observed when 
breathing was guided.  This reduction of stochasticity in BR led to longer CRS episodes during intervals of 
guided breathing. Increased reliability to observe CRS whilst guiding breathing at rates close to spontaneous 
presents the opportunity to investigate further the underlying mechanism causing synchronization.  
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Introduction 
How the ageing brain works when the fine-tuned regulation of sleep homeostasis and circadian processes is 
disrupted is an important question in our 24/7 society that remains to be fully explored. It is currently unknown 
if the complexity of cortical response changes with age, sleep loss, across the circadian cycle, as well as if a 
link exists between these features and vigilance function. We addressed these issues in this pilot study by 
recording the cortical response to a transcranial magnetic stimulation (TMS) during 34-h of wakefulness 
extension in younger and older healthy individuals, and evaluating its complexity changes by means of Lempel-
Ziv complexity (LZC).  

Methods 
Thirteen healthy young (23 y ± 3; 5 women) and thirteen elderly (62 ± 4 y; 7 women) participants followed a 
34-h sleep deprivation protocol under constant routine conditions. They underwent 9 electroencephalogram
(EEG) recordings (60 channels, sampling frequency: 1450 Hz) of TMS-evoked potentials over the frontal
cortex. After pre-processing (data visual inspection; filtering: 1-80 Hz; down-sampling to 1000 Hz; robust
averaging) cortical response complexity of the EEG recordings was estimated with LZC, a non-linear algorithm
that reflects the arising rate of new patterns within the time series being evaluated. LZC values of the 9 TMS-
EEG sessions were realigned according to circadian phase inferred from individual melatonin secretion
profiles. During each TMS session, a visuomotor vigilance compensatory tracking task was administered.

Results & Discussion 
The effect of the sleep deprivation protocol could be observed in General Linear Mixed effects analyses 
(GLMM) with the increase in fatigue with time awake (GLMM with subject as random factor, circadian as 
repeated measure with autoregressive estimation of autocorrelation of order 1, subject and group in the 
covariance structure; main effect of circadian phase: F(30, 583.5) = 11.72; p < .0001), and the fact that older 
individuals were not feeling sleepier than the younger ones (main effect of age group: F(1, 21.51) = 0.46; p = 
.5). GLMM analyses revealed a significant change in cortical response complexity with time spent awake (F(8, 
153.1) = 2.41; p = .02): a tendency for an increase was perceivable during the biological night (i.e. circadian 
phases 0°-135°; estimate = -0.05; SE = 0.02; p = .08), as well as a reduction from the end of the biological 
night to the next afternoon (i.e. circadian phases 165°-270°; estimate = 0.05; SE = 0.02; p = .04) . A group 
effect was found (F(1, 24.35) = 5.54; p = 0.03), with LZC in older individuals being larger than in young 
participants. When seeking for associations between the underlying cortical complexity and the vigilance 
performance, a build-up of cortical complexity was associated with a decrement in cortical performance during 
the sleep deprivation (difference overnight: rp(25) = 0.44; p = .03; difference over the 2nd day after sleep loss: 
rp(22) = 0.49; p = .02 ).  

Conclusion 
These preliminary results show changes in the LZC of the cortical response following a full night of sleep 
deprivation, possibly suggesting an increase in complexity with time spent awake (state-like effect). An 
increase of neuronal response complexity in the older group (trait-like effect) was also found, suggesting that 
the ageing brain reacts in a significantly different way to TMS, but the dynamics of change over the course of 
prolonged wakefulness is similar across age groups. Finally, during wakefulness extension, a build-up of 
cortical complexity is detrimental for vigilance performance. Further analyses with a larger cohort are needed 
to confirm these findings.  
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Introduction 
Accelerated vascularisation of clinically-viable engineered tissues is essential to ensure sufficient nutrient 
levels for the survival and function of therapeutic cells once implanted in vivo [1]. Pre-vascularisation of the 
engineered tissue by the inclusion of endothelial cells (ECs) that form capillary-like structures in vitro is one 
such promising technique [1]. Here, we use mathematical and computational modelling to investigate the 
impact of ambient and intercellular oxygen concentration on the formation of EC networks in vitro. We focus 
on the development of vascular endothelial growth factor (VEGF) gradients, a factor produced by ECs under 
low oxygen that guides EC migration and hence promotes vascular network formation [2, 3]. 

Methods 
Coupled partial differential equations (PDEs) were used to describe the time and spatial development of the 
endothelial cell density, oxygen concentration, and VEGF concentration. Interaction terms include uptake 
and production of VEGF by ECs, uptake of oxygen by ECs, and chemotaxis, whereby ECs migrate towards 
a positive VEGF gradient. The model was parameterised using existing values from literature including 
cellular, VEGF, and oxygen diffusion, and VEGF degradation [4], alongside parameters determined by 
experimental data on the production of VEGF by ECs in vitro. 

The equations were discretised on a 200x200 grid representing a 2.5x2.5mm square, and were solved using 
second order finite differences in Python, considering a timescale of 48h (scaled to t=1). We apply no flux 
boundary conditions representative of in vitro culture in a dish or mould, and consider an initially uniform 
distribution of each species. 

Results & Discussion 
Computational simulations demonstrate VEGF distributions linked to the set up of oxygen gradients, 
resulting from diffusion and uptake by cells. We consider the effect such gradients may have on EC 
connectivity, illustrated by cluster size, which can lead to more effective vascularisation. We further 
demonstrate dependence of these gradients on the initial endothelial cell density distribution as well as key 
parameters in the model, which can be utilised to influence the resulting EC distribution.  

Conclusion 
Further development of the PDE model will allow us to consider optimum culture conditions and endothelial 
cell distributions for effective pre-vascularisation of engineered tissue constructs. This model is also 
adaptable to include another cell species, as in co-culture, with few parameters to be determined particular 
to each cell type by a short experiment set.  
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Introduction 

Haematopoietic stem cells (HSCs) are responsible for the turnover of billions of new blood cells per day. 
Intrinsically linked to this function is the highly motile nature of HSCs. Based upon recent live-imaging 
experiments of the spatial dynamics of transplanted haematopoietic cells in the irradiated murine bone 
marrow it has been observed that cell motility increases with the time elapsed since the radiation treatment. 
Here we propose a theoretical model to account for this observation which links cell motion to the 
regeneration of stromal tissue within the bone marrow cavity. Our model could be of relevance in treating 
diseases of bone marrow - such as leukaemia - for which radiation therapy plays a vital role.  

Methods 

This is a theory driven project which uses computational simulation to model cell regeneration and motility; 
informed by the statistical analysis of data taken from in-vivo imaging of haematopoietic stem cell 
trajectories.  

Results & Discussion 

Our model postulates that stem cell motion is facilitated by the presence of bone marrow stromal tissue – 
providing the physical medium which allows the cells to generate the mechanical force required for motion. 
The stroma is almost entirely destroyed by radiation therapy, after which it begins to rapidly regenerate. 
Therefore, our model predicts that cell motility will increase in manner dependent upon stromal tissue 
regeneration post radiation therapy. We compare the simulated and experimental cell trajectories and find 
qualitative agreement between the two.     

Conclusion 

The observed increase in stem cell motility post radiation treatment in the murine bone marrow cavity is 
explained at a qualitative level by a simple theoretical model in which the mechanism of stem cell motility 
depends upon stromal tissue regeneration. Further work will include precise quantitative predictions 
verifiable by further experiment.  
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Introduction 
The dorsal Lateral Geniculate Nucleus (dLGN) is the primary visual relay centre of the thalamus. It passes 
information from the retina to the primary visual cortex. Neurons in the dLGN have typically been modelled 
as simple center-surround cells, with two subtypes: ON-centred and OFF-centred. ON and OFF centred 
neurons are believed to form an isolated pathway all the way up until reaching the cerebral cortex. In the 
past, the assumption has been that they are symmetrical. However, recent evidence has challenged this 
view. Here we present an investigation to pin down the exact differences between them in terms of receptive 
field properties and information coding. 

Methods 
The dataset has previously been described in [1]. Here we used a non-parametric information maximization 
method [2] [3] to estimate receptive fields from 276 neurons in the anaesthetized mouse dLGN, under 
contrast-modulated white noise stimulation. A key advance in this method is to replace mutual information by 
a quadratic mutual information (QMI) approximation, which reduces the computation by replacing the 
integrals by summation.  

Results & Discussion 
By using this probabilistic outlier detection method, we obtained additional ~100 neurons with clear receptive 
fields compared to the previous method utilised in [1]. In addition, we found a small group of neurons in 
mouse dLGN with two distinct spatially separable components, with opposite polarity through time. This is in 
concordance with the finding from [4], in which they found some cortical-like receptive fields in the marmoset 
monkey. We fit a modified difference of two Gaussian (DoG) model to the rest of neurons’ receptive fields 
(derived from QMI). We computed the ON-OFF coefficient 𝛾𝑂𝑁−𝑂𝐹𝐹 =

2𝐴𝑂𝑁

𝐴𝑂𝑁+𝐴𝑂𝐹𝐹
− 1 for each receptive field

(𝐴𝑂𝑁 is the amplitude for the spatial-temporal ON gaussian component, similarly for 𝐴𝑂𝐹𝐹), where 𝛾𝑂𝑁−𝑂𝐹𝐹  
approaches 1 for ON-only neurons and -1 for OFF-only neurons. We found a bimodal distribution of ON-OFF 
coefficients, with clear modes indicating each class. The distribution nevertheless formed a continuum, with 
a substantial number of cells having roughly balanced ON and OFF components. Such cells may have been 
missed in previous studies, as temporal averaging will largely cancel out the receptive field. We did find that 
receptive properties of ON and OFF dominated neurons have asymmetries in effective receptive field size, 
spatial frequency preference, temporal frequency preference, orientation selectivity index, reversal time 
(which is the time for the receptive field to change from ON-centred to OFF-centred), and the latency. 

Conclusion 
We found a bimodal, yet continuous distribution of ON and OFF receptive fields in the mouse dLGN, with 
some asymmetric properties. The larger effective receptive field size of ON cells is agreed with the smaller 
spatial frequency preference. 
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Introduction 
Minimally Invasive Surgery (MIS) has largely been the preferred choice of surgery over direct invasive
surgery due to a lower risk of infection and faster patient recovery time. A new system developed for the
purpose of neuro-oncological drug delivery is the STING needle1. To ensure the success of the device, the
needle-tissue interactions must be studied. Furthermore, the convective flow of the therapeutic agent to the
tumour must also be studied to assess potential surgical complications.

Methods 
In-vitro tests were carried out on a composite hydrogel material that is used as a brain tissue phantom as it
has a stiffness and pore size that match real brain2–4. The composite hydrogel (CH) phantom is also
translucent, which allows fluorescent fluid tracking. This makes the CH suitable for the study of drug delivery.
Needle insertion tests were carried out on porcine brain and the CH phantom material. The tests were
performed using a Mach-1 testing machine (Biomomentum, Canada) and a 3D printed 4 mm diameter
needle. The needle was inserted through the entire sample.

To study the forced convective flow of the drug delivery, a hollow needle of gauge 31 connected to a syringe
was inserted into the CH phantom. Fluorescent dye dissolved in water, used to mimic a therapeutic agent,
was injected into the phantom at a rate of 1 µL/min. Fluorescent light microscopy was used to track the flow
of the dyed water. The measured temporal profile of fluorescent accumulation was compared to the in silico
simulation results based on a multiphysics modelling framework, which was developed to predict the drug
bioavailability in convection enhanced delivery treatments.

Results & Discussion 
The average friction force for porcine brain and the CH phantom was respectively, 0.069 ± 0.023 N and
0.072 ± 0.014 N. The average frictional force of the composite hydrogel is close to that of porcine brain. This
shows that the CH is a good mimic for the needle-tissue interaction forces for this surgical application.

The diffusion results in Fig. 1 show that the dyed water was able to diffuse through the microstructure of the
phantom. This means that the pore size is great enough allow convective flow. Moreover, the modelling
predictions also agree to the experimental measurement, further validating its application.

Figure 1: (A) Fluorescent solution diffusion through brain mimicking hydrogel and (B) computational model
tuned to match experimental diffusion evolution.

Conclusion 
The CH is a viable tissue phantom for neurosurgical applications as the needle-tissue interaction forces are
well matched. The fluorescent imaging captures the diffuse distribution of the injected solution. The
computational model presented here is able to mimic the experimentally observed diffusive area and
elucidate the fluid pressures involved during convection enhanced delivery.
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Introduction 
We aim to develop a minimally invasive, image-guided ablation technique, whereby the position of an 
untethered magnetic seed can be controlled and imaged in real time using an MRI scanner. Previous work 
has demonstrated magnetic targeting of iron oxide nanoparticles through the circulatory system for the 
treatment of disease[1], [2]. The actuation of a larger untethered ferromagnetic seed could be implemented 
for localised drug delivery, minimally invasive surgery, thermal ablation and sensing. Precise actuation of the 
seed will minimise trauma to healthy tissues, thus reducing recovery times and side effects. In this study we 
investigate optimised MRI targeting parameters to achieve precise, controlled and efficient movement. 

Methods 
Displacement of a chrome steel sphere (1-3 mm diameter) in golden syrup was measured for varying 
gradient strengths, duty cycles and duty cycle periods, using a 9.4T Bruker Biospec 94/20 system. All other 
targeting parameters were fixed with the following values: gradient strength 500 mT/m, duty cycle 0.22, duty 
cycle period 11 ms, total gradient on time 4 s. Displacement was calculated by cross correlating 1D off-
resonance projections acquired pre- and post- gradient application[3], [4]. 1D projections were acquired with 
a spin echo sequence; imaging parameters were optimised for sphere diameter. 

Results & Discussion 
Our results clearly demonstrate that the displacement of a magnetic seed can be directly controlled using 
MRI targeting parameters, allowing high precision actuation. A positive linear relationship was observed 
between gradient strength and displacement (figure 1A), with a 5-fold increase observed at 500 mT/m, 
compared to 100 mT/m. An increase in duty cycle caused an increase in displacement (figure 1B), with >3 
mm movement achieved in <5 s. Duty cycle period was found to have no effect on displacement. The level of 
control which can be achieved, will ensure sensitive tissues are avoided, thus minimising side effects and 
reducing patient recovery times.

Figure 1. A. Mean displacement (±SD) vs. gradient strength for a chrome steel sphere (1-3 mm diameter) in golden syrup (duty cycle = 
0.22, period = 11 ms, loops = 2000, total on time = 4 s, n = 6). B. Mean displacement (±SD) vs. duty cycle for a chrome steel sphere (1-3 
mm diameter) in golden syrup (duty cycle on time = 2 ms, loops = 2000, total on time = 4 s, gradient strength = 500 mT/m, n = 6). C. Mean 
displacement (±SD) vs. period for a chrome steel sphere (1-3 mm diameter) in golden syrup (duty cycle = 0.22, total on time = 4 s, gradient 
strength = 500 mT/m, n = 6). 

Conclusion 
Precise and efficient movement of a ferromagnetic seed is achieved using an MRI system, with the potential 
to deliver a therapeutic agent, heated to destroy tissue or used as a localised sensor, at deep, remote 
locations within the body. This high level of control is attained by varying different MRI targeting parameters. 
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Introduction 
The success of tumour resection depends on the surgeon’s ability to remove the whole tumour while 
minimising damage to surrounding healthy tissue. As MRI is routinely used to determine the tumour 
boundaries, we propose the concept of transforming MRI into a combined diagnostic and therapeutic platform 
with MINIMA, a novel minimally invasive ablation technique. A magnetic thermoseed can be implanted 
superficially and guided towards the target site using the imaging gradients of an MRI scanner. Anatomical 
images are used to plan a path for the seed to take, while real-time imaging ensures the seed stays on its 
intended path. In this work we show that not only can the seed be moved through ex vivo brain tissue, but its 
movement can be tightly controlled to deliver submillimetre precision. The seed is then heated using 
radiowaves to cause localised cell death. 

Methods 
Sample preparation: A single magnetic seed 0.5 – 2 mm (Chrome steel aisi 52100) was placed in a 22 x 22 x 
25 box containing viscous media or ex vivo pig brain. Movement detection: 2D movement was measured by 
convolving two consecutive 1D projections. Foffset = -30 kHz, BW = 2 kHz, TR = 0.5s, TE = 13.8ms. Movement 
in ex vivo brain was measured by finding the first (or last) point along the 1D projection where signal reached 
half maximum. Propulsion gradients: 𝛻𝑩 = 100-500mT/m, duty cycle = 2/7 ms (agar and viscous medium), 
20/70 ms  (brain), loops = 500 – 4000.  Brain tissue heated to 37oC. Anatomical MRI: 3D FSEMS images: 
matrix = 256x256, slices = 20, thickness = 1mm, TR = 1s, TE = 20ms. 

Results & Discussion 
Precise control of seed: In viscous media, seeds moved exactly in 
line with force direction and was guided along a predetermined path, 
delivering consistent distances when the same forces were applied 
(Fig. 1A). Movement in tissue: Seeds were moved from the corner to 
the centre of brain tissue samples (Fig. 1B-D). Direction and distance 
were effected by different tissue structures, with a path of least 
resistance often parallel to a grey/white matter boundary. Movements 
as small as 0.39 and 0.27 mm in the RO and PE directions were 
detectable. Tissue ablation: A clear perimeter of cell death was 
observed when the seed was heated. The area of cell death could be 
increased by increasing duration of RF application. MRI has been used 
to propel magnetic seeds through the vasculature, however this is the 
first demonstration of movement through tissue1. Clinical gradient 
strengths (< 80mT/m) provide insufficient forces2, suggesting existing 
systems should be modified to generate gradients up to 500 mT/m and 
to generate radiowaves for heating the thermoseeds.  

Figure 1. A. A seed could be accurately guided along a pre-defined path (bold arrows, 7 mm right, 7 mm up) in viscous media. Circles 
indicate seed position. B. Seeds were guided from the corner to the centre of tissue sample (white line indicates path taken). Arrows 
indicate intervening structure. Scale bar = 5mm. C. TTC staining of 3D cell cultures demonstrate well defined cell death perimeters around 
the seed for 1, 5 and 10 minutes of heating.  

Conclusion 
We have demonstrated the proof of concept for MINIMA, a minimally invasive ablation method using MRI to 
guide a magnetic thermoseed through tissue and then heated using radiowaves to cause focal cell death. 
Upon a small modification to existing MRI scanners, they could be transformed into a brand new class of 
theranostic devices.  
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Introduction 
Liposomes are lipid-based vesicular systems that have been extensively employed in drug delivery, because 
of their utility as drug carriers [1]. Silver nanoparticles (SNPs) are a well-studied nanomaterial, due to their 
unique physicochemical properties [2]. In the medical field, the toxicity of SNPs makes them a potential tool 
for killing cells in a targeted manner by encapsulating them into liposomes [3]. In this study, encapsulation of 
SNPs in liposomes was performed, using a microfluidic-based method. Subsequently, the localisation of SNPs 
in the liposomal suspensions was evaluated using Transmission Electron Microscopy (TEM) imaging. 

Methods 
SNPs were produced by adding appropriate amounts of silver nitrate, tri sodium citrate dehydrate 
polyvinylpyrrolidone and sodium borohydride in a mixture of Propan-2-ol and water. Encapsulation of SNPs 
into liposomes was performed in a serpentine shaped microfluidic reactor (Fig.1-A). A lipid solution 
(Phospholipon 90G) in ethanol and a SNP suspension in water were mixed through the channels of the reactor 
with total flow rate of 1 ml/min and a flow rate ratio (aqueous/organic) of 25. Resultant suspension was 
negatively stained and characterised by TEM. As another approach, the resultant suspension was embedded 
into resin and sliced in thin sections using an ultramicrotome. These sections were then characterised by TEM. 

Results & Discussion 
TEM images of both negatively stained and resin-embedded samples are illustrated in Fig. 1-B and Fig. 1-C, 
respectively. Because of the 2D nature of these images, the precise location of SNPs with respect to the 
liposomes could not be determined. For instance, it wasn’t apparent whether SNPs were localised on the 
surface, within the bilayer, or within the liquid core of liposomes. Conversely, TEM images of resin-embedded 
liposomes was more informative about SNP encapsulation (Fig. 1-C) as the layers of liposomes were more 
specific, and most of the particulate structures appearing with a dark-grey colour were indeed located within 
the liposomal vesicles. Moreover, this technique has the potential to give us information about the location of 
SNP, by combining the images of the sample consecutive. It should be noted that not all of these dark-grey 
structures are SNPs, as other metals were added to the suspension during the sample preparation process. 
However, morphological analysis of these nanoparticles can assist in identifying SNPs. 

Figure 1: A) Microfluidic reactor, length of mixing channel: 60mm, with dimensions of 1.0mmx1.0mm, B) TEM image showing liposomes 
and silver nanoparticles, scale bar:100nm, C) TEM image of embedded liposomes, scale bar: 500nm 

Conclusion 
Encapsulation of SNPs into liposomes was achieved using a microfluidic device. After embedding liposomes 
into resin, TEM images provided valuable information about the location of SNPs. Furthermore, it is possible 
to reconstruct 3D images of samples by combining TEM acquisitions made at different z-positions. 
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Introduction 
Chimeric antigen receptor (CAR) T cell therapy is a personalized immunotherapy that uses the body’s own 
immune system to fight cancer1. Current clinical CAR T cell manufacturing processes – which involve 
insertion of a CAR gene into a T cell – have several disadvantages such as price – where a single dose can 
cost between $373k2 and  $475k3 – and time – where administration can take up to 3 weeks4. This work is 
part of the Optimising Me Manufacturing System (OMMS) project in which an initial objective involves 
eliminating current clinical drawbacks by developing an on-the-body microfactory that manufactures CAR T 
cell therapies in real-time. The specific aim of this work involves the design and development of a microfluidic 
device in which CAR gene delivery into T cells is optimized. There are two main types of gene delivery 
methods: viral and non-viral5. Non-viral methods – such as electroporation which will be used in this work – 
are comparatively safe, controllable and therefore reliable, and simple. Electroporation is a technique where 
an electrical field is applied to cells in order to increase cell membrane permeability and thereby enabling 
efficient transfection, Fig. 1.   

Fig. 1 Electroporation scheme: 1. Gene introduced to cell; 2. Application of electric pulse forms pores in cell membrane and gene enters 
cell 3. Pores reseal after electric pulse and gene remains in the cell. 

Results  
A 3D printed prototype microfluidic device – in which various electrode materials – such as Au, Pt, and Pt 
alloys are embedded – has been developed, Fig. 2a & 2b. Successful preliminary electrochemical analyses 
– such as cyclic voltammetry, Fig. 2c –indicate that the microfluidic device is a suitable electroporation
platform. Other electroporation gene delivery parameters – including electric field strength, pulse length, and
electrode type and design – and CAR gene delivery by electroporation into T cells will be presented.

Fig. 2 Project steps: (a) Curing 3D printed microfluidic moulds; (b) Microfluidic device electrochemical set-up; (c) Microfluidic device 
cyclic voltammograms recorded in 1.1 mM K₃[Fe(CN)₆] (in 1 M KCl) solution. 
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Introduction 

Metastatic bone disease (MBD) is a common secondary feature of prostate cancer, breast cancer and many 
other malignancies. Computed tomography (CT) is increasingly used for serial assessment and is often used 
to track disease progression. This requires time consuming side by side reviews of many CT cross-sectional 
images looking for small and diffuse bony changes. To address this problem, we have designed and 
implemented a new method intended to automatically visualise MBD progression.  

The bone density of a healthy human skeleton changes very slowly through time. Hence, when the bone 
density at every point on the surface of a healthy skeleton in a baseline CT scan is compared to the same 
point in a follow-up scan, there should be little difference. However, MBD causes sclerotic and lytic bone 
lesions to form, increasing the density (sclerotic lesions) or decreasing the density (lytic lesions) of the bone. 
Because of this, when the bone density of a skeleton in a baseline scan is compared to the bone density of 
the same skeleton in follow-up scan, areas of strong difference can indicate MBD progression.  

Our method uses this principle to compare bone density between scans to find MBD progression. We use 
the trabecular bone density instead of the cortical bone density as the trabecular bone often contains more of 
the disease. Our method is completely automatic and only requires raw CT data as input. Results are 
visualised in an interactive 3-dimensional viewer which displays a polygonal mesh of the bone structure 
overlaid with colour. Potential regions of progression are clearly highlighted in the mesh. 

Methods 

Our algorithm first extracts every region containing bone in each 2D CT slice. It converts these 2-dimensional 
segmentations into a 3D polygonal mesh that encapsulates the bone structure. Using the Cortical Bone 
Mapping (CBM) method [1], our algorithm measures the trabecular bone density at each vertex in the 
polygonal mesh. The polygonal mesh from the baseline scan is then rigidly registered to the polygonal mesh 
from the follow-up scan. This process solves for the best point correspondence between each vertex in the 
two meshes. 

In a custom viewer, we compare trabecular bone density by subtracting the density of one scan from the 
other at each vertex. Areas of high difference may indicate newly formed or spreading bone lesions.  

Results & Discussion 

As a proof-of-concept, we tested our method on a single set of baseline and follow-up CT scans marked by 
an expert for a preliminary study. Our method found all areas of spreading disease in this data set. However, 
our results also contain some false positives. These are due to errors in the automatic segmentation and 
registration (often due to differences in body position between scans). One important next step to reduce 
false positives will be to use a deformable registration technique to account for differing body positions. 

Conclusion 
We have introduced a new method that seems promising for the visualisation of metastatic bone disease 
progression. Accuracy needs to be improved by reducing the number of false positives. This method will 
need to be more thoroughly tested with much more data. However, it can successfully visualise MBD 
progression in a novel way. 
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Introduction 
The majority of cancers are diagnosed by grading “H+E” stained biopsy specimens by eye. However,
the measurement is subjective, and between practitioners are typically only ~70%, leading to a
worldwide overtreatment problem with significantly negative mortality and quality of life issues. Our
new ‘Digistain ’technology, uses mid-infrared imaging to map the fractional concentration of nucleic
acids, i.e. the nuclear-to-cytoplasmic chemical ratio (NCR), across an unstained biopsy section1. It
delivers a quantitative “Digistain index” (DI) score based on the NCR, that is extracted from an
objective and reproducible physical measurement of a cancer. In an initial N=75 study found it
correlates with breast  H+E grade at a very high significance level  (p=0.0007), and here we report
the outcome of a much larger (N=2000) validation trial.

Methods 
IN the pilot trial, adjacent slices were taken from 75 breast cancer FFPE blocks; one was graded
with the standard H+E protocol, and also used to define a “Region of Interest” (RoI). Digistain was
then used to acquire a DI value averaged over the corresponding RoI on the other (unstained) slice
and the results were statistically analysed. A similar protocol was used in the validation trial, but
using tissue micro-arrays (TMA’s)

Results & Discussion 
Increased mitotic activity is a common cancer marker, and increases the NCR because, as the
disease progresses, the cells divide when they are younger and, on average, smaller, but with the
same amount of nuclear material. Also , nuclear pleomorphism sets in as the replication machinery
goes awry, and extra rogue DNA and RNA is generated.  Both effects make the NCR a recognized
biomarker for a wide range of tumors, so we expect Digistain will find application in a very wide
range of cancers.

Conclusion 
We believe Digistain can significantly reduce, or even eliminate, the subjective element in cancer
biopsy grading. It promises to take the guesswork out of cancer diagnosis.
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Introduction 
The fetal anomaly ultrasound scan is offered between 18+0-20+6 weeks of pregnancy to identify major fetal 
anomalies and optimise future outcomes for mother and baby1. Detection rates of certain anomalies are 
extremely low and variable. This is due to variations in sonographers’ experience2 and limitations in imaging 
technology used in these scans. The intelligent Fetal Imaging and Diagnosis project aims to improve fetal 
anomaly detection rates by creating a multiprobe robot that simultaneously acquires and combines multiple 
ultrasound scans producing an enhanced image. This project analyses the range of movement of a simulation 
of this robot on surface scans of pregnant women’s abdomens to analyse its range of movement. 

Methods 
Data were collected from female participants (n=19) in the 2nd trimester of 
pregnancy. The girth(cm), height(m), and weight(kg) of each participant were 
obtained from anonymised data recorded during research ultrasound scans and 
used to calculate body mass index for each participant. Surface-scans of 
participants’ abdomens were obtained using a Microsoft Kinect Camera. Using 
a simulation of a two-probe robot, maximum range of movement following the 
surface before the robot reached its maximum range was recorded. Movements 
were in steps of 1cm or rotations of 10° as shown in Fig.1. This was tested for 
each probe individually and both probes together in each direction, except for 
axial rotation which is only relevant for both probes together. Participants were 
grouped into 5 girth and 5 BMI range categories. The average maximum range 
of movement in each direction in each range category was calculated. These were statistically analysed using 
a one-way ANOVA and graphed in a cluster bar chart with minimum-maximum range bars.  

Results & Discussion 
The simulation was out-of-range in the central starting position in 57.9% of surface scans. This suggests 
surface characteristics other than girth and BMI that the robot is unable to align to. However, in all cases the 
simulation came back into range by moving up to 3cm in any direction. Hence data were still collected from 
them. A statistically significant relation (p≤0.05) was found between girth and maximum range of movement to 
the right with both probes, BMI and maximum range to the right with both probes, and BMI and maximum 
range upwards with the left probe. However, significance of these results cannot be confidently asserted due 
to the small data sets in each range category. Moreover, there are significant relations between girth/BMI and 
maximum range of movement in only a few range categories and directions of movement. Thus, no significant 
relation between girth or BMI and maximum range of movement can be reliably claimed.  

Conclusion 
Overall, no significant relation between girth or BMI and maximum range of movement of the simulation can 
be confidently established. However, results did establish significant limitations in the simulation’s range of 
movement. Surface characteristics affecting the simulation’s ability to follow the surface shape need to be 
identified to guide further development. These factors may include: slope of the surface and sudden change 
in slope of the surface.  
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Introduction 
Current minimally invasive robotic knee arthroplasty still uses relatively large (up to 14cmm) incisions1 and 
new approaches could be necessary to further reduce invasiveness of this type of surgery. One of the options 
could be wider application of regenerative medicine approaches, such autologous chondrocyte 
transplantation2 and autologous collagen-induced cartilage repair techniques 3. Such surgery presumably 
could be performed using a Remote Centre of Motion (RCM) robotic manipulator, traditionally seen in 
abdominopelvic MIS, for defect preparation by milling and later implantation of synthetic scaffold by 3D printing. 
This work was conducted to test such mechanism suitability for hydrogel 3D printing. 

Methods 
Bone-cartilage substrate (ovine humerus) was scanned using Konica Minolta Vi-9i 3D scanner, to obtain an 
accurate 3D image, which was later used to model the defect volume and evaluate 3D printing accuracy. An 
osteochondral defect was created by bone milling. G-code for 3D printing procedure was generated using 
Repetier-Host software. A photo-curable Alginate-Poly (ethylene glycol) diacrylate hydrogel 4 was used as a 
3D printing material. The accuracy of the prints was evaluated by comparing 3D scans of initial, intact bone 
specimen and specimen with restored defect in Geomagic Wrap software. 

Results & Discussion 
In terms of imprint accuracy, results of this experiment, at an average defect imprint geometrical error of 
0.06±0.14mm, are comparable to these reported in literature of 0.30±0.23 to 0.46±0.32 4,5. Main statistical 
parameters showed consistent errors between all imprints, with a small negative error near the centre of the 
print and positive error of larger magnitude closer to imprint borders, as well as some printing material 
deposition outside the printing space. Negative dimensional errors near the centre of the print likely to be 
associated with a scraping action of the nozzle corners, which occur due to rotation of the tool around the 
RCM, while excessive material application towards the border of the print, clearly correlates with a nozzle 
inclination angle. Consistent error magnitude and variation among all prints may suggest, that these 
deficiencies occurred do to systematic error and therefore corrective action can be expected to be a 
straightforward in process optimisation stage. 

Conclusion 
In this work, we investigated feasibility of RCM and viscous material extrusion 3D printing process, using 
hypothetical regenerative medicine-based treatment technique for focal cartilage defect of the knee as a 
potential example of application of 3D printing in vivo. This approach could let utilise benefits of MIS, minimise 
risk of scaffold contamination in regenerative medicine, as well as help eliminate in vitro scaffold preparation 
step. To the best of our knowledge, this is the first documented attempt to use RCM mechanism for 3D printing. 
Overall, the experiment may suggest, that RCM mechanism kinematic structure-related aspects of operation 
can be feasible with viscous material extrusion 3D printing processes without a major trade off in imprint quality. 
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Introduction 
We propose a novel two-axis shape sensor module segment using optoelectronic sensors (model QRE1113 from 
Fairchild Semiconductor Corp., Maine, U.S.A.), which can be integrated into a flexible manipulator such as a 
surgical robotic arm. The sensor structure estimates an arbitrary curvature of the manipulator. A series of disc-
shape, bio-compatible sensor segments are embedded into a sensing system of the flexible manipulator. The 
concept of this shape sensing mechanism can be extended to any multi-segment robotic manipulator. We 
developed the designs and calibration procedures for the sensors. Mapping matrices between sensor readings and 
estimated roll and pitch angles are found and experimental results show that the proposed approach using optical 
sensors achieves high performance in terms of accuracy of the estimation. 
Methods 
The objective of the shape sensor design concept is as follows: (1) the sensors measure at least two axes  
of rotation: pitch and roll; (2) the structure is simple and repeatable for the design of the flexible 
manipulator; (3) the sensors as a group are capable of exploiting its measurements to calculate the overall 
shape and curvature of the manipulator. We carried out various calibration experiments for multiple 
purposes. The initial calibration was aimed at determining the optimal resistance combinations of the 
resistors for the linearity between the range of interest and optoelectronic sensor voltage readings. We 
employed a step motor to increase the distance of a sensor from the reflective surface by a specific step 
size and collected consistent sets of data for the calibration. Following the resistor calibration, we mapped 
a set of triple sensor readings to an orientation of the sensor segment in terms of roll and pitch angles. 
The absolute orientation information was taken from the pre-calibrated data provided by an Inertial 
Measurement Unit (IMU) (LPMS-B sensor, Life Performance Research, Tokyo, JAPAN) device adhered to 
the housing on top of which the sensor segment was installed. The deterministic universal map was 
determined by using linear regression. The calibration of one sensor segment was repeated 3 times 
individually to 3 segments. Having the top plate with only a reflective surface fixed as the reference, we 
connected ventrally the other 3 segments comprising a manipulator. The overall curvature was evaluated 
by multiplying 3 calibration matrices R1, R2 and R3. R1 linked the first segment to the second segment , 
R2 linked second to third and R3 linked third to fourth 
segment. The absolute orientation of the fourth segment was 
provided by the IMU device which is adhered to the fourth 
segment. 
Results & Discussion 
The optimal combination of the resistances was determined to be 
75 Ohm and 24K Ohm. 75 Ohm was connected in series to the 
diode and 24K Ohm to the phototransistor in the optoelectronic 
sensor. The range of interest with a distinct relationship was 
determined to be from 2 mm to 8 mm. The voltage readings for the 
range were observed to be clearly distinguishable. The orientation 
estimation in terms of roll and pitch for each segment was calibrated 
and used to estimate the orientation of the manipulator, made up of 
4 segments. The error statistics are summarized in Table I.  In Fig. 
1, the estimated trajectory of the manipulator orientation was 
compared with the absolute orientation. In Fig. 2, a snap shot of the 
orientation was captured and the numerical multiplication of three 
matrices R1, R2 and R3 was compared with the IMU sensor 
reading, with the optoelectronic measurement vectors in dark 
orange and the IMU sensor measurement vector in yellow. 
Conclusion 
In this abstract, we presented a shape sensing manipulator with 
detailed calibration procedures required to estimate the overall 
curvature of the manipulator using multiple segments each of which 
was modularized and individually calibrated. We demonstrated the 
orientation estimations and error statistics for the manipulator as 
well as each sensor segment. 

Figure 1. Comparison between three segment
pitch and roll and actual pitch and roll

Figure 2. Vector model of flexible manipulator

TABLE I. Sensor Error Property 

 Angle
Calculat
ed Angle 

Maximu
m Error 

Percent
age 

Error 
Degrees Degrees %

One 
Segment 

Roll ± 11.3 8.9 39.4 

Pitch ± 8.0 3.7 23.1 

Three 
Segment 

Roll ± 26.6 18.0 33.8 

Pitch ± 22.9 9.7 21.2 
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Introduction 
Hearing loss is a growing concern in the UK, affecting more than 40% of the population over 50 years old 
and 71% over 70 years old. The main everyday problem that people with hearing impairment face is to 
understand speech in noise. A possible way to improve speech in noise is to exploit multisensory integration 
such as audio-visual speech. However, while tactile stimuli can also interact with sound processing, it has 
not yet been shown whether tactile signals may aid to better understand speech in noise [1]. Moreover, the 
neurobiological mechanisms of the audiotactile integration remain unclear. Here we propose a method to 
investigate the effect of tactile stimulation on speech in noise comprehension, through behavioural and 
electrophysiological experiments. 

Methods 

In order to study audio-tactile integration, both sensory signals will be presented simultaneously, using a 
dedicated sound card. 

The auditory signals consist of sentences spoken by an artificial voice. These sentences are generated 
randomly in order to present the same grammatical structure but no contextual meaning. Speech-shaped 
noise is played in the background. We will determine the signal-to-noise ratio at which subjects understand 
50% of the sentence, the so-called signal reception threshold (SRT). The SRT will be determined through a 
psychophysical staircase procedure [2].  

The tactile signals consist of vibration, elicited by dedicated motors that subjects hold between their finger 
tips. These vibrations consist either of continuous white noise modulated by the envelope of the speech 
signal or of short pulses sent at the maxima of the envelope. The envelope is also modulated at 4 different 
phases in order to obtain tactile signals. Thus, for each auditory signal, there are 8 different tactile signals. 

In addition to these behavioural measurements, EEG data will be recorded while presenting the subjects 
with longer stimuli. Using existing statistical techniques, aspects of the speech signal can thus be 
reconstructed from the EEG signal and be associated with a reconstruction score, which can be compared 
between sensory modalities [3]. 

Results & Discussion 
Preliminary behavioural results indicate a small improvement in speech-in-noise perception when using 
pulses at the maxima of non-shifted envelopes. However, the number of samples is yet too low for this 
result to be statistically significant. Moreover, the staircase procedure generates results that seem 
coherent with previous studies on SRT in similar experimental conditions.  

Conclusion 

While there is evidence of audio-tactile integration, hearing-aid technology exploiting this sensory pathway 
does not yet exist. Preliminary results seem to indicate the existence of an effect, however, the number of 
samples is yet too low to validate such a claim. Moreover, these results must be correlated with 
electrophysiological data, as the effect might be too small to be detected behaviourally. Future work will 
consist in collecting more data as well as conducting electrophysiological experiments. 
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Introduction

To effectively navigate dynamic environments, animals have to quickly respond to and learn changing re-
wards. It is thought that certain neuromodulators, conveying feedback information from the environment, play
key roles in the neural mechanisms underlying such behavioural flexibility. A previous experimental study [2] 
showed that dopamine and acetylcholine interact to modulate hippocampal Spike-Timing-Dependent Plastic-
ity (STDP) in a temporally sequenced way, with dopamine retroactively converting acetylcholine-facilitated 
depression into potentiation, even after a delay of minutes. The functional implications of this sequentially-
neuromodulated plasticity (sn-Plast) were explored in a computational model for reward-based navigation [1].
The model endowed with sn-Plast demonstrated enhanced learning for a reward that was shifted to a new lo-
cation in the environment, due to the effect of cholinergic-facilitated depression during exploration. This 
project seeks to verify the predictions of the model against recent experimental (unpublished) data of mice 
receiving cholinergic inactivation during a reward-learning task, and to further evaluate the behavioural con-
sequences of sn-Plast. 

Methods

The neural network model endowed with sn-Plast [1] was adapted to simulate a behavioural task in which 
mice were trained to locate a reward in an open-field. The reward was placed in one of the inner quadrants in
the learning phase, and was then shifted to the opposite quadrant in the reversal phase. To emulate the ef-
fect of optogenetically-induced cholinergic inactivation, the level of acetylcholine in the model was reduced. 

Results

The sn-Plast model reproduced a key aspect of the behavioural data, where a reduction in cholinergic tone 
during exploration of the environment impaired the learning of a new reward location. By varying the strength
of neuromodulatory effect exerted by dopamine and acetylcholine on plasticity, the model was able to more 
faithfully capture the rate of learning and reversal learning.  
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Introduction 
There have been some limited attempts to reconstruct tomographic models of the human head from 
ultrasound. These reconstructions were performed using time of flight [1] and diffraction tomography [2], but 
the algorithms were unable to overcome the high impedance contrast of the skull. Full Waveform Inversion 
(FWI) has been proposed as an alternative because it is more able to resolve the brain behind the skull if it is 
given prior information about the skull in the starting model [3]. 

Methods 
Conventional FWI measures the misfit between a recorded wavefield and a simulated wavefield. The 
simulated wavefield is created by a finite-difference time-domain approximation of the wave equation, which 
operates on a synthetic model of the sound speed. This synthetic model is optimised by backpropagating the 
gradient of the misfit function in a manner similar to a neural network. The optimisation is traditionally 
performed by batch gradient descent with line-search, and traditionally starts from a starting model that 
contains some prior information. 

Instead of batch gradient descent with line-search, the FWI formulation proposed here optimises the sound-
speed model using Adam [4]; a stochastic gradient descent algorithm with fixed step-length. This means the 
reconstructions can be produced from a featureless (water) starting model which contains no prior 
information about the skull. 

An experimentally recorded wavefield wasn’t available, so an in-silico recorded wavefield was produced 
using both an inhomogeneous model of a skull and the MIDA model [5] (Fig 1a).  

Results & Discussion 
Fig 1b shows that a model of the human head can 
be reconstructed from a water starting model if 
the Adam optimiser is used.  

The average percentage error between the true 
model (Fig 1a) and the reconstruction (Fig 1b) is 
0.11%. This is a significant improvement on 
conventional FWI which obtained an average 
percentage error of 4.48% when using a water 
starting model. 

There are 2 key differences between FWI with 
Adam and conventional FWI. First is that Adam is 
a stochastic optimisation algorithm. Stochastic 
methods can perform more model updates than 
batch methods if the computation time is limited. 

Second is that Adam uses a fixed step-length (rather than a line search), which prevents large model 
updates for any single iteration of the gradient. 

Conclusion 
Sound speed models of the human head can be reconstructed with FWI even if prior information about the 
skull is unavailable. Despite this, these results don’t explain why conventional FWI fails to reconstruct from 
water. Further work is required to understand which aspects of Adam enable reconstructions from a water 
start. 

References 
1. K.Dines et al (1981) Ultrasonic Imaging, vol.3, iss.4, pp342-351
2. G.Clement (2014) Inverse Problems, vol.30, iss.12, p125010
3. O.Calderon-Agudo (2018) http://hdl.handle.net/10044/1/62620
4. D.Kingma and J.Ba (2015) 3rd ICLR, San Diego
5. M.Iacono et al (2015) PLOS ONE, vol.10, iss.4, ppe0124126

m
/s 

Figure 1 shows (a) the ground truth sound speed and (b) an FWI 
reconstruction produced from water using Adam 
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Introduction 

Since its creation in 2005, the field of optogenetics (1) has greatly improved, largely due to improvements in 
the opsins used for neuronal activation. Though opsins have improved, the technology most commonly used 
to activate the opsins has not progressed as rapidly. Both single and two-photon methods are used for 
activation however they are limited in selectivity or quantity of cells targeted (~50) (2).  
Here we present a new excitation method using single photon microscopy combined with computer 
generated holography (CGH), using amplitude-modulated holograms, that offers high spatial and temporal 
quality using custom-shape regions of interest at multiple axial depths with reduced off-target activation. 

Methods 
An amplitude hologram is created and sent to a digital micromirror device (DMD) positioned along a custom 
designed optical layout. Light reflected off the DMD passes through the layout and hits the sample in the 
shape of the region of interest. 

Results & Discussion 
A microscope-integrated holographic system was developed to selectively target multiple neurons 
simultaneously. The system includes a custom optical layout connecting the lightsource to the microscope. 
The optical layout consists of a beam expander, DMD, and 4f lens system. A pipeline was also developed 
that interfaces between the camera of the microscope, the region of interest (ROI) selector programme and 
the DMD that produces the hologram.  
An algorithm was used to create a high-speed modified Gerchberg-Saxton hologram. Instead of a phase 
hologram that is used in many CGH applications, an amplitude hologram was created. The amplitude 
hologram is slightly lower quality compared to a phase hologram, however it is significantly faster in its 
application. The DMD used to produce the hologram runs at a higher rate than spatial light modulators 
(SLMs) that are used for phase holograms. 

Conclusion 
A high-speed algorithm, able to make custom shaped ROIs has been developed to selectively target multiple 
neurons, with reduced off-target activation. In parallel, a 3D holographic system has been developed to 
shape the amplitude of light and target specific axial depths. A pipline integrates all the programmes, 
creating a fast, easy to use system. 
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Introduction 
Temporal Interference (TI) is a non-invasive deep brain stimulation technique that uses high frequency 
alternating currents that stimulate neurons at their frequency difference [1]. Due to its non-invasiveness and 
ease of application, the method has a high clinical potential for treating brain disorders such as Parkinson’s 
disease. However, current implementation of the method is limited by its strength, which drops with 
stimulation depth, and its inability to generate complex waveforms such as theta burst stimulation, which is 
known to effectively induce plasticity [2]. Here we present a strategy to improve the method by pulsating 
envelope modulation while keeping amplitude of applied currents fixed. We propose that this results in 
stronger depolarisation at optimum pulse widths and greater temporal precision with shorter pulses. This 
implementation is also capable of generating complex and non-regular stimulation patterns that can improve 
therapeutic efficiency of the method [3]. 

Methods 
We explored the effects of applying pulsed TI stimulation with varying pulse widths using neurophysiological 
modelling approaches such as single cell Hodgkin-Huxley (HH) model and neural network models 
implemented in Brian software. We also started testing the strategy experimentally using the motor threshold 
paradigm previously described in [1] in in vivo mouse model. 

Results & Discussion  
Single cell HH model predicts that pulsating the TI stimulation waveform can reduce threshold to evoke 
action potentials. This reduction in spiking threshold is associated with higher depolarisation rate of 
membrane potential (dv/dt) preceding action potential in the range of optimum pulse widths. We also find 
that using pulsated TI stimulation yields higher synchronisation of neural network activity by activating cells 
with higher temporal precision. Finally, early experimental testing shows that pulsating the TI stimulation is 
possible. Future experiments should apply specific temporal patterns, such as theta burst stimulation, to 
investigate more complex effects like plasticity. 

Conclusion 
Pulsating TI has the potential to improve temporal precision and strength of the stimulation at depth, as 
shown using neurophysiological single cell and network models. It can also enable generation of complex 
waveforms such as theta bust stimulation, expanding its therapeutic capabilities. Experimental testing of the 
proposed strategy in in vivo mouse brain model is ongoing and will further validate these hypotheses. 
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Introduction 
The electrical activity of neurons is highly affected by the clinical state of an individual. This has led to the 
utilisation of multiple methods to study the nervous system at different temporal and spatial resolutions. The 
widespread clinical and research uses of electroencephalography (EEG), electrocorticography (ECoG) and 
electromyography (EMG) are some examples of the implementation of electrophysiological recording 
modalities. Designing a miniature, portable neural recording system would make the continuous monitoring of 
patients’ clinical conditions possible and could alert to or even prevent symptoms such as the onset of sudden 
tremors. In addition, being able to extract biopotential signals over a long-term period enables the use of this 
information to control healthcare devices in need of continuous feedback data. Importantly, however, having 
low frequency and amplitude makes biopotential signals highly susceptible to noise. This could make designing 
a low-power implantable recording system more challenging, as achieving a high signal-to-noise ratio plays 
an important role in the reliability of such devices. This is the primary motivation for the current project, where 
we attempted to find an optimal solution for designing a low-noise, low-power and high-precision 
instrumentation amplifier (IA) unit of recording analogue front-ends for potential use in closed-loop systems. 

Methods 
We compared the performance of two prevalent circuit design techniques, i.e., chopper stabilisation (CHS) 
and correlated double sampling (CDS), to determine a suitable means to remove non-ideal facets of IAs such 
as low-frequency noise, DC offset and finite gain. Furthermore, to analyse the effect of technology scaling on 
the performance of the readout system, we simulated IAs based on the CHS/CDS techniques in two distinct 
CMOS technologies (0.35µm and 0.18µm) using Cadence Spectre circuit simulator. 

Results & Discussion 
Our measurements reveal that CHS is a more powerful technique in supressing the input referred noise (IRN) 
of the amplifier. Moreover, the comparison of CHS- and CDS-based IAs in 0.35µm and 0.18µm technologies 
demonstrates that the smaller technology suffers from a higher level of IRN for an amplifier with the same 
architecture and a similar gain and bandwidth. As a future step, we aim to use the designed CHS-based circuit 
as the basis for a setup toward (i) investigating the challenges in (closed-loop) recording and stimulating from 
the same tissue area in applications such as deep brain stimulation and (ii) finding solutions for removing the 
stimulation artefact from the recorded signal.  

Conclusion 
The results reported in the present study, whereby 0.18µm CMOS technology appears to entail higher noise 
levels, can necessitate further investigations on the advantages and trade-offs of moving toward smaller-scale 
technologies in the recording front-ends of implantable devices. It is hoped that this project will contribute to 
the pressing need of having the right range of pharmaceuticals and ‘electroceuticals’ most suited to each 
patient’s clinical needs. 

References 
1. C. C. Enz and G. C. Temes, “Circuit techniques for reducing the effects of op-amp imperfections:

autozeroing, correlated double sampling, and chopper stabilization,” Proceedings of the IEEE, vol. 84, pp.
1584-1614, 1996.

2. M.-H. Tsai and T.-P. Ma, “The impact of device scaling on the current fluctuations in MOSFETs,” IEEE
Transactions on Electron Devices, vol. 41, pp. 2061-2068, 1994.

3. K. Petkos, et al., “A high-performance 4 nV/√Hz analog frontend architecture for artefact suppression in
local field potential recordings during deep brain stimulation,” Journal of Neural Engineering, 2019. In
press.



 
An analysis pipeline for micro-endoscopic imaging of rat medial prefrontal cortex 

during a working memory task 

R. Mitchell-Heggs1, E. Baumler2, L. Strickland2, S. R. Schultz1, R. G. Morris2 

1Centre for Neurotechnology, Imperial College London, South Kensington, London SW7 2AZ, UK, 2Centre 
for Cognitive and Neural Systems, the University of Edinburgh, 1 George Square, Edinburgh, EH8 9JZ 

 
The medial prefrontal Cortex (mPFC) is known for integrating information received from multiple 
cortical areas, processing it and feeding back top-down executive control. Unlike many sensory 
brain regions, it is specialised for this task due to neuronal populations being multi-selective to 
stimuli that often interact in a non-linear fashion1. This neural population analysis aims to elucidate 
the role of neural ensembles in the mPFC in working memory and decision-making components of a 
simple figure-of-8 task. 

• Data: In-vivo single photon calcium imaging (20Hz, 1mm 
FOV) gave rise to calcium event traces for rats participating in 
a working memory task (Figure 1). 
 

• Analytical pipeline: Epoch extraction leveraged Deeplabcut2 
post-hoc video analysis and was followed by information 
theoretic analysis3 of neural population coactivation that 
relates to the stimulus, the decision and the decision 
associated reward. 

  
• Aims: To elucidate the optimum epoch duration (i.e. how long 

a rat holds a memory when making a decision). To observe 
the spatial representation of neuronal activity. To define 
neuronal assembly activation patterns that encode decisions 
and/or stimuli and observe how they evolve over different 
spatial and temporal periods.  

 
A deep convolutional neural network was trained to classify a rat head within a figure of eight maze and track 
its position. Using the cue time and the time at which the rat chooses the direction, the first experimental 
epochs were extrapolated (Figure 2).  

Epoch duration was explored and optimised using mutual information by aiming to increase the amount of 
information within an epoch. With optimised epochs, assemblies were analysed within a trial, session and 
across days.  
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Figure 1 Working Memory experimental task 

Figure 2 Left: Deeplabcut extracted frame spatial location and epochs, Centre: Neuron population analysis by epoch, 
Right: Mutual Information distance metric used to optimise epoch durations 
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Introduction 
Ultrasound (US) imaging is a key diagnostic tool with a high temporal resolution but a poor spatial resolution. 
Microbubbles (MBs), or US contrast agent, have been used to reconstruct structures beyond the diffraction 
limit. This US super-resolution technique has already brought new insights on the microvasculature of 
various structures (tumors, the kidneys, the brain…)1, but is still constrained to 2D imaging. Existing 3D 
ultrasound scanners are non-commercial, expensive, energy and computationally demanding. The 
motivation of this study is to optimize a lighter 3D ultrasound platform for the sake of a fast, versatile and 
convenient 3D-ultrasound super-resolution solution. 

Methods 
The main constrain of our platform is multiplexing (256 channels available to drive 1024 elements). 
Numerical simulations (Field II2) and a Simulated Annealing (SA) optimization3 have been used to minimize 
its drawbacks in transmit and receive. We acquired B-Mode images with our platform and processed them to 
build a super-resolved image. 

Results & Discussion 
We have optimized the receive aperture and the apodization map in transmit for improving the image quality 
and the acquisition frame-rate (Fig. 1a). A super-resolution image has been reconstructed using non-
optimized apertures (Fig. 1b). This reconstruction will later be compared with images acquired using the 
optimized transmit and receive apertures. 

Conclusion 
Two limitations of our 3D ultrasound platform have been tackled using a simulation approach combined with 
a SA optimization process. The quality of these optimized apertures are being experimentally evaluated. 
Super-resolved images are being reconstructed using both optimized and non-optimized apertures on 
phantoms. We are seeking to use this lighter platform to reconstruct the microvasculature of a rodent’s brain 
in vivo. 
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Figure 1: (a) Summary of an emitted pressure field 
optimization process. The minimum pressure is 
increased by 2 dB. (b) Localization events of individual 
MBs flowing in a tube.
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Introduction 
Neonatal Incubators are medical devices used to ensure the thermal stability of sick newborns and 
premature infants while they receive intensive care. Recent technological advancement has resulted in 
rapid obsolescence of many neonatal incubators. As a result, there exist a stockpile of obsolete and 
dysfunctional incubators in many hospitals, warehouses and repair houses, especially in developing 
countries. Economically, newer models of the equipment are usually more expensive and unaffordable 
in regions where they are most needed. Despite the increase in the demand for the neonatal incubator, 
previous studies have not dealt with issue of its sustainability in much detail. Yet, the cost of medical 
care for newborn continue to rise globally. Remanufacturing has been shown to be a potential solution 
for making medical equipment more sustainable. This review paper will examine the prospects of 
remanufacturing, an industrial process of restoring used products to “like-new” condition with matching 
warranty, to improve the sustainability, availability and affordability of standard neonatal incubators.  

Methods 
In performing this literature review, the databases Scopus, Cochrane Library, PubMed (Medline) and 
Google Scholar were searched for articles that had relevance to the topic “remanufacturing neonatal 
incubator” using different combinations of keywords. Previous reviews including cross references, 
abstracts, conferences and symposia proceedings were all considered in this review. Articles were 
inspected for relevance checking their titles, abstracts and conclusions.  

Results & Discussion 
Search results returned zero publications on “Remanufacturing neonatal incubator”. Findings from 
literature have revealed a focus on improving temperature, humidity controls and sensors, exposure to 
high noise levels, structural design issues, lighting and illumination within the incubator, exposure to 
electromagnetic fields (EMF) and handling of the incubator. However, only two (2) articles were found 
which discussed the possibility of reusing the incubator through product repairs. Clearly, assessing the 
end of life (EOL) of the neonatal incubator has not been sufficiently explored. 

Conclusion 
Remanufacturing therefore presents a cost-effective approach by reducing raw materials consumption, 
energy demands for new manufacturing, specialized labour intensity and landfill disposal of used 
equipment. This approach will ensure that the impact of the incubator on landfills will be reduced while 
neonatal incubators are more available and affordable thereby reducing the rising cost of newborn care 
globally. This, novel idea, could be a long-term sustainable solution to the challenge of newborn care. 
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Introduction

Arterial disease is the name given to any disease effecting the arterial system. Two of the most common 
diseases are stenosis and aneurysm. A stenosis is a narrowing of an arterial vessel. The prevalance of 
stenosis has been recorded to be between 1.9% and 18.83% within different arterial vessels and different 
demographics. The second common form of arterial disease is aneurysm. An aneurysm is a localised 
weakening of an arterial vessel wall, causing the vessel to bulge. The most common form of arterial 
aneurysm is the abdominal aortic aneurysm (AAA), with a prevalence of 4.8% [1].

It has been shown that changes to the cross sectional area of an arterial vessel cause a difference in the 
pressure-flowrate waveforms of the blood passing through that vessel [2-3]. This suggests that it should be 
possible to predict the presence of a stenosis or aneurysm within an arterial network using pressure-flowrate 
measurements.

If a large database of pressure-flowrate measurements taken from patients of known arterial health is 
available, it should be possible for a machine learning (ML) classifier to be trained to distinguish between 
healthy and unhealthy patients. A direct prediction of a patient’s health could then be made using pressure-
flowrate measurements making the proposed method both inexpensive and near instantaneous. 

This proof of concept will make a first step in assessing the possibility of using a ML algorithm to predict 
arterial disease. Two virtual patient databases containing healthy and unhealthy patients, similar to that 
presented in [4], are created as a surrogate to a real cohort. This virtual population is used to train a series of
classifiers to detect arterial disease and then test their performance. 

Results & Discussion

It has been found that using virtual patients, a machine learning classifier could detect stenosis with a 
maximum accuracy of 77% for healthy patients and 61% for unhealthy patients . Aneurysm detection was 
worse with 62% of healthy patients and 61% of unhealthy patients classified correctly.
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Introduction 
Diabetic neuropathy is a serious complication of diabetes. Generally devices operating on vibration 
perception are considered as the gold standard for detecting diabetic neuropathy. However, it would be 
helpful if clinical findings are also considered for its early detection. 

Methods 
We collected patient data which consisted of vibration perception threshold (VPT) and their clinical 
measurements. Using this data a risk assessment tool was developed for automated prediction of 
neuropathy based on the clinical history of patients. The smart tool is based on the risk factors of diabetic 
neuropathy which was analysed using summarised patient data. Box-Cox regression [1] was used with the 
response variable (VPT) and a set of clinical variables as potential predictors. Significant predictors 
considered were: age, height, weight, urine albumin to creatinine ratio (ACR), HbA1c, cholesterol and 
duration of diabetes. Ordinary Least Squares Regression was then used with logarithmic VPT and the 
significant predictor set (Box-Cox transformed) to obtain additional fit estimates. The continuous scale VPT 
was recoded into three categories based on the following clinical thresholds in volts (V): low risk (0 to 20.99 
V), medium risk (21 to 30.99 V) and high risk (≥ 31 V).  

Results & Discussion 
From the collected patient data, HbA1c, age, weight, height, albumin to creatinine ratio, cholesterol and 
duration of diabetes were identified as the significant predictors at p < 0.05. This initial study has shown that 
using patient data an accuracy of 54% was achievable. In order to improve the precision of VPT prediction, a 
simulated patient data set (n = 4158) was also generated using the mean and the covariance of the original 
patient variables. Using the simulated patient data an accuracy of 70.1% was achieved. Ordinal Logistic 
Regression was used with this categorical outcome variable to confirm the original predictor set. Having 
established the effectiveness of this “classical” method a special Neural Network based Proportional Odds 
Model (NNPOM) [2] was developed which provided the highest level of prediction accuracy.  

Conclusion 
In absence of any assessment devices or trained personal it may prove to be difficult to predict accurate 
level of neuropathy bearing in mind that the clinical history of patient plays a key role in diabetes. This 
motivated us to develop a risk assessment tool based on patient data. This is an intelligent software based 
tool which is user-friendly to predict the risk level of diabetic neuropathy based on the patient’s clinical 
history. The software uses simulated patient data and has shown to provide acceptable level of accuracy 
which will keep on improving performance with quality data as it is collected over time. The software would 
perform better if it is trained on a larger dataset. We have interfaced this software with our neuropathy device 
VibraScan [3] that can be used to measure subject’s VPT for collecting further patient data. With the larger 
integrated dataset this device can be used as a comprehensive tool for risk assessment of diabetic 
neuropathy. 
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Introduction 
Endothelial barriers are important gatekeepers because they control the transport of fluids, cells and 
macromolecules between blood and all other tissues in the body. Mechanical forces, such as stretch, 
influence endothelial transport by stimulating remodelling of intercellular junctions and, in filtration-active 
endothelia, triggering the formation of fenestrae or micron-sized pores[1], which are local “hotspots” of 
endothelial permeability. 

We previously developed an assay to identify transcellular micron-sized pores in cultured endothelial cells 
from Schlemm’s canal exposed to mechanical stretch[2]. Briefly, this assay works by seeding the cells on an 
elastomeric substrate coated with biotinylated gelatin[3]. The cells are exposed to stretch for 2 minutes, then 
fluorescent avidin is added to the apical surface of the cells for 2.5 minutes. At pore locations, avidin crosses 
the cell body and binds to the biotinylated substrate, thereby creating a fluorescent signal or “hotspot” at the 
pore location. However, due to immature junctions, which are common in cultured endothelial cells, avidin 
also crosses through cell borders, introducing noisy fluorescent labelling along virtually all cell-cell junctions. 
This reduces the signal-to-noise ratio (SNR) and makes it difficult to unambiguously identify pore locations. 

The assay produces high volumes of image data that must be processed to extract information of interest on 
these fluorescent hotspots. In these images, fluorescent hotspots present as rare, featureless circles of low, 
uniform intensity with a radius of 2-16 pixels in images of 1344x1024 pixels, making detection uniquely 
difficult. Here we present a promising, objective, automated method of processing these data that reduces 
total processing time cost from weeks to hours, with minimal error as compared to manual processing.  

Methods 
We created an automated image processing system comprised of a custom pre-processing block for interest 
point detection, a Histogram of Oriented Gradients (HOG) feature extractor and a random forest classifier[4]. 
This architecture was trained on a set of 53 images containing 500 manually labelled pores and a randomly 
subsampled 500 negative pores (from a possible 65,000) to create a balanced training dataset. Our system 
was then tested using all available data from a separate set of 23 images, containing 100 positive and 
20,000 negative samples. 

Results & Discussion 
Processing data with our system requires 0.2s per image for processing, vs ~8mins per image for manual 
processing. Our pore detection system has a recall of 82%, precision of 6% and false positive rate (FPR) of 
6% on testing data. The low FPR and high recall scores indicate that our system has high discriminative 
capacity. The system’s low precision is due to the high class imbalance inherent in the dataset, as well as 
the relatively small amount of data available for training. System precision is expected to improve as more 
manually processed data becomes available for training.  

Conclusion 
Processing the data produced from our fluorescent assay requires objective, time-efficient processing to be 
viable at scale. The presented system leverages the high data output of the current experimental technique 
and the efficiency of random forest classification to meet these requirements. The relative sparsity of pores 
presents a detection challenge, and must be addressed before a fully automated system can be 
implemented, but this approach at least enables rapid location of candidate pores that can then be manually 
confirmed, greatly simplifying the process of pore detection. 
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Introduction 
Retinal blood vessels effect the quality of human vision and are important to support diagnosis of eye disease 
[1]. Optical coherence tomography angiography (OCTA) has emerged recently to visualize the retinal vessels 
[2]. During the OCTA image acquisition, white horizontal stripe noise may arise. It makes subsequent image 
processing or disease diagnosis difficult. To address this issue, we present a model to remove the stripe noise 
and Gaussian noise in OCTA images. This model is based on image decomposition theory which has been 
considered for stripe noise removal in remote sensing image recently [3]. 

Methods 
The OCTA image is decomposed to the desired clean image, the stripe noise and Gaussian noise. To describe 
the sharper boundaries, we use the anisotropic total variation (TV) regularization for the clean image. As the 
stripe noise has a salient horizontal direction structural characteristic, we use the low-rank constraint for the 
stripe component. It is worth mentioning that the non-convexity rank constraint needs to be replaced by the 
convex nuclear norm. This model is solved by alternative direction multiplier method (ADMM). 

Results & Discussion 
Our method is tested on 30 images collected from the Royal Liverpool University Hospital. Each image is taken 
in a 3*3mm field of view centred on the fovea from the internal limiting membrane (ILM) to the inner plexiform 
layer (IPL). We choose a representative image (see Fig. 1) and zoom on two regions of this image. It is shown 
that our method can provide good stripe noise removal results. 

 
Fig. 1 Illustration of OCTA stripe removal result 

Conclusion 
This abstract presents a model to remove the stripe noise in OCTA images from the image decomposition 
perspective. This model considerably improves other clinical vessel analysis results as a pre-processing way. 
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Introduction 
An electrocardiogram (ECG or EKG) signal represents various information about the heart electrical activities. 
The patterns differ based on the heart characteristics and vary from one person to another. ECG features 
become increasingly popular as useful tool in biometric recognition in particular for the early diagnosis of 
cardiac health issues such as heart attacks, arrhythmia or congestive heart failure. Arrhythmia also known as 
irregular heartbeat is one of the most common cardiovascular problems, occurs when the heartbeat is irregular, 
either faster or slower than normal. Over 2 million people a year in the UK are affected by arrhythmia (1). 
Congestive heart failure, which is commonly known as heart failure, happens when the heart muscles don’t 
pump blood effectively. Over 100,000 hospital admissions registered in UK each year due to heart attacks (1). 
Current methods of identifying heart problems include manual inspection of ECG data, a method which is time 
consuming and prone to errors. Lately,  the use of automated algorithmic methods such as LSTM-CNN 
networks which have been shown promising results. The demand therefore exists for an automated deep 
learning methods method, which is accurate and efficient. 

Methods 
In this paper, an electrocardiogram (ECG) pattern classification method has been proposed to identify heart 
conditions such as arrhythmia (ARR), congestive heart failure (CHF), and normal sinus rhythms (NSR) using 
deep convolutional neural networks (CNNs) in MATLAB. The current state of the art is to analyse ECG data 
using one lead data only (2), which has been shown to limit the accuracy of such methods. This work will build 
on this knowledge by analysing two lead (2D) ECG data, which promises to provide increased accuracy but 
without the need for high powered computing, an issue which is particularly important in various applications 
where onboard computing is at premium. In this paper, ECG recordings from three groups of people with ARR, 
CHF and NSR from MIT-BIH Arrhythmia Database, MIT-BIH Normal Sinus Rhythm Database, and The BIDMC 
Congestive Heart Failure Database have been used (3). These databases are large and growing archive of 
well-characterised digital recordings of physiological signals for use by the biomedical research community. 
Two-lead ECG data have been imported and labelled according to diagnostic categories. Time-frequency 
representations of the ECG signals using a precomputed continuous wavelet transform (CWT) filter bank have 
been created. Two-lead ECG data have been converted into set of one RGB images and resized to be 
compatible with the used CNN architecture and to be able to read efficiently where memory is limited due to 
using large image data. Data have been randomly divided into two groups for training and validation. 
GoogLeNet which is a pretrained model on more than a million images has been used in this paper. This model 
which has been proposed in 2015, has 144 layers and can classify images into 1000 object categories. Once 
the network parameters have been modified according to the need, the ECG data have been loaded into the 
pretrained GoogLeNet neural network. The last four layers of the network has been changed to retrain the 
GoogLeNet based on the desired classification of the ECG signals. 

Results & Discussion 
In order to evaluate the accuracy of the method, the network has been examined via classifying the validation 
data set, that is new to the network which has not been used for training. The network has been evaluated 
using the validation data and showed the method accuracy of 90.6% using one-lead ECG signal whereas the 
accuracy has increased to 94.1% once two-lead ECG data has been used. The training progress time was 
374 seconds with the one-lead ECG data, while training time using the two-lead ECG data was 328 seconds. 

Conclusion 
This paper has explored the possibility of increasing the diagnostic accuracy using a pretrained CNN model 
via adding additional data from the second lead of ECG data. It shows a 3.49% increase in the validation 
accuracy. Future work will seek further improvements by modifying the workflow model such as using other 
CNN architectures instead of GoogLeNet or using different mapping algorithms to convert the ECG signals 
into RGB images. 
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Introduction 
Prolonged exposure to stress, prevalent in the academic environment, is linked with cardiovascular diseases 
[1], suppression of the immune system [2], alterations of the brain causing differences in memory and 
cognition [3] as well as poor academic performance. Predicting stress levels on a day-to-day basis, the first 
step in identifying the problem and mitigating the outcomes, is made possible through the efficient collection 
of physiological and behavioural data through high quality, robust sensors in wearables like FitBit, Apple 
Watch and smartphones. However, due to the irregularity of the signals and the high inter-subject variability, 
stress prediction remains a challenging task. Here, we present a general platform for personalized predictive 
modelling of stress levels and demonstrate its effectiveness on the StudentLife dataset. 

Methods 
The StudentLife [4] study collected sleep patterns, activity, conversation, location and information regarding 
mental health such as stress data on a scale of 1-5 in the form of Ecological Momentary Assessments (EMA) 
through an application on android smartphones. Our model predicts stress based on (1) passive sensing 
data, activity and audio, recorded as sequences of discrete values, (2) binary flags such as conversation, 
phone charge and phone lock, recorded at a variable rate, ranging from once every 10 seconds to once 
every minute and (3) inferred and recorded covariates, specifically the day of the week, sleep rating, sleep 
duration, the exam period and the duration to the next deadline. We first bin the whole time-series into 1-
minute bins and take the mode of the categorical inferences, then compute the histogram of the features in 
1-hour bins yielding 24 sequences per stress label. We determined that some students present have high
level of inter-subject variability which, given their limited data, makes it extremely difficult to learn a model for
them. We thus selected the students who have greater than 40 labels. We devised a new model, the Cross-
personal Activity LSTM Multitask Auto-encoder Network (CALM-Net), comprising and Long-Term Short-Term
Memory (LSTM) autoencoder to model sequence of histograms followed by shared fully connected layers
and a Multilayer Perceptron (MLP) for each student.

Results & Discussion 
We compared CALM-Net against the state-of-the-art Location-
MLP method [5] with the data of a full day on which the label was 
reported, comparing against a standard LSTM, as well as an 
LSTM Multitask Network (LM-Net). We report the average F1-
score achieved by each method on 5-fold cross validation in 
Table 1. CALM-Net attains a 45.6% improvement in F1 score 
over the previous state-on-the art. The CALM-Net models trained on 5, 13 and 23 students attain F1 scores 
of 0.585, 0.583 and 0.594, respectively, on the test set, indicating that the model leverages the available 
information from other students, as it becomes available. Multitask learning improves the performance of all 
evaluated models, showing that stress indicators can generally be better modelled using personalized layers. 

Conclusion 
We introduced CALM-Net, a new platform for predicting stress levels, trained on data from the StudentLife 
dataset. The ability of CALM-Net to incorporate granular temporal information and high-level covariates, 
along with an architecture which is capable of deciphering personalized patterns for each student without 
overfitting, contributes to its high performance in predicting students’ stress levels from mobile sensor data. 
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Table 1. F1 scores of stress level 
prediction on the StudentLife dataset. 

Model F1-score 
Location-MLP 0.408 
LSTM 0.426 
LM-Net 0.586 
CALM-Net 0.594 
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Introduction

This work uses EEG data from an attentional set shifting task known as the Intradimensional-
Extradimensional Set Shifting (IDED) task. It aims to answer two broad questions: 

1. Previous work on the IDED task using fMRI (Hampshire et al 2006) has highlighted differences in BOLD
activation when comparing trials in which the participant is exploring the problem space and when they are
exploiting their discovered knowledge to gain reward. I aim to use the temporal resolution of EEG to
investigate when exactly in the process there are differences in these two conditions.

2. Is it possible to use machine learning to differentiate between the subtly different states of consciousness
that are elicited by this task?

Methods 

Data was collected on a 64 channel EEG system, on healthy adults performing the IDED task. Data was 
preprocessed, 0.7s epochs (0.2s pre-stimulus, 0.5s post-stimulus) were extracted from the different 
conditions and then split into two analysis pathways: 

1. ERP Analysis: Grand average ERPs were calculated across all exploration trials and all exploitation trials.
A difference wave was calculated from these two averages.

2. Machine Learning: The individual trial epochs for all decision events and all feedback events were
correlated across channels and the bottom triangle of the correlation matrices were vectorised and stacked
to use as features. These were then cross correlated and features with absolute r-values > 0.8 were
removed. The remaining features were fed into an SVM (Matlabs fitcsvm function) and a repeated random
sub-sampled distribution using an 4:1 training:testing ratio was compared against a permuted null
distribution.

Results & Discussion 

The results again, can be split into two arms: 

1. The ERP analysis found no differences between the exploitation and exploration trials. This result lends
credence to the idea that the difference in brain activity occurs not when the participant executes a strategy,
but when they are given information from which they can form a strategy. A way to test this idea would be to
contrast the ERPs from the preceding feedback events that let the participant know whether they must
continue exploring or continue exploiting.

2. The SVM model achieved a mean of 76% accuracy compared to a null mean of 64% accuracy. This
serves as a sanity check to show that it is possible to differentiate between EEG data from different cognitive
conditions.

Conclusion 

In conclusion, this work tells us two things. Firstly, that the difference in BOLD activation that has been 
observed previously between exploration and exploitation trails, is unlikely to occur at the point of strategy 
execution. More work is needed to discover the true temporal nature of this difference. Secondly, it tells us 
that it is, even using a very crude feature, possible to distinguish between cognitive states using 64 channel 
EEG data. 

References 

1. Hampshire A. et al. Cereb Cortex 2006; 16:1679-1689.



An Image Processing Pipeline for Multiphoton Tomographic Connectivity Mapping 

M. Olchanyi1, B. Hodossy 1, M. Lavrov 1, A. Sadikov 1, S. L. Kong 1, A. Amselem1, G. Moore1, S.
Brickley 2, S. R. Schultz 1

1Department of Bioengineering, Imperial College London, London SW7 2AZ 
2Department of Life Sciences, Imperial College London, London SW7 2AZ  

Introduction 
Lateral Geniculate Nucleus (LGN) interneurons provide a distinct feed-forward inhibitory system in the visual 
processing pathway but remain relatively unstudied compared to thalamic relay cells. We used Serial Two-
Photon (STP) tomography to capture sub-micron resolution images of the mouse LGN. To investigate 
interneuron distribution and connectivity, we designed a novel automated axonal tracing software and 
improved an automated cell counting pipeline involving a Convolutional Neural Network (CNN).

Methods 
We designed NeuroTracer, a fast, automated neuronal tracing software that provides reconstruction and 
morphological characterisation with three versions: JAR plugin with ImageJ GUI, runnable JAR with no GUI, 
and a Python script. NeuroTracer applies binary segmentation via canny edge detection, morphological 
filtering, and skeletonization, soma detection via median filtering and OpenCV’s Simple Blob Detector, and 
tracing via 3D intensity-weighted object labelling to generate reconstructions. Axonal lengths and bifurcation 
point numbers are found by analysis on the skeletonized images. 

To calculate density and extract morphological features, the automated cell counting pipeline locates soma 
centroids by masking to the LGN using the Allen Brain Atlas, gaussian blur, rolling ball background 
subtraction to remove axons, and thresholding and labelling by size and circularity. The resulting candidates 
are checked for oversampling across layers and are sent for classification with a CNN. We used an 
augmented 20,000 sample dataset to train the CNN. The network was optimised in terms of number of 
layers, epochs, activation functions, parameters for convolution, dropout and other layer types. 

Results 
Per single mouse brain sample in the LGN area, we found axonal lengths to be 941 ± 512 μm (mean ± sem) 
and the bifurcation point number to be 9.1 ± 4.6 pts. (mean ± sem). Qualitative and quantitative comparison 
with open-source semi-automatic and automatic tracing software showed superior performance. We 
generated full neuronal reconstruction and labelling of the STP data set, with 3D rendering in ImageJ for 
visualisation.  

We found an interneuron density of 3810 per mm3. Parallelisation reduced the runtime 3.4 times. The 
optimised CNN model achieved an accuracy of 98.44%, comparable to recent literature (Grashchenkov et. 
al., 2019).  

Conclusion 
We have developed a fast, automated software which segments and analyses fluorescently labelled 
neuronal structures. This includes a full neuronal reconstruction including their location, bifurcation points, 
and axonal length. Issues encountered were memory usage and the overlapping neuronal branches in the 
cortex and LGN which can only be classified as true synaptic connectivity with mGRASP (Petralia et. al., 
2012).  

We improved the runtime of the automated cell counting pipeline. Further work with the CNN could 
implement more radical approaches, such as ensembling several dissimilar models.   
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Introduction 
Bone grafts are often inserted into defect sites in the jaw to encourage bone formation prior to inserting
periodontal implants. As bone is relatively slower growing than the surrounding gum tissue, then a barrier
membrane (BM) is often used to prevent soft tissue overgrowing the site on grafts where bone formation is
required.

Our aim was to develop a bilayer synthetic biodegradable BM that would act as a physical barrier for preventing
epithelial invasion for up to 4 weeks without limiting the diffusion of waste and nutrients, and which would guide
bone formation by ingrowth into a highly porous and interconnected bone-like structure.

Methods 
Each layer of the bilayer scaffold was firstly characterized separately. For layer 1 (L1), a pre-polymer of PCL
was synthesized and methacrylated to obtain a photocurable polymer (PCLM). L1 was produced by casting of
PCLM PolyHIPE under UV. MLOs (murine long-bone osteocytes) were cultured on L1 for 21 days to assess
cell viability and cell infiltration. Collagen and mineral deposition to scaffolds were measured. Resazurin
reduction assay was performed for assessment of cell viability on each side. PolyHIPE scaffolds were finally
assessed using an ex vivo chick femur defect model to show a fully interconnected structure of the scaffolds.
To produce a barrier layer (L2), we first electrospun PCL dissolved in 4 separate solvent compositions to find
the best solute to manufacture random. We compared fiber diameters and bead formation using SEM images.
Human dermal fibroblasts (HDFs) were cultured on L2 to assess the barrier properties over 28days.

Results & Discussion  
The results of the fluorescent and histological images proved that HDFs were not able to penetrate into the
L2, while L1 encouraged the penetration and ingrowth of both MLOs and chick cells.

Figure 1: (A) SEM image of the bilayer membrane, (B) Morphologies of each layer of the membrane and schematic illustration show the
contact surfaces of the membrane

Conclusion 
The bifunctional BM was successfully produced via emulsion templating and electrospinning. This novel
bioresorbable membrane has the potential to be used in guided bone/tissue engineering applications by acting
as a barrier for epithelial cells at least for up to 4 weeks while allowing bone cells to grow in the implant zone.
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Introduction 
Partially and full synthetic materials have been a growing interest for osteochondral defect repair. These 
engineered approaches offer tight control over material performance which improves device reliability and 
repeatability. While many challenges still remain within osteochondral defect repair, one area of critical 
importance is the integration of the repair material with the native subchondral bone.1 Due to the inherent 
structural, mechanical and biological differences between articular cartilage and bone a unique 
microenvironment must be supplied to stimulate osteogenesis.1 The aim of this study is to develop a 
biodegradable, peptide bound, anisotropic osteochondral scaffold and investigate its ability to stimulate 
biomineralization on the bone end of the scaffold.  

Methods 
Polycaprolactone-diol (PCL-diol) was functionalised with mimetic biomineralizing peptides derived from non-
collagenous proteins involved in biomineralization.2,3 Four peptides were synthesised, (Glu)3, (Asp)3, (Glu)6 
and (Asp)6, and conjugated to PCL-diol using click chemistry. Peptide and polymer surface characterization 
was carried out using x-ray photoelectron spectroscopy and time-of-flight secondary ion mass spectrometry. 
The peptide bound PCL was incorporated into a previous design for microstructured osteochondral scaffolds 
that mirrors the zonal structure of native articular cartilage.4 The zones were fabricated using a combination of 
porogen leaching, directional freezing, and electrospinning. The mechanical properties of the scaffolds were 
characterised (pore size, compression modulus) before and after being placed in simulated body fluid to initiate 
biomineralization. Energy dispersive X-ray spectroscopy was then used to quantify biomineralization. 

Results & Discussion 
Peptides were successfully attached to the PCL-diol and fabricated into an osteochondral scaffold with distinct 
zones mimicking the articular cartilage and subchondral bone. Biomineralization was localized to the osteo-
end of the scaffold which contained the peptides. Peptide type, concentration, zonal structure, and culture 
conditions all played a role in the degree of biomineralization.  

Figure 1. A) PCL-peptide conjugate polymer. B) Anisotropic osteochondral scaffold with increasing peptide concentration gradient toward the 
subchondral bone end.  C)  Anisotropic osteochondral scaffold with increasing biomineralization gradient toward the subchondral bone end. 

Conclusion 
We have studied four peptides and their ability to stimulate biomineralization in an osteochondral scaffold. The 
peptide, scaffold architecture and media conditions were identified to directly affect the osteochondral 
scaffolds’ ability to stimulate biomineralization. The cytotoxicity and tissue engineering potential of these 
osteochondral scaffolds are being evaluated. In future work, hyaluronic acid binding peptides (RYPISRPRKR) 
will be localized to the cartilage region to help bind hyaluronic acid and maintain chondrocyte phenotype.  
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Introduction 
Bone bioengineering involves microstructural development and assessments, biomechanical evaluation, 
multiscale and mechanobiological approaches in skeletal research and has clinical significances in several 
medical applications. Integration of cells and vascularisation plays a pivotal role in bone regeneration. In 
maxillofacial area, specifically orbital floor, injuries and birth defects can cause bone deformities in the head 
and face that are difficult to repair or regenerate. Treatment methodologies include use of polymers, metals, 
ceramics on their own and in combinations mainly for repair purposes, but little attention has been paid to 
identify suitable materials for orbit floor regeneration1-2.  

Methods 
In this study, polyurethane (PU) and nano-hydroxyapatite (HA) were used to synthesise bioactive tissue 
engineering (TE) scaffolds using solvent casting and particulate leaching method. Physical characterisation of 
TE scaffolds was investigated by tensile tests and SEM studies. Chemical and structural properties of HA, PU 
and PU/HA were evaluated by FTIR- PAS method and Surface properties of bioactive scaffold were analysed 
using FTIR-ATR method2-4. Cell viability and vascularisation of bioactive TE scaffold were achieved by Alamar 
Blue and chick chorioallantoic membrane (CAM) assays.   

Results & Discussion 
This approach has produced bioactive scaffolds with interconnected pores along angiogenic potential with 
improved biocompatibility and mechanical strength. FTIR results have confirmed that there is no chemical 
bonding between Ha and PU. Metabolic activity and CAM assay were confirmed that TE scaffold possesses 
good biocompatibility and vascularization.   

Conclusion 
This study describes the PU/HA bioactive scaffold neovascularization potential. The development of new 
biocompatible materials with tailored properties will be useful in tissue engineering especially in orbital floor 
regeneration.  
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Introduction 
Cardiovascular diseases are the primary cause of death globally, responsible for approximately 17.5 million 
deaths per year. In particular, myocardial infarction caused by the obstruction of a coronary artery can lead 
to heart failure. A growing number of studies have demonstrated that extracellular vesicles (EVs) exhibit 
great potential as cell-free cardioprotective agents, which could overcome many of the technical, ethical and 
regulatory hurdles associated with cell-based therapies [1-3]. However, the beneficial effects of administered 
EVs are short-lived; a major limitation that could be circumvented using a material-based approach for 
increased retention and sustained release. Therefore, the main objective of this study was to develop a 
feasible approach for repairing the infarcted heart, in the form of injectable, ‘off-the-shelf’ EV-loaded 
synthetic microgels. This platform was designed to improve EV stability and retention time at the site of 
administration, with sustained and environmentally-responsive release of EVs to the surrounding damaged 
tissue. 

Methods and results 
We developed a droplet-based microfluidic platform enabling high-throughput fabrication of monodisperse, 
injectable EV-loaded microgels composed of multi-arm poly(ethylene glycol) (PEG) crosslinked with enzyme-
degradable peptides. These microgels degraded and released their EV cargo over a period of at least four 
days in the presence of specific matrix metalloproteinases that are upregulated in heart tissue after 
myocardial infarction. This delivery system was validated by monitoring the release of EVs containing a 
Bioluminescence Resonance Energy Transfer construct. This method enabled EV quantification and 
validation of sustained bioactivity both in vitro and in vivo.  

Discussion and conclusion 
Taken together, these results demonstrate that EVs can be successfully encapsulated and controllably 
released via an injectable and biodegradable microgel system. Future work will focus on delivering 
therapeutic EVs in vivo for repair of the infarcted heart.  
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Introduction 
Osteoarthritis (OA) is a degenerative joint disease affecting nearly 10% of men and 18% of women aged over 
60 years. It is characterised by subchondral bone sclerosis, cartilage damage and osteophyte formation. Due 
to inadequate understanding of mechanism of disease pathology, no treatment is currently available to 
effectively prevent the initiation or progression of OA and severe treatment modalities are available to date 
such as hip joint replacement. The better understanding of mechanochemical properties can help to improve 
the diagnosis of Osteoarthritis. The goal of this study is to investigate the anisotropic chemical behaviour of 
the bovine bone1-2.  

Methods 
The bone samples were prepared using diamond band saw under constant water irrigation followed by fixation 
and embedding in polymethyl methacrylate (PMMA). The PMMA embedded samples were polished using 
silicon carbide paper followed by alumina paste. A combination of Raman & FTIR and multivariate analysis 
were used for the chemical characterization of samples3-4. To characterise biochemical variation in detail, 
Principle component analysis (PCA) has been applied to different regions of bone spectra data. 

Results & Discussion 
Raman and FTIR results have shown that peak intensities from organic and inorganic composition of axial 
position of plexiform bone are higher compared to radial and circumferential positions. PCA has been applied 
to discriminate the different regions of plexiform bone regarding the anatomical section.  

Conclusion 
FTIR and Raman approach have been identified prominent chemical compositions of bone such as hydroxyl, 
carbonate and phosphate groups as well as chemical intensity differences among axial, radial and 
circumferential positions. Therefore, this study will have significance in evaluation of chemical changes in order 
to understand the reasons of the disease process, which would enable to devise improved treatment modality. 

Acknowledgments 
We are grateful to the Bioengineering Department, Lancaster University and Shaqra university, Ministry of 
Education, KSA for supporting this conference.  

References 
1. Conward M, Samuel J. J Mech Behav Biomed Mtls 2016; 60: 525-534.
2. Dall’Ara E et al. J BioMech 2015; 48:4073-4080.
3. Khan AF et al. App Spec Rev 2013; 48:329-355
4. Rehman I et al. Vibrational spectroscopy for tissue analysis. CRC Press, Taylor & Francis Group,

London; 2012:55-99

Figure 1: Raman, FTIR and PCA of Plexiform bone 
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Introduction 

Failure of tissue engineered (TE) constructs following implantation is one of the most challenging problems of 
tissue engineering. Thus, ensuring rapid vascularisation is considered as crucial for translation of TE 
constructs to the clinic. Functionalisation of the TE scaffolds with proangiogenic factors is a promising 
approach in order to overcome slow neovascularisation. Vascular endothelial growth factor (VEGF) is 
recognised as the gold standard for promoting angiogenesis but it is also unstable, expensive and the use of 
high doses of VEGF can result in leaky immature vessels in vivo. The aim of this study is to develop E2 and 
2-deoxy-D-ribose (2dDR) releasing biodegradable scaffolds and assess their potency for promoting
angiogenesis.

Methods 

We first assessed the angiogenic potency of 2dDR and E2 versus VEGF in an ex-ovo chick chorioallantoic 
membrane (CAM) assay. Both factors were then electrospun into PHBV fibres. Sustained releases of both 
agents were observed over 30 days from these scaffolds using a spectrophotometric method. The 
proangiogenic activities of the drug releasing scaffolds were assessed using ex-ovo CAM assay. Finally, a 
20% solution of rhodamine labelled lens culinaris agglutinin (LCA) was injected into the circulation of CAM to 
visualize the microvasculature. 

Results & Discussion 

Both E2 and 2dDR were found approximately 80% as potent as VEGF in stimulating new blood vessels in 
CAM assay when applied directly onto CAM. Both factors were found to be effective at stimulating 
neovascularisation over 7 days when released from fibres (Figure 1). The structure of microvasculature of 
CAMs and the vascular areas showed that an endothelial cell hypertrophy together with smaller lacunae 
compared to PBS can be observed for VEGF, E2 and 2dDR groups. 

Conclusion 
We conclude that both 2dDR and E2 provide attractive alternatives to VEGF for the functionalisation of TE 
scaffolds to promote angiogenesis. The gradual release of E2 and 2dDR from fibres stimulated the formation 
of new blood vessels in the ex-ovo CAM assay. 
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Figure 1. Macro and histological images show the angiogenic 
activity of 2dDR and E2 releasing PHBV scaffolds in comparison 
with PHBV controls on CAM 1. 

Figure 2. Demonstration of the effect of Estradiol (E2) and 2-deoxy-
D-ribose (2dDR) on microvasculature compared to the application
of PBS (Control) 1.
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Introduction 
Mathematical modelling of the human gluco-regulatory system has been the subject of research for many 
decades. A common approach is the oral minimal model which uses measured insulin and glucose 
concentrations and to describe the glucose response to a pure glucose meal called the oral glucose 
tolerance test (OGTT) [1]. In this work we present a modified version of the minimal model whose 
parameters can be identified from glucose data only. It is demonstrated that the adapted model is capable of 
describing glucose responses from subsequent meals in subjects with different stages of glucose tolerance. 

Methods 
Glucose profiles from subjects without diabetes (n=2), prediabetes (n=1) and type 2 diabetes mellitus (n=3) 
were recorded using continuous glucose monitoring (CGM). Subjects consumed a pure glucose breakfast 
(75g glucose) and a subsequent lunch with mixed macronutrients under controlled conditions.   
The proposed model is defined by two coupled, nonlinear differential equations describing the glucose 
concentration and a general glucose lowering effect, respectively and contains four parameters governing 
system dynamics. A previously introduced flexible input function [2] is used to describe the appearance of 
glucose following the two meals and is defined as the summation of two Gaussian-shaped components per 
meal. Its parameters control the heights, widths and time of occurrence of the four Gaussian components. 
Model parameters were identified using a variational Bayesian numerical method [3]. 

Results & Discussion 
The root mean squared error between model output and 
CGM data is lower than the measurement uncertainty of 
the CGM system, demonstrating that the model is capable 
of fitting meal responses from a heterogeneous subject 
population. Examples of the collected data, model output 
and input function are shown in Figure 1, where it is 
demonstrated that the model describes realistic steady-
state behaviour by predicting physiologically valid settling 
values with no unrealistic oscillations.  
One of the inferred system parameters shows large 
differences between non-diabetic subjects and subjects 
with type 2 diabetes mellitus or prediabetes, indicating 
physiological meaning (e.g. insulin sensitivity). Areas under 
the input function components belonging to breakfast and lunch can be interpreted as the total amount of 
glucose absorbed following the respective meal. Here the results reveal that the ratio of absorbed glucose 
amount between meals stay consistent across subjects, suggesting independence of subject characteristics 
and dependence only on meal characteristics.    

Conclusion 
The study is limited by the small sample size. However, we argue that due to its minimal requirements 
regarding data collection the model is suitable to objectively assess, and subsequently prevent, postprandial 
hyperglycemia for a range of subjects with different stages of glycemic control. This could support the 
development of clinical advisory tools in the treatment and prevention of non-insulin dependent type 2 
diabetes mellitus. 
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Figure 1: Modelling results for subject with prediabetes. The 
model output is displayed with respective uncertainties. The 
solid line without shading extending beyond the CGM data 
points shows the subsequent glucose profile not used in the 
parameter inference process. The dashed vertical lines mark 
the beginnings of meal consumption. 
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Introduction

Shape mechanoadaptation is fundamental  for the survival  of cells as it  enables them to migrate and to
withstand hostile environmental conditions manifest as large mechanical forces, such as pressure gradients
and shear stresses. These extreme conditions are realized, among others, in the Schlemm's canal of the
human eye  where  the  endothelial  cells  that  cover  the  vessel  walls  are  subjected  to  the  hydrodynamic
pressure exerted by the aqueous humor outflow. These cells form fluid-filled dynamic outpouchings of their
basal  membrane,  which  are  called  giant  vacuoles.  Giant  vacuole  formation  is  reminiscent  of  inverse
blebbing, a process that has been recently proposed as the characteristic cellular response to large pressure
gradients in the context of sprouting angiogenesis. The physical principles underlying inverse blebbing are
however not yet fully understood.

Methods

We consider giant vacuole dynamics as a phenomenon of inverse blebbing and formulate a biophysical
model of this process. Our theory relies on the application of the Laplace law and on a modulation of the cell
surface  tension  on  the  areal  strain  induced  by  the  inflation  of  the  inverse  bleb.  We  derive  and  solve
numerically the characteristic equations specifying the configuration of the system composed by the cell and
the inverse bleb both for steady-state and time-dependent conditions.  

Results & Discussion

Our model predicts (i) that the maximal size of giant vacuoles is determined by membrane stretching and not
by cell stiffness and (ii) that competition effects between multiple invaginating blebs manifest as Ostwald
ripening.  Our  results  are  in  qualitative  agreement  with  observations from the formation  in-vitro of  giant
vacuoles during perfusion experiments.

Conclusion

Our model  not  only  elucidates  the biophysical  mechanisms driving inverse blebbing,  and giant  vacuole
dynamics, but also identifies universal features of the cellular response to pressure loads relevant in other
experimental contexts. 
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Neovascular Age-Related Macular Degeneration (AMD) is the most common cause of 
blindness in the developed world [1] (Johnson et al., 2005) With age, cumulative oxidative 
damage leads to Retinal Pigment Epithelial (RPE) and photoreceptor cell death.  Due to its 
high energy blue-light disrupts the electron transfer mechanism of mitochondria [2] (Godley et 
al., 2005; Rozanowska, 2012) and chromophores to induce reactive oxygen species (ROS), 
as well as disrupting lysosomal activity [3] (Rozanowska, 2012). Blood-retinal barrier (BRB) 
plays a fundamental role in retina micro-environment by regulating the selective nutrient-waste 
exchange between the blood and the retina, contributing to the homeostasis of 
photoreceptors. In neovascular AMD, abnormal leaky choroidal vessels break through the 
retina and Bruch’s membrane, disrupting the outer blood-retina barrier (BRB) [4] (Ambati et 
al., 2013) which is formed by the tight junctions between retinal pigment epithelium cells [5] 
(Cunha-Vaz, 2012). 

Our aim is to study in-vitro models of AMD with Electrical Cell-substrate Impedance Sensing 
(ECIS) multiwall arrays and investigate the effect of blue-light on RPE barrier function. To this 
end we exposed ARPE-19 cell lines cultured in ECIS 96-well plate (Applied Biophysics, USA) 
to a gradient of intensities of blue-light (470nm) with an ad hoc LED array illumination system, 
and recorded the electrical resistances between 4 kHz and 64 kHz during the exposure. ECIS 
analysis alongside immunostaining of the tight-junction associated structural protein, Zonula 
occludens-1 (ZO-1) indicated that blue-light damaged  tight junctions between the cells, and 
decreased the barrier function of ARPE-19. Carboxy-H2DCFDA oxidative stress assay 
confirmed that the cause of this damage is related to oxidative stress. Blue-light exposed 
ARPE-19 cells were then treated with 100 nM Protein Kinase C zeta (PKC-ζ) pseudo substrate 
inhibitor to identify underlying pathway for blue-light induced damage on the barrier function. 

Cells treated with 100nM PKC-ζ pseudo substrate inhibitor induced faster recovery of the 
barrier function compared to no treatment. Our results document that blue LED light exposure 
decreased RPE barrier function in vitro in a dose-dependent manner, before any cell death 
occurred. This damage induced by blue light on tight junctions was mediated by oxidative 
stress through PKC-ζ activation. 
Altogether this study showed with the role of blue light exposure ion the decline of the RPE 
barrier function, a key factor in AMD pathogenesis. This finding could also exploited to create 
in vitro models of AMD through chronic blue light exposure. Our model will be improved in the 
future  by co-culturing RPE cells with vascular endothelial cells under flow to model the outer 
Blood-Retina Barrier.  
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Introduction 
Volume-pressure hysteresis is a phenomenon that occurs 
physiologically in healthy lungs, a consequence of elastic recoil and 
surface tension forces. In this hysteresis loop between intrathoracic 
pressure and lung volume (Fig. 1); a greater pressure is required to 
achieve the equivalent volume during inflation (overcoming surface 
tension) as during deflation. It may also deviate from this in certain 
pathologies, whether surfactant-caused in nature (as with prematurely 
born neonates) or more generally affecting the lung structure. At the 
most basic level, i.e. a single alveolus (small air sacs at the end of the 
respiratory tree and site of gas exchange), one may consider there to 
be a ‘capillary pressure’ (surfactant-influenced surface tension) of the 
wet-lined structure varying throughout the breathing cycle as volume 
variation of the structure elicits a varying surface tension. The aim is to 
develop a computational model representing the lower airways of a 
healthy lung, incorporating the role of capillary pressure and its 
contribution to the physiological hysteresis loop. 

Methods 
A finite element method was implemented in COMSOL at the basic level of alveolar capillary pressure, with 
this computational approach taken to produce a volume-pressure hysteresis loop within time-dependent 
studies that expose a linearly elastic geometry to a variable external pressure. An ordinary differential 
equation (ODE) was solved for a ‘switching’ value dependent upon the area at any given time – with variable 
‘thresholds’ denoting the point at which switching up and down in value would occur. In effect, this can be 
used to emulate a capillary-pressure-driven surface tension that rises when the area drops below one 
threshold, and lowers once a sufficiently large area is achieved. The capillary pressure term was then built 
into the model, coupled with the external pressure equation over the course of the simulation, and this was 
scaled for direct comparison with reference data for the whole lung1. 

Results & Discussion 
The addition of an ODE-derived capillary pressure appeared to be 
effective in producing a hysteresis loop that begins to approximate 
the shape seen in reference data for human physiology (Fig. 2). 
Significantly, the desired direction of inflation and deflation cycle 
was created – wherein the ‘lung’ requires a greater pressure during 
inflation to overcome the simulated surface tension. To achieve 
these, a Young’s modulus of 700 Pa and initial length of 0.12m was 
given to a square 2D geometry, with a boundary pressure range of 
2000 Pa. The hysteresis loss (area of hysteresis loop) for a single 
cycle was calculated to be 203 J. Improvements to this model will 
be to run the simulation in 3D space, and utilise this capillary 
pressure model in a poroelastic medium to replicate the large scale 
response of the many alveoli present in the lungs, with potential to 
replicate the impact of surfactant changes. 

Conclusion 
In COMSOL, this approach to creating a pressure-volume hysteresis loop proved to be successful, with the 
implementation of a simulated capillary pressure showing promise in emulating the distinctive pulmonary 
hysteresis shape seen physiologically. 
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Figure 1. Inflation of lungs with 
saline and air, demonstrating the 
importance of surface tension, 
which is only present in the 
latter, with regards to lung recoil 
and the emergence of a 
hysteresis loop1. [modified] 

Figure 2. Volume-pressure plots for 
the COMSOL model with a capillary 
pressure simulation (solid line) 
compared with reference data for 
pulmonary inflation and deflation1. 
Direction of cycle is included for both. 
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Introduction 
Cerebral bifurcation aneurysms remain hard to treat with conventional therapies despite bifurcation cases 
constituting the majority of the cerebral aneurysms presented clinically. Current treatment options focus 
either on aneurysm coil retention, supported by a stent-like device positioned in the parent vessel lumen, or 
intrascaular devices that disrupt flow within the aneurysm dome. A third alternative, i.e., the use of 
conventional (intraluminal) flow-diverters to treat such bifurcation aneurysms raises the problem that at least 
one daughter vessel needs to be jailed in such a deployment. The eCLIPs is a stent- like device that offers 
the possibility of flow-diversion at the aneurysm neck, without the drawbacks of daughter vessel occlusion or 
those of intrasaccular deployment.  

Figure 1: eCLIPs device deployed via microcatheter (a) and the corresponding in-silico device placement in a bifurcation aneurysm (b) 

Methods 
In this study the eCLIPs device was virtually deployed in five cerebral bifurcation aneurysms and compared 
with a conventional tubular flow-diverter device. Computational fluid dynamics (CFD) simulations of the 
aneurysm haemodynamic environment pre- and post- implantation were conducted, and focussed on metrics 
associated with successful aneurysm occlusion. Absolute and relative reductions in aneurysm inflow rate (Q) 
and time-averaged wall shear stress (TAWSS) were recorded. 

Results & Discussion 
The eCLIPs device was found to perform in a similar qualitative fashion to tubular flow-diverters, with overall 
reduction of metrics being somewhat more modest however, when compared to such devices. Aneurysm 
inflow reduction and TAWSS reduction were typically 10-20% lower for the eCLIPs, when compared to 
devices resembling the SILK or the PED. The eCLIPs was less effective at diffusing inflow jets and at 
reducing the overall velocity of the flow, when compared to these devices. This result is likely due to the 
larger device pore size in the eCLIPs. Notably, it was found that the eCLIPs provided approximately equal 
resistance to flow entering and exiting the aneurysm, which was not true for SILK/PED-like devices, where 
high-speed concentrations of outflow were seen at the aneurysm neck along with local TAWSS elevation. 
The clinical implications of such behaviour are not examined in detail here but could be significant. 

Conclusion 
Our findings indicate that the eCLIPs device acts as a flow-diverter for bifurcation aneurysms, with somewhat 
diminished occlusion properties comparing to tubular flow diverters but without the jailing and diminished 
flow evident in a daughter vessel associated with use of tubular flow diverters. 

References 
1. T. R. Marotta et al. Neurosurgery 2018; 128(2):1–7.
2. A. H. Chiu et al. Neurosurgery 2018; 128(2):482–489.



Computational Modelling of Variability in Mitral Valve Morphometry 
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Introduction 
The mitral valve (MV) is a complex anatomical structure, whose physiological-functioning relies on the 
biomechanical properties and structural integrity of its components. Previous computational works have 
studied its biomechanics using patient-specific geometries or idealized ones based on valvar dimensions. 
However, there is no prior MV model that employs valvar dimensions such as the non-planarity angle or the 
distance between papillary muscles (PM) that fully describe its shape and are vital to its function. Thus, the 
aim of this study is to assess the influence of changes in MV morphometry in its biomechanics and determine 
which changes can be associated with greater risk of valve disease onset. 

Methods 
A computational model of the MV incorporating annulus, anterior and posterior leaflets, chordae tendineae and 
PM has been developed. Geometrical parameters obtained from clinical data [1] describing the annular and 
leaflet shapes were defined and employed using Blender. The subvalvular apparatus was created with ANSYS 
(v18.2, ANSYS Inc., Pennsylvania, EUA): PM tips were mathematically defined according to the literature [2, 
3] and chordae distributions were created following ex vivo findings [4]. Shell and beam elements were
employed for leaflet and chordae meshes, respectively. Leaflet tissue was characterized by linear orthotropic
and elastic properties while the chordae were assumed elastic and isotropic. Physiological boundary conditions
were applied to simulate valve closure. Transient finite element structural simulations with a direct approach
were run in ANSYS and a frictionless contact condition between leaflets was employed to prevent surface
intersection. The spatial location of the PM was then varied to access its impact in MV coaptation.

Results & Discussion 
Preliminary results showed the influence of different PM locations on MV closing (Figure 1). Our morphometric 
MV finite element model was able to reproduce a healthy function state with normal coaptation, a MV with poor 
closing condition and leaflet billowing (indicating mitral regurgitation). Von Mises stresses were in the range of 
those reported by previous computational studies. The leaflet billowing model yielded greater stress on the 
posterior leaflet near the annulus in comparison with the other models, as also observed by other 
computational works, associated with greater damaging of the leaflet tissue. Further assessment of the 
influence of other MV dimensions in valve function will be performed; however, our MV model provides with 
adjustable geometric detail not explored in previous works that is useful to study customized cases.  

Figure 1: Von Mises stress distributions [MPa] (left) and total deformation [mm] (right). 

Conclusion 
Our model allows the generation of a range of geometries based on diverse patient data and the study of 
unique biomechanical performance through computational simulations. Such framework can aid in patient risk 
stratification by indicating which morphometries are associated with unfavourable biomechanical performance. 
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Effect of Enhanced Cerebrospinal Fluid Flow on Drug Penetration in Convection 
Enhanced Delivery 
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Imperial College London, South Kensington, London, SW7 2AZ, UK 

Introduction 
As a promising alternative to conventional chemotherapy by intravenous administration, convection enhanced
delivery (CED) can effectively bypass the blood brain barrier that blocks most of the anticancer drugs in the
blood circulating system and thereby retards the drug accumulation in the target tumour site. Since drugs are
directly infused into the tumour interstitial space in CED t reatment, their intratumoural penetration and
accumulation are strongly dependent on the enhanced bulk flow of cerebrospinal fluid. However, this
enhancement could vary considerably for different drugs as the drug transport properties may also play an
important role. The present study is to examine the performances of three commonly used drugs under
different infusion rates to understand the transport mechanisms for potential optimisation.

Methods 
A multiphysics model is developed to predict the fluid/solid mechanics and drug transport in CED treatments.
The model is first validated by comparing the predictions with measurements in gel-based experiments, and
further applied to a 3-D brain tumour model which is reconstructed from patient MR data, as shown in Figure
1. The brain tumour and its surrounding normal tissue are treated as porous, viscoelastic media which are
fulfilled with the incompressible interstitial fluid. The key drug transport processes are covered, including
convective and diffusive transport in tissue interstitial space with cerebrospinal fluid, drug binding with proteins,
elimination due to metabolic reactions, physical degradation and loss to blood circulating system, as well as
cell uptake. The delivery effectiveness is evaluated in terms of the penetration depth and distribution volume
in which the drug concentration is above its LD90 for achieving the effective therapy.

Figure 1. 3D reconstructed model geometry, including brain ventricle, tumour, and holding tissue.

Results & Discussion 
Modelling results demonstrate that CED infusion can largely increase the local pressure and velocity around
the infusion site, and inhibit the fluid loss from blood that may further dilute the drug concentration. Henceforth,
both the drug penetration and accumulation can be improved. On the contrary, tissue deformation also
increases with the infusion rate, which may result in potential tissue damage. Simulations further denote that
the examined drugs, including carmustine, methotrexate and doxorubicin, present different sensitivities to the
enhanced flow in tissue interstitial space. As a result, the CED infusion protocol could be tailored for each drug
by keeping the trade-off between the penetration depth and risk of tissue damage.

Conclusion 
The delivery of anticancer drugs by intracranial infusion are strongly dependent on the interplays between the
drugs and the environment in biological system. Results obtained in this study could serve as a guide for
optimising the infusion protocol of different drugs in CED treatment.
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Figure 1: Clustering of myeloma cells (pink) can be observed at this 
early stage of the simulation. Pre-osteoclasts (red), larger osteoblasts 
(green), osteocytes (yellow, embedded in bone at bottom of image) 

and osteoclasts (bottom left) can also be seen. 

An Agent-Based Model of Bone Remodelling and its Disruption by Multiple Myeloma 

C. Palasiuk1, A. Chantry 2, D. Walker1 

1 Dept. Computer Science and Insigneo, University of Sheffield, UK. 2 Sheffield Myeloma Research Team, 
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Introduction 
We present an agent-based model of bone remodelling, incorporating the most significant factors that lead to 
this homeostasis and its perturbation by multiple myeloma.  

Multiple myeloma is a haematological malignancy that disrupts the activities of key cells involved in bone 
remodelling, leading to increased fracture risk. Contemporary treatments focus on the removal of osteoclasts 
to prevent resorption and limit this effect. This approach however can limit repair of already present damage, 
and so it is important to develop new treatments that aim to redress the bone remodelling balance through 
alternative methods. We aim to develop the model to become a platform for in silico experimentation of novel 
treatments for myeloma-induced bone disease. 

Methods 
We use an agent-based modelling approach to simulate bone remodelling at the cellular level. This approach 
dictates that each cell within the system is simulated as a distinct entity with the collective behaviour 
aggregating towards balanced and coupled bone remodelling behaviour. Our approach simulates the most 
prominent actors within this system (osteoclasts, osteoblasts and osteocytes), their cellular lineages and the 
principal signalling factors that facilitate communication between these entities. 

To ensure the veracity of our results, we are developing the model in stages to confirm confidence in each 
stage’s feature-set before adding further complexity. This involves the development first of a healthy bone 
environment, followed by the perturbation of this to induce a clinical state, the introduction of multiple 
myeloma and finally the introduction of treatments for myeloma bone disease. 

Results & Discussion 
This prototype model has produced emergent behaviour consisting of a cycle of bone remodelling, including 
trauma applied to bone, reaction to this by osteocytes, and finally resorption and formation by osteoclasts 
and osteoblasts respectively. This represents a healthy bone remodelling cycle that fluctuates as damage is 
dealt to the bone then repaired. When myeloma is added to the model this is disrupted and a steady loss of 
bone density is observed. Although our present model represents a two-dimensional slice of bone it is 
currently being refactored to represent a full three-dimensional murine tibial segment at the growth plate.

Conclusion 
We present a working model of bone remodelling including all major actors within the system. The model is 
capable of recreating both nominal bone remodelling and its disruption by multiple myeloma growth. Future 
development of the model will allow for in silico experimentation involving various potential treatment vectors 
for this myeloma-induced bone disease. 
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Figure 2: Four weeks of simulation demonstrates the osteoblastic 
inhibitory effect of Multiple Myeloma. While the No Myeloma 

simulation does not experience a major loss of bone density, the 
Myeloma simulation experiences constant increasing losses. 
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Introduction 
Chemotherapy is one of the gold standard treatments for patients with cancer but has many severe side 
effects and is sometimes ineffective. It is well established that tumour vasculature is highly heterogeneous 
and this can result in a heterogeneous distribution of the drug throughout the tumour that can, limiting 
therapeutic efficacy. Nanoparticle-mediated drug delivery seeks to overcome the side effects seen by 
traditional chemotherapy through targeted delivery. Although many forms of nanoparticle are under 
development, with some already approved for use in clinic, the underpinning delivery mechanisms are not 
fully understood, nor the role of tumour microenvironment heterogeneity in determining drug delivery 
distribution. Computational modelling combined with vascular architecture substrates has the potential to 
contribute significantly in elucidating both of these aspects. 

Methods 
Here we take a multiscale approach by averaging a mathematical model of nanoparticle uptake by cells via 
receptor mediated endocytosis [1] to the tissue scale, and combining with computational descriptions of 
blood flow, oxygen, pH, drug and nanoparticle and delivery via coupled partial differential equation models, 
in an explicit tissue vasculature and surrounding interstitial space [2]. The models are simulated on real 
vasculature architectures in 3D, obtained using optical imaging of animal tumour models [3]. Parameter 
values are based on published data from both tumour spheroids and in vivo drug distribution analysis. Model 
simulations are used to explore the role of microvascular heterogeneity in determining the spatial distribution 
of nanoparticle and drug delivery.    

Results & Discussion 
In silico simulations demonstrate the feasibility of this approach with concentration predictions being similato 
those measured in vitro for nanoparticle uptake [4], and in vivo [5] for traditional chemotherapy drugs. 
Simulations demonstrate the sensitivity of model predictions to underlying parameters (e.g. binding rates of 
nanoparticles, release rates of drug), as well as vessel architecture (e.g. inter-vessel separation). Results 
enable the exploration of the role of blood flow and vessel heterogeneity in tumours on the distribution of the 
nanoparticles and free drug, and in particular inform the dosage of nanoparticle required to deliver a 
minimum concentration of free drug throughout the tissue. 

Conclusion 
We have developed a multiscale modelling framework which, when combined with state-of-the-art optical 
imaging of tumour vascular networks, enables predictions to be made around nanoparticle-mediated drug 
delivery. The pipeline established has the potential to refine treatment strategies in the future. 
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Caffeine Levels and Bronchopulmonary Dysplasia in Low Birth Weight Newborns 
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Introduction 

Caffeine is routinely used in the management of apnea of prematurity. Caffeine is now used as an 
alternative to other drugs such as aminophylline and theophylline because of its higher therapeutic 
range, reduced toxicity levels, and longer terminal half-life [1-3]. Caffeine can be given less frequently 
and with less harm as compared with other methyxanthines [2]. Caffeine levels in preterm newborns do 
not necessarily correlate with the efficacy of treating apnea of prematurity with caffeine [5]. Whilst there 
have been a few known cases of caffeine overdose resulting in creatine kinase elevation, sweating, and 
pulmonary edema, when given in appropriate doses and at an early stage, caffeine has shown an 
overall improvement in outcomes [3]. Higher caffeine dosing to maintain therapeutic levels that are 
greater than 20µg/ml has been associated with a lower incidence of apnea and intermittent hypoxia [6]. 
Here, we present new results on how to evaluate the effect of caffeine levels and bronchopulmonary 
dysplasia (BPD) in very low birth weight (VLBW) newborns.  

Objectives 
1. Determine if there is a difference in pharmacokinetics (PK) and pharmacodynamics (PD) for babies
with or without BPD. 2. Determine how PK and PD depend on the gestational age. 3. Characterise how
the overall description of PK and PD change across gestational age and day of life.

Methods 
Our dataset comprises 190 individuals and 37 parameters: e.g., gestational age, caffeine levels, day of 
life, etc. The presence or lack of BPD for each patient was chosen as the dependent variable. Multiple 
imputation was conducted on the dataset as a part of the cleaning process. Logistic regression was 
then implemented using the glm function in R. Our model was tested using ANOVA, Chi-square test, 
likelihood ratio test, Pseudo-R squared test, Hosmer-Lemeshaw test, and 10-fold cross-validation. 

Results & Discussion 
Our model is significantly different from the null model since it scores less than 
0.05 on the likelihood ratio test and scores 0.2 on the Pseudo-R squared test. 
Area under the curve is 0.79 which shows that the model is quite reliable. The 
most important predictors are as tabulated in Table 1.  

Conclusion 

We have present new results on (1) how to predict whether a patient has BPD or not, depending on 
medical parameters such as the gestational age, caffeine levels, etc. and (2) how to identify important 
parameters in the determination of BPD status of a patient. 
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3D ultrasound methods for image-based personalisation of musculoskeletal models 
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Introduction 
Personalised musculoskeletal (MSK) models provide an understanding of joint contact forces (JCFs), which is 
relevant for a number of clinical applications. Magnetic resonance imaging (MRI) data is often used to gain 
subject-specific anatomical features [1]. While certainly informative, MRI scans are time-consuming, 
cumbersome to the patient and costly. A method for low cost imaging is ultrasound (US). B-mode US has been 
reliably adopted in a previous work [2] for non-invasively capture key skeletal anatomy information. The aim 
of this research is to reduce the dependency of MRI in MSK models proposing a combined motion capture and 
ultrasound method for the calculation of the hip, knee and ankle joint axes.  
Methods 
The US measurements (Telemed) consisted of ‘sweeps’ of the ultrasound probe, equipped with motion capture 
markers, over the femur head, posterior femur condyles and the talar dome. Py3DFreeHandUS [3] was used 
for reconstructing the sequences of 2D ultrasound images into 3D space. This was performed on a phantom 
bone (5 repeats, 2 sessions [S1, S2]) and evaluated against a laser scanner (FARO), and repeated for one 
volunteer (Female, 29 y.o., 53kg) on both legs (L, R) for which lower limb MRI (1.5T Siemens) and gait analysis 
(Vicon, AMTI) data were also recorded. A least-squares, geometric fitting was performed on the reconstructed 
bone geometries to identify the lower limb joint axes of rotation from both MRI and US data [4] and included in 
a lower limb MSK model to quantify differences in estimated hip, knee and ankle joint contact forces (JCF).  
Results & Discussion 
Radii measurements on the phantom were accurate (femur head [rlaser=22.8mm]: S1. 23.5mm±1.9mm, S2. 
23.0mm±1.5mm; femur condyles [rlaser=18.8mm]: S1. 20.4mm±1.2mm, S2. 20.4mm±0.4mm). Radii 
measurements on the subject were precise but less accurate for the left femur head (femur head 
[rMRI=23.3mm,24.8mm(L,R)]: 19.2mm±0.8mm, 23.3mm±0.3mm; femur condyles [rMRI=18.3mm,17.2mm(L,R)]: 
17.9mm±1.8mm, 17.8mm±1.2mm; talar dome [rMRI=16.7mm(Lonly)]: 24.9mm[single measurement]). 
Negligible differences were found between the MRI and US models for the hip and knee kinematics. A 12° 
difference was found over the entire gait cycle for the ankle joint kinematics. Figure 1 shows negligible 
differences were found between the JCF at the knee. Differences of 0.40 body weight (BW) were found 
between the MRI and US simulations of peak JCF for the hip and ankle. 

Conclusion 
This study confirmed the feasibility of using US for personalisation of hip and knee joint axes, with a potential 
of reducing the dependency of MRI in subject-specific modelling. A wider investigation will confirm the 
possibility of including personalisation of the ankle axis. 
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Introduction 
Premature closure of the sutures, or craniosynostosis, is a medical condition that occurs in children (ca. 1/2000 
births)1-3. The most common form of this condition is sagittal synostosis, i.e. the suture in the midline of the 
skull fuses early (ca. 3/10000 births)1. A number of techniques have been developed for the treatment of this 
condition while the “optimum” approach is yet to be known3. Computational models have great potential in 
optimisation of the calvarial reconstruction. The aim of this study was to develop a patient-specific 
computational model of the calvarial growth to predict the morphology of the calvaria following the surgery 
based on the pre-operative computed-tomography (CT) images of the same patient.  

Methods 
CT images of a sagittal sysnotosis patient were obtained pre and post-operatively and in a follow up visit at 
the ages of 6,9 and 24 months respectively. A 3D finite element model of the skull based on the pre-operative 
images was developed. The model included the brain, bones and sutures. The treatment approach i.e. here 
full calvarial remodelling, was virtually performed on the model. Input parameters to the model were estimated 
based on our previous studies4,5. Several sensitivity analyses to the input parameters were performed and 
outputs were compared in terms of overall shape to follow up calvarial morphology.  

Results & Discussion 
As expected, sensitivity analyses highlighted that model predictions were sensitive to the choice of input 
parameters. The most important parameters were the way that the bone-brain interface was modelled and 
modelling bone formation during the development. It was also demonstrated that the calvarial morphology at 
the 24 month of age could be predicted based on the model at the 6month of the age.  

Conclusion 
The model developed in this study is the first patient-specific validated model of the calvarial growth. The close 
match between the predicted shape of the calvarial and the follow up CT build confidence in the modelling 
approach. However, further studies are required to compare the biomechanics of different reconstruction 
approaches.  
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