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Plenary Speakers 

Professor Andrew Taylor - Professor of Cardiovascular Imaging, University College London      

Title: Cardiac biomedical engineering - Implementation into clinical practice 

 

Nancy L Allbritton - Department of Bioengineering, University of Washington, Seattle, WA 

Title: Microengineered Systems for Recapitulating Intestinal Function   

Abstract: Organ-on-chips are miniaturized devices that arrange living cells to simulate functional 
subunits of tissues and organs. These microdevices provide exquisite control of tissue 
microenvironment for the investigation of organ-level physiology and disease. A 3D polarized 
epithelium using primary human gastrointestinal stem cells was developed to fully recapitulate 
gastrointestinal epithelial architecture and physiology. Primary cells are cultured on a shaped 
hydrogel scaffold to form an array of crypt-like structures replicating the intestinal architecture. 
Imposition of chemical gradients across the crypt long axis yields a polarized epithelium with a stem-
cell niche and differentiated cell zone. A dense mucus layer is formed on the luminal epithelial surface 
that is impermeable to bacteria and acts a barrier to toxins. An oxygen gradient across the tissue 
mimic permits luminal culture of anaerobic bacteria while maintaining an oxygenated stem cell niche. 
This in vitro human colon crypt array replicates the architecture, luminal accessibility, tissue polarity, 
cell migration, and cellular responses of in vivo intestinal crypts. Intestinal biopsy samples can be used 
to populate these constructs to produce patient-specific tissues for personalized medicine and 
disease modeling. This bioanalytical platform is envisioned as a next-generation system for assay of 
microbiome-behavior, drug-delivery and toxin-interactions with the intestinal epithelia. 

Thierry Marchal - Secretary General Avicenna Alliance  

Title: From engineers to regulators and clinicians: Why in silico methods are becoming truly 
pervasive?  

Abstract: If the researchers in the academic and industrial world have been developing in silico models 
for decades to better understand how the body works and interacts with medical devices and drugs, 
clinicians and regulators have been more hesitant about the real value provided by simulation results. 
We have been observing a rapid evolution during the last few years driven by the need to accelerate 
the regulatory approval process while continuously increasing patient safety. Similarly, clinicians are 
welcoming any reliable approach giving them more insights before making a decision for the patient. 
The development of more advanced computer models, the access to virtually unlimited 
computational power and the emergence of numerical methods giving instantaneous results 
combined with formal methods to Verify and Validate models while enabling Uncertainty 
Quantification is radically changing the position of in silico method in the healthcare landscape.     

 

 

 

 

 



Philip Conaghan - Leeds Institute of Rheumatic and Musculoskeletal Medicine, University of Leeds 
and NIHR Leeds Biomedical Research Centre, UK 
 
Title: Osteoarthritis - why is it so hard to develop new therapies?  
 
Abstract: New therapies for osteoarthritis (OA) remain elusive. Muscle strengthening and exercise 
remain highly effective but have poor compliance. Meta-analyses have suggested that paracetamol 
has small benefit for OA pain; NSAIDs have significant side effects, and concerns over opioid use have 
increased. So new therapies are badly needed.  
We are gradually understanding more about OA structural progression including quantitative imaging 
outcomes and how to design studies, but regulatory hurdles remain, especially around the area of 
demonstrating related symptom and structure modification. 

There are a number of interesting therapeutics under investigation. Novel preparations that enable 
prolonged intra-articular dwell time of corticosteroids have been developed.  A large cardiovascular 
study demonstrated up to 40% reduction in total joint replacement in patients treated with anti-
interleukin-1. Methotrexate has demonstrated analgesic and functional benefits in a large RCT. The 
efficacy of anti-nerve growth factor (NGF) therapies is established, though the side effect of rapidly 
progressive OA has been a concern. In terms of structure modification, a cathepsin-K inhibitor 
demonstrated slowing of subchondral bone shape change without benefit on symptoms; zoledronic 
acid was not effective for symptoms or structure modification in patients with subchondral bone 
damage. Sprifermin has demonstrated benefits on cartilage regeneration out to 5 years, and possible 
symptom benefits in a subset of patients. The wnt-pathway inhibitor lorecivivint has also 
demonstrated promising outcomes. 

Keynote Abstracts: 

Steven Niederer, Kings College London 

Abstract: Cardiac modeling is moving from a research technique to a tool for guiding clinical decisions 
and informing drug and device development. The combination of a portfolio of electrical and 
mechanical models that represent cardiac physiology in specific chambers or regions of the human 
heart, software capable of simulating human scale cardiac models, and greater access to computing 
facilities for running these simulations has enabled a growing number of groups to move into human 
heart simulations. These models are now being used in prospective clinical studies to guide treatment 
in specific patients. 

We believe that the next phase in computational cardiology research will focus on two areas: 
increased personalization, matching both anatomy and material properties and scaling computational 
cardiology approaches, to move beyond pilot studies, to provide computational models on clinical 
scales and the generation of large virtual patient cohorts for developing diagnostics, devices, and 
drugs. This presentation will describe our work on developing human heart electromechanics models, 
our work on accelerating model development from clinical data, the creation of virtual patient 
cohorts, and how we are applying these techniques for device design, therapy evaluation, and guiding 
therapies. 

 

 

 



Kia Nazarpour, University of Edinburgh 

Abstract:  In recent years, the proliferation of translational neurotechnology research in academia 
and industry has promised a bionic revolution. These innovations pledge to offer effective 
neuroprosthetic solutions to treat or manage diverse long-term conditions, e.g. obesity, depression 
and limb difference. Scientific curiosity, technical capability, and quality of care for some of these 
conditions have led to such a techno-centric push, failing to consider user needs and expectations and 
clinical and operational constraints. Today, despite headline-grabbing engineering and clinical 
research in next-generation prosthetic hands, 44% of users abandon their device, citing function as 
their key shortcoming. Two factors encouraged us to develop a unique capability to run prosthetic 
research beyond the laboratory: 1) published evidence indicate that short-term, laboratory-based 
prosthetics research fails in recognising and/or addressing real-world challenges that prosthesis users 
face before abandoning their prosthesis; 2) understanding how the brain learns to operate a multi-
articulated prosthesis requires long terms trials, i.e. over many months, which is not realistic in the 
current laboratory settings. In this talk, I will show some preliminary experimental data to support the 
notion of Internet of Prostheses. 

Professor Amir Ghaemmaghami, University of Nottingham 

Title: Immune-instructive biomaterials for medical applications 

Abstract: The immune system plays a key role in acceptance or rejection of foreign materials that 
enter the body either accidentally or as part of a medical intervention. Antigen presenting cells (APCs) 
such as macrophages and dendritic cells (DCs) are sentinels of the immune system that act as a bridge 
between the innate and adaptive immunity playing a central role in orchestrating immune responses 
against foreign materials. The activation status of APCs determines the outcome of immune 
responses following implantation of biomaterials, towards either inflammation/rejection or 
integration/healing. Physico-chemical attributes of materials have a critical role in initiating pro or 
anti-inflammatory immune responses. Thus, the ability to control biomaterials surface attributes 
provides a powerful tool for modulating the function of immune cells. This provides opportunities for 
using biomaterials as new tools for immune modulation. Using high throughput screening strategies, 
we have identified simple and scalable polymers and surface topographies that are able to modulate 
the functional phenotype of human APCs towards pro or anti-inflammatory phenotypes. In this talk I 
discuss the discovery pipeline of these materials and their potential application in developing the next 
generation of ‘immune-instructive’ biomaterials for immune modulation with applications in 
vaccination, immunotherapy, regenerative medicine and implantable medical devices 

 
 
 
 
 
 
 
 
 
 



Judith Meakin, University of Exeter  
 
Title: Image-driven subject-specific spine modelling 
 
Abstract: Imaging, particularly medical imaging, can play a key role in providing data to inform 
subject-specific models of the spine for assessing spinal forces in vivo. Spinal disorders incur an 
increasingly substantial societal and economic burden throughout the world, with low back and neck 
pain the first and fourth leading causes of years lived with a disability globally. Our understanding and 
treatment of these disorders, however, are impeded by our limited ability to assess spinal forces in 
vivo. Imaging allows us to observe the spine in vivo and determine subject-specific data for model 
geometry, boundary conditions and materials, providing insights into spinal biomechanics that help us 
understand the behaviour and function of the human spine within individuals and across populations. 

Katerina Spranger, University College London 

Title: Paving a Clear Path to Innovation: From Concept to Certified Medical Product  

Abstract: Through this talk, I will take you on a journey where I show you what the process of 
innovation looks like from the inside out. Along the way, I will try to give you a flavour of what it really 
takes to bring something new and innovative to the market, and offer insight on the obstacles 
encountered and lessons learnt.  

I will be sharing Oxford Heartbeat’s story in all its eclectic detail. This begins with the co-designing of 
our AI application PreSize® Neurovascular with the clinical community, followed by real-world 
challenges around data collection and product validation. I will discuss how we navigated the 
complexities of medical device regulation, and ultimately ensured the successful pilot of our product 
within the NHS. 

Igor Chernyavsky, University of Manchester 

Abstract: Multiscale characterisation of biological tissues and organs is essential to gain insight into 
their structure–function relationship. The human placenta is one of the most complex and unique, 
evolutionarily distinct organs. It is a crucial life-support system that not only nourishes a growing fetus 
but also determines their life-long health. The placental exchange units, terminal villi, host numerous 
dense networks of fetal capillaries and are interfaced with maternal blood, percolating a disordered 
porous medium. This talk summarises recent progress in massively multiscale 3D microscopy 
(covering the range of μm to cm) and its assimilation into mathematical models of placental 
transport. The models explore a relationship between tissue architecture and function, quantify the 
associated uncertainty and demonstrate universality of upscaled approximations for a wide class of 
transported solutes. The developed approaches could also be applied to characterising solute 
exchange in other complex microvascular systems. 

 
 
 
 
  



 
Jolanda Wentzel, Erasmus Medical Center 
 
Title: Shear stress related plaque progression in coronary arteries 
 
Abstract: Atherosclerosis is a multifactorial, lipid driven, inflammatory disease of the large arteries. It 
is well known that low shear stress of the blood at the vessel wall is involved in the mechanobiology 
of atherosclerotic plaque formation, while evidence is accumulating that high shear stress promotes 
plaque destabilization, rupture and is associated with cardiovascular events. Despite years of 
research,  knowledge on the underlying pathophysiology is still limited. For many years, time-average 
shear stress of the blood at the vessel wall was the parameter studied for its influence on the 
endothelial function and plaque formation. Recently, other parameters were introduced that also 
capture the direction of the shear stress and its variation during the cardiac cycle. In addition, the 
endothelium is a complex organism that is sensitive to mechanical, chemical and biological influences, 
which should be taken into consideration when studying these processes. In this keynote lecture an 
overview is given on studies that investigated the mutual interaction between novel multidirectional 
shear stress parameters and plaque composition to predict plaque progression and destabilization 
using multimodality image-based modeling. 
 
Ruth Wilcox, University of Leeds 
 
Abstract: Many orthopaedic implants are designed to survive in vivo for decades. Even with the 
advent of registries, clinical evidence on the long term efficacy of devices can take many years to 
accrue, by which time both device design and the constituent biomaterials have often been 
developed further. Pre-clinical testing is therefore critical in predicting the long term performance of 
new devices,  identifying risks of early failure, and informing patient stratification. 
 
Our research focuses on the development of improved methods of orthopaedic device evaluation; 
this has increasingly involved combinations of experimental and computational modelling, due to the 
large number of variables involved. For example, in total hip replacement, we have developed 
methods to simulate adverse loading on devices caused by a combination of surgical and patient 
factors. For earlier-stage tissue-sparing treatments, we have developed experimental methods of 
simulating whole cadaveric joints in vitro to biomechanically evaluate interventions including 
vertebroplasty, nucleus augmentation, osteochondral grafting and meniscal replacement. 
 In parallel, and using the experimental data for validation, we have developed computational models 
that can enable a wider range of variables and clinical scenarios to be examined. 
The many patient and surgical variables that affect device performance pose challenges in developing 
realistic and rigorous simulations, and a combination of technical approaches and multidisciplinary 
input are required.      
 
 
 
 
 
 
 
  



 
Vanessa Diaz, University College London 

Abstract: In this talk, we present a unique translational platform to enable precision vascular surgery 
(VIRTUOSO), combining state of the art in vivo imaging, in silico (simulation) tools and in vitro testing, 
in order to accurately quantify the haemodynamics of complex vascular pathologies, thereby 
informing individual treatment planning.  

To demonstrate the potential of this technology -which is entirely generalisable to other (cardio) 
vascular pathologies-, we will use a complex and highly patient specific condition, chronic Type-B 
aortic dissection as an exemplar.   

We demonstrate how we use clinical data to build advanced patient-specific computational models of 
the pathology as well as 3D printed phantoms for experimental testing and validation on a unique and 
personalisable physical platform for haemodynamic testing, overcoming thus major obstacles for 
clinical and industrial translation.  

Christine Le Maitre, Sheffield Hallam University 

Abstract:  Intervertebral disc degeneration has been associated with around 40% of all chronic back 
pain cases, yet to date no therapies target the disc per sea, and thus many patients are left with 
limited options and a lifetime of pain and disability. This talk will discuss a three prong attack to disc 
degeneration utilising a novel injectable biomaterial combined with stem cell approaches to restore 
mechanical properties of the disc, inhibit the catabolic environment of the disc and induce 
regeneration  and restoration of disc structure and function. Discussing the progression of studies 
from in vitro cells studies, use of ex vivo tissue culture explants, biomechanical analysis and finally 
testing within organ culture models of disc degeneration under physiological loading environments 
using goat and human IVDs to investigate regenerative potential. 

Emmanuel Vanoli, Makere University, 

Abstract: Computational Fluid Dynamics (CFD) simulations have been commonly used in both the 
transportation and aerospace industries for dozens of years to understand airflow and optimize new 
design. In the context of the COVID-19 pandemic, healthcare workers are facing airborne 
contamination with a lack of understanding of droplet propagation in indoor airflow. During the first 
and second waves in France, both hospital staff and engineers collaborated to use CFD to anticipate 
and mitigate the risk of airborne contamination in patient’s rooms. Different studies were conducted 
to provide both understanding and guidance to three of the main aspects of aerosol risk. A first study 
in an Intensive Care Unit (ICU) in Bichat Hospital in Paris, France aimed to validate a simulation model 
and improve both aerosol extraction and deposit reduction. A second study in a post-surgery room in 
La Pitié Salpétrière aimed to anticipate the cross-contamination risk in an open space shared by both 
COVID+ and COVID- patients thanks to CFD simulations. With the Avicenne Hospital in Bobigny, we 
compared both simulation predictions and Polymerase chain reaction (PCR) technology for qualitative 
detection of presence of SARS-CoV-2 on surfaces. Both internal airflow and external wind were highly 
correlated to surface contamination and their impact was highlighted by simulation results. 

  



 

Julie Gough, University of Manchester 

Title: Cellulose nanowhiskers for skeletal muscle tissue engineering 

Abstract: Skeletal muscle has a high capacity for self-repair except in some diseases or if there is 
significant tissue loss. Cellulose nanowhiskers (CNWs) can be used to provide aligned physical cues to 
control skeletal muscle cell behaviour and support the formation of tissue. These CNWs have a high 
aspect ratio as they are typically less than 10nm in diameter but can be up to microns in length. 
Building on our previous work where we spin-coated onto glass we are now using multi-layered 
substrates to provide a more physiologically relevant system in terms of substrate stiffness. We have 
shown contact guidance in C2C12 myoblasts, mesenchymal stem cells and human skeletal muscle 
cells and have demonstrated myoblast terminal differentiation and fusion to form multinucleated 
myotubes with parallel orientation which is key for muscle contraction. Future work will further fine 
tune the substrate stiffness to better mimic skeletal muscle. 

 

 



 

Paper ID: 3. Deciphering the mechanical code of cardiomyocytes 
I. Xanthis1, Darren G.S Wilson1, T. Iskrtasch1 

1 Dept. of Bioengineering, School of Engineering and Materials Science, Queen Mary University of 
London, London E1 4NS, UK 

 
Introduction: Cardiovascular diseases are the leading cause of death globally, taking an estimated 
17.9 million lives annually with 170.000 deaths in UK alone. The human heart tissues get stiffer as 
we age and stiffening of the heart is associated with severe cardiovascular conditions. 
Cardiomyocytes, the contractile cells in the heart, sense the tissue stiffness and adapt their own 
mechanics. However, the feedback between tissue mechanical properties and cell response is 
unknown. Cardiomyocytes have a network of mechanosensitive molecules which decode 
mechanical signals. My data show for the first time that binding of RIAM, paxillin and DLC1, all 
of which compete for binding to the mechanosensitive protein talin, depend on substrate 
stiffness and regulate cardiomyocytes’ mechanoresponses. Therefore, I hypothesize that a 
network of mechanosensitive proteins act as a switch that determines cardiomyocytes mechanics. 
Methods & Results: To address this question, neonatal rat cardiomyocytes (NRMCs) were 
isolated and seeded on PDMS- coated coverslips, with increasing substrate stiffness. To investigate 
the role of different proteins in cardiomyocyte mechanosensing, we combined immunofluorescence, 
Western blot and FLIM microscopy with various inhibitor drug treatments and siRNA technology in 
NRCMs. Western blotting and immunochemistry showed that total DLC1 levels increase 
significantly with increasing stiffness. However, co-immunoprecipitation (Co-IP) experiments 
indicated a more complex stiffness-dependent interaction of DLC1, RIAM and paxillin with talin, 
revealing the competitive binding of these proteins to talin. Taken together, my data indicate that 
expression, localisation and binding of these proteins to talin change in relation to the substrate 
stiffness. These data also suggest that DLC1 might indeed act as downstream signalling molecule 
for talin mechanosensing. To test this hypothesis, I used fluorescence lifetime imaging (FLIM) to 
measure variations in the response of a RhoA FRET biosensor in NRMCs seeded on substrates of 
increasing stiffness in the presence or absence of DLC1 (figure). We followed this approach, 
because DLC1 is a known 
negative regulator of RhoA. Here the 
average fluorescence lifetime was 
longest on healthy heart stiffness (6, 
20kPa), indicating lower RhoA activity 
in healthy compared to disease-like 
stiffness. However, when DLC1 was 
absent, RhoA activity   in   healthy   
heart   stiffness 
increases and shows similar levels to disease- like 
stiffness. Therefore, RhoA activation dynamics in cardiomyocytes are regulated by DLC1 and depend 
on substrate stiffness. In order to explore the role of DLC1 in the regulation cardiomyocytes 
mechanics, NRCMs were cultured on healthy heart- or diseased- like stiffness substrates in the 
presence or absence of DLC1 and their mechanoresponse were measured using nanoindentation. 
Measurements of cardiomyocytes stiffness and viscoelasticity indicated that deletion of DLC1 
decreases cellular stiffness in healthy-heart stiffness substrates. These data suggest that DLC1 
presence is essential to maintain cardiomyocyte mechanical profile. 
Conclusion & Discussion: My data suggest the exciting possibility that DLC1 regulates stiffness- 
depended responses of cardiomyocytes via RhoA spatiotemporal activation. Furthermore, there 
seems to be a network of mechanosensitive proteins, that compete for binding to talin and thus create 
distinct mechanical responses. My future experiments will focus on the dissection of this protein 
network with the use of nanoengineering DNA- origami platform, as well as on the 
investigation of cardiomyocytes’ mechanical responses at the 3D/tissue level with the use of 
Engineered Heart Tissue in combination with CRISPR technology. Taken together, my research 
has the potential to unravel new drug targets against heart failure. 

 
Acknowledgments: We thank Dr. J.A Levitt, Dr.S. Ameer-Beg from KCL and BBSCR for funding. 

 
  

 



Paper ID: 4. Design of a Wearable Fingertip Haptic Device: Investigating Materials of 
Varying Stiffness for Mapping the Variable Compliance Platform 

 
S. Morad1, Z. Jaffer 2, S. Dogramadzi 3 

1 Department of Engineering, University of East London, London, E16 2RD 2 Department of Life 
and Health Science, Aston University, Birmingham, B4 7ET 3Bristol Robotics Laboratory, 

University of the West of England, Bristol, BS34 8QZ 
 
Introduction 
With the growth in the field of robotics, haptic feedback is becoming increasingly important in medical 
robotics. Previously, A pneumatic design of a fingertip haptic device (FHD) was developed for virtual 
reality applications. In this paper, the feasibility of representing tissues of varying stiffness is 
investigated. Physical properties, stiffness and Young’s modulus of the Variable Compliance Platform 
(VCP) was compared with a set of bolus materials representing soft tissues. 

 
Methods 
The physical properties of the FHD and a set of three bolus materials were tested and analysed to 
find a common parameter to map the materials to the FHD. A 3D printed platform with a bubble spirit 
level to ensure that it was flat on the surface of each material was utilized. For this  experiment the 
three materials were cut to a diameter of 10mm to fit into the base of the 3D printed part. The 
optoNCDT 1420 laser sensor was used to measure the change in displacement due to indentation of 
the material as different masses were added to the surface of the 3D printed platform. The laser was 
targeted at the flat surface of the 3D printed platform. For each material, weights in the range of 50g 
to 400g were added to the 3D printed platform for a period of 30 seconds, after which the value from 
the laser sensor was recorded. 

 
Results & Discussion 
On comparing the Young’s moduli of the materials to that of the different volume levels in the FHD, it 
was realized that the two could not be mapped. The Young’s moduli of the materials are much greater 
(up to 10 times higher) than that of the FHD at different volumes. An interesting  observation from this 
data is that the young’s modulus of the softest bolus material is quite similar to that of a human 
meniscus [1]. On comparing the values of the stiffness of the materials to that of the different levels 
on the FHD, it was noticed that there is a similarity. They do not have the same values; however, they 
are quite similar suggesting that stiffness can be used as a common parameter to map the materials 
to the FHD. The SingleTact force sensor readings were converted to force (in Newton) equating to a 
minimum value of 5.04N and a maximum value of 7.01N. As the VCP moves closer to the roof of the 
FHD, it applies more force on the finger. This would change the perception of the inflating surface for 
the user, allowing the user to ‘feel’ the difference in stiffness. 

 
Conclusions, 
Upon investigating the physical properties of both the pneumatic model of the FHD and the bolus 
materials, it was concluded that stiffness, rather than Young’s modulus, was a common parameter 
and could be used to map the two. Research also proved that the Young’s modulus is a material 
property rather than the property of a device and thus was not ideal for the mapping. Interestingly, the 
Young’s moduli of the bolus materials were very similar to that of a human meniscus. 

 
References 
1. Sweigart M A. et al. Annals of Biomedical Engineering 2004; 32:1569-1579. 
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Paper ID: 5. Custom fit non-invasive ventilation mask with microclimate monitor  
 

 S. Morad1, S. Lindsay 2  
1 Department of Engineering, University of East London, London, E16 2RD 2 Department of Life and 

Health Science, Aston University, Birmingham, B4 7ET    
Introduction  
Pressure ulcers (PUs) are typical in non-invasive ventilation (NIV) use, as symptoms can begin as early 
as 4-6 hours, with continuous ventilation [1]. Previous studies have highlighted the importance of 
mask/interface design in NIV and reducing PUs. Multiple variables are involved in the necrosis process, 
but critical research has shown that the skin-mask interface has the highest impact [2]. This study 
determines the potential for clinical improvements by modifying the designs of pre-existing ventilation 
masks.  
  
Methods   
Using 3D scanning and printer technology, a custom-fit ventilation mask (CFM) has been produced. 
Integration with a pre-existing mask has been achieved by fabricating a modular design that acts as a 
disposable custom-fit cushion. Embedded sensors are added to the mask to measure the skin-mask 
microclimate as accurately as possible. Recorded data is then sent to processing software so the data 
can be plotted and monitored for dangerous conditions and to identify other key features. This data can 
then be saved and accessed at a later date.   
  
Results & Discussion   
To assess the working principle of CFM prototype, firstly, temperature-humidity (T-H) monitoring is 
validated in series with tubing and a steam source to ensure the sensor can withstand an environment 
similar to NIV. Further function tests then individually checked the monitoring of the skin-mask interface. 
Each mask was equipped for 30 minutes while simultaneously collecting data. Thereafter, another test 
was completed to validate data collection over an extended period of 4 hours. There was a high level of 
robustness, and no significant issues were present with the monitors' ability to sample data, any 
adjustments necessary were made in the appropriate programming code before the final design was 
completed. The analysis confirmed that the system would indeed continue collecting data for an 
extended amount of time, but also fluctuations in T-H are present, which could potentially induce PUs. 
Trends in both show reactions to inhaling and exhaling, however, there is a less sensitive reaction in 
the original mask test, this is likely because of the leakage rate present on this mask increasing pressure 
drops in the system. A test is produced to analyse the erythema intensity of the improved mask 
compared to the original, highlighting comfort. After 30 minutes of use on each mask, a simplistic visual 
inspection showed that on the original mask erythema is occurring in the bony prominence of the nasal 
bridge. However, in the CFM, erythema is less concentrated on the nasal ridge and instead spread more 
evenly adjacent to the nose and infraorbital region.  
  
Conclusions  
This paper proposed a solution to firstly reduce the generation of PUs and secondly to monitor the 
parameters that potentially generate PUs during treatment. A custom-fit mask (CFM) was produces and 
integrated with sensors to assist in reducing the impact of mask loading and monitor critical 
characteristics, respectively, throughout treatment during non-invasive ventilation (NIV). A preliminary 
testing and validation show a promise results in reducing and monitoring the impact of ventilation mask 
on the skin.   
  
References   
1. Gefen A. Journal of Tissue Viability 2011; 20:81-88.  
2. Lauderbaugh D L, et al. Respiratory Care 2019; 64: 1455-1460.  
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Paper ID: 7. Femoral neck loading during normal gait cycle using coupled 
musculoskeletal-finite element modelling approach 

Xinshan Li, Z. Altai1,2, E. Montefiori 1,2, B.V. Veen1,2, M. Paggiosi1,3, E. V. McCloskey1,3, M. 
Viceconti 4,5, C. Mazzà1,2, X. Li1,2 

1INSIGNEO Institute for in silico medicine, The University of Sheffield, UK; 2 Department of 
Mechanical Engineering, The University of Sheffield, UK; 3 Mellanby Centre for Bone Research, 

Department of Oncology and Metabolism, The University of Sheffield, UK; 4 Laboratorio di 
Tecnologia Medica, IRCCS Istituto Ortopedico Rizzoli, Italy; 5 Department of Industrial Engineering, 

Alma Mater Studiorum, University of Bologna, Italy. 
Introduction 
To understand femoral response under physiological loading, it is necessary to investigate femoral 
strains during walking using patient specific data. Finite element (FE) models of cadaveric femurs 
coupled with gait data from body-matched volunteers have previously been used in the literature. This 
study reports for the first time, a fully personalised, multiscale modelling approach to investigate the 
femoral neck strains during a full gait cycle. 
Materials and methods 
CT and MRI scans of the lower limb were collected for five postmenopausal women (68.3±5.1 y, 
69.8±7.1 kg, 159±3.7 cm) after ethics approval. MRI scans generated personalised musculoskeletal 
models (MSKM), using NMSBuilder and OpenSim 3.3, with both muscle and joint contact forces being 
calculated [1]. FE models of the right femur were constructed from CT scans using a validated 
framework [2]. Gait data were collected along a 10 m walkway at a self-selected walking speed. 
Eighteen muscle forces, estimated by the MSKM, were applied to the FE models. Boundary conditions 
were applied to the distal end, where the most distal node of the medial condyle was totally fixed, and 
the most distal node of the lateral condyle was constrained vertically and in the anterior-posterior 
direction. An extra node at the middle of the patella groove was also fixed in the anterior-posterior 
direction (figure 1). Peak principal strains at the neck region were predicted for 100 intervals of the 
gait cycle, using ANSYS APDL 19.1, and compared with fracture threshold of 0.73% (tension) and 
1.04% (compression), respectively [3]. 
Results 
Peak maximum and minimum principal strains ranged 
from 0.10-0.37% and 0.05-0.67%, respectively. Two 
peaks were predicted around the 15% (early mid-
stance) and 50% (late terminal- stance) of the gait and 
were observed in case  2, case 4, and case 5, while 
case 1 and case 3 were predicted with one peak either 
at 15% or 50% of the gait cycle (Figure 1). Gluteus 
medius muscle force was found as the most influential 
muscle on loading the femoral neck during the gait. 
Maximum strains were predicted at the anterior aspect 
of the neck region for all five cases. 
Discussion 
During a normal gait cycle, the highest femoral neck loading occurs when both feet are in contact with 
the floor (early mid-stance and/or late terminal-stance). The current findings suggest that gluteus 
medius influences the loading at the femoral neck more than total joint contact forces during walking. 
The activation of major muscles attached to the proximal part of the femur (in particular the greater 
trochanter) have a considerable contribution to the femoral neck loading during normal gait cycle. 
Acknowledgment 
MultiSim and MultiSim2 projects were funded by the EPSRC (EP/K03877X/1 & EP/S032940/1), and 
CompBioMed was funded by the H2020. 
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Figure 1: Maximum and minimum principal 
strain predicted by the FE for 100% of the gait 
cycle 



Paper ID: 8. Single-Step Electrochemical Method for Designing Conductive 
Hydrogels 

 
A.C. Da Silva, S.R. Moore, T.E. Paterson and I.R. Minev 

Department of Automatic Control and Systems Engineering, Faculty of Engineering, University of 
Sheffield, Sheffield, UK 

 

Electrically conductive biomaterials mimicking physical and biological properties of tissues are highly 
required for bioelectronics technologies.[1] In this context, conducting polymers (CPs) have great 
potential for designing a whole new generation of soft biointerfaces. Among them, poly(3,4- 
ethylenedioxythiophene) (PEDOT) is a well-known CP with excellent electrical and optical properties, 
emerging as an outstanding candidate for biomedical applications.[2] PEDOT can be combined with 
other polymers to improve the overall mechanical properties of the hydrogel. Among the various 
biopolymers that may be suitable arelinear polysaccharides such as chitosans and alginates. These 
are naturally abundant and have been widely studied in combination with other biomaterials or 
biomolecules.[3] 
The formation of a conductive hydrogel (CH) typically requires a multistep process starting with 
electrodeposition of a CP layer, followed by formation of a biopolymer hydrogel above, soaking with 
CP monomers and finally electropolymerization of the CP inside the hydrogel network. Single- step 
approaches have also been reported when mixing hydrogel precursors with CP monomer and 
polymerizing everything together, but generally this results in poor integration between conductive 
and non-conductive components.[4] 
Addressing some of the present issues, we aim to develop a facile single-step method for forming 
CHs based on electrochemical techniques. We demonstrate this approach using a system of chitosan 
and alginate biomatrixes combined with PEDOT. Our proposed mechanism explore the co-
electrodeposition of PEDOT and Alginate. The side product of the PEDOT  electropolymerization 
reaction serves as trigger to coordinate alginate chains. The PEDOT/Chitosan goes through a 
different mechanism but both are obtained by simply applying an electrical potential to the working 
electrode to start the formation of an adhesive, soft and intrinsically conductive hydrogel. 

 
Figure 1. Photographs of an example of conductive PEDOT/Alginate hydrogels. 
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Tissue engineered (TE) preclinical models of the vaginal epithelium and underlying tissue are needed 
for in vitro studies on vaginal pathogenesis, drug efficacy and irritability as well as the pathophysiology 
of sexually transmitted diseases. In this study a physiologically relevant, low cost and ethically sound 
model of the native vaginal tissues has been developed using sheep vaginal tissue collected from the 
abattoir. The model developed in this project is hormone-responsive and will provide us with a tool to 
better understand the interaction between vaginal tissue and biomaterials for the female pelvic floor 
repair. 

 
Decellularised sheep vaginal tissue and primary sheep vaginal cells were used for the construction of 
TE vaginal models. Sheep vaginal tissues were decellularised using a detergent mix (0.25% sodium 
deoxycholate and 0.5% tritonX 100) treatment for five days. Histological analysis (H & E staining) 
revealed complete removal of epithelium and cellular components in tissue samples treated with the 
detergent mix with adequate preservation of underlying extracellular matrix. TE vaginal models were 
seeded with primary vaginal epithelial cells (6 x 105 cells/model) and fibroblasts (3 x 105 cells/model) 
on decellularised scaffolds and raised to an air-liquid interface (ALI) for stratification. Models could be 
maintained in culture for up to two weeks and histological analysis at different time points showed 
structural similarities with the native vaginal tissue. Cell metabolic activity remained for 14 days as 
measured by AlamarBlue® assay. 

 
The functionality of TE vaginal models was assessed by administration of estrogen (estradiol-17β 
[E2]) into the culture medium. Our results showed a dose-dependent response of epithelium of TE 
vaginal models with higher estradiol concentrations showing an increase in epithelium thickness and 
higher proliferation rate of the cultured cells. These results were further confirmed by 
immunohistochemical analysis for the detection of Ki67 expression, an indication of proliferative cells, 
by the primary vaginal cells cultured on the models. In conclusion, our TE vaginal model provides a 
physiologically relevant hormone-responsive preclinical model which has potential applications in 
understanding the pathophysiology of vaginal diseases, drug discovery and research involving 
development of biomaterials for the female pelvic floor repair. 
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Introduction 
Tendons are the connective tissues that connect muscle to bone. 
They consist primarily of type I collagen fibrils (~80% by volume) 
embedded in a proteoglycan rich matrix, and have a very low cell 
content (~5% wt/wt); therefore, the fibrils are their most important 
mechanical component. The fibrils have a distribution of lengths 
within a fixed length of tendon, and when the tendon is stretched, 
they tauten one- by-one, giving rise to a characteristic nonlinear 
toe-region in the stress-strain curve (region I of Figure 1). Once 
they are all taut, the stress-strain curve enters a linear region 
(region II), before they begin to yield (region III), then fail (region 
IV). 

 
Most existing models of tendon mechanical behaviour focus only on the first two regions of the 
stress strain curve (e.g. [1]), and the few that do focus on tendon failure (e.g. [2,3]) are not able to 
capture several of the features observed in experimental data (such as the plateau and step-like 
failure behaviour highlighted in Figure 1). In this talk, I will describe a new model that is able to 
capture all of these features. 

 
Methods 
We assume that each fibril has a critical stretch λc, equal to the tendon stretch required to remove 
the slack in the fibril. Once a fibril is taut, it exhibits a linearly elastic response until it has been 
stretched by a factor of λY, at which point it yields. The fibril then deforms plastically until it 
ruptures, after having been stretched by a factor of λR. The stress in a fibril σf is given by 

 

where E is the collagen Young’s modulus and p(λ, λc, λY , λR) is a function that describes the plastic 
behaviour of the fibril. We assume that the critical stretch λc, the yield stretch λY, and the rupture 
stretch λR, follow a joint distribution Λ(λc, λY , λR). We then compute the tendon stress σT as 

 

where is the collagen volume fraction. 

Results 
The model is able to fit experimental data considerably better than existing models, in a typical 
example reducing the mean squared error from 19.8 MPa2 to 3.55 MPa2. The fitted values of the 
constitutive parameters in the model (e.g. the collagen Young’s modulus) agree with experimental 
data from tests on individual collagen fibrils. 
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Introduction 
Brain disorders are the major public health problem in the developed world, leading to a huge societal 
and economic burden1. In order to properly study and improve our understanding of both the 
functional and dysfunctional brain, more physiologically relevant in vitro models are needed2. 
Microfluidic technology offers a platform to form and manipulate functional neuronal networks, 
enabling defined spatial and temporal analysis. Despite these advantages, there is still limited use 
of the technology outside of specialist labs3. To increase the uptake of the technology, it must be 
readily accessible, user-friendly and reliable, without the need for additional complex equipment. We 
therefore propose a modular microfluidic platform that would enable the purchase of premade 
components that can be assembled in user defined manners. For the neuroscience research 
community, this would enable the creation and customisation of more complex neuronal networks 
and enable innovative cell-based assays to advance our understanding in central nervous system 
(CNS) disease mechanisms. 

 
Methods 
Modular components have been moulded in polydimethylsiloxane (PDMS), combining standard 
photo and soft lithography techniques with laser cut acrylic sheets. PDMS blocks are assembled on 
pressure sensitive adhesive films to provide reversible bonding, with adjacent blocks interfacing via 
a protrusion-intrusion press-fit mechanism. All validation of the microfluidic system has involved 
primary rat hippocampal cell cultures, with subsequent analysis of functional and cellular 
interconnection via calcium imaging and 
immunocytochemical staining. 

 
Results and Discussion 
We have designed microfluidic components that 
enable the production of devices with multiple 
culture chambers connected in series and/or 
parallel (Fig.1A-B). Microchannels between 
adjacent modules guide neurite outgrowth, 
enabling functional synaptic connectivity and
network formation across the modular interface, 
similar to that previously reported with cultures in 
monolithic devices plasma bonded to glass4,5. 

 
Conclusions 
 

 

 

Fig.1. A-B) Representative examples of possible 
device configurations, including a 3-chamber device 

(A) and a more complex device highlighting parallel 
assembly (B). 

 We have developed a modular microfluidic platform enabling the creation of customizable, complex 
neuronal networks. Ongoing work involves protocol optimization for functional neuronal cultures 
using a greater number of modules. 
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Introduction & Objectives: Parkinson’s disease (PD) is a neurodegenerative movement disorder 
that affects gait [1]. Gait impairment worsens with disease progression and is associated with loss 
of independence, poorer quality of life, higher falls risk and greater disease burden. The speed at 
which people with PD walk in their daily lives (real-world walking speed (RWS)) is potentially a useful 
clinical marker to aid early disease identification, track disease progression, response to intervention, 
and guide clinical management. Measuring RWS continuously allows a more ecological approach 
reflective of disease burden than a one off, brief assessment. However, the large number of steps 
measured across multiple walking bouts and days raises the question of how best to aggregate RWS 
data. Therefore, the measures of the RWS can be influenced by a number of factors and their 
combinations. It is currently unclear what length of walking bouts should be analysed; whether to 
average across steps, bouts or days; and which statistical metrics (e.g. mean or percentiles) of the 
statistical distribution of RWS are most appropriate. The objectives of this study were therefore to 
determine the effect of different methods to combine data (which we term data aggregation) by bout 
lengths and percentiles to RWS and its effect on sensitivity to discriminate PD from healthy controls 
(HC). 
 
Methods: The RWS of 47 people with PD (age: 68±9 years, mean: 26 months from diagnosis) and 
52 HC (age: 70±7 years) was measured continuously for 7 days, using a single accelerometer 
(Axivity, AX3, 100 Hz) attached to the lower back [2]. RWS was aggregated in two ways: i) Within- 
Bout: RWS percentiles (from 5th to 95th, in 5% increments) were calculated within each bout, then 
averaged over 7 days; and ii) Within-Day: mean RWS was calculated for each bout, then percentiles 
were calculated for each day and averaged over 7 days. The process was repeated for 14 windows 
of bout length for both aggregation methods, from < 10 steps per bout to >120 steps per bout. A 
Mixed ANOVA was performed to test for group differences by aggregation method, percentile and 
bout length. Area under the curve (AUC) analysis was used to select the optimal aggregation method 
to differentiate PD from HC. 
 
Results & Discussion: Estimates of RWS were significantly different between the PD and HC with 
respect to the method of data aggregation (bout vs day) (p = 0.013), percentile (p < 0.001) and bout 
length (p < 0.001). We found that RWS when calculated as the median speed (50th percentile) of 
longer bouts (>120 steps) grouped by within-day distribution across 7 days best distinguished PD 
from HC with an AUC of 0.803. 
 
Conclusions: We showed that the method of RWS data aggregation (bout vs day), percentiles and 
bout length impact on the potential clinical utility of RWS estimates. In this analysis, we found that 
the median of RWS aggregated at within-day from longer bouts best distinguished PD from HC. 
These findings suggest further analysis of data aggregation methods are required to optimise clinical 
use of real-world gait analysis. 
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Introduction : Measurements of the mechanical response of soft tissues can be used to guide 
models of soft tissue deformation in response to external mechanical stimuli which can provide 
insight in to mechanisms by which trauma occur and the development of methods to detect injury [1-
3]. This study measures the dynamic mechanical properties of three different porcine organs: heart, 
liver and brain which are then fit to a viscoelastic model. 

 
Methods : Porcine tissue was acquired from a local butcher within 72 hours of slaughter. Disc 
shaped samples (25 mm in diameter and ~5 mm thick) were extracted from the left and right ventricle 
of a porcine heart (n=4), left and right lobe of a porcine liver (n=4) and, frontal and parietal lobe of a 
porcine brain (n=8). Mechanical tests consisted of dynamic oscillatory shear (Physica MCR, 301) for 
frequencies from 0.1 Hz to 9.54 Hz for heart, 0.1 Hz to 4.2 Hz for liver and 0.1 Hz to 2.75 Hz for 
brain. Strain amplitudes varied from 0.01 % strain to 10% strain. Additionally, stress relaxation tests 
were performed on samples from each organ at 0.1% strain for a duration of 10 seconds. 

 
Results : Linear viscoelastic behaviour was observed for all the porcine organs from 0.01% to 0.1% 
strain. Dynamic shear measurements at 1 Hz and 0.1% strain resulted in storage modulus 
G’=1.7±0.5 for heart, G’=0.3±0.1 kPa for liver, G’=0.16±0.03 kPa for brain and, loss modulus 
G’’=0.35±0.1 kPa for heart, G’’=0.08±0.02 kPa for liver and G’’=0.050±0.006 kPa for brain. Both the 
storage modulus and the loss modulus increased monotonically with frequency for all organs. In the 
stress relaxation tests, the relaxation modulus was measured from 1 to 10 seconds and was 
observed to decrease in all three organs over this time frame: 2.5±0.9 kPa to 1.7±0.5 kPa for heart, 
0.30±0.05 kPa to 0.20±0.02 kPa for liver and 0.14±0.04kPa to 0.09±0.03 kPa for brain. 

 
Discussions and conclusions: The data from the dynamic shear measurements of each organ 
was fit to a semi-fractional Kelvin Voight model. The semi-fractional model was found to fit the 
measured data with a correlation of better than 0.998 for all the organs. For data from the stress 
relaxation tests a Maxwell element with spring was found to fit the data with correlation coefficient 
better than 0.9936. In conclusion, the mechanical response from three porcine organs were 
measured using oscillatory shear tests and shear relaxation tests. The measured data were 
successful fit to viscolelastic models which can be incorporated into biomechanical simulations. 
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Introduction: Nanotechnology in bone tissue 
engineering has gained a lot of attention as an 
alternative to autografts and allografts, 
especially for synthesis of novel scaffolds with 
added functionalities. In order to achieve 
desired properties, the characteristics of the 
nanoparticles such as, morphology, size, 
biological aspects and surface properties are 
very important, as these properties effect cell 
adhesion, internalisation and escape of the 
cell’s defence system in order to obtain the 
desired response. Metal oxides have been 
demonstrated to be antibacterial, anticancer, 
drug delivery vehicles, biosensors and cell 
imaging agents. Among many metal oxides, 
zinc oxides are favoured for medical 
applications due to excellent physical and 
chemical properties. This research explored the 
potential of zirconium doped zinc oxides (ZnO) 
for improved stem cell viability compared with a 
standard hydroxyapatite.  
Experimental methods: The nanoparticles were 
synthesised using a continuous hydrothermal 
flow system. A polyurethane composite scaffold 
containing the respective nanoparticles was 
synthesised by a freeze extraction salt leaching 
technique. The resulting scaffolds were 
characterised using FTIR, SEM EDS and 
tensile testing. Human Embryonic Stem Cell-
Mesenchymal progenitors (HES- MP) and a 
bone marrow stromal cell line (HTERT-BMSCs) 
were used to evaluate the cell-compatibility of 
the scaffolds. 
Results and discussion: The FTIR analysis 
suggested successful synthesis of composite 
scaffolds. The SEM analysis confirmed the 
porosity of scaffolds within a 350-650um range 
which is appropriate for bone tissue engineering 
scaffolds and also for vascularisation [1,2]. The 
presence of ZnO or Zirconium Doped ZnOs 
does not cause any cell death and improved cell 
attachment (Fig 1). 
The HTERT-BMSCs were used to perform cell 
viability assay for up to 30 days. The cells 
attached and proliferated on the scaffolds 
except PU only foams. The scaffolds 
incorporated with HA, ZnO_2 and ZrZnO_5 
showed better attachment and cell 

 

proliferation for up to 30 days when compared with 
PU only. However, significantly improved cell 
metabolic activity was seen with scaffolds 
incorporated with ZrZnO_5 (fig 2). 

Figure 1: Cell Seeding Efficiency after 16hours incubation 
with HTERT-BMSCs. A resazurin metabolic activity assay 
was performed to identify cells attached to scaffolds and the 
surrounding Tissue Culture plastic (non-attached cells). 

 

Figure 2: HTERT-BMSCs metabolic activity increase over 
time on composite scaffolds containing ZnO2 and ZrZnO5 

verses control PU & PU-HA. (*p<0.05) 
Conclusions: The ZnO_2 and Zr-ZnO5 
containing scaffolds showed excellent cell 
attachment and proliferation as compared to only 
PU-HA. Both ZnO have previously been reported 
to have angiogenic potential [1,3], therefore we 
propose that the scaffold incorporated with Zr-
ZnO5 is promising candidate for bone repair. 
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Introduction 
Whilst Chimeric Antigen Receptor T-cell (CAR-T) therapy has been proven beneficial in treating 
haematological malignancies and melanoma, their clinical success against the majority of solid 
tumour types has been limited thus far. One of the major obstacles to overcome is the 
immunosuppressive tumour microenvironment (TME).1, 2 Current in vivo and in vitro models are not 
sufficiently representative of the human TME and can fail to accurately predict the clinical outcome 
of immunotherapies.3 Microfluidic technologies can facilitate mechanistic studies and, at the same 
time, miniaturize investigation of therapy efficacy on relevant human tumour samples.4 This work 
aimed to develop novel microfluidic assays to demonstrate CAR-T mediated cytotoxicity using the 
epidermal growth factor receptor (EGFR) as a target in 3D, human, cancer-stromal cell co-cultures.

 
Methods 
EGFR targeting CAR-T cells were selected, as 
EGFR is a common receptor over-expressed on 
many types of solid tumours.5 High EGFR 
expressing MDA-MB-468 breast cancer cells6 
were co-cultured in a 1:1 ratio alongside two 
different stromal cell types: Normal Human Lung 
Fibroblasts (NHLF) or patient-derived Cancer 
Associated Fibroblasts (CAF). Microfluidic devices 
(ScreenIn3D Ltd) were used for 3D spheroid 
formation and co-culture with/without carboplatin 
exposure. Subsequently, CAR-T therapy efficacy 
was assessed over 72 hour incubation. Viability 
staining, cell type specific markers and immune-
fluorescence were used as readouts. Anti-EGFR 
antibodies were used to block CAR-T targeting 
and to prevent killing.
  

Results & Discussion 
Results showed that CAR-T quickly targeted, 
disaggregated and specifically killed high EGFR 
expressing cells in both 3D co-culture models (Fig. 
 1C). In contrast, CAR-T cells did not elicit statistically significant cytotoxicity of low/non-EGFR 
expressing cells. Anti-EGFR antibodies were found to prevent CAR-T killing of cancer cells and 
model disaggregation (Fig. 1A). Immunotherapy treatment was subsequently shown to have an 
enhanced effect on cancer cell killing when spheroids were pre-treated with carboplatin 
chemotherapy. 

.Conclusions 
A novel 3D cancer cell-stroma co-culture was established in microfluidic devices for the assessment 
of EGFR specific CAR-T mediated cytotoxicity in solid tumours. This was used to also assess the 
synergetic effects when in combination with chemotherapy. 
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Introduction 
Diabetic ulceration is a growing concern due to rising diabetic populations and associated 
incidence, with approximate treatment annual costs of £1.13 Billion for the NHS [1]. Understanding 
the contribution of strain in the mechanical formation of ulceration is vital. Digital image correlation 
(DIC) has progressed to use in soft tissue applications with viability of use for shear analysis of 
skin [2]. Using DIC for plantar aspect analysis during stance phase provides high resolution 
surface strain data to inform ulceration research. 

 
Methods 
Right barefoot trials were conducted on 19 participants walking at a self-selected normal walking 
speed over a single stance phase. A raised 2m walkway with an embedded 0.6 x 0.8 m glass plate 
was used to capture stance with a calibrated 1080p webcam operating at 30fps. Full-weighted 
stationary standing images were taken as a reference to compare surface strain changes. GOM 
Correlate was used for DIC analysis [3]. 

 
Results & Discussion 
Stance phase was successfully tracked at 30fps, allowing analysis of initial contact to terminal 
stance. Frames per phase within stance varied within the participant group due to difference in 
heel contact and propulsion. Single step surface strains varied in peak intensity and anatomical 
location with strain prevalence in areas considered to be at risk of high pressure anatomically and 
in regions with high ulceration prevalence [4]. High resolution outputs of skin surface shear strain 
were generated comparative to current strain sensor technology. DIC limits the strain analysis 
outside of the shoe complex only. 

 

Conclusions 
DIC enables high resolution surface strain analysis of the plantar aspect during gait offering an 
understanding of the response of plantar skin to an opposing surface found within the shoe 
complex. Strain outcomes from DIC analysis can provide a basis for future laboratory testing into 
the tribological interactions of the plantar aspect, to underpin the mechanical formation of diabetic 
ulceration and work towards improved interventions. 
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Introduction 
Breast and prostate cancers preferentially metastasise to bone tissue, with metastatic lesions 
forming in the skeletons of most patients [1]. On arriving in bone tissue, disseminated tumour cells 
enter a mechanical microenvironment that is substantially different to that of the primary tumour and 
is largely regulated by bone cells [2]. Osteocytes are by far the most ubiquitous bone cell type, and 
are known to orchestrate healthy bone remodelling in response to mechanical loading [3]. However, 
the effects of mechanical stimulation of osteocytes on cancer cell behaviour is still poorly 
understood. 

 
Methods 
To replicate an osteocyte-controlled environment, we developed a microfluidic organ-chip model 
using the Emulate S-1 platform, allowing co-culture of breast (MDA-MB-231) and prostate (PC-3) 
cancer cell lines with MLO-Y4 osteocyte-like cells. This organ-chip setup enabled selective 
application of mechanical stimulation to the osteocyte channel, in the form of fluid shear stress 
(n=1, ~0.03 Pa). Cancer cell phenotype was monitored over 10 days of co-culture, characterised by 
cell migration (cells tracked over 12 hr timelapse), proliferation and invasion in the presence of 
mechanical stimulation of osteocytes by fluid shear stress. 

 
Figure 1: Timelapse and confocal imaging 
of cancer cell (EpCAM, green) migration in 
top channel and invasion into the bottom 
bone channel (nuclei, DAPI, blue; actin, 
phalloidin, red). Tracks of individual cell 
migration within the top channel are 
shown. Instances of invasion indicated by 
* as viewed though confocal z-stack 
projection of field of view. 

 
 
Results and Discussion 
This co-culture, organ-chip model successfully demonstrated the effects of selective mechanical 
stimulation of osteocytes when co-cultured with cancer cells. While we did not find significant 
changes in proliferation or migration, mechanical stimulation of osteocytes induced increased 
breast and prostate cancer cell invasion. Further work is needed to investigate the likely reciprocal 
interaction between cancer cells and the various bone cell types, as well as the impact of physical 
exercise on breast and prostate metastasis in vivo. However, this study presents important 
evidence that mechanical stimulation is a potent regulator of osteocyte-cancer cell interactions in 
the developing metastatic cascade, for both breast and prostate cancer. In particular, this study 
highlights both the feasibility and the importance of including mechanical stimulation within 
predictive organ-chip and other in vitro models of metastatic cancer in bone. 
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Introduction 
Vascularisation of engineered tissues is essential to ensure sufficient nutrients to support 
therapeutic cells once implanted in vivo [1]. Prevascularisation by seeding with endothelial cells 
(ECs), which are able to form capillary-like structures in vitro and anastomose with host vasculature 
upon implantation, is one such promising method [1]. Based on a balance of chemical and 
mechanical cues, incorporating many experimental variables, insights into EC network formation 
can be explored computationally with use of mechanistic mathematical models [2]. Here, we adopt 
a multiphase model framework to investigate the impact of ambient and intercellular oxygen 
concentration on the formation of EC networks in vitro. We focus on the development of intercellular 
vascular endothelial growth factor (VEGF) gradients, a factor produced by ECs under low oxygen 
that guides EC migration and promotes vascular network formation [1]. 

 
Methods 
A multiphase model framework consisting of a set of PDEs is used to describe the temporal and 
spatial development of the endothelial cell distribution, oxygen and VEGF concentrations within a 
3D hydrogel. Crucially, the flexible model framework integrates global features such as construct 
geometry, environmental conditions, and interstitial flow, with key chemical and mechanical cell 
mechanisms that lead to network formation [2, 3]. We focus on mechanisms including autologous 
chemotaxis, oxygen-dependent VEGF production, and cell-matrix interactions mediated by cell 
traction and matrix stiffness. Supporting cell types are also easily included within the framework. 

 
Results & Discussion 
We combine data from literature and dedicated in vitro experiments, with computational methods 
including sensitivity analysis and parameter optimisation, to identify conditions under which 
capillary-like networks form. Using common experimental metrics such as vessel length, area, and 
network complexity, we are able to validate our computational model against available in vitro data 
from the UCL Centre for Nerve Engineering. 

 
Conclusions 
The resulting computational model allows us to focus on two mechanisms frequently neglected, but 
with increasingly recognised significance for functional endothelial network formation: culture under 
physiological hypoxia, and low levels of interstitial flow/shear stress. As both stimuli have previously 
been shown to positively aid network formation [1, 4], it is hoped that by probing the balance of 
mechanisms involved in vascularisation computationally, simulation predictions will aid and inform 
the culture of functional, perfusable vascularised engineered tissues for clinical use. 
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Introduction 
A neurogenic bladder arising from a spinal cord injury (SCI) can cause severe complications in 
patients with such injuries. A neurogenic bladder results in lower urinary tract complications triggered 
by a lack of neuronal control. Most patients with this condition require treatment, such as intermittent 
catheterisation, to improve their quality of life. The calculation of urodynamic variables such as the 
flow rate of urine at the outlet of the catheter, based on the creation of appropriate mathematical 
models, can provide very useful information for the development of solutions for patients with SCI 
who suffer from neuronal damage to the bladder. The anatomies of the urethra of males and females 
present remarkable differences, such as, its length, radius or inclination, and, thus, impact on the 
geometry of the catheters that may be considered during the development of the urine flow 
mathematical model. Therefore, it is of great interest to study the significance of such geometric 
differences with respect to the urine flow rate profile at the outlet of a catheter and in particular the 
study of the influence of the different degrees of inclination of the catheter. This model will be used 
in combination with other models to support the long-term development of a “smart” catheter, of a 
form that can be used for intermittent self- catheterisation to assist with bladder management of SCI 
patients. 

 
Methods 
The governing fluid dynamics equations characterising the mathematical model for urine flow consist 
of partial differential equations (PDEs) and have been derived from the Navier-Stokes equations for 
an axisymmetric flow with no swirl. To perform the study of the influence of the catheter inclination 
on the urine flow rate at its outlet, the work by S. J. Payne 2004 [1] has been considered. In [1] the 
author derives fluid dynamic equations for blood flow through arteries (Navier-Stokes equations) 
including a gravitational term which has also been incorporated in the present study to include 
information on the angle geometry of the catheter in the model equations. Several in vitro 
experimental tests of a physical hydrodynamic model representing the urine flow rate at the outlet of 
a catheter with different angles of inclination have been performed to support the outcomes of the 
model simulations. 

 
Results & Discussion 
The simulation of the defined model shows that the gravitational forces acting on the urine flow during 
micturition are not significant compared to the other forces that are present throughout the urination 
process. The degree of inclination of the catheter, thus, does not  have a significant impact on the 
urine flow rate during micturition. Therefore, it is sensible to represent the anatomical differences 
between males and females by only modifying the parameter value that defines the length and radius 
of the catheter while representation of the angle of inclination of the catheter can effectively be 
neglected. 
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Introduction- as the demand for quantitative methods of equine gait analysis in the real- world 
increases, so does the need for methods validated under field conditions. Gait cycles are delimited 
by gait events- hoof on and off- and accurate detection of these is vital to many methods of 
analysis. In the literature, several methods which use inertial measurement units (IMUs) to detect 
gait events have been proposed; the most accurate uses IMUs fastened to the hoof. However, 
attachment to hooves is not always convenient. Thus, the aim of this research was to propose a 
method of gait event detection using IMUs attached to the pasterns. Further, this study tested the 
developed methods on three exercise surfaces- asphalt, grass and sand- previous studies having 
only addressed one surface. 
 
Methods- eleven horses (mean(sd): height 154(21)cm and age 12(8)years) of various breeds wore 
IMUs (Shimmer, 200Hz) on the fore and hind hooves (Fig1, A) and pasterns (Fig1, B) while they 

were led in a 25m straight line at walk and trot on asphalt, 
grass and sand (3 passes per gait). The novel method 
detected events from resultant angular velocity for the 
forelimbs at trot (Fig1, bottom) and from resultant 

acceleration for all other cases (Fig1, top). Stance 
durations (T) were calculated from hoof on and off 
events detected using the novel (pastern) and 
reference (hoof) methods [1]. Error was assessed in 
terms of the mean difference between stance durations 
calculated using pastern (Tp) and hoof (Th) methods 
(accuracy) and standard deviation of these errors 

(precision), as a percentage of total stride duration. 
Repeated measures ANOVA was used to compare errors  

 
 
 
 

 

 

Fig1: illustration of novel methods for 
forelimbs at walk (top) and trot (bottom) 

 

under different surface conditions. 

Results & Discussion- accuracy remained below 1% of a stride duration in most cases 
(Table 1). The method performed consistently on all surfaces, with no significant differences 
for most cases (p=0.429 fore and p=0.084 hindlimb walk; p=0.284 hindlimb trot). For 
forelimbs at trot, differences between asphalt compared to grass and sand were statistically 
significant (p=0.004 and p<0.0001) but the actual magnitudes of the differences (0.5 and 
0%) were negligible. 
Table1: accuracies and precisions achieved by novel methods to calculate stance durations (as 
percentage of total stride duration) on each surface; *p=0.004 and ^p<0.0001 
 
Conclusions 
The novel method detected gait events from a widely varied cohort of horses for the fore 
and hindlimbs at walk and trot, maintaining high accuracy and precision on three common 
surfaces. In the future, the developed methods will allow reliable event detection on 
different surfaces. 
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Introduction 
Low-cost wearable devices are highly desirable for disposable diagnostic equipment. In nerve and 
muscle disorders a potential method of tracking function is measuring the range of hand movement. 
Producing low-cost wearable devices allows patients to make measurements from home and 
eliminate costs of disinfecting expensive reusable devices between patients. During hand movement 
the glove stretches, this requires stretchable wiring which can measure the degree of elongation. 
Combining conductive materials such as metals or graphene into PDMS can make flexible and 
conductive wiring. Particulate materials encased in silicone demonstrate a high gauge factor, 
showing a large increase in resistance when elongated. Graphite/PDMS is low cost, highly 
conductive and printable. Through the 3D printing of conductive inks, we fabricate wearable devices 
containing strain sensors. Our approach may enable the production of low-cost wearable diagnostic 
equipment. 

Methods 
Silicone elastomer PDMS was prepared at a mix of base:curing agent of 10:1 and mixed using a 
THNIKY planar mixer. Graphite particles (<50µm) were mixed into the PDMS at 30, 40, 45 and 50 
wt%. The resulting inks were loaded into a RegenHU 3DDiscovery™ Evolution 3D bioprinter and 
printed. Single lines were extruded for mechanical and electrical testing and strain gauges were 
printed onto latex free gloves. The resulting wires were elongated using an AML Z3 X500 mechanical 
tester whilst electrical properties were measured using a Keithley 2450 Sourcemeter. Repeat cycles 
of elongation and relaxation were investigated to observe lifetime performance. Glove-ink adhesion 
levels were tested using the tensile tester to find the best glove candidate. Printed strain sensors 
were tested using finger and hand motion and results were recorded using a Sourcemeter. 

Results & Discussion 
Different concentrations of graphite in PDMS were compared for the 
best compromise between electrical conductivity and mechanical 
properties. The highest conductivity was at 50 wt% graphite with  85 
± 15 S/m. Graphite at 45 wt% was selected for wearable device 
printing, with a conductivity of 12 ± 3 S/m at 0% elongation, fracture 
strain of 44 ± 14 % and a gauge factor of 21 ± 5 at 10% elongation. 
Cycling saw an initial decrease in conductivity which levelled after 
higher cycle numbers. Vinyl and cotton gloves were found to have the 
strongest bonding with the PDMS/graphite ink. Strain gauges
were printed onto joint locations on the gloves. 
Motion was detected by recording equipment as 
sharp increases in resistance. Different degrees 
of motion could be distinguished. 

Conclusions 

Printed strain sensor on disposable glov 

 

Different percentages of graphite particles mixed with PDMS have been tested for conductivity, 
Young’s modulus, gauge factor and fracture strain to identify a candidate for wearable device 
manufacture. Strain gauges were then printed directly onto disposable gloves and readout showed 
successful detection of movement. The manufacturing method may enable the production of low- 
cost wearable devices for disease diagnosis and progress monitoring. 
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Introduction 
Aortic aneurysms are responsible for 15 000 deaths annually in the US alone, a number which 
has trebled in the last 30 years. During aneurysm formation, the balance between synthesis and 
degradation of the extracellular matrix (ECM) of the vessel wall is disrupted, tipping in favour of 
degradation. Pathological flow patterns have been implicated in this dysregulation with MRI 
studies showing that mechanostimulation at the vessel wall resulting from flow through disrupted 
valves is increased, but often underestimated. Furthermore, high wall shear stress has been 
correlated with increased expression of degradative enzymes and cell apoptosis. Studies 
exploring the role of fluid flow mechanostransduction predominantly focus on the stimulation of 
endothelial cells (ECs). However, mathematical models estimating interstitial fluid forces in the 
wall predict non-negligible effects. Thus, interstitial flow also has the potential to impact the 
vascular smooth muscle cells (VSMCs) and aortic fibroblasts within the vessel wall that are 
predominantly responsible for matrix synthesis. Therefore, there is an open question as to the 
role of mechanotransductive cues arising from both lumen and interstitial flow in vascular tissue 
dysregulation. 

 
Body of the Abstract 
Aim and Methods: We aimed to build a reductionist, dual in-silico and in-vitro model of the aortic 
wall that mimics physiological luminal and interstitial flow, thus imparting both normal and 
shearing forces to vascular cells within tissue-mimicking 3D matrices. 
By underpinning in-vitro models with 
mathematical models, we aim to tease out the 
relative importance of different fluid forces on cell 
behaviour. We encapsulate VSMCs and 
fibroblasts in ‘ECM mimicking’ Poly(ethylene-
glycol) (PEG) hydrogels. This reductionist 
platform allows us to study cell- matrix interaction 
directly in response to mechanical stimuli from 
flow as we can alter the degradability of our 
material without impacting matrix stiffness, thus 
keeping the baseline mechanical environment the 
same. Our model also includes the ability to 
deliver both lumen and transmural stresses to our 
cultures via a specifically designed flow chamber 
(Figure). 
Results & Discussion: We characterised the degradation behaviour of the hydrogel and created 
a predictive model underpinned by experiments to study the diffusivity of solutes through the 
matrix. We successfully encapsulated primary bovine VSMCs in the hydrogels and showed >75% 
cell viability. Our bioreactor has been validated in-silico using computational fluid dynamics in 
COMSOL Multiphysics (Figure). Experiments are currently ongoing to parameterize these 
models and bring the design into the lab. 
Conclusions: Early data suggests that our system is suitable to study blood flow-cell 
interactions and explore their role in driving blood vessel pathologies. In the long term, by 
relating cellular response back to mechanical stresses from flow, we aim to better stratify 
patients for aneurysm risk using non-invasive imaging techniques. 
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Introduction  

A definitive treatment to cartilage damage has long been elusive in the field of orthopaedics. The use 
of biomaterials is the most promising solution and looks set to revolutionise the way these injuries are 
treated. This review provides a detailed analysis of the science, indications and outcomes of trials on 
cartilage repair involving biomaterials and tissue engineering, with a focus on knee cartilage injuries. 

Body of the Abstract 

Method: 

The majority of techniques discussed use a biomaterial-based scaffold seeded with chondrocytes 
that is directly applied to the cartilage lesion in order to integrate into the knee environment. This 
review subdivides the most promising techniques currently in development based on the source of 
chondrocytes and each technique is evaluated in terms of clinical results and feasibility of 
implementation. 

Results: 

A variety of biomaterial scaffold and tissue engineering techniques are found to produce neotissue 
that is structurally and functionally similar to native cartilage. However, certain problems do exist. The 
techniques, being in the early stages of development, require the refinement of specific aspects. This 
would involve larger cohort studies with long-term follow up in order to evaluate the efficacy and cost-
effectiveness for each scaffold. Novel comparative studies are required to evaluate the effectiveness 
of each technique described in order to compare the ability of each treatment to alleviate pain, 
enhance patient mobility and delay the onset of osteoarthritis. 

Conclusion: 

These factors considered, though problematic, do not undermine the techniques in their entirety. 
They merely show the necessity of more in-depth research in order to maximise potential clinical 
benefits. Thus, although a definitive technique for autologous cartilage repair is not yet known, it is 
highly likely it will involve the use of biomaterials. 
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Introduction 
Critically ill paediatric patients are at increased risk of having seizures without apparent clinical signs 
making clinical diagnosis particularly difficult. Undetected or delayed treatment of seizures worsens 
these patients’ functional neurological recovery. 
An electroencephalogram (EEG) is the gold standard method to detect seizures. Certified clinical 
physiologists are required to apply high density montages and neurologists are needed to interpret 
the recordings and identify seizures. Neither are available round the clock in the paediatric critical 
care units (PCCU). Thus, there is a clinical need to develop a quantitative seizure detection method 
using a low-density EEG montage, which may be applied by the bedside nurses in PCCU. In this 
project, we aim to test and adapt the BrainView’s brain connectivity assessment software to detect 
seizures using only 8 channels from routinely collected multi-channels EEG. 
 
Methods 
For this study, we used fully anonymised scalp EEG (sEEG) signals recorded in Royal Hospital for 
Sick Children in Edinburgh . As this study involves secondary use of fully de-identified routinely 
generated data, ethical approval was exempted. Local research and development and hospital 
management approvals were obtained prior to commencing the study. 
The data is automatically processed, as shown in Figure1. The phase synchrony index is calculated 
from all the pairwise signal combinations, assessing phase differences between signals from the 
instantaneous phases. The calculated phase differences are further used to the phase synchrony 
index. In the next step, the algorithm checks the connectivity between each channel using a threshold 
for the synchrony index as shown in Figure 1. 
 

 
Results 

Figure 1. Flowchart of the proposed method

 

Our preliminary results from 1 patient’s EEG show that the proposed algorithm could detect 
seizures with a sensitivity of 89.8% and specificity of 73.7% in the δ band. Considering other bands 
did not improve the results. 
Conclusion and Future work 
This feasibility study demonstrates the potential to capture ictal activity quantitatively using only 8 
channel montage on EEG. Our future work is to validate its seizure detection accuracy in larger 
samples size and to further reduce the number of required sEEG channels to detect seizure in 
order to facilitate its clinical translation in the paediatric critical care setting. 
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Introduction 
Post-surgical hypoparathyroidism and hypocalcaemia are the most common complications 
associated with thyroidectomy and occur due to the unintended damage of parathyroid glands [1]. 
Electrical Impedance Spectroscopy (EIS) has been recognised as a promising tool that, as reported by 
several studies [2], might aid in tissue differentiation to diminish those complications. In order to 
improve the outcomes of thyroidectomy, we are developing a finite element-based computational 
model to aid in our understanding of the electrical impedance spectra of different tissues in the neck. 
 

Methods: Due to the capacitive nature of cellular membrane, biological structures exhibit a frequency-
dependent decrease in impedance that occurs around the kHz region. Due to computational resources 
limitations, a multiscale modelling approach is implemented to study the electrical behaviour of a basic 
thyroid unit, using two models: first one comprising the cellular level structure (detailed model) and a 
second (homogenised model) where electrical properties obtained from a lower level cellular model 
are used in a homogenised representation of the cellular layer (Fig.1a). The modelling framework is 
created in Ansys®  Mechanical APDL with quasistatic time- harmonic electric simulation. The impedivity 
spectra are obtained for a bricked arrangement of two follicles in the size ranges between 6-16 cells 
along one edge of the model. 

 
Results and Discussion: Fig. 1b shows that low frequency impedance decreases with follicle size and 
that the homogenised follicle model results exhibit lowered impedivity in comparison to the detailed 
model’s results. The error decreases from about 3.5% to 2.5% while increasing the model’s size. 
This situation occurs due to the increasing colloid/follicular cell layer volumes ratio when cell 
compartment’s properties play a smaller role in the whole model’s behaviour. Taking this fact into 
account, alongside with the reduced computational time (less than 1 min vs. hours), and the 
uncertainty of material properties of the structures, the presented results might justify the use of the 
homogenised model in future simulations. 

 

Future work: The multiscale modelling approach and the model homogenisation will be implemented 
in the tissue scale modelling of the EIS measurement of both thyroid and parathyroid tissue studies. 
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Introduction 
Focal cooling is a promising treatment strategy for some neurological conditions, such as medically 
intractable epilepsy [1]. Cooling is achieved by invasive implants placed in direct contact with neural 
tissue at the afflicted sites. The direct cooling of brain tissue has been achieved with both solid-state 
and liquid circulation systems. A number of technological challenges need to be addressed before 
such systems can make an impact in the clinical environment. Current cooling systems are 
mechanically stiff and too bulky to integrate with delicate neural tissues. This can cause injury to the 
surrounding tissue over time. Additionally, excess heat management in this delicate environment is 
crucial in insuring the correct operation of the device [2]. Here, we will review the state-of-the-art 
approaches to focal cooling and propose a concept for a thermal system that is built from 
mechanically soft materials using rapid prototyping technologies such as 3D printing. 

Concept 
The IntegraBrain project proposes a multi-modal approach to epileptic seizure suppression. We will 
build a multi-modal neuromodulation system with focal cooling being one of several concurrent 
methods used for seizure suppression. The design will include a mechanically soft probe suitable for 
chronic implantation whilst minimising side effects. The target for focal cooling is to reduce neural 
tissue temperature to below 20°C at a rate of between 2-5°C/s. The device should fit between the 
skull and the surface of the brain. The focal cooling device will be manufactured using both off-the- 
shelf components - for the discrete system elements - and 3-D printing techniques for the production 
of the soft implant [3]. Peltier devices will be used to provide the primary source of cooling directly at 
the epileptic foci. Online seizure detection will be utilised in closed loop with the focal cooling to 
provide functional feedback both before and during a suppression period. 
Testing and design selection will be initially conducted through computer models. Successful designs 
will be manufactured and tested physically in tissue equivalents. Pre-clinical testing will be conducted 
in vivo in rodent models. This poster will discuss the initial findings alongside the way these various 
systems can be incorporated into the IntegraBrain system. 

 
Conclusions 
Implantable focal cooling devices require the integration of solid state and thermoregulation 
components in a system that is biocompatible, soft, and miniaturised. The technology can be used 
to explore novel bioelectronics treatments for chronic neurological conditions such as medically 
intractable epilepsy. 
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Introduction 
Modern day upper-limb prostheses are either too expensive for many consumers or have a greatly 
simplified choice of actions available. This research aims to improve the quality of life for recipients 
of upper-limb prosthetic devices and offer a reduction to the costs of these devices, so that they can 
be made more widely available for amputees. To achieve this goal a taxonomy of the grasps used 
in today’s everyday activities will be created, classifying the most commonly used grasps. 
Methods 
Previous taxonomies presented in the literature 
are supported by limited data – recorded with a 
video camera, analysed manually with only few 
professions studied. In order to collect hand 
motion data from which a new, updated, 
taxonomy can be formed, a portable motion 
capture system was developed. This enabled the 
use of machine learning to process the data, 
allowing for longer recording sessions and a 
greater variety of professions and tasks to be 
observed. This has been achieved with the use 
of a Leap Motion controller mounted on a head 
strap, connected to a NUC, with an external 
battery held in a shoulder strap bag. The joint 
locations recorded can be seen in Fig. 1. The 
complete system can record a participant’s hand 
motions for 6-8 hours, covering a significant 
amount of time over a typical day. Once 
recorded, the data were processed in MATLAB, 
reducing the raw data to average shapes of 
grasps seen in the data, which were then 
clustered applying a k-means++ algorithm – 
reduced further through the merger of clusters 
within a set distance of each other. 

 

 
Fig. 1: Joints recorded by the Leap Motion controller during 

data collection

 

Results & Discussion 
Eleven participants’ hand movements were recorded over a typical day, completing a range of 
activities; these included: cleaning, machining, typing (on a mobile phone and computer), shopping 
and cooking. Of the eleven participants, ten were right hand dominant and one left hand dominant. 49 
hours of data were collected with the portable motion capture system, requiring 10 hours and 53 
minutes to process the data and output the final groupings of grasps. Optimal values of k for the k- 
means algorithm were found to be 60 and 30 for the left and right hand, respectively – reduced to 39 
and 26 unique grasps following the merger of several clusters. The values of k were validated with the 
Calinski-Harabasz index and the validity of the final, outputted, groupings of grasps evaluated from the 
averages of the distances between the localised Cartesian coordinate data for each point of each frame 
within the cluster and that of the respective cluster centroid. Further analysis of the data can provide 
additional information required to determine the grasps most important for current everyday activities. 
Key features observed include the number of occurrences and the average time held, as well as which 
grasps precede and follow one another most often. 
 
Conclusions 
The data collected have shown that the portable system effectively captures natural hand motions 
during everyday tasks. 39 and 26 commonly occurring grasps, in everyday activities, were seen from 
the left and right hands, respectively. After the application of a k-means algorithm and subsequent 
merger of similar clusters, the final groupings of grasps’ centroids captured the grasps performed in 
everyday activities within 56.6 mm of the recorded data and had an average R- squared of 97.8%. 
These groupings of grasps represent an updated taxonomy of grasps for modern everyday activities. 



 

 

   

Fig. 1: 3 in control and metastatic 
vertebrae of each specimen, and the 
respective measurement uncertainty. 
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Introduction 
Vertebral metastases are malignant formations that can modify the load bearing capacity of the 
vertebra, cause pain and trigger fatal events, such as fracture and paralysis. While lytic lesions 
weaken the affected vertebra, blastic metastases increase the bone density to the point to challenge 
the integrity of the adjacent healthy vertebrae [1]. By contrast, there is no clear evidence to predict 
the mechanical behaviour in vertebrae with mixed metastases (an interdigitation of lytic and blastic 
tissues), and thus their risk of fracture. 
The aim of the study was to characterize the mechanical behaviour of vertebrae with mixed 
metastases through in situ mechanical tests and Digital Volume Correlation (DVC) [2]. 

 
Methods 
Five cadaveric spine segments consisting of four vertebrae, with two vertebrae (one with metastases, 
one control) in the middle, were obtained through an ethically approved donation program. A 
stepwise compression loading of the vertebrae in combination with time-lapsed micro- Computed 
Tomography (microCT) imaging (Scanco VivaCT80, voxel size 39μm) was performed. Each 
specimen was scanned twice unloaded, then it was loaded up to fracture and a third scan was 
acquired. A global DVC approach (BoneDVC), with a nodal spacing of 50 voxels (~1.95mm), was 
used to evaluate the strains within the vertebral bodies. The first two scans were used to assess the 
strain measurement uncertainties: mean absolute error 
(MAER) and standard deviation of the error (SDER) [2]. 
From the first and third scans the minimum principal 
strain (ε3) pattern at failure was calculated. A global 
analysis was performed to evaluate the averaged ε3 on 
the control and metastatic vertebrae. A local analysis 
was carried out to evaluate the strain distributions and 
the presence of strain concentration. 

 
Results & Discussion 
Measurement uncertainties (MAER= 819±376 με, 
SDER= 441±203 με) similar to those obtained in healthy vertebrae [3] were found. The regions of 
high strain (eventually reaching failure) were found both in the metastatic or control vertebrae, without 
a systematic trend (Fig. 1). The local strain in the metastatic vertebrae were higher or lower than 
those in the controls, reflecting the local mix of blastic and lytic tissue. Moreover, some regions with 
high bone density unexpectedly experienced larger strain (exceeding 10 000 με) than regions with 
low bone density. 

 
Conclusions 
The potentiality of DVC in exploring the mechanical behaviour of complex structures, such as 
metastatic vertebrae, was shown. The vertebrae with mixed metastases showed high inhomogeneity 
of the local strains. Further microstructural investigations will be performed to explain the regions at 
high or low strains found from the full-field analysis. 
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Introduction 
Minimally invasive photoacoustic probes are ultrathin imaging probes used to visualise the tissue 
chromophores based on photoacoustic effect, which have greatly improved the imaging depth of 
photoacoustic imaging by delivering excitation light within tissue through miniature fibre-optic probes 
[1,2]. Multimode fibres with ultrathin sizes are suitable for light delivery in the probe design, however, 
the mode dispersion and coupling make it a challenge to scan a focused light beam through the fibre 
for microscopy imaging. Recently, wavefront shaping methods has shown promise for the 
development of an ultrathin, forward-viewing photoacoustic probe, which is attractive for the 
guidance of minimally invasive procedures [3]. However, the complicated calibration of the 
multimode fibre before imaging hinders its practical use. In this work, we developed a simple, high-
speed approach to calibrate a multimode fibre to scan a tightly focused light spot across the fibre tip, 
with which a minimally invasive photoacoustic imaging system was built. 
 
Methods 
In calibration, a digital micro-mirror device (DMD) was used to project a set of binary light patterns 
onto the proximal end of the optical fibre. The intensity-only output speckles at the distal fibre end 
were recorded with a camera. Then the intensity values of the speckles were used as feedbacks to 
determine which DMD mirror should be switched ‘ON’ for laser focusing. As a result, light foci across 
the fibre tip with an enhancement factor of ~1,200 was achieved. It cost only 30 s for all foci 
calibration via the high-speed algorithm. For photoacoustic imaging, the DMD is modulated to raster-
scan the light focus through the optical fibre, whilst the photoacoustic signals are captured by a 
focused ultrasound transducer. 
 
Results & Discussion 
As a result, the photoacoustic microscopy images of networks of carbon fibres were obtained. The 
calibration approach exhibits benefit of high-speed implementation and simple system setup 
(removing the need for holography), offering promise for further clinical translation in future. 
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Introduction 
Photoacoustic microscopy (PAM) imaging is an emerging biomedical imaging modality that is 
based on optical absorption contrast, which is capable of revealing distinct spectroscopic 
signatures of tissue at high spatial resolution [1]. However, clinical applications of conventional 
PAMs have been restricted to examinations of tissues at depths less than 1 mm due to strong 
light scattering within tissues. Iterative wavefront shaping methods using photoacoustic signal 
intensities as feedback have been demonstrated to enhance optical focusing within the acoustic 
focus area through scattering media [2]. However, the employment of iterative algorithms 
requires a long period, which is much longer than the decorrelation time of biological tissues. In 
this study, we developed a high-speed algorithm for light focusing through dynamic scattering 
media with a photoacoustic guide-star. 

 
Methods 
A digital micromirror device (DMD) was used as binary light modulator to reflect a pulsed laser 
beam onto diffusers, whilst the generated acoustic intensities from an absorber behind the 
diffusers were recorded by a focused ultrasound transducer from the illuminated region. Different 
from iterative optimisation based wavefront shaping method, our algorithm only statistically 
processes the data once after capturing a set of input (DMD)-output (acoustic intensity values) 
pairs. 

 
Results & Discussion 
As a result of experimental demonstration, the high-speed algorithm cost a short period (0.01 s 
for data processing) to produce the DMD pattern for focusing light in the acoustic focus region. 
This high-speed approach provides promise for non-invasive light focusing through dynamic 
scattering media. 
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Introduction 
Coronary artery disease is the major cause of death globally and a leading cause of lost life years in 
adults. It is a major healthcare and economic burden resulting in disability and poor quality of life. 
Percutaneous coronary intervention is the dominant therapy for the treatment of coronary artery 
disease, through which coronary arteries can be quickly dilated and kept patent with stents, providing 
immediate blood flow restoration and symptom relief. 

 
Since their invention, stents have evolved extensively, and new designs are rapidly emerging 
providing a wide range of treatment options for various coronary lesions. However, state-of-art stents 
have many limitations, e.g., in-stent thrombosis and neo-atherosclerosis resulting in high 
revascularisation rates. In particular, complex lesions and patients with co-morbidities present with 
a high risk of stent malapposition and procedural complications. Long-term antiplatelet therapy 
following PCI also predisposes patients to associated side effects. 

 
Methods 
A review on PCI technology was conducted to appraise evolution of stent design and the evidence 
behind each generation and to describe the future of stent technology. Search criteria was review 
articles, Randomised Controlled Trials (RCTs) and original research on coronary stents and futuristic 
procedures, published in the past 15 years. 23 articles were reviewed of which 9 were original 
research, RCT and meta-analysis. 

 
Discussion 
Current stents include bare metal stents, drug-eluting stents (DES) and biodegradable polymer DES. 
Studies evaluating these show their success but clinical trials comparing different stent types are 
often inconclusive and do not establish dominance of one stent over the other. Clinical trials for newly 
emerging stents, i.e., fully bioresorbable stents are ongoing but more studies looking at long- term 
stent complications and follow-ups for each stent design are needed. 

 
New avenues and alternatives are also being explored in the field i.e., Robotic-PCI, Magnetic 
Systems in PCI. These appear promising as data from preliminary studies shows their suitability as 
the future of PCI but there is currently a lack of RCTs and long-term studies and whether 
revascularisation rates will be reduced or not. 

 
Conclusion 
Manual stenting with DES remains the most widespread treatment option for PCI at present. 
However, our knowledge and understanding of the long-term safety risks of stents is rapidly growing 
allowing us to incorporate use of novel technologies to allow for advancements in stent designs. 
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Introduction 
Glioblastoma is the most common malignant form of primary brain cancer, with the median survival 
limited to 15 months even when the maximum treatment is applied. As a development to improve 
the treatment efficacy, convection-enhanced delivery is promising to realise localised drug delivery 
by directly infusing cytotoxic drugs into the brain tumour. Recent pre-clinical and clinical trials have 
demonstrated the feasibility and effectiveness of targeted therapy using antiangiogenic drugs [1] in 
combination with convection-enhanced delivery of cytotoxic agents in brain [2]. However, the anti- 
angiogenic effects on the transport and accumulation of cytotoxic drugs through convection- 
enhanced delivery remain unclear. 

 
Methods 
Multiphysics modelling is employed to study the combination treatment using antiangiogenic and 
cytotoxic drugs. The enhanced interstitial fluid flow is predicted using a fluid mechanics model, and 
a kinetic model is applied to study the anti-angiogenic effect. The transport of cytotoxic drugs is 
determined by convection with interstitial fluid flow, diffusion due to concentration gradient and local 
enzymatic and none-enzymatic reactions. The modelling is based on a 3D realistic brain tumour 
model extracted from patient magnetic resonance images. Treatment efficacy is evaluated in terms 
of the drug distribution volume where the local concentration is above the drug LD90 [3]. 

 
Results & Discussion 
The tumour microvasculature is targeted by bevacizumab, and 3 cytotoxic drugs are included, as 
carmustine, cisplatin and paclitaxel. Results show that although the delivery of bevacizumab can 
slightly enhance the interstitial fluid flow, the fluid loss from the blood circulating system can be 
significantly reduced, which is beneficial to inhibit drug concentration dilution. The delivery outcomes 
including concentration and distribution of all the drugs can be enhanced due to the antiangiogenic 
effects, but the degree of enhancement differs between cytotoxic drugs. The delivery of cisplatin can 
be enhanced most, which is followed by carmustine and paclitaxel. 

 
Conclusions 
The effectiveness of anticancer therapy can be improved by the combination use of cytotoxic and 
anti-angiogenic drugs. This improvement also depends on the transport properties of particular 
cytotoxic drugs. Results obtained in this study could be further validated in experiments and applied 
as a guide for the design of this combination therapy against brain tumour. 
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Introduction 
Convection-enhanced delivery is to directly infuse drugs into the brain tissue through a catheter. It 
is a promising alternative to routine drug administration modes, e.g. intravenous administration, for 
bypassing the blood-brain barrier, which blocks over 98% of drugs within blood [1]. However, the 
effectiveness of convection-enhanced delivery remains significantly limited in clinical practice. As 
nerve bundles are widely present in brain white matter, the brain tissue becomes highly anisotropic, 
resulting in uncontrolled drug distribution [2]. How tissue anisotropy determines the drug transport 
and accumulation in brain has not been fully understood. 

 
Methods 
Multiphysics modelling is applied to examine the effects of brain tissue anisotropy on nanoparticle- 
mediated convection-enhanced delivery, which has been demonstrated with the improved treatment 
effectiveness as compared to plain drugs [3]. The model consists of three interlinked modules [4], 
including the fluid mechanics module for enhanced interstitial fluid flow, the solid mechanics module 
for brain tissue deformation and the drug transport module to describe drug migration by convection 
and diffusion, drug release from nanoparticles, binding with proteins, cell uptake and drug elimination 
due to capillary drainage, metabolic reactions and physical degradation. A comprehensive 
parametric study is performed to examine the effects of tissue anisotropy on drug transport and 
accumulation. Treatment effectiveness is evaluated in terms of distribution volume where the drug 
concentration is above LD90. 

 
Results & Discussion 
The delivery using nanoparticles with different drug release rates are studied. Results show that the 
penetration depth and distribution volume can be significantly improved by reducing the nanoparticle 
release rate. The drug penetration depth in a given direction can be improved with the increase of 
the corresponding component of anisotropic characteristics. Moreover, the delivery outcomes of 
nanoparticles with a lower release rate is more sensitive to tissue anisotropy. Large distribution 
volumes can be achieved when the tissue is less anisotropic for carmustine. 

 
Conclusions 
Outcomes of convection-enhanced delivery of nanoparticle-encapsulated carmustine are highly 
sensitive to tissue anisotropy, and the sensitivity also depends on the drug release rate. These 
findings indicate that the treatment needs to be well designed by considering both the factors of the 
orientation of local nerve bundles and the release dynamics of nanoparticles. Results obtained in 
this study could be further validated in experiments and applied as a guide for the design of this 
therapy to delivery drugs in brain. 
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Hypertrophic dermal scarring is a failure of the body’s wound healing response that leads to pain, 
loss of mobility, and a lower quality of life (1). Autologous fat grafting has recently been shown to 
drive tissue regeneration and reduce the scar phenotype in skin (2). Adipose tissue can be 
processed in different ways prior to grafting, however, there is still a lack of scientific understanding 
as to how adipose tissue exerts these effects and how processing alters function (3,4). 
Myofibroblasts are a key effector cell in dermal scarring. Once differentiated from fibroblasts by the 
action of transforming growth factor β-1 (TGFβ-1) and other factors, they produce increased 
volumes of extracellular matrix products such as fibronectin and collagen that are characteristic of 
hypertrophic scarring (1). This work aims to determine the mechanism through which adipose 
tissue improves scar phenotypes, and more specifically its role in fibroblast to myofibroblast 
differentiation. 

 
Adipose tissue was collected from NHS patients (REC 
code 15/YH/1077) and processed in a manner similar to 
current clinical practises (3, 4). Cell culture medium was 
conditioned with the processed fat to extract paracrine 
factors from the adipose tissue and added to human 
dermal fibroblasts alongside TGFβ-1 (which promotes 
myofibroblast differentiation in vitro). Protein and RNA 
expression analyses were used to determine whether 
paracrine factors from adipose tissue could inhibit 
myofibroblast differentiation. A cytokine array was then 
used to identify potential target molecules responsible 
for the observed effects. Finally, Ki-67 staining was 
used to assess the ability of adipose tissue conditioned 
medium to enhance proliferation of fibroblasts treated 
with TGFβ-1. 

Protein analysis of α-SMA production indicated that the 
differentiation of fibroblasts to myofibroblasts was 
inhibited by paracrine factors from adipose tissue (Fig. 
1). Analysis of secreted proteins has identified several 
possible target mechanisms, which are currently under 
investigation. Ki-67 staining showed that TGFβ-1 treated fibroblast proliferation was significantly 
enhanced following treatment with medium conditioned with adipose tissue. 

Taken together this data suggests that paracrine factors from adipose tissue can inhibit canonical 
SMAD signalling in a fibrotic environment and presents a possible pathway for future tailored 
treatments. The Ki-67 data also presents an explanation behind adipose tissue’s regenerative 
effects post scarring, via increased cellular proliferation. This work is a step forward to further 
understanding the role and potential of adipose tissues for scar regeneration and wound healing. 

The authors would like to acknowledge ESPRC and the Sheffield Hospital Directorate of Plastic, 
Reconstructive Hand and Burns Surgery for the patient samples. The authors declare no conflict of 
interest. 
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Figure 1, Myofibroblast differentiation was 

assessed by comparing α-SMA using western 
blotting. (* = P < 0.001) 
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Bioelectronic interfaces enable information exchange between electrically excitable tissues and 
machines. Clinical applications such as cochlear implants and deep brain stimulators have 
improved the lives of many patients. Neuroprosthetic technology may in the future treat chronic 
disease, restore locomotion in paralysed patients or control robotic limbs         [ 1 ] . A crucial 
component of such systems is the electrode array; an implantable probe that records or delivers 
electrical impulses to living tissue. Electrode arrays are also needed for advancing pre-clinical 
work in models of injury or disease [2]. Their design is complex and requires careful consideration 
of the target organ anatomy, biointegration aspects and electrical and mechanical robustness. 
Currently, researchers and clinicians have limited access to implant customisation because 
fabrication requires sophisticated equipment making electrode design iterations costly and slow. 

I will discuss our efforts to adapt rapid prototyping technology (e.g. 3D printing) for the fabrication  
of electrode arrays for in vivo (implantable) and in vitro (lab-on-chip) applications [3, 4]. This 
approach allows for facile iteration of the number and position of individual electrodes on the array 
but also incorporation of mechanically soft materials in the final device. The printing approach  
relies on a palette of functional inks consisting of electrically conductive and insulating silicone 
composites. Using a hybrid printing platform that can handle viscous pastes (direct ink writing) and 
liquids (ink-jet) we pattern electrode arrays with sub-millimetre accuracy. Electrodes with contact 
site diameter of 200 µm are achieved and exhibit impedance of 4 kΩ (at 1kHz) and charge injection 
limit of 0.2 mC/cm2. This makes them suitable for recording field potentials or for delivering 
functional electrical stimulation. Crucially, such devices are elastic, they retain mechanical 
properties similar to those of some soft tissues such as the dura mater, peripheral nerves or 
muscles. This aspect may contribute to improved biointegration during chronic implantation. Our 
printing approach additionally allows for integration of printed microfluidics and optical fibres. This 
enables drug delivery, and optogenetic stimulation in parallel with electrical recordings. Rapid 
prototyping technologies may offer a route to diversify the design and fabrication of multi-modal 
bioelectronic probes and may accelerate translational efforts in pre-clinical models. 
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Introduction 
Biomechanical forces is known to influence cardiovascular development and cause congenital heart 
malformations, but the mechanism is unclear. Here, we investigate the role of abnormal fluid 
mechanics in causing Hypoplastic Left Heart Syndrome (HLHS), using the chick embryonic model 
of HLHS, achieved via left atrial ligated (LAL) [1]. 
Methods 
4D high-frequency ultrasound imaging was performed chick embryonic hearts in ovo at E4.5 and 
E5.5. Image processing included temporal compounding to improve blood-tissue contrast, and 
cardiac motions tracking. Image-based dynamic-mesh computational fluid dynamics (CFD) 
simulations were then performed with previous methods [3]. At E6.5, the left ventricle (LV) free wall 
were extracted for single-cell RNA-sequencing. 392 cells were sequenced (130 endothelial, 171 
myocytes, 91 others), approximately 50%-50% between Normal and LAL groups. The Louvain 
method was used to cluster cell expression profiles. Cell annotation was performed by combining 
Seurat’s marker analysis, gene ontology and gene set enrichment analysis. 
Results and Discussion 
LAL reduced atrial size and function, and caused LV geometric changes at E4.5, heart, where the 
ventricle apex became more pointed, and the atrioventricular junction is shifted medially. This 
resulted in weaker inflow in the LAL ventricle, and sluggish and oscillatory flow and walls shear 
stresses at the LV free wall. This could be responsible for diseased morphology observed at E5.5, 
where the LV size and stroke volumes were smaller than controls, even before full ventricular 
septation, but the right ventricle (RV) size and stroke volume increased in compensation. 

RNA-seq showed that differential expression of several mechanosensing-related genes, 
including VEGFR2 and glypicans in the endothelial cells, and focal adhesion genes, Cadherins and 
NOTCH1 in myocardial cells. Expression levels for calcium signaling genes (PI3K, Caveolin, 
SERCA) and myosin contractility genes (CALM, MLCK, MLCP) were altered. Many ECM remodeling 
genes (9 types of collagen, laminin, 3 types of MMP, and TIMP3) were upregulated, suggesting 
myocardial fibroelastosis, which agreed with previous findings. Endothelial-myocardial signaling 
gene expressions (TGF-b, BMP, FGF, and PDGF) were also altered. 

 
 
 
 
 
 
 
 

Figure 2: (A-B) CFD results: (A) velocity field, (B) particle tracking analysis, showing high particle 
retention in LAL LV due to weak and oscillatory flow near the LV. (C) RNAseq provided clues to 

possible mechanobiological pathways leading to HLHS in the LAL model. 

Conclusions 
We discovered that hypoplastic LV can occur in the LAL chick embryonic model of HLHS even before 
septation is complete, and that this is likely related to WSS becoming weak and oscillatory at the LV 
free wall, due to compromised atrial function, and ligation induced alteration in cardiac geometry. We 
also discovered potential mechanobiological pathways for HLHS. 
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Introduction 
The gold standard method of evaluating Parkinson’s disease (PD) motor symptoms is the Movement 
Disorder Society Unified Parkinson’s Disease Rating Scale part III (MDS-UPDRS III) (1). There are, 
however, some limitations associated with its use, including the necessity of a face- to-face visit and 
that it provides a snapshot motor assessment in time. Wearable sensors can be used to measure 
gait parameters throughout daily life, such as, real-world walking speed (RWS) as complimentary 
measures to overcome some of these limitations. The aim of this study was to explore the clinical 
validity of RWS to assess motor severity by investigating the relationship with the MDS-UPDRS III, 
and ability to detect change in the MDS-UPDRS III. 
Methods 
213 PD participants were recruited from the Incidence of Cognitive Impairment with Longitudinal 
Evaluation – GAIT (ICICLE-GAIT) study (2). Participants underwent assessment of MDS-UPDRS 
III and RWS using a triaxial accelerometer (Axivity AX3) on the lower back, worn for 7-days at four 
time points. Linear regression was used to explore the relationship between RWS and MDS- 
UPDRS III and mixed effects models to investigate the ability of change in RWS and to detect 
change in motor score over 54 months. We modelled sex and age alongside RWS, as covariates. 
Results 
A slower RWS was weakly associated with a higher MDS-UPDRS III (R2 = 11.6%, P = 0.362, β = 
15.12. We found that a reduction in RWS over time was significantly able to detect an increase in 
the MDS-UPDRS III score (R2 = 71%, P = 0.004, β = -28.12). 
Discussion 
The weak relationship between RWS and the MDS-UPDRS III could reflect differences in 
measurement conditions where the one-off assessment using the . MDS-UPDRS III score represents 
the best ON state of medication in contrast to RWS which holistically captures fluctuations between 
medication state and symptoms. This may offer a different insight into motor severity. The ability of 
a slower RWS overtime to detect an increased MDS-UPDRS III score, suggest that RWS reflects 
changes in motor disease severity and could therefore provide a complimentary tool to remotely 
track motor disease progression. 
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This study exploits anatomically realistic computational models of cardiac mechanics based 
on experimental data from rats to investigate how left ventricular (LV) overload and 
myocardial stiffness affect cardiac stress. 

 
Introduction. To preserve cardiac function in overload conditions, the ventricles adapt through 
progressive tissue remodelling. This process may have detrimental effects on diastolic and systolic 
function [1]. The mechanisms by which ventricular overload drives cardiac remodelling in heart failure 
patients remain poorly understood [2]. This study assesses the individual contribution of LV overload 
and increased passive stiffness on mechanical stress in an anatomically-based computational model 
of a healthy rat heart. 

 
Methods. A computational simulation pipeline of cardiac mechanics based on the Holzapfel-Ogden 
model has been implemented using MR images from a healthy rat. LV function was modelled 
realistically by fitting material parameters and contractility to match computed ventricular volumes 
with catheter measurements of cavity pressure and volume. The following scenarios with identical 
initial anatomies were defined: CTRL, with normal LV function; OL1, with moderate LV pressure and 
volume overload; and OL2, with high LV pressure and volume overload. The cardiac cycle was 
simulated for each of these cases implementing three levels of passive myocardial stiffness in the 
LV by modulating the parameter a in the Holzapfel-Ogden model, which scales the isotropic 
component of the stress-strain relationship: optimized value as baseline (1.14 kPa) and 5, 10 times 
this value (normal, moderate and high stiffness, respectively). 

 
Results and discussion. LV overload caused a substantial increase in the peak Cauchy fibre stress 
in systole (CTRL: 30.3 N/m2; OL1: 48.8 N/m2; OL2: 67.9 N/m2) with low variation in time to peak 
stress (65-75 ms). On the other hand, scenarios with increased passive myocardial stiffness showed 
a reduction of fibre stress (OL2normalStiffness: 67.9 N/m2; OL2moderateStiffness: 44.7 N/m2, OL2highStiffness: 32.9 
N/m2) but the time to peak stress augmented when stiffness increased (75, 95 and 105 ms, 
respectively). The results indicate that increased passive myocardial stiffness entails negative 
consequences on stroke volume due to both severe changes in wall stress during systole, as well 
as lead to a significant reduction in end-diastolic volume (0.71, 0.54 and 0.49 ml for normal, moderate 
and high stiffness scenarios, respectively). 

 
Conclusions. This study analyses the 
specific changes in myocardial stress 
distribution caused by LV overload and 
increased passive myocardial stiffness, 
which is relevant for understanding the 
physiological mechanisms underlying the 
maladaptive heart failure vicious cycle. 
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Mid-LV Cauchy stress curves obtained from high LV overload 
scenarios (OL2) with normal, moderate and high tissue 
stiffness. ●: Peak stress in each curve. 
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Abstract: 
Raman spectroscopy represents a clinically useful diagnostic tool for bacterial infections. With the 
capacity to be readily miniaturised and made portable, a diagnostic device based on Raman 
spectroscopy can be deployed into areas where such tools have historically struggled to access, 
such as rural areas of South Africa, Nigeria or even the United Kingdom. 

 
Previous research has considered the potential role of Raman spectroscopy to identify the various 
causative agents of tuberculosis such as 
Mycobacterium tuberculosis, Mycobacterium bovis, 
and Mycobacterium africanum. This research has 
primarily focused on the successful detection of the 
cell wall compound mycolic acid, in monoculture. 

 
However, mycolic acid is ubiquitous within the 
bacterial order Actinomycetales, and is present on 
the cell walls of bacteria which occupy the 
microbiome of both animals and humans. A 
diagnostic tool which focuses solely on the presence 
of mycolic acid is therefore likely to present with 
many issues resulting from false positives. 

 
Research conducted by the Advanced Nano- 
Materials, Structures and Applications group at the 
University of Birmingham has been able to identify 
that there is indeed an overlap of the Raman spectra 
between M. bovis BCG and other bacteria thought to 
be inhabiting the respiratory tracts of cattle. 

 
Using the group’s own Self-Optimising Kohonen Index Network (SKiNET), we have been able to 
successfully discern the Raman spectra of M. bovis BCG apart from other bacteria that could be 
used as an alternative diagnostic method in the fight against bovine tuberculosis. 

 
In the near future, similar approaches combined with the use of Surface Enhanced Raman 
Spectroscopy (SERs) could be utilised to combat human tuberculosis, a disease which still claims 
the lives of nearly 2 million people every year. 
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Introduction: SCI Individuals have varying levels of sub-lesional osteoporosis with bone fragility. 
Reduced cyclical limb loading is implicated in this and recent literature has also suggested reduced 
tibial blood flows. Functional Electrical Stimulation (FES) of paralyzed leg muscles has been 
demonstrated to assist ergometer rowing and has been proposed as a potential bone health therapy. 
This research considers the capabilities of a photoplethysmography (PPG) based device to measure 
the blood flow in the vascular end of the tibial bone during ergometer rowing. It uses a novel front 
end design, comprised of two pairs of LEDs and a photodiode, designed to complement 
measurements at the tibial crest during rowing. 

 
 
 
 
 
 
 
 
 

Figure 1 - Block diagram 

Methodology: The PPG device is based on 
a combination of specific wavelength LEDs 
with different penetration depths. A Near 
Infra-Red (NIR) light of wavelength 810 nm, 
thought to penetrate up to 13mm, is used at 
20mm from the photodiode to measure 
blood flows at the tibial crest. Light at 810nm 
sits near an isosbestic point, allowing the 
bone itself to appear near transparent. A 
green LED is used close to

the photodiode to measure the vascular blood flows at the skin due to its superior motion artifact 
reduction. A wideband photodiode and amplification circuit measures reflected light from each LED. 
The main device electronics are separated from the LEDs and Photodiodes to create a lightweight 
front end to reduce motion artefacts when rowing. Use of a medical grade adhesive allows constant 
pressure between the device and skin. Figure 1 shows the block diagram for the functioning of the 
device. An ESP32 MCU is programmed to control LED switching and facilitate data transfer via 
Bluetooth or serial communication. The device has been tested against benchmark pulse data 
collected from a clinically validated OMRON blood pressure cuff both for stationary and tibial loading 
conditions. The tibial bone was voluntarily cyclically loaded every 2 seconds. 
 
Results: Use of FFT analysis in post-processing shows the harmonic trends in the output results 
indicative of pulse rate. Comparing the extracted pulse rate to the benchmark, the device shows an 
average accuracy to within 14%. The tibial loading case shows a large peak at the frequency of tibial 
loading at 0.5Hz. While this would support the hypothesis that muscular contractions around the tibial 
bone promote blood flow into the bone, this result may also be attributed to increased motion artefacts 
during the drive phase of rowing. 
 
Conclusions: While the performed tests show promising capabilities and accuracy, further testing is 
required to determine the system functionality. The current test was limited to a single able-bodied 
subject. Thus, further testing of SCI patients over a range of heart rates is required to establish the 
dynamic range. Further enhancements will include the addition of two photodiodes targeted to each 
LED to improve accuracy. From this initial testing, the PPG device shows promise in its capability to 
detect blood flow in the tibial bone and as a prototype for future development. 
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Introduction 
Providing real time and intraoperative tactile information become increasingly important for 
medical devices used in narrow spaces within patient body such as flexible endoscopes. 
The lack of tactile feedback leads to the prolonged procedure with increased complexity and risk 
of injuring critical organs. Conventional tactile sensors are typically based on piezoresistive and 
piezocapacitive principles. These solid sensing materials are not compatible to the flexible body 
of an endoscope and are vulnerable to wet environment. To overcome such challenge, in this 
work, we developed a soft and flexible shape-and-force sensor based on photoacoustic effect 
which was suitable for various endoscopes in clinical environment. Photoacoustic (PA) effect 
refers to the generation of acoustic waves when a substance absorbs electromagnetic energy 
and results in localised and rapid temperature rise and expansion. The shape of the endoscope 
and tactile information at the tip are computed based on the ultrasonic pulse-echo method, with 
the aim to minimize the risk of injury and assist clinician in dexterous intervention. 

 
 
Body of the Abstract  
The sensor is composed of one pulsed laser, multiple 
transmitters made of carbon nanotubes (CNT), and a 
polyvinylidene fluoride (PVDF) transducer. For 
compatibility with deformable endoscope, the sensor 
body is made of a stretchable material, 
polydimethylsiloxane (PDMS), which has at least 30% 
stretchability. The PDMS is also used as a waveguide 
due to its excellent light and sound transmission 
properties, and a large thermal expansion coefficient 
which increases PA signal generation efficiency. CNTs 
are embedded within PDMS waveguide. The pulsed 
laser and transducer are used to emit pulsed laser to 
CNT and receive the ultrasonic signal at the same side 
of the waveguide. When the sensor is in contact with 
environment, contact force deforms the transmitters, 
thus changing ultrasound signals. Apart from this, with 
multiple 
CNTs embedded inside the waveguide, we can use time deviation of PA signal sequence to 
analyze the shape of sensor. From these ultrasonic signals, we can obtain the information of 
shape of the sensor and contact force simultaneously. 
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Introduction 
Spinal Cord Injury (SCI) patients suffer from osteoporosis due to a lack of muscular contractions in 
their paralysed legs [1]. Cyclical bone loading has been shown to improve the bone mineral density, 
thus reducing the chance of fracture [2]. Being able to measure the amount of bone loading during 
Functional Electrical Stimulation (FES), in conjunction with bone blood flow, may enable the 
suitability of FES rowing as a rehabilitation technique in SCI. Here, standard biomechanical 
techniques were adapted to fit the modelling assumptions for FES rowers, and the model was 
compared at proximal and distal ends of the tibia to estimate the sensitivity of the model. 

 
Methods 
A link segment model of the body was derived to estimate the reaction forces and the net muscle 
moment acting at the joints. The model required reaction force data from the footplate of the 
ergometer, this was simulated using published data [3], and kinematic data which was obtained using 
the tool Kinovea. A model of the muscles at the knee and ankle joints was created to estimate the 
muscle force contribution by considering the effective moment arms at the Achilles and Patellar 
tendons. The muscle and joint reaction forces were used to estimate the compressive bone-on-bone 
force acting at opposite ends of the tibia with the data analyses performed using MATLAB. 
Results & Discussion 
Figure 1 presents the compressive force acting on 
the tibia during the drive phase of four rowing 
cycles. The maximal force at the proximal end 
was found to be 2.05 times Bodyweight (BW) with 
a maximum of 2.56BW at the distal end. The peak 
force at the distal end always occurred earlier in 
the rowing cycle with the model outputs found to 
be particularly sensitive to the scaling of the input 
force. Error analysis was performed, using 
additive Gaussian noise, where the distal end was 
found to be less sensitive to noise with a signal to 
noise ratio of 18:1, within 1% of the accuracy for 
the peak tibial load compared to a ratio of 35:1 for 
the proximal model. 

 
Conclusion 

 

 
Figure 1 Model simulations of Tibia compressive 
force during rowing.

The model focused on estimating peak tibial forces, however, a lack of in-person testing due to 
Covid restrictions meant that simulated data was used. This peak tibial force was subject to the 
scaling of the simulated data and not directly measured. Further in-person testing will be required 
to validate these results. The development of this model allows for future studies into the efficacy 
of FES rowing by enabling the measurement of tibial forces using equipment available in patients’ 
homes. 
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Introduction: Digital mobility outcomes (DMOs) can be obtained through algorithms processing 
wearable sensors (WS) signals. Multiple algorithms have been proposed, although there is not yet a 
widely accepted method to select the best. To determine algorithm validity, DMOs are compared to 
equivalent outcomes derived from a gold standard system. Differences in patient population, 
measurement protocol, system and environment, however, collectively influence algorithm 
performance. Thus, algorithm selection must account for this heterogeneity. We propose a 
comprehensive methodology to compare and rank algorithms to quantify DMOs in datasets including 
Parkinson’s disease and healthy controls, aiming to select the top performers. Methods: Available 
WS-based datasets within the Mobilise-D consortium were used. Algorithms were implemented to 
quantify specific DMOs: gait sequence detection (n=13 algorithms), step detection (SD) (n=20), 
cadence (n=18), stride length (n=19) and foot laterality (e.g. Left/Right step detection) (n=3). A 
method to rank algorithms was developed1 and applied to the datasets. Here we focus on SD 
algorithms to demonstrate proof of concept, applied to two datasets, recorded in healthy controls 
(HC) and people with Parkinson’s disease (PD) data, named ICICLE2 (65 HC, 74 PD) and UNIGE 
(10 HC, 10 PD),3 respectively. The ranking method accounted for different: gait speed, accuracy of 
reference system and number of participants from each dataset, and algorithm performance based 
on specific statistical analyses.1 Each performance metric was assigned a weight (w) and treated as 
“cost” (“c”, when lower values indicate better performance) or as “benefit” (“b”, the higher, the better1) 
determined as follows: average (w=0.223, c) and standard deviation (w=0.223, c) of SD relative error, 
inter-class correlation coefficient of SD (w=0.359, b), sensitivity (w=0.099, b) and positive predictive 
value (w=0.096, b) of initial contact event identification. The mentioned metrics and weights were 
combined to provide a single normalised overall performance index ranging between 0 (worse 
performance) and 1 (best) for each algorithm. This index was then used to rank the algorithms. 
Results: The 3 top-ranked SD algorithms presented an overall performance index between 0.88 and 
0.89 for HC, and between 0.61 and 0.62 for PD. The top-ranked algorithm had an average relative 
error of 0.39% for HC and 0.90% for PD, a standard deviation relative error of 0.60% (HC) and 1.64% 
(PD), an ICC of 1.00 (HC) and 0.92 (PD), a positive predictive value of 0.88 (HC) and 0.89 (PD) and 
a sensitivity of 1.00 (HC) and 
0.98 (PD). Discussion: Overall, this study provides a methodological framework that should be 
considered by key stakeholders and researchers to standardise algorithm comparison and selection, 
accommodating heterogeneity and diverse range of outcomes. 
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Introduction: Liver fibrosis is driven by progressive accumulation of extracellular matrix (ECM) 
coupled with chronic inflammation. The study of this complex disease microenvironment for the 
identification of targets for therapy, is hampered by the lack of advanced in vitro models of liver 
disease. Traditional cell culture models often lack immune cell and ECM components and thus do 
not recapitulate the fibrogenic microenvironment. We describe a novel bioengineered model which 
incorporates co-culture of circulating immune cells with decellularised liver scaffolds, supported in a 
custom-made bioreactor. This model allows to explore immune responses to healthy and fibrotic 
liver ECMs. 
 
Methods: A-cellular whole-liver scaffolds, from either healthy (HL) or bile duct ligation (BDL) treated 
rats, were produced by perfusion decellularisation and co-cultured with healthy human peripheral 
blood mononuclear cells (PBMCs) under semi-continuous perfusion using a custom- made 
bioreactor. The phenotype of both circulating PBMCs and those which had infiltrated into the liver 
parenchyma was analysed by flow cytometry and immunofluorescent staining. 
 
Results and Discussion: Our custom-made bioreactor supported perfusion of PBMCs and 
maintained their viability comparable to standard static culture conditions for up to 7 days, when 
cells were perfused under low shear stress, indicating that immune cells were not activated by 
dynamic culture conditions. Bioreactor culture also improved cell distribution in immune perfused 
scaffolds compared to static cultures, suggesting that perfusion culture better promotes cell-ECM 
interactions and could allow cell-matrix studies. FACs analysis of circulating PBMCs showed that 
co-culture with both HL or BDL liver matrix induced an increase in the relative proportion of NKT 
cells (9- fold vs 11.2-fold increase on baseline for HL and BDL respectively) and B cells (1.7-fold vs 
2.6-fold increase on baseline for HL and BDL respectively) and that this increase was greater when 
cultured with BDL liver. Interestingly, PBMCs perfused in HL matrix co-culture showed a decrease in 
intermediate, classical and non-classical monocytes over baseline, in contrast to a 1.2-fold increase 
in intermediate monocytes and 4.4-fold increase in non-classical monocytes when co- cultured with 
BDL liver matrix. Immunofluorescent staining on sections of perfused ECM-scaffolds showed 
infiltrating cells composed by monocytes and macrophages, with higher relative proportion in BDL 
vs HL liver matrices (8 % vs 12.8 % and 1.8 % vs 2.3 % for monocytes and macrophages in HL vs 
BDL respectively), indicating fibrotic ECM-induced homing of monocyte-derived macrophages. 
 
Conclusions: Our data indicate that fibrotic ECM may recruit circulating monocytes and promotes 
differentiation into macrophages. The bioengineered system presents the innovative 
immunoperfusion of PBMCs through decellularised liver scaffolds, with varying grades of fibrosis, 
allowing us to explore interactions between the ECM and immune cells in liver disease in a 
dynamic-perfusion system, which will aid our understanding of the driving factors behind fibrosis. 
This system could also be adapted to obtain immunoperfusion of other bioengineered disease 
models. 
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Introduction 
Whole liver constructs from decellularized scaffolds hold significant promise for in vitro disease 
modelling and regenerative medicine as a valuable alternative for organ transplantation. 
Nevertheless, there are still constraints to the use of whole organ constructs, with one of the biggest 
issues being the inadequacy of whole organ specific bioreactors required for long-term culture of 
bioengineered constructs. 
In this study we designed and validated a custom-made perfusion bioreactor to support the long- 
term 3D-culture of whole liver constructs with primary human hepatocytes. 
Methods 
We designed and 
produced a custom- 
made bioreactor for the 
culture of whole liver 
scaffolds; the bioreactor 
was made using 
materials with high 
chemical resistance, not 
susceptible to corrosion 
or release of cytotoxic 
products. Whole liver 
scaffolds were generated 
by perfusion 
decellularisation of rat 
livers. Luc+HepG2 cells 
or       primary     human 
hepatocytes (PHH) were perfusion-seeded into scaffolds and cultured dynamic conditions using the 
bioreactor with a programmable syringe pump, providing continuous unidirectional flow. Static 
cultured scaffolds were used as control. The bioreactor allowed for non-invasive monitoring of 
perfusion parameters, media sampling and evaluation of cellular rearrangements and growth 
measured with bioluminescence; cell function analysis was performed with immunofluorescence and 
ELISA. 
Results & Discussion 
Luc+HepG2 viability, distribution, and function in bioengineered livers were monitored using 
bioluminescence for 11 days. Bioreactor-perfused scaffolds had significantly higher cell viability, 
homogenous distribution, and functionality in comparison to scaffolds cultured in static conditions. 
PHH cultures were followed for up-to 30 days, showing remarkably higher cell viability and function 
in bioreactor culture compared to static conditions: albumin secretion, expression of HNF4α, 
CYP3A4 and FOXA2 and urea production were increased in perfusion-culture vs static. 
Conclusions 
The bioreactor novel design permitted longitudinal monitoring of whole-liver constructs, supporting 
long-term human hepatocyte viability, metabolism, media sampling and maintaining sterility, making 
it well suited for liver tissue engineering and potentially culture multicellular constructs. 
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Introduction 
The soft tissues in our body, particularly skeletal muscles, commonly experience physical stress. In 
most cases, the muscles can maintain the balance between damage and regeneration. However, 
this balance might be disturbed in populations that are subject to extreme cases of overload or 
repeated impact, like individuals affected by spinal cord injury [3] or transtibial prosthetic users [2]. 
To characterise critical loading scenarios, experimental models of skeletal muscle under mechanical 
loading are necessary [4, 5]. A controllable environment as well as the reproduction of the highly 
hierarchical structure of skeletal muscle are thereby desirable. We therefore developed an ex vivo 
model to study the response of skeletal muscle to transverse mechanical loading. 

 
Methods 
Soleus and extensor digitorum longus muscles of male Sprague Dawley rats were dissected and 
transversely compressed (2mm indenter, 9-32kPa) (Fig. 1). Control tissues were held under the 
same conditions for the same time without loading. Subsequently, tissue viability and morphology 
were assessed through standard histological procedures using Procion Yellow MX4R and Live-or- 
Dye™ for fluorescent dead cell staining as well as Haematoxylin-Eosin staining. Additionally, 
biochemical changes of cell and tissue damage were visualised with multiphoton Raman microscopy 
of unstained samples. 

Figure 1: Schematic of ex vivo model. A: Skeletal muscle dissection; B: Mechanical loading; C: Imaging for 
cell damage; D: Data analysis to establish the relationship between loading condition and cell damage. 

 
Results & Discussion 
Whilst control samples showed only minor loss in cell viability throughout the experimental time frame 
(max. 3h), mechanical damage in loaded tissues was readily distinguishable. Imaging revealed a 
partial loss of cross-striations, disorganised and disrupted muscle fibres, increased interstitial space, 
and loss of cell viability. With careful control of the experimental setup, detailed imaging of local 
cellular damage in response to loading conditions could be obtained. 

Conclusion 
Our ex vivo model of skeletal muscle for transverse mechanical loading is suitable for quantifying 
cellular damage. Looking at this microscale will provide important insights into the adaptive 
capabilities of skeletal muscle. This can contribute to further research into the role of soft tissue 
deformation in residual limb pain and ulcer formation and could inform future directions for prosthetic 
socket design and fit. 
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Introduction 
Vertebral fractures are a widespread disease which is often related to age and low bone mineral 
density [1]. The main goals in treating vertebral fractures are the reduction of the fracture and the 
stabilization of the structure to allow bone healing [2], but the shape of the vertebral body before the 
fracture is unknown. The goal of this study was to develop and evaluate a method based on Singular 
Value Decomposition (SVD) to predict the shape of the vertebral body of L1 from the shapes of T12 
and L2. 

 
Methods 
The segmentations of T12, L1 and L2 vertebral bodies of 40 patients were extracted from the 
VerSe’20 database [3]. Each mesh was aligned and registered to an optimal template mesh in 
Scalismo. For each patient, a vector h with the nodes coordinates of the morphed T12, L1 and L2 
surface meshes was built. SVD was applied with the “leave one out” approach. The left-out vectors 
were expressed as a linear combination of the first 6 modes (previously optimised) as: hproj = A * α, 
where A is a matrix composed of the 6 modes and α is a vector of 6 parameters. The L1 vertebral 
body was reconstructed from hproj and compared with the reference shape (registered) to evaluate 
the accuracy of the compression. Then, a vector hT12-L2 was obtained by considering only the 
coordinates of T12 and L2 from the left-out vector. The following linear system of equations was 
considered: AT12-L2 * α = hT12-L2, where AT12-L2 is the part of the A matrix that includes only the 
coordinates corresponding to T12 and L2 of the 6 modes. A linear-least-squares (LLS) solution α’ of 
the system was calculated. The coefficients α’ were used to reconstruct the vector of coordinates of 
L1 (hL1) as: hL1 = AL1 * α’, where AL1 includes only the nodes coordinates corresponding to L1 from 
the 6 modes. The mean and Hausdorff distances between the predicted and the original shapes of 
L1 were calculated for each left-out vector. 

 
Results & Discussion 
The mean and Hausdorff distances between the registered and original vertebral bodies were 
0.14±0.02mm and 0.96±0.30mm, respectively. The mean and Hausdorff distances between the L1 
vertebral body projected in the basis of modes and the reference morphed shape were 0.46±0.19mm 
and 1.93±0.71mm, respectively. The mean and Hausdorff distances between the shape of L1 
predicted from the shapes of T12 and L2 and the original shapes, averaged over the 39 bases built 
during the leave-one-out, were 0.55±0.11mm and 2.11±0.56mm, respectively. The distances 
obtained by LLS optimization were similar to the distances obtained by projecting the left-out vector 
in the basis of modes showing that the optimization was successful. 

 
Conclusions 
The shape of a L1 vertebral body could be predicted by the shapes of the adjacent ones with a good 
accuracy. This method will be extended to different thoraco-lumbar levels and applied to clinical 
datasets to identify the pre-fracture shape of L1 from the available adjacent vertebrae. 
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Introduction 
Performance in sports, such as rowing, and in particular calculation of the distance travelled, 
is dependent upon the power output that can be sustained throughout a race with the power 
measured directly correlating to the distance rowed. There is a desire for greater accessibility 
and participation in ergometer-racing, and for Functional Electrical Stimulation (FES) rowers 
to be able to compete at national and international levels. Under the common conception of 
power estimation by the Concept 2 ergometer (i.e. only considering the ergometer handle 
force), there are several cases found showing these methods to be disadvantageous to FES 
and some able bodied groups of senior and child rowers [1-2]. This relationship p =2.8v3 
linking power (p) with boat velocity (v) is sensitive to errors at low power [2] and may 
also rely on erroneous on-water models [1]. This study evaluated neglected ergometer power 
sources and found the seat power to have a significant effect on the total power average. 
 
Methods 
A power equation was derived for a fixed-stretcher ergometer incorporating neglected factors in 
such calculations that are proposed in the existing literature, modelled otherwise for a 
generalised model regardless of an air damping, hydraulic or an alternative impeller. Sensitivity 
analyses were performed on this modified power formula by scaling its constituent variables to 
identify significant contributors. The data used (compiled with OriginPro and MATLAB) came 
from multiple sources, and therefore required re-scaling for coherence. The ergometer handle 
force, the seat force and forces imposed by an inclined plane were considered for both able-
bodied and FES rowers. 
 
Results & Discussion 
The sensitivity analyses support the recent concerns regarding the accuracy of currently applied 
ergometer power estimation methods [2]. The seat imposed a -18% change on the current 
power 
formula, and inclining the ergometer caused a smaller deviation of ~1.2%. The average power 
output was found to have non-negligible sensitivity with respect to changes in the seat mass and 
seat velocities (for up to a 100% increase). 
Conclusion 
Concerns with regards to the potential errors within the commonly used ergometer power 
estimation calculations have been validated and a significant result has been generated with 
respect to the power developed not only being at the handle. This implies that calculations 
exclusively using power data from the ergometer handle are not sufficient. The ergometer seat 
was also shown to have a significant effect on the cycle-average power, and hence distance 
rowed. These results require validation using new data for both able-bodied and FES rowers. 
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Introduction 
The formation of trabeculae in the embryonic heart is a mechanosensitive process that is important 
for cardiac function and animal models where trabeculation is absent do not survive to adulthood. 
Although it is known that trabeculation is dependent on biomechanical stimuli and can be prevented 
by stopping heartbeat and blood flow, the biomechanics involved are not well-understood. Here, we 
performed image-based flow simulations of the zebrafish embryonic heart with high spatial and 
temporal resolution and found that a neglected phenomenon, the contractile squeeze-flow effects in 
the inter-trabecular spaces, account for most of the flow shear stress on the ventricular endocardium. 
Methods 
High-resolution, 4D imaging of zebrafish embryonic hearts at 72 hours post fertilization (hpf) was 
performed using spinning-disc microscopy. Careful reconstruction of the heart and single inter- 
trabecular spaces was performed, as well as cardiac motion tracking using a validated algorithm 
adapted from our previous methods [1]. Dynamic-mesh computational fluid dynamics (CFD) was 
performed on single inter-trabecular spaces for various scenarios to understand how various factors 
affect the wall shear stress (WSS) acting on the ventricular endocardium. We tested the individual 
contributions of translational motions and contractile motions, and shear flow induced by flow in the 
main ventricular chamber on WSS. 
Results 
In the baseline scenario, the simulation of flow in a single inter-trabecular space with the full 
translational and wall contractile motions as extracted from images, endocardial WSS was found to 
be substantially higher than previous reports in the literature [2,3], likely due to our inclusion of the 
contractile motions and finer-scale simulations. In the simulation scenario where contractile motions 
were removed, WSS was an order of magnitude lower than the baseline, while in the scenario where 
contractile motions were retained but translation motions were removed, WSS was similar to the 
baseline conditions. In the scenario where the inter-trabecular space was simulated as part of the 
entire ventricle, WSS magnitudes were similar to the baseline case, but spatial-temporal patterns 
were slightly altered. The results imply that the contractile motion of the cardiac walls induced 
squeeze flow effects and were the main driver of flow WSS stimuli on the endocardium. 

 
Figure 1: CFD Results: (A) Diastolic velocity field in the whole ventricle connected to the inter-trabecular 

space (ITS) being studied (orange arrowhead), (B) End-systolic WSS of ITS under various scenarios. 

Discussion and Conclusion 
We discovered that the main driver of flow-derived WSS on the ventricular endocardium is the 
contraction of the myocardium, which causes squeeze flow effects in the inter-trabecular spaces. 
Since biomechanical stimuli are thought to activate mechanosensitive pathways, including Notch 
signaling and the expression of the transcription factors klf2a/b, that are all essential to trabeculation, 
our findings may be significant to the understanding of cardiac development. 
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Introduction - Over 85% of the global end-stage renal disease (ESRD) population is dependent on 
haemodialysis (HD) [1], which requires a vascular access for a repeatable and efficient procedure. 
An arteriovenous fistula (AVF), a native segment surgically created between an artery and vein, is 
the most preferential vascular access. Despite this, AVFs suffer from poor primary failure (30-70%) 
and 1-year patency rates (40-70%) [2,3]. Upon creation, high pressure blood flow from the artery 
flows directly into the venous segment, causing the vein to become ‘arterialised’ in the weeks 
following surgery when successful. A successful AVF permits consistently high flow rates in excess 
of 600ml/min. The exact mechanisms behind the venous outward remodelling remain mostly 
unknown, whilst inadequate outward remodelling is a prominent cause of AVF failure, along with 
intimal hyperplasia. Additionally, the impact on the haemodynamics proximal to the AVF requires 
further understanding. In this study, computational fluid dynamics (CFD) was used to investigate the 
haemodynamics proximal to the anastomosis pre- and post-AVF creation, in addition to the flow 
development at the anastomosis location. 

 
Methods - Ferumoxytol-enhanced magnetic resonance imaging (FeMRA) was used for scanning a 
patient-specific vasculature from the ascending aorta to the radial and ulnar arteries, avoiding the 
use of historic contrast-enhanced methods which can contraindicate in ESRD patients [4]. A large- 
eddy simulation of the pre- and post-operative haemodynamics proximal to the AVF anastomosis 
was completed using three-element Windkessel models, coupled to the pressure-outlets. This 
accounted for changes in peripheral resistances. An incompressible, Newtonian fluid was assumed 
and the post-surgical flow rates were validated against phase-contrast data. Additionally, the 
localised AVF haemodynamics were simulated using a non-Newtonian Carreau-Yasuda model. 
 
Results & Discussion - A significant 2-3 fold increase in time-averaged wall shear stress (TAWSS) 
was observed in the left subclavian, brachial, and radial arteries 6-weeks following the creation of 
the AVF. Minor differences were observed in the oscillatory shear index (OSI) profiles. The flow rate 
in the radial artery using CFD in the post-operative case was found to agree with the phase- contrast 
data, with a maximum 6.93% difference between the datasets, which occurred at peak systole. The 
dimensions of the arterial and venous segments of the AVF were found to meet Kidney Disease 
Outcomes Quality Initiative (KDOQI) guidelines on successful AVF maturation despite a minor 
stenosis proximal to the anastomosis. A velocity magnitude in excess of 5m/s was observed in the 
stenosis. Additionally, the development of helical flow was observed in the venous segment following 
the anastomosis throughout the cardiac cycle, a cited causation of venous outward remodelling. 
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Introduction 
Oral cancer is the sixth most common cancer worldwide, with more than 8000 new cases 
diagnosed every year in the UK alone1. Cancers are preceded by Oral Epithelial Dysplasia (OED), 
which may lead to cancerous growth. The standard procedure for diagnosis involves taking a 
scalpel biopsy, which is invasive and costly. Electrical Impedance Spectroscopy (EIS) has 
previously been developed as a successful technique for non-invasive diagnosis of early-stage 
cervical cancer2. Oral tissue is more complex than the cervix, hence we explore the potential for 
EIS to differentiate between normal and OED tissues in the oral cavity using a finite element 
modelling (FEM) study. 
Methods and Results 
The passive electrical properties of biological tissue are known to be dependent on the 
arrangement of cells, with the capacitive nature of cell membranes causing a decrease in 
frequency-dependent resistance (known as “impedance”) in the kHz-MHz range. In this study, we 
have developed a multiscale FEM of oral tissue, informed directly by histological studies: in step 1, 
we calculate the effective electrical transfer properties of groups of cells typical of different depths 
in the oral epithelium (see figure 1A). In step 2, we use these as material properties to represent 
cellular layers, alongside additional model layers including stroma, saliva and for keratinised 
tissues, a surface layer of hydrated keratin, with electrodes representing those from the Zedscan 
probe (see figure 1B), previously developed for EIS measurements in cervical tissue2. All models 
were developed and solved in Ansys® Mechanical APDL with quasistatic time-harmonic electric 
simulation. 

 

Figure 1A Cellular scale FE mesh B Macroscopic model showing various tissue layers and electrodes and C 
Simulated impedance spectra for various oral tissue types. 

 
Simulated impedance spectra (see figure 1C) are in agreement with those measured in a 
previously published study on oral tissue3, but were found to be sensitive to the electrical 
properties of the keratinised layer. This means that keratinisation in oral tissue may potentially 
confound the ability of EIS measurements to distinguish between normal and OED tissue and the 
technique will have optimum performance on non-keratinised sites. Future modelling work will 
explore the optimal design of the probe (in terms of electrode size and separation) for 
discriminating normal and OED oral tissue types. 
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Introduction: Understanding how bone responds to concurrent pharmacological treatment and 
mechanical loading will improve the clinical management of musculoskeletal diseases [1]. However, 
no study has mapped the adaptive changes due to multiple interventions in the ovariectomised 
(OVX) mouse tibia, and the persistence of the modifications with time. Therefore, this study uses a 
combined experimental and computational approach to evaluate the spatiotemporal effect of 
separate and combined pharmacological treatment and mechanical loading to determine the 
interactions between the two treatments. 

 
Methods: The right tibiae of eighteen female OVX C57BL/6 mice were scanned using in vivo micro 
computed tomography (microCT; 10.4µm/voxel) at week 14, 16, 18, 20 and 22. All mice were 
randomly allocated to one of three groups (N=6) to receive mechanical loading (ML), parathyroid 
hormone (PTH) or combined treatment (PTHML). ML was applied to the right tibiae in vivo at week 
19 and 21 with a peak load of 12N, 40 cycles/day and 3 days/week on alternate days. Mice received 
either injection of PTH at 100 μg/kg/day or vehicle. Linear isotropic homogeneous finite element 
(microFE) models were created from the tissue mineral density (TMD) calibrated microCT images. 
Physiological loading based on the weight of the mice [3] were applied to compare the effect of 
treatment. Bone adaptation was quantified through densitometric analysis and spatial analysis. 
Regression analyses were performed between regional bone adaptation and strain energy density 
(SED) to determine the extent that bone adaptation is linearly strain driven. 

 
Results: All treatments improved densitometric parameters between week 18-20, but benefits 
induced by loading were stronger in the proximal regions (Figure 1). At week 22, combined PTHML 
treatment resulted in higher bone apposition in the proximal tibia than either monotherapy. All 
treatments were equally effective in reducing periosteal resorption at weeks 18-20 and 20-22. 
However, a rebound in resorption was observed in week 20-22, leading to some increase in SED of 
the proximal tibia. A significant correlation between the mechanical stimulus and periosteal 
apposition was found in the most proximal 70% of the tibia (f-test: p<0.001; 0.572<R2<0.890) but no 
correlation was found below the tibio-fibular joint. 

 
Discussion: Concurrent PTH and loading have site-
dependent additive and synergistic benefits on 
skeletal health. The differences in the slope of the 
regression analysis for periosteal apposition could 
be due to differences in the cortical thickness and 
second moment of area in the two sections. The 
results indicate that most of the benefits due to 
PTHML persisted in week 20-22, but further 
optimization is required to improve efficacy, 
especially in the distal tibia. 

 
References 
1. Levchuk A. et al, Clin Biomech 2014; 29:355- 

362. 
2. Charles J.P. et al, Front Bioeng Biotechnol 

2018; 6:61 
Acknowledgements 
This work was funded by the EPSRC Frontier Multisim and Multisim2 grants (EP/K03877X/1 and 
EP/S032940/1) and the NC3R (NC/R001073/1). 

  

 

 

Figure 1: Periosteal bone adaptation at 
weeks 18-20. Heat maps indicate statistical 
significant difference. Numbers in heat maps 
indicate the relative difference. 



 

Fig.1. Scanning electron micrographs of the 
raw [A] and in vitro mineralized [B] jellyfish 

collagen sponges 
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Introduction 
Bone-to-tendon interface (enthesis) regeneration represents a considerable clinical challenge as 
the current surgical approaches fail to re-establish its morphological integrity following trauma or 
disease. Previous research has exploited the use of brushite as bone anchors in enthesis 
regeneration [1]. However, some drawbacks have been observed, including low porosity, poor 
cellular attachment and brittleness. Therefore, this study aims to mitigate the limitations associated 
with brushite bone cements by incorporating novel 3-dimensional jellyfish collagen sponges into a 
previously developed bone-to-bone ligament model. 
Methods 
The microstructural and mechanical characterization of the jellyfish collagen sponges (JellaTrixTM – 
Jellagen® 3D-Scaffolds) was performed using Scanning Electron Microscopy (SEM) and an 
Indentation Test, respectively. Additionally, the simulated body fluid (SBF) in vitro mineralisation 
method has been employed as a biomimetic approach to enhance the osteointegration of jellyfish 
collagen sponges. The mineral deposition was evaluated using Scanning Electron Microscopy 
(SEM), Energy-dispersive X-ray spectroscopy (EDX), and Alizarin Red S mineral staining. 
Results and Discussions 
Scanning electron micrographs have indicated a highly porous material with pore sizes ranging 
from 20 to 100 µm (Fig. 1A). Additionally, pore interconnectivity has also been observed, which is 
expected to play a crucial role in cellular migration 
and proliferation. The compressive strength of the 
investigated scaffolds has been observed to range 
between 1 to 2 kPa. However, these materials 
seem indestructible under compression loads, as 
their macroscale structural integrity is re- 
established upon hydration. Mineral deposition has 
been identified onto the material's surface, and an 
increase in mineral content has been observed with 
increasing incubation period in SBF (Fig. 1B). 
Furthermore, both EDX analysis and Alizarin Red S 
staining confirmed the presence of calcium 
phosphates in the chemical composition of mineral 
deposits. 
Conclusions 
Jellyfish collagens exhibit auspicious perspectives for tissue engineering applications primarily due 
to their high biocompatibility, low immunogenicity, biodegradability and represent a safer and 
disease-free alternative to mammalian collagens. Their high porosity and pore interconnectivity 
along with their ability to mineralize recommend the jellyfish collagen sponges as superior bone 
anchors for enthesis regeneration. Further studies are required to determine whether the in vitro 
mineralisation would enhance their mechanical properties as well as osteoblasts proliferation and 
bone-like extracellular matrix production. 
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Introduction 
In Low- and Middle-Income Countries (LMICs) there is a large number of open fractures particularly 
in the lower limb due to traffic accidents or conflict injuries [1, 2]. For most of these injuries, an 
external fixator is first-line therapy. High-quality commercial fixators are expensive and not affordable 
in LMICs [3]. Low-cost fixators, such as RALCA® are a potential solution but decent ones are not 
available in all countries [4]. This research aimed to develop a surge capability of locally-produced 
fixators in times of significant need, such as the Great March of Return in Gaza and the recent Beirut 
explosion with thousands of casualties led to a significant shortage of medical devices including 
external fixators. 
Specifications 
Specifications were derived through field-work, identification of clinical 
need and user/functional requirements, resulting in the following 
specifications: the device needs to be relatively lightweight, easy to 
manufacture/use, stiff, reusable, and should not irritate tissue and skin. 
Design 
The main components and set up of the fixator are shown in Fig. 1 and
Fig. 2, respectively. Using aluminium clamps and 
stainless steel tube makes this device lightweight, 
reusable after sterilisation without irritating the 
soft tissue and skin. A clinical usability study 
showed that the device can be easily used by 
resident-level clinicians. A production kit including 
special jigs was created enabling anyone with 
basic machining skills to make this device to 
standard tolerances. Parts manufactured in 
Imperial and Sri Lanka were compared with 
Stryker Hoffmann®3. After testing using bone 
analogues under 200 N loading, the Imperial and 
UoM made devices showed higher stiffness (64.7 
and 62 N/mm, respectively) than that of Stryker 
(59 N/mm). 
 

Fig. 1. Components of the Imperial fixator. 

 
Fig. 2. Bi-planar set up of the Imperial fixator on a 
tibia sawbone

 

Translation 
Clinical trials are being conducted in Sri Lanka and Gaza for traffic accident and gunshot wound 
cohorts, respectively. The authors have engaged with UNDP and ICRC to expand the device to other 
countries. Regulatory approvals are key in translating such a device, yet the complexity of this work 
is that approvals must be made locally in the context of different local manufacturers. Therefore, the 
next steps are to identify and support local manufacturers to obtain local approvals. 
Conclusions 
A key criterion of success is that the fixator should be at least as stiff as commercial devices. The 
devices manufactured at both Imperial and UoM were stiffer than Hoffmann 3. As local manufacture 
and quality outcome in Sri Lanka was successful, so this device could be an alternative to the 
commercial devices in LMICs. 
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Introduction - Muscle segmentation is a process relied upon to gather image-based muscle 
characterisation, useful both in assessing muscle health directly and to feed into many 
musculoskeletal modelling pipelines. Semi-automatic techniques are typically employed within 
modelling pipelines to quantify muscle properties, which require significant manual labour and thus 
are associated to operator repeatability issues. A fully automatic process is proposed to increase the 
efficiency of the muscle segmentation process, and subsequently improve the repeatability of 
musculoskeletal modelling pipelines. 
Methods 
Lower limb Magnetic Resonance (MR) Imaging sequences (T1-weighted) were taken from four 
women (Age: 67-73 y.o., Height: 158.5-164.0 cm, BMI: 21.4-30.4) after gaining informed consent. 
MR images were pre-processed to remove the skin and to homogenise the adipose tissue 
surrounding the muscles using automatic morphological operations. The Sheffield Image 
Registration Toolkit (ShIRT), shown to be capable of automatically detecting tissue boundaries within 
medical images [1], was employed as a segmentation tool. This was achieved by applying the tool to 
a set of repeatable reference data [2] obtained from semi-automatic segmentation (Mimics, 
Materialise) of lower limb muscles. Firstly, left and right limbs of a reference subject (S1) were 
registered, providing a simplified problem and a gauge on the lowest possible errors. 
Secondly, the right limb of subject S1 was registered to the right limbs of the three other subjects. 
The resulting automatically generated segmentations were evaluated using the semi-automatic 
results as a reference. The DICE similarity score [3], calculated as the ratio of the overlapping 
volume to the total volume of the two segmentations, was used to account for differences in the 
shapes of the segmented muscles, together with a volumetric comparison. 
Results & Discussion 
The accuracy of the process is summarised in Table 1. Looking firstly at the left to right registration 
(S1(L) in table 1), the DICE similarity scores are between 0.8 and 0.9 and the absolute volumetric 
error is less than 10% for all muscles considered, comparable to the repeatability of the gold 
standard approach [2]. On the other hand, comparing with the inter-subject registration, there is a 
significant decrease in the DICE scores and a severe increase in the volumetric error. The variability 
in the muscle architecture/anatomy between subjects is the cause of this disparity in accuracy. 

Muscle 

DICE similarity Volumetric error ((Vsemi−Vauto/Vsemi)%) 

S1/S1 S2/S1 S3/S1 S4/S1 S1/S1 S2/S1 S3/S1 S4/S1 

Adductor brevis 0.84 0.75 0.66 0.66 3.58 -23.4 -23.8 -39.7 

Adductor longus 0.85 0.73 0.69 0.75 -9.13 -41.1 17.0 -13.5 

Adductor magnus 0.90 0.77 0.79 0.77 -3.40 -22.9 -24.5 -26.3 

Vastus lateralis 0.85 0.82 0.73 0.78 6.67 -10.2 -34.5 -20.1 

Table 1: DICE similarity and Volumetric error of the four muscles the lie within the field of view for 
these four subjects 

 

Conclusion 
There is promise in the routine to perform automatic segmentation of muscles, given that left to right 
segmentation results are within the level of confidence of the semi-automatic approach. 
Possible routes to increase accuracy are using a large database of reference subjects and/or additional 
post-processing registration tasks which could enhance the accuracy of segmentation. 
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Introduction – Clinically, it is challenging to reconstruct large osteochondral defects. Tissue 
engineering approaches have been developed to address this unmet clinical need1, however, the 
success of the developed scaffolds have been limited, as the regenerated tissue do not have the 
appropriate mechanical properties and longevity2. In this study we developed a multi-layer scaffold 
to match the heterogeneous nature of osteochondral tissue by harnessing additive manufacturing 
technologies. We investigated the efficacy of the scaffold for repair of large defects in vivo using 
sheep condyle model. In addition, the effect of bone marrow concentrate (BMC) as a source of 
growth factors and stem cells3 was evaluated in conjunction with the osteochondral scaffold. 

 
Methods - The multi-layered scaffold was fabricated using a combination of Laser Sintering and 
Material Extrusion techniques. A collagen/hydroxyapatite scaffold was used as control. 24 sheep 
were randomly assigned to one of the four treatment groups: scaffold ± BMC and control ± BMC. 
The condyles were retrieved 6 months post-operation. Bone regeneration was evaluated using 
µCT and peripheral quantitative CT (pQCT), while cartilage regeneration and quality were 
examined macroscopically (modified ICRS) and by gene expression. 

 
Results - Gross evaluations of the joint showed minimal to slight reactions for all groups. 
Regenerated cartilage was not macroscopically different between the groups (p>0.5), however, a 
significant upregulation of mRNA for type-II collagen showed an enhance cartilage quality with the 
novel scaffold. µCT and pQCT data revealed that the bone ingrowth was higher in the scaffold 
group, while bone voids remained in the control groups. 

  
 
Conclusion - Collectively, these data illustrate that the novel scaffold support a better bone 
ingrowth and a hyaline-like cartilage formation. Our results indicated that the addition of BMC to 
scaffold has some potentially beneficial effects on tissue regeneration but not on the functional 
endpoint of orthopaedic interest. 
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Introduction 
This study presents preliminary findings using smartphone photogrammetry as a 3D scanning 
technique for digital lower limb prosthetics as part of the socket fabrication process. Quantitative 
evaluation and optimisation techniques to improve scan accuracy are shown. 

 
Body of the Abstract 

 
Transtibial socket production using digital techniques offers a host of advantages over 
conventional hand casting methods, with accurate 3D scanning methods being crucial. However, 
digital equipment is often costly and proprietary [1]. Smart phone photogrammetry could offer a 
simple alternative, however there is no widely accepted imaging technique for prosthetic 
applications, despite this technique being used in other fields [2], [3]. The aim of this study is to 
determine an optimal imaging technique for socket and residuum cast photogrammetry and 
evaluate the resultant scan accuracy. 

 
To achieve this an existing socket and cast were digitised and 3D printed to create a digital and 
physical twin [4]. The digital models were printed with a 0.8mm nozzle at a layer height of 0.3mm, 
from both PLA and TPU materials on a Creality CR-10. 

 
The physical models were photographed from 360 discretised positions based on cylindrical co- 
ordinates. Simplified genetic algorithms were used to design a series of experiments, taking scans 
from subsets of photos, whereby each experiment represents a unique imaging technique. As part 
of the optimisation process gene breeding, mutation, and survival of the fittest principals were 
utilised. 

 
The optimisation process identified an optimal technique for both socket and residuum 
photogrammetry. The resulting meshes were imported into Autodesk Fusion 360 and aligned 
digitally with the control model for in-depth analysis. 
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Introduction 
Aneurysm and atherosclerosis rupture are the leading cause of death worldwide. Significant efforts 
have been made to simulate their mechanical loading in vivo, but discrepancies are frequently 
observed. One possible explanation is despite non-linear and anisotropic material models, the 
averaged properties cannot represent local heterogeneity. This study proposes a workflow to render 
accurate strain mapping of aorta during a uniaxial test. Our methodology features a high registration 
accuracy even for samples with high distortions during loading. Moreover, the registration, unlike the 
widely used DIC system, requires no artificial markers and thus can maximally preserve the 
microscopic features under microscope. The goal is to understand the interactions between local 
geometries and macroscopic strains. 

 
Methods 
Eleven fresh pig thoracic aortas cut between the aorta arch and the celiac trunk were collected from 
a local butcher. Each aorta was cut into rings separated by the intercostal aorta branches. Four 
testing strips, two circumferential (perpendicular to blood flow) and two axial (parallel to blood flow), 
were cut with the help of a dedicated mould to guarantee dimension consistency. The strips were 
sliced with a thickness of 250 micrometres to give better microscopic feature identification under the 
microscope. A testing system, which integrates a uniaxial testing system and a stereo microscope 
installed with an eyepiece camera, was used to perform tests. During each test, one image was taken 
automatically after every loading step. The image series were registered sequentially using the 
unsupervised deep learning U-Net [1]. The strain map was calculated by accumulating 
displacements of correspondent pixels from previous images over the whole image series. 

 
Results: 
Accurate image registration and strain map was achieved using the proposed framework and 
methodology. Distinct strain map patterns between axial and circumferential strips were witnessed. 
High local strain concentrations were spotted near failure points before final catastrophic failure 
happened. Material stiffness decreases from proximal to distal side of pig thoracic aorta. 
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(A) The testing 
system; (B) sample 
before loading and (C) 
re-constructed image of 
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configuration. Typical 
strain maps of 
circumferential (D) and 
the axial strips (E) prior 
to their final failure. 
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Introduction: Hydrogels have become very popular and numerous attempts have been made to 
develop these materials to be used in tissue engineering applications, due to their high water content 
and biocompatibility [1]. The chemical composition of hydrogels and the subsequent effect on 
mechanical properties, swelling and deswelling behaviour and structural properties has been studied 
intensively. In this study poly (N- isopropylacrylamide) co-poly (hydroxypropyl methacrylate) 
Laponite® hydrogels were synthesised and the influence of incorporation of hydroxypropyl 
methacrylate ( HPMA) on physical, mechanical and cell behaviour within these materials were 
investigated. 

Methods: All samples were synthesised in accordance with previous research [2] using different 
HPMA concentrations: 5, 10%wt. Synthesized hydrogels were characterized using scanning electron 
microscopy (SEM) to interrogate the internal morphology and matrix deposition produced by human 
mesenchymal stem cells (hMSCs). Fourier transform infrared (FTIR) spectroscopy was used to 
monitor the dehydration and rehydration properties in situ. Dynamic mechanical analysis (DMA) was 
used to explore mechanical properties of the hydrogels. Swelling and deswelling behaviour were 
investigated and mesenchymal stem cells viability and phenotype within the hydrogel investigated 
for up to 4 weeks. 

Results: SEM results showed changes in hydrogel morphology where pore sizes within hydrogel 
structure increased dramatically as HPMA was incorporated. However, when the HPMA 
concentration was doubled pore size was slightly decreased when compared to 5 wt. % hydrogel. 
Adding HPMA resulted in softer hydrogel materials, where the storage modulus (G') decreased 
significantly. The dehydration rate decreased when HPMA was added. However, rehydration rate 
was increased. Cell viability was increased significantly by adding HPMA, and histological showed 
an increase in proteoglycans, calcium and collagen deposition when HPMA was incorporated. 
Immunohistochemistry revealed significant increases in collagen type I and osteopontin, which 
confirm histological findings that HPMA enhance the ability of this hydrogel to induce osteogenic 
differentiation of hMSCs. 

Discussion and conclusions: 
We have demonstrated the influence of using HPMA as comonomer on physical and mechanical 
properties of poly (N-isopropylacrylamide) co poly (hydroxypropyl methacrylate) based Laponite ® 

hydrogel and how this improve cell viability and phenotype within the hydrogels. 
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Introduction 
Pathological gait is often associated with a lack of symmetry1. Asymmetric gait is less efficient, 
increases oxygen consumption and energy cost of locomotion, may lead to loss of bone mass 
density, osteoarthritis and musculoskeletal injury1. A widely applied metric to quantify asymmetric 
gait is autosymmetry, which measures the divergence in motion of the left and right sides of the 
body. This is calculated from acceleration data measured by inertial measurement units (IMU) and 
carries additional information compared to measures of spatiotemporal symmetry2. Autosymmetry 
has been defined in the literature, as either the absolute3 (Eq. 1) or relative4 (Eq. 2) ratio between 
step (Ad1) and stride (Ad2) regularity, where regularity is determined using autocorrelation: 
Eq. 1 = Ad1 / Ad2; Eq. 2 = | Ad1 - Ad2 | / mean (Ad1, Ad2). However, for both equations, when the 
denominator tends to zero, autosymmetry tends to infinity in a non-linear fashion. This adds 
complexity to clinical interpretation of the index. The aim of this study was to introduce a linear 
definition of autosymmetry. Both theoretical and experimental results will be presented. 

 
Methods 
After ethical approval, data were collected from three 
participant groups during studies carried out at the 
Sheffield Teaching Hospitals (24 healthy control (HC), 20 
with Parkinson’s Disease (PD) and 61 with multiple 
sclerosis (MS)). During a walking task, participants wore 
triaxial IMU’s on their upper body. From acceleration 
signals, Ad1 and Ad2 were computed. 
Experimental limits for Ad1 and Ad2 existed between - 
1:1 (Ad1) and 0:1 (Ad2). Autosymmetry was calculated 
as per Eq. 1 and Eq. 2. In these equations, the use of a 
ratio attempts to include information about the magnitude 
of the loss of gait regularity. While this might seem 
effective, for more extreme values of Ad1 and Ad2 it 
leads to a value tending towards infinity. As the 
magnitude of the regularity is already reported within 
Ad1 and Ad2, an alternative equation has been proposed 
to calculate autosymmetry: Eq. 3 = (Ad2 – Ad1) / 2. 

 
Results and discussion 
A wide range of Ad1 and Ad2 values are present within 
and between patient groups within this experimental dataset. Values towards infinity were computed 
for autosymmetry by Eq. 1 and Eq. 2 (Figure 1). Implementation of Eq. 3 could aid comparisons of 
autosymmetry within and between individuals and aid clinical interpretation of symmetry measures. 
Further work into clinical stratification of autosymmetry is still needed. 
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Abstract 
Regions of the thoracic aorta affected by an aneurysm or dissection may require surgical intervention 
using vascular stent-grafts. These grafts must generate physiological branch perfusion distribution 
and in-stent haemodynamics to ensure long-term success. Therefore, enhanced understanding of 
pre- and post-operative blood perfusion within the diseased region in patient-specific cases is critical 
to improving clinical practice and patient-outcome. 

 
The primary aim of this study was to create patient-specific, pre- and post-operative computational 
fluid dynamics (CFD) models to investigate blood flow within arterial stent-grafts, permitting 
extraction of clinically relevant haemodynamic parameters and estimation of post-surgical blood flow. 
The secondary aim was to develop a novel methodology to increase luminal contrast and reconstruct 
the aorta and stent-graft from four-dimensional flow magnetic resonance imaging (4D Flow-MRI) 
data1. 

 
A novel methodology was employed to reconstruct a three-dimensional (3D) aortic geometry from 
retrospective 4D Flow-MRI images of the thoracoabdominal aorta. Thereafter, geometry 
characterisation was performed to validate this method against the gold standard approach of arterial 
reconstruction from CT images. To generate patient-specific boundary conditions (BCs), the arterial 
geometry was reduced to a one-dimensional (1D) model and the terminal branches were coupled to 
zero-dimensional (0D) 3-Element Windkessel models (3EWM), representative of downstream 
vasculature2,3. In this 0D-1D numerical framework, the 3EWM parameters were optimised based on 
in-vivo 4D Flow-MRI data. These BCs were then utilised in a 3D model, where blood flow was 
investigated in a fully patient-specific 0D-3D numerical framework. 

 
From the CFD simulations, clinically relevant haemodynamic parameters including time averaged 
wall shear stress, oscillatory shear index, and branch flow rates were extracted. The results highlight 
the importance of generating patient-specific 3EWM BCs on a case-by-case basis. Further, this study 
demonstrated that 4D-Flow MRI can be used to reconstruct a healthy aorta, and in post- surgical 
cases where a stent-graft has been inserted. However, CT is still required to generate accurate 
geometries where dissections are present. 

 
Consequently, this study showed that the combination of 4D Flow-MRI, CT, and CFD grants 
unparalleled visualisation and quantification of arterial blood flow at any stage of arterial disease. In 
future work, multiple stent-graft configurations will be included within the CFD models to determine 
the effect of stent-graft geometry on post-surgical haemodynamics. Additionally, the 4D Flow-MRI 
sequence will be optimised to capture false lumen geometry of diseased patients, and to increase 
the spatial resolution at the branches of the thoracoabdominal aorta. 
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The gut-brain axis is a pathway of information transfer within the body that has been linked to a 
variety of neural disorders. The enteric nervous system (ENS) of the gut plays a major role in 
transmitting information along this axis.1 The ENS consists of two parallel plexi of nerves that 
circumferentially wrap around the gastrointestinal tract. Given that changes in the gut tend to occur 
over long timeframes associated with changes in diet, etc., new technologies must be developed to 
access information in the ENS. A common method for monitoring neural activity is the use of multi-
electrode arrays typically designed to record electric fields that develop as neurons fire in the cortex 
of the brain.2 Here, we focus on the adaptation of this technology to the gut, generating a new device 
designed to access the ENS in live rodents with in vivo validation in an intramuscular model. 

 
Methods: Devices, consisting of an insulating polymer (parylene-C) with gold recording tracks, were 
constructed using typical lithographic techniques. Dummy devices, without gold tracks, were 
fabricated for implantation in a rat model. Devices were implanted subcutaneously with the active 
portion of the device inserted intramuscularly. Rats were sacrificed after 3, 7, and 14 days for 
examination and characterization of the implantation site. 
Results & Discussion: Our device consists of a series of small (4 x 10 µm), flexible recording wires, 
designed to be implanted into the colonic wall of a rat, with longer probes reaching the inner nerve 
plexus and shorter probes reaching the outer plexus (Figure 1a). The probes are individually 
articulated to provide minimal footprint during healing (Figure 1b). Dummy devices (Figure 1c) were 
implanted intramuscularly in a rat model (Figure 1d) to examine wound healing around the active 
portion of the implant. The animals recovered well from surgery with no complications. A gross 
analysis of the implant site indicates that the devices remained intact and embedded throughout the 
study. Further analysis, including histological characterization of the tissue around the implant site, 
will be conducted moving forward. 
Conclusion: We show the preliminary steps for implementation of an implant for monitoring the ENS 
in live rodents. Future work will focus on finalization of our designs, including introduction of tissue 
engineered aspects to these implants. We will then move towards active recordings from the ENS to 
gain a better understanding of information transfer through the gut-brain axis. 
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Introduction: Stroke is the second leading cause of mortality in the world1 and is a leading cause 
of disability within the UK2. Around 80% of strokes are ischaemic resulting from a blockage of the 
intracranial vessels in the Circle of Willis (CoW)3. Studies have demonstrated the benefit of 
mechanical thrombectomy for acute stroke4. This is performed by interventional radiologists using 
clot retrieval devices such as stent retrievers and aspiration catheters. Training is done through case- 
based practice and relies on realistic simulation in-vitro. 3D printing allows production of patient 
specific vascular models which can be used in education, training, and assessment of new stroke 
treatments. These models require segmentation of vascular anatomy and in this report, we describe 
our technique for semi-automatic segmentation of vasculature to produce an in-vitro stroke 
simulation. 

 
Methods: CTA scans were segmented in 3DSlicer using the VMTK Plug-in. The aortic arch was 
identified, and a threshold intensity histogram was produced. A range of intensity values was 
determined, to highlight desired vasculature and minimise amount of bone displayed. The island 
effect removed any isolated structures. Desired vasculature was identified, and other structures were 
manually removed using the scissor tool. Flood filing with an intensity tolerance of 40 and 
neighbourhood of 1.25 was used. The result was exported as an STL file and post processing was 
performed using Meshmixer and MeshLab software. The segmented vascular lumen was used to 
create the 3D vascular structure suitable for 3D printing. 

 
Results: The methodology established was successfully 
used to segment the aortic arch to the CoW in 29 patients. A 
smooth hollowed model composed of 3 main parts: the aortic 
arch, the carotid and vertebral arteries, and the CoW is 
shown in Figure 1. 

 
Discussion/Conclusion: In this report we described a 
workflow for the semi-automatic segmentation of 
angiographic images to produce aortic and intracranial 
vasculature for stroke simulation. One difficulty was the 
similar pixel intensities between bone and the contrasted 
arteries which resulted in having to manually remove the vertebrae and ribs from the segmentation. 
Additionally, poor contrast within small vessels made it difficult to distinguish smaller vasculature 
from background intensities for flood filling to occur. Future work will be to use a combination of 
Fused Deposition Modelling and Stereolithography 3D printing techniques to produce models for in- 
vitro stroke simulation. 
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Introduction 
Ultrasound (US) imaging has been broadly used to guide minimally invasive procedures, but it is still 
challenging to visualise the invasive medical devices such as clinical metal needles. Previous research has 
demonstrated that clinical needles can be well visualized using an LED-based photoacoustic imaging (PAI) 
system, which, however, suffers from sub-optimum imaging quality because of the low pulse energy [1]. In this 
work, we propose a framework based on convolutional neural networks to improve the visualisation of clinical 
needles with PAI. 

 
Methods 
A prime part of the framework included the generation of synthetic training and testing images. The sensor 
data used for generating synthetic images were acquired from two separate ways. One was to collect the 
sensor data for background by imaging human volunteer’s fingers using an LED- based PA/US imaging 
system, AcousticX, the other was to simulate the sensor data of the needles using the k-Wave MATLAB 
Toolbox. Ground-truth images were prepared to be more realistic by considering the distribution of optical 
fluence obtained using Monte Carlo simulations [2]. 
The trained U-net was further evaluated on unseen synthetic images and obtained PA images using the 
AcousticX with needle insertions (20 Gauge) into ex vivo tissue and outside the fingers of healthy volunteers. 
Furthermore, a phantom with flexible control of needle insertion angles and depths was designed and used to 
acquire PA images for quantifying the performance of the network, and the signal-to-ratio (SNR) of the needle 
shaft both in conventional reconstruction and U-net enhancement were compared. 

 
Results & Discussion 
Fig.1 shows the performance of the trained U-net in ex vivo data that were obtained by imaging the needle 
inserted inside a joint of pork. The needle in the US image was nearly invisible but could be observed in the 
PA image with conventional reconstruction. The application of our trained network brought prominent 
improvement in terms of artifacts removal and suppression of background noise. 

 
Fig.1 Evaluation of the trained U-net using an ex vivo needle image 

 
Conclusions 
We developed a deep learning framework to improve the visualisation of clinical needles in PAI and validated 
it with experimental data. It is potentially useful for guiding minimally invasive surgery. 
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Introduction 
Neonates are highly vulnerable to brain injury [1]. Functional neuroimaging that can be conducted 
repeatedly at the cot-side could potentially provide effective diagnoses. However, there is currently 
no suitable technology available. Functional Near-Infrared Spectroscopy (fNIRS) and its extension 
Diffuse Optical Tomography (DOT), allow functional neuroimaging of the human cortex to be 
accessible, easy to set up, and available at the bedside [2]. Herein, we propose a wearable, modular, 
high-density (HD) DOT technology (named ANIMATE) that has been developed specifically for 
functional imaging of neonates. Our design produces a new-generation technology that is 
significantly smaller and lighter than all existing high-channel-count fNIRS/DOT devices. 

The ANIMATE Technology 
A sophisticated 10-layer rigid-flexible printed circuit board (PCB) technology was utilized to 
implement the HD-DOT modules. To date, we have currently realized two versions of the ANIMATE 
systems. Version one (v1) consists of two patterns of rigid-flexible module, dual-hexagon (dual-hex) 
and triple-hexagon (tri-hex). Each module consists of a flexible chain of either 2 or 3 regular 
hexagonal units. Each hexagonal unit is equipped with 3 dual-wavelength LED sources and 4 
photodiode detectors (Fig.1a). A micro-controller unit is built in each hexagonal unit for logic control 
and two-way communication. In-built board-to-board connectors are implemented in each module so 
as to remove the requirement for conventional cabling. A flexible section is present between each 
connector tab and the adjacent rigid hexagonal unit to afford extra flexibility. 

 
Building upon this flexible-rigid design, another version of the ANIMATE system (named ANIMATE 
v2) has been implemented using the same individual hexagonal unit. However, in v2, a second rigid 
hexagonal section is folded back to generate a stacked board pattern (Fig.1b). While presenting a 
higher profile than v1, the v2 system is expected to afford a more robust mechanical structure, while 
the shielded cabling and stacked board configuration will provide additional noise isolation. This 
design should therefore facilitate longer-term application in clinical environments. 

 
Fig.1. Two versions of designs: ANIMATE v1 dual-hex module (a), and ANIMATE v2 switch-back, stacked module (b); (c) 
The 12-hex ANIMATE v1 DOT imaging array; (d) A daisy-chain setting of twelve ANIMATE v2 modules. 

For ANIMATE v1, as board-to-board connectors have been implemented into each module, modules 
can be easily connected together in a vast range of possible layouts. As a first demonstration of this 
system, 3 dual-hex and 2 tri-hex ANIMATE v1 modules were connected in a 2-3-2-3-2 layout 
configuration (Fig.1c). There are 36 source and 48 detector locations in this system so as to produce 
1728 DOT channels per wavelength. For ANIMATE v2, modules connect together to form a daisy-
chain as displayed in Fig.1d, which can then lead to an arbitrary array layout. 

Conclusion 
The ANIMATE systems demonstrated here are miniaturized, lightweight, reconfigurable, and can 
conform to the highly-curved neonatal scalp. We expect that the ANIMATE technology will make 
functional neuroimaging of the neonates at the cot-side significantly more effective and practical. 
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Introduction: Gait is usually quantified through straight-line walking (s-walk) metrics, even if its 
quantification during turning manoeuvres (t-walk) might be more sensitive in impairment severity 
stratification1. An accurate quantification of such metrics relies on the correct identification of foot-to- 
ground gait events (GEs); in this context, stereophotogrammetry (SP) is a flexible solution when 
complex tasks have to be acquired. Nevertheless, SP-GE algorithms have been validated only on 
limited portions of t-walk (i.e., isolated steps on a force platform) 2. This study will thus aim to assess 
the GE reliability for both s- and t-walk by an improved version by the algorithm originally proposed 
by Ghoussayni et al.3 and how this propagates on the relevant stride length quantification. 

Methods: Twenty healthy subjects (7 females, age: 29.7±9.0 yr., BMI: 23.2±2.8 kg/m2) were asked 
to perform two motor tasks including 90- and 180-degree turns. Reference initial contacts ( ) were 
identified using sixteen force-sensing resistors embedded in two pressure insoles (PI)4. Four markers 
on a rigid case on the lower back were used to discriminate between t-walk and s-walk, detecting 
turns using thresholds on angular velocity and rotations around the identified vertical axis1. For each 
limb, marker-based ICs () were detected when the 3D velocity of the maker placed on the heel fell 
below 0.5 m/s. SP (10-camera Vicon T160) and PI signals (fs = 100 Hz) were acquired in a 
synchronised fashion4. For each  , the relevant time error () was calculated matching the closest 
 event. Based on the identified turns, each  was classified as belonging to either s-walk (Δ) or t-walk 
(Δ ). Accuracy (mean) and precision (standard deviation) were assessed for both Δ and Δ . 
Propagation of the temporal errors on matching strides length (ΔL) was also assessed. Statistical 
differences were evaluated with independent Mann-Whitney U tests; stride length reliability was 
assessed using the Intraclass Correlation Coefficient ((2,1)5, IBM SPSS 26). 

Results and Discussion: Results for 1035 ICs detected for 19 participants (data from one 
participant was discarded due to poor PI signal quality) showed similar  for the two walking conditions 
(Table 1). In 95% of the cases, the propagation of these errors on the length of the 953 corresponding 
strides led to ΔL<1.3 cm in s-walk and ΔL<1.5 cm in t-walk. (2,1) values for s-walk and t-walk stride 
length values were 0.996 (CI: .995–.997) and 0.998 (CI: .998–.999), respectively. 

Table 1: Initial Contact (IC) error [ms] and stride length error [mm] values observed for straight-line and turning 
manoeuvres walking conditions; a sampling frequency of 100 Hz imposes a minimum  of 10 ms. The relevant 

percentage of the number of observation in a given condition is also provided (N). 
 

 Walking 
Condition N (%) Accuracy Precision 25-perc Median 75-perc 

Test 
Statistics 

IC 
s-walk 47.7 -0.6 ms 25.5 ms -10 ms 0.0 ms 20 ms z = -1.132 
t-walk 52.3 -2.6 ms 25.2 ms -10 ms 10 ms 20 ms p = 0.258 

Stride 
Length 

s-walk 25.4 -2.4 mm 13.8 mm -6.1 mm -1.4 mm 1.5 mm z = -3.843 
t-walk 74.6 0.0 mm 14.4 mm -4.7 mm 0.0 mm 4.8 mm p = 0.000 

 
Conclusion: This study showed that kinematic data can be used to estimate ICs also for t-walk. 
Despite the temporal inaccuracies observed in both conditions, an “excellent” 5 ( > 0.9) stride length 
reliability was observed. The impact of such inaccuracies on other spatio-temporal metrics (e.g., 
stride velocity) still needs to be assessed. 
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Introduction 
Magnesium (Mg) based implants have re-emerged as a 
contemporary alternative to traditional permanent implant 
material due to its ability to safely degrade in- vivo as a 
load bearing implant [1]. Metallic implants made of 
materials, like Mg, cause image artefacts in magnetic 
resonance imaging (MRI). However, their impact on MRI 
quality is minimal compared to other current permanent 
metallic implants [2]. Yet, no information is available on 
how the degradation of Mg influences the image quality of 
MR investigations. Mg-based orthopaedic screws have 
undergone in- vitro corrosion for various time periods. 3T 
MRI data has been collected, processed, visualised, and 
interpreted on the corroded samples. Results from the 
Mg-based samples have been compared to a titanium (Ti) 
equivalent with similar geometry to determine a “worst-
case scenario”. 
Methods 
Samples made of WE43 alloy were degraded via an adapted version of ASTM F3268 (Standard 
guide for in-vitro degradation testing of absorbable metals) with a phosphate buffered solution. A 
total of six samples were prepared with different immersion times varying by one week. A non- 
degraded Mg sample and Ti equivalent were also included in the sample group. The MRI test 
setup including object orientation, phantom material, phantom dimensions, scanning parameters 
and sequences were followed according to ASTM F2119 (Standard test method for evaluation of 
MRI artifacts from passive implants). A MATLAB (The MathWorks Inc., USA) script was created to 
analyse and measure the artefact production. ANOVA was employed to determine any significant 
results (p <0.05). 
Results 
An example measurement output of the designed MATLAB script can be seen in Figure 1. The 
measured artefacts of Mg samples reduced as in-vitro corrosion time increased. These results 
were significant in measuring artefact along the length of the screw. Of the various time points of 
degraded Mg samples, the non-degraded Mg sample produced the largest artefacts. With the 
zeroth Mg time-point presenting as the worst-case scenario, comparisons made with the Ti sample 
revealed Ti producing significantly larger artefacts than Mg (p <0.05). ANOVA results also revealed 
that certain scanning parameters (implant position, imaging sequence, and encoding direction) 
affected artefact production as well. 
Discussion & Conclusions 
When choosing an implant material, it is essential to evaluate the material’s compatibility with 
imaging technologies to avoid anatomical misrepresentation. As Mg degrades in-vitro, we have 
shown that artefact production reduces over time in MRI. Non-degraded (freshly implanted) Mg- 
based implants created the largest artefacts, yet still smaller in comparison with Ti. Mg-based 
implants promote improved imaging results over time allowing for physicians to better evaluate 
patient healing. 
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Fig. 1: Script output showing MRI 
images of a reference image (top left) 
and a sampled image (top right). A 
binary image is formed based on 
intensity values (bottom left) and a 
longest artefact distance is measured 
(bottom right). 
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Turner syndrome (TS) is a rare chromosomal disorder affecting approximately 1 in 2500 live female 
births [1]. In girls and women with TS, congenital abnormalities mainly affect the left side of the heart, 
with the most common being an elongated transverse aortic arch, bicuspid aortic valve, dilatation, 
and coarctation [2]. Such congenital abnormalities, as well as an increased risk of obesity and 
hypertension, contribute to the higher rates of cardiovascular disease (CVD) seen in TS [3]. We 
hypothesise that deviations from a morphologically healthy aorta and subsequent changes in 
haemodynamics may exacerbate the risk of CVD. 

 
In this study, computational fluid dynamic simulations were performed for three-dimensional patient- 
specific aortic geometries of Turner syndrome (n=5, average age 13 ± 1.7 years) girls, and one age- 
matched healthy girl. Numerical simulations were performed with the open source platform 
OpenFOAM, using patient-specific inlet boundary conditions, obtained from phase-contrast MRI 
data. Preliminary results consider laminar, time-dependent (pulsatile) flow for the solution of the 
incompressible Newtonian Navier-Stokes equations. The analysis of multidirectional blood flow and 
shear stress parameters revealed an increase in the vorticity of flow in the arch, the three major aortic 
branches, and the descending aorta. A link between abnormal aortic morphology and disturbed flow 
was found. The time-averaged wall shear stress pattern on the TS geometries was highly 
heterogeneous, and with higher values, when compared to the predominantly homogeneous pattern 
seen on the healthy aorta. These findings could be suggestive of atherosclerosis establishing at a 
younger age in TS patients, especially when taking into account obesity (more than half of the TS 
group were obese or overweight) which is thought to accelerate endothelial dysfunction. These three 
factors (age, obesity and aortic morphology) may therefore be important parameters in determining 
the risk of cardiovascular disease in children with Turner syndrome. 

 
Acknowledgements 
This work was supported in part by the UK Research and Innovation (UKRI) Engineering and 
Physical Sciences Research Council (EPSRC) Award Ref. 2104390 through the University of 
Strathclyde Research Studentship Scheme (SRSS) Student Excellence Awards (SEA) Project No 
1619, the UKRI Natural Environment Research Council (NERC) Award Ref. NE/T014113/1, and the 
European Union's Horizon 2020 research and innovation programme under the Marie Sklodowska- 
Curie grant agreement No 749185. 

 
References 

1. Bondy CA. J Clin Endocrinol Metab. 2007;92:10-25. 
2. Gutmark-Little I and Backeljauw PF. Clin Endocrinol (Oxf). 2013;78:646-658. 
3. Silberbach M et al. Circ Genomic Precis Med. 2018. 

 

  



Paper ID: 78. Comparing in vitro growth rates of fungal species using multi-level 
mixed effects 

 
J.G. Sia1, T. Hameed1, R.J. Tanaka 1 

1 Department of Bioengineering, Imperial College London, SW7 2AZ 
 
Introduction 
Critical fungal infections are currently managed by antifungals, such as azoles, that reduce the rate 
of fungal proliferation. However, due to their high cost and less than desirable efficacy in vulnerable 
patients1, alternative treatments are actively being sought. The antifungal efficacy is often evaluated 
by estimating fungal growth rates under different conditions2. But they are usually estimated from the 
snapshot data that pooled all biological replicates together. Here we propose a method to estimate 
fungal growth rates in an experimental population by accounting for the rates of each biological 
replicate over time. We applied the method to estimate growth rates of different fungal strains and 
Aspergillus fumigatus with or without epithelial cells (ECs). 

 
Methods 
We proposed a mixed effects method to estimate growth rates of the main fungal hyphal branch at 
the population level (fixed effects) and the individual biological replicate level (random effects) using 
exponential and logistic models, as well as more bespoke previously published growth models3,4. We 
employed a multilevel mixed effects method if there was additional grouping to the data such as 
strains and species. 
We applied the mixed effects method to the dynamic data of hyphal lengths (μm) of 11 Aspergillus 
strains, which are subtypes of 3 Aspergillus species, namely A. fumigatus, A. niger and A. 
tubingensis, as well as the dynamic data of hyphal lengths of A. fumigatus grown with or without 
epithelial cells (ECs). The growth rates obtained by all of the models were compared using student 
t-tests and the statistical significance and power were recorded. 

 
Results 
Information criterion-based model selection favoured using our mixed effects method over the non- 
mixed effect methods. Our method allows for successful derivation of the growth rate for each 
dataset. The growth rates of the 11 Aspergillus strains were significantly different at the Bonferroni 
corrected 0.05 significance level. The population growth rates of the 3 Aspergillus species were 
significantly different from each other with that of A. fumigatus being the largest (43.39 ± 2.92 for A. 
fumigatus, 8.09 ± 1.05 for A. tubingensis and 6.95 ± 0.91 for A. niger). No significant difference was 
observed in the growth rates with or without ECs. 

 
Discussion and Conclusion 
We proposed a new method of estimating and comparing different fungal growth rates of Aspergillus 
fungi. We demonstrated the usefulness of the method by applying it to derive the growth rates. The 
results highlighted differences in growth rates of multiple Aspergillus species and strains, and the 
lack thereof for A. fumigatus with or without ECs. This study sets the groundwork for analyses 
investigating any in vitro fungal growth in varying experimental conditions, such as with or without 
antifungal drugs. 
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Introduction: Peripheral Nerve Injuries (PNI) represent a major health issue (over 1M p.a. in Europe 
and the USA [1]), with gold-standard treatment for large-gap PNIs having serious limitations [2]. 
Engineered Neural Tissue (EngNT) [3], which comprises aligned cellular hydrogels, is developed as 
an alternative and can be tailored to improve nerve regeneration. In particular, the cells seeded in 
the hydrogel can release Vascular Endothelial Growth Factors (VEGF) to support revascularisation 
of the injury site. What seeded-cell distribution will facilitate revascularisation and improve nerve 
repair? Using in vivo experiments in isolation to answer this question is costly and time-consuming 
so we propose a mathematical framework to explore the impact of different seeded cell distributions 
upon oxygen concentration, cell densities, VEGF gradients and vascular network formation. 

 
Methods: The framework comprises a continuous cell-solute model, parameterised against in vitro 
data, which quantify cell viability, oxygen uptake and VEGF release in the hydrogel [4], overlaid with 
a discrete stochastic model for endothelial sprout growth, a pore-network model for blood flow and 
a homogenised, effective model for intravascular transport of oxygen. 

 
Results/Discussion: Simulations of angiogenesis in a EngNT construct are performed for a range 
of initial cell-seeding density, including non-uniform seeding, highlighting that the largest initial cell- 
seeding densities do not necessarily lead to the best revascularisation. Results also include the 
spatial and temporal distribution of oxygen and VEGF in the EngNT, and the complex interplay 
between these distributions, the cell density, and evolution of the vascular network as Figure 1 
illustrates for a simplified 2D case. 

 
Conclusions: The proposed framework indicates new avenues for cell seeding strategies that may 
accelerate vascularisation of a repair construct and improve cell survival. In this way, it can be used 
to explore a wide variety of parameters and help inform and accelerate future repair strategies as 
well as being integrated with experiment to improve the fundamental understanding of nerve repair. 
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Figure 1: Vessel invading EngNT from the left (zoom close to the stump) following a longitudinal 
VEGF gradient. 2D oxygen concentration in the vessels (dark/high, light/low) and in the hydrogel 

(background, light/high, dark/low). 
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Introduction – Tissue interfaces are transition areas located between 
different tissues, that have limited ability to regenerate (Figure 1). This 
can lead to pain and organ malfunction and partial healing of injuries, 
that can reoccur after surgery. The physiology of interfaces is well 
understood, but the mechanism of development and regeneration is 
unknown1. This project aims to develop a triphasic 3D in vitro model 
of bone-tendon-muscle to study the regeneration of the interfaces. A 
co- culture methodology will be optimized to evaluate the behaviour 
and organization of tissue-specific cells. The effect of surface 
topography and material composition on the interfaces’ development 
will be tested in dynamic and static flow condition. The studies will be 
conducted in a growth chamber that separates cell-specific culture 
media while the cells are communicating. 

 
Methods – The 3D model was fabricated using indirect 3D printing. A physiologically relevant 
surface topography was designed to resemble the native tissues. A stiffness gradient was 
developed, by modifying ratios of type I collagen, agarose, and hydroxyapatite. Then, tissue- 
specific cell lines, namely MG63, human dermal fibroblast (HDF) and Sket.4U, were characterized. 
An optimal cell seeding density, that allowed cells to reach homeostasis, was identified. Thus, 
cells were seeded on the 3D model with or without the stiffness gradient, with and without the 
surface topographies. The growth chamber was developed and tested for leakage, bio-inertness, 
and sterilisation techniques. 

 
Results – MG63, HDF and Sket.4U proliferated and were metabolically active when seeded 
individually. All cells expressed tissue-specific markers. A cell seeding density of 50,000 cells/gel 
was chosen for MG63 and HDF, and 100,000 cells/gel for Sket.4U. Cells co-cultured on the 3D 
model were metabolically active, increased their number and total protein content over 14 days. 
The final chamber design prevented the different liquids from mixing, was shown to be bio-inert 
and showed no evidence of growth bacterial colonies or fungi. 

 
Conclusions – A triphasic 3D in vitro model for the regeneration of the bone-tendon-muscle 
interfaces was developed. Tissue-specific cell types were characterized and an optimal cell 
seeding density was identified for each cell type. Cells proliferated, were metabolic active and 
increased the total protein content over 14 days in co-culture. A growth chamber for the 
regeneration for orthopaedic interfaces was developed. 

 
Acknowledgments – I would like to thank my supervisors for supporting me; the technical team 
of the Department of Engineering for the help; Gareth Williams for the training on histology and 
Dr. Graham Hickman for the training with Atomic Force Microscope. Finally, thanks to Nottingham 
Trent University and MechAscan (EP/P031137/1) for funding my project.  The  authors declare  
that there is no conflict of interest. 

 
References 
1. Balestri W, Morris R, Hunt J, Reinwald Y. Current advances on the regeneration of 

musculoskeletal interfaces. Tissue Eng Part B Rev. Published online November 11, 
2020. doi:10.1089/ten.teb.2020.0112 

  

 



Paper ID: 81. Benefits and Drawbacks of Embedding Compliance in Hand 
Rehabilitation Devices 

 
S. Hills1, P. Paoletti2, S. Fichera2, J. Gardiner1 

1 Institute of Life Course and Medical Science, University of Liverpool, L7 8TX Liverpool, UK 
2School of Engineering, University of Liverpool, L69 3GH Liverpool, UK 

 
Introduction 
A common after-effect of stroke is impaired hand function, characterised by weakness and spasticity. 
Physical therapy has been shown to be effective in helping patients recover motor function1. Robotic 
orthotic devices offer a potential way to help patients independently exercise the affected hand2. Soft 
(flexible) robotic devices are of particular interest in a rehabilitation setting due to their safety benefits3. 
Because soft robotics is a relatively new field of study, a rigorous definition of ‘softness’ is still lacking. 
As a consequence, it can be difficult to effectively quantify the benefits of compliance (‘softness’), and 
by extension to compare one soft design to another. This project aims to fill this gap and to understand 
how embedding compliance in the design of rehabilitation devices can enhance their performance 
and safety. 

 
Methods 
For the purpose of this study, compliance has been defined as the ratio 
between the stiffness of a rehabilitation device (e.g. a glove) and the stiffness 
of a finger. By using a series elasticity analogy4, a compliant system can then 
be represented as composed by rigid systems, where rigid 
finger and mechanical parts of the device are linked via a spring, as shown in 
figure. This allows the concept of compliance to be encapsulated within a 
single variable – the stiffness of the spring. 
The equations of motion for this series elastic system with a PID controller connected have then been 
modelled in a Simulink environment. Input parameters corresponding to a human hand have then 
been applied in order to quantify the benefits of compliance in terms of their effect on the movement 
of the hand and device, applied torque and work done. Such quantitative analysis is then used to 
make recommendations on the optimal compliance of a soft glove. 

 
Current Results and Discussion 
Results for the angular positions of the finger (θf) and device (θd) as a 
function of the compliance have shown that torque disturbances applied   
to the device have less of an effect on the finger, whilst torque pulses 
applied to the finger have a smoother motion path if the device is softer, 
both of which prove and quantify safety benefits of compliance.  The 
former also indicates that compliance can simplify  control  design,  but 
also suggests lower precision in soft devices. The results show that the 
benefits significantly increase as the device is more compliant and that a 
large compliance is required to obtain any significant benefit. However, as 
the benefits increase, so does θs, the difference in angular position 
between the finger and device, at the same rate. Higher θs presents a 
design challenge, as not only does they reduce precision and increase 
power consumption, but they also require bulkier designs. This introduces an upper-bound on the 
level of compliance designs can feasibly have. Overall, the ideal level of compliance is therefore 
presented as a situation-dependent trade-off. 
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Orthopaedic surgeries are associated with significant blood loss, which can account for more than 
50% of a patient’s estimated blood volume[1]. This poses an even greater problem for cancer patients 
due to tumour related factors (e.g. proximity or invasion of major vascular structures or 
hypervascularisation of the cancerous tissue itself), as well as the effects of chemotherapy and the 
administration of anticoagulant drugs[2]. In order to overcome the various risks and limitations 
associated with allogeneic blood transfusions for the replenishment of the lost blood (e.g. 
questionable safety and efficacy, increasing costs and limited supply), intraoperative cell salvage 
(IOCS) has been studied extensively in the surgical setting with promising results[3]. Current IOCS 
devices, however, lack selectivity, and therefore their use during oncological surgeries is limited, due 
to the risk of reintroduction into the blood stream of circulating tumour cells (CTCs), which can lead 
to metastases[4]. By combining interactions between CTC surface receptors and immobilised ligands 
on tailor made solid supports, high throughput and extremely selective immunoaffinity systems can 
be developed as an alternative blood salvage device in cancer surgery. 

 
Polyvinyl alcohol (PVA), an FDA-approved synthetic hydrophilic linear polymer that has been used 
extensively in the biomedical field[5], was the starting material for the creation of ‘non-stick’ and 
‘cell-friendly’ non-woven electrospun membranes. The supports were physically stabilised against 
dissolution by thermal treatment at 180°C, characterised using a battery of techniques (including 
FT-IR, ESEM, XRD, NMR, TGA) and underwent mechanical and cytotoxicity testing. Flow-through 
experiments with whole blood showed that the large open pore network allowed the unimpeded 
passage of cells with negligible physical entrapment and/or non-specific binding to the polymer 
backbone. These stationary phases were subsequently functionalised with avidin, and then 
conjugated with biotinylated antibodies against specific surface markers of an auto-fluorescing 
model human neuroblastoma cell line. Successful selective separation of these cells when mixed 
with erythrocytes was monitored by fluorescence microscopy. 

 
Future studies will focus on removal of tumour cells from shed blood recovered during oncological 
surgery; however, there is opportunity for the above PVA electrospun supports to be employed 
widely for the separation (negative and/or positive) of many different cell types, as well as other 
biological entities, such as exosomes. 
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Introduction 
Some stroke patients who have a mechanical removal of their clot (thrombectomy) do not get 
restoration of blood flow to the cerebral tissue (also known as the “no-reperfusion” phenomenon). 
One hypothesis for this is that the clot fragments into micro-emboli that proceed to occlude vessels 
downstream of the original clot location. Here, we investigate this hypothesis through the 
combination of in vitro experiments and in silico simulations to determine the impact of micro- 
emboli on full brain cerebral perfusion. 

 
Methods 
Micro-emboli distributions, determined from in vitro thrombectomy experiments (Fig. 1a)1, are 
tracked through a 1-d representation of the large cerebral blood vessels (Fig. 1b), simulating clot 
fragmentation after recanalization of the right middle cerebral artery (rMCA)2. The micro-emboli are 
found to distribute uniformly over the pial surface in the affected region. These micro-emboli are 
then used in micro-scale statistical models of the capillaries and penetrating arterioles (Fig. 1c) to 
update the parameters of the macro-scale porous representation of the microcirculation (Fig. 1d)3,4. 

 
Figure 1 a) Distribution of micro-emboli post-thrombectomy; b) Representation of large cerebral blood 
vessels; c) Micro-models of capillary bed and penetrating arterioles; d) Porous finite element model of the 
microcirculation; e) Coronal slice of perfusion after a stroke in rMCA; f) Coronal slice of post-recanalization 
perfusion in presence of micro-emboli. 

 
Results and Discussion 
Between one and two micro-emboli were distributed across each mm2 of pial surface. As so few 
emboli entered the pre-capillary arterioles and capillaries, 1% of vessels were assumed to be 
occluded in these compartments. After a stroke there was an 89% drop in perfusion in the affected 
region. After recanalization, and the distribution of micro-emboli in the microvasculature post clot 
fragmentation, the drop in perfusion had reduced to 3%. This indicates that micro-emboli may only 
have a minor role in the “no-reperfusion” phenomenon. 
Conclusions and Future Work 
We have shown that the impact of micro-emboli on global perfusion is minor. Future work will 
investigate the impact of larger clot fragments occluding large cerebral vessels post-thrombectomy. 
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Introduction: COVID-19 (SARS-CoV-2) has had a vast and historical global impact, 
reshaping many of our lives for the foreseen future. The need for rapid COVID-19 tests has 
never been more urgent. In this review, I will introduce the current methods used to 
diagnose COVID-19, the limitations to these current methods, and a discussion on the 
potential for novel portable means to substitute as viable alternatives. 

 
Background: The current gold standard for the diagnosis of SARS-CoV-2 is per real time 
reverse-transcriptase polymerase chain reaction (RT-qPCR). Even so, high false negative 
results have presented as a limitation to this method, with various confounding factors being 
culpable (such as low viral load, improper nucleic acid detection and inadequate clinical 
sampling). Imaging has also played a crucial role in SARS-CoV-2, with the main modalities 
being chest X-ray (CXR) and chest computed tomography (chest CT), primarily used to 
identify ground glass opacities and bilateral lower lobe consolidation. However, due to the 
limitations around the size and accessibility of these devices, they are considered 
unfavourable towards transmission rates and, consequently, our health. 
Discussion: Neoteric laboratory methods, including enzyme-linked immunosorbent assay 
(ELISA) devices, lateral flow immunochromatographic strips (LFICS) and a portable 
microfluidic immunoassay device, hold the probability of making suitable alternatives to RT- 
qPCR. Various literature suggests that these portable devices hold a greater possibility for at 
home application, ease of use and faster turnaround times. Besides this, portable CXR and 
chest CT scanners have also been trialled, with arguments for and against their efficacy in 
practical implementation. CXRs have been found to be the most efficacious due to easy 
mobility and lower radiation dose compared to portable chest CT. Although chest CT scans 
have proven to be of better imaging quality, evidence suggests CXRs fulfil the job criteria to 
a satisfactory standard. Conversely, further literature suggests the inadequacy of imaging 
modalities as a whole for their diagnostic value, emphasising the impracticalities around their 
contribution to transmission rates, their primary role in prognosis opposed to diagnosis and 
their role in identification of non-specific signs. 
Conclusion: Amassing all evidence, portable laboratory methods, seem to have the 
greatest prospect and viability as alternatives to current diagnostic methods for SARS-CoV- 
2. Although utilitarian, the use of portable imaging has sparked debate, with an increase in 
evidence inaugurating discourse for their advantages over currents methods and diagnostic 
value. 
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Introduction 
New strategies to address global energy crisis and improve human health standards has paved 
the way for the development of flexible and robust electronic devices that employ innovative and 
green approaches for energy generation and sensing capabilities. In recent times, triboelectric 
nanogenerators (TENGs) has shown tremendous potential as a passive energy harvesting 
device, which, working on the principle of triboelectrification and electrostatic induction between 
two surfaces is able to produce sufficient electrical power from omnipresent mechanical 
vibrations in the environment to power up small electrical devices (e.g., digital watches, 
calculators). Furthermore, based on the same principle, TENGs exhibit sensing capabilities, 
specifically tactile sensing and energy harvesting directly from human body motion[1]. 
However, achieving optimum performance from TENG still remains a challenge due to various 
factors such as degradation of triboelectric layer and poor electrical contact. 
In our present work, we have developed a robust, transparent and flexible TENG, that can not 
only harvest energy from human finger tapping motion but also detect human body movements 
such as wrist bending, skin stretching and finger bending. 
 
Materials and methods 
The TENG is made in a very simple and scalable way by forming a metallic nanowire-based 
electrode layer on a flexible adhesive tape followed by encapsulation with Ecoflex elastomer. 
Here, the ecoflex layer acts as the triboelectrically negative material. 
 
Result and Discussion 
The developed flexible TENG shows outstanding energy harvesting capabilities with a maximum 
power density of 1067 µW/cm2 from human finger tapping with a force of 30 N. A maximum open 
circuit voltage (Voc) of 200 V is achieved with a device of size 3 cm × 2 cm. The device is also 
able to power up 115 LEDs and charge capacitors. The device also very robust and is able to 
maintain stable performance even after 8000 cycles of continuous operation. Furthermore, the 
flexibility of our TENG also enables it to function as an efficient tactile sensor which is used to 
monitor different human body movements. To this effect, we also demonstrate a smart glove by 
incorporating the sensors on the finger-tip of the glove which can directly measure force from 
the amount of voltage/current generated during holding different objects. 
 
Conclusion 
To summarize, we have developed a flexible and robust TENG with excellent energy harvesting 
and tactile/force sensing capabilities from human body movements. The device is versatile and 
is scalable without any complex fabrication steps. The superior performance of the device holds 
huge potential for the development of future human motion driven self-powered electronic 
devices and sensors. 
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Introduction 
Data sparsity is one of the bottlenecks we often encounter in model development, especially 
for disease modelling or in fields where interdisciplinary cross-collaboration is still being 
developed1. When a model is fit to sparse data, it is hard to discern whether potential model 
misfit is caused by inherent model misspecification, which requires reformulation of the model, 
or by data sparsity, which requires further data collection. 

 
Methods 
We proposed a systematic workflow to theoretically assess the degree to which the available 
data can inform mathematical models, by upcycling a known statistical workflow that uses 
simulation studies2. The proposed workflow quantifies the useability of the experimental data 
in terms of expected quality of parameter estimation and model prediction. 

 
Results 
Application of the workflow to our mathematical model of early-stage invasive aspergillosis 
(pulmonary fungal infection), adapted from a previous model3, allowed us to suggest future 
experiments that could provide more “useable” data to infer the model’s nonlinear interaction 
parameters and to make better predictions. 

 
Conclusion 
The presented workflow could be useful when models are developed with data sparsity as 
a limiting factor for model-based inference. 
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Introduction 
Continuous monitoring of human health and activity using wireless wearable devices will be one 
of the key technologies in the ubiquitous sensor network society for years to come. Our recent 
advances in the development of the latest-generation of watch-size wearable devices, based on 
ultra-compact semiconductor lasers, have opened a new perspective for the implementation of 
compact blood flow monitoring sensor systems for personalised medicine. This wearable device 
is based on laser Doppler flowmetry (LDF), which is closely related to the dynamic light scattering 
approach [1]. This technology is widely used for non-invasive measurements measurement of 
optical parameters in living tissues. LDF is used for functional diagnostics of the circulatory 
system, as well as significant diseases associated with cardiovascular disorders and their 
complications. Furthermore, this method allows evaluation of the oscillatory processes in the 
microcirculatory systems with the help wavelet-based spectral analysis [2]. 
Results & Discussion 
The developed wearable devices consist of three channels for recording blood perfusion, skin 
temperature, and movements. This allows for measurement at any desirable point of the human 
body. The system also comprises a wireless data acquisition module. 
Every wearable sensor uses a VCSEL chip (850 nm, 1.4 mW / 3.5 mA, Philips, Netherlands) as 
a single mode laser source to implement fibre-free, direct illumination of tissue. Fibre probe 
movements often cause high-frequency intensity fluctuations due to speckle movement. These 
intensity fluctuations can themselves produce an apparent Doppler shift, highly disturbing the 
initial data acquisition and leading to faulty conclusions. A fibre-free solution, with direct 
illumination of tissue by the laser diode, makes it possible to decrease these artefacts commonly 
observed in fibre- based LDF systems, as well as to avoid fibre coupling losses. The integration 
of an accelerometer in the sensor also allows for the identification of correlation between 
changes registered in blood perfusion and actual body movements 
Signal processing based on wavelet transform has shown that the proposed sensor can detect 
five frequency rhythms by analysis of the small arteries blood flow oscillations: endothelial 
(frequency interval 0.0095-0.02 Hz), neurogenic (0.02-0.06 Hz), myogenic (0.06-0.16 Hz), 
respiratory (0.16-0.4 Hz) and cardiac or pulse rhythm (0.4-1.6 Hz). 
To evaluate the sensitivity of the sensor to changes in skin blood microcirculation, a series of 
studies were carried out. Experiments applying different functional tests (breath holding, 
occlusion, postural) were conducted in healthy volunteers [3-5], smokers [6], and patients with 
type 2 diabetes [7]. 
This work has revealed the strengths and weaknesses of the proposed LDF wearable approach. 
Overall, a series of studies have shown that our wearable device is capable of differentiating 
cardiovascular parameters with high sensitivity. Our promising results demonstrate the 
robustness of both the data acquisition and the spectral analysis methods employed to 
characterise measured optical data. 
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Introduction 
Chronic wounds, due to impaired cutaneous healing, affect between 2 and 6% of the total population 
in most developed countries [1]. Current treatments involving antibiotic dressings and mechanical 
debridement are often ineffective and can eventually result in limb amputation. Alternatively, 
modulation of gene expression involved in the healing process promises an attractive therapeutic 
approach. However, protecting the genetic cargo from degradation, promoting efficient transfection 
into primary cells and enabling sustained release remain significant challenges in the push to clinical 
translation [2]. We have developed a hydrogel-based wound dressing that delivers poly(β-amino 
ester)s (pBAE) polyplexes loaded with mRNA in a sustained manner over time, showing high 
transfection levels and low toxicity in human dermal fibroblasts (HDFs) [3]. 
Methods 
Transfection efficiency of HDFs was optimised by tuning the ratios of arginine and histidine-ended 
pBAEs encapsulating mRNA encoding the reporter gene EGFP, and measured by fluorescence 
microscopy and flow cytometry (FC). Hydrogel dressings were prepared by crosslinking 4-arm PEG 
thiol with pBAE polymers containing thiol-reactive moieties (thiopyridyl ester). Two formulations of 
varying PEG:pBAE molar ratios (HG11 & HG14) were characterized by rheometry and fluorescence 
microscopy. pBAE polyplexes loaded with EGFP mRNA were incorporated in the hydrogels and their 
release and transfection efficiency were studied in cultured HDFs by FC. 
 
Results & discussion 
The optimal pBAE formulation (C6RH), containing 3:2 arginine to histidine ratio, showed over 80% 
transfection efficiency of primary HDFs compared to roughly 50% obtained with the commercially 
available transfection reagent JetMessenger Plus, and low associated toxicity (lower than 15%). 
Hydrogels HG11 and HG14 presented viscoelastic properties and tuneable degradation kinetics from 
7 to 14 days, respectively. When incorporated into the hydrogels, polyplexes were protected from 
degradation over the duration of the experiments (72 h), compared to free polyplexes, which started 
to degrade after 3-8 hours in physiological conditions. Nanoparticles’ release kinetics were controlled 
by the wound dressing properties (i.e., crosslinking density), with faster release profile in the HG11 
formulation compared to HG14. The protection of polyplexes from degradation, along with the 
sustained release, enables efficient transfection of cultured HDFs over time. 
 
Conclusions 
We have developed a wound dressing prototype based on a viscoelastic hydrogel that serves as a 
delivery depot for the sustained release of pBAE polyplexes loaded with nucleic acids. These pBAE 
polyplexes showed exceptional transfection of primary HDFs in a system that can be translated into 
an in vivo setting – a current major limitation of delivering gene therapy to primary cells. Our data 
demonstrates that our hydrogel-polyplex prototype HG11 is a promising wound dressing technology 
with translational potential to enable sustained gene therapy to primary HDFs. 
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Nine Health Global (NHG) uses big data, artificial intelligence (AI), supercomputational modelling 
and other innovative technologies to improve patient and public health. Participation in the EU-
funded Virtual Physiological Human project (VPH-Share) facilitated the development of new 
services, a computational infrastructure, and clinical and research data and tools. In 2014 NHG 
took knowhow and learning from VPH-Share to Asia and created Diagbot, an AI clinical decision 
support system for grass-roots doctors in China, with a local partner. In this presentation we 
show how we created Diagbot using VPH-Share principles and how NHG is now building on 
these experiences with the National Institute for Health Research (NIHR) and NHSX funded 
project (WOUBOT). Partnering with Massive Analytics Ltd (MAL) integrating its data analytics 
software (OSCAR). NHG is creating a system to produce predictive personalized care 
recommendations for chronic lower limb wounds for use in front-line health services. 
 
Methods 
It has been possible to create artificial intelligence enabled clinical decision support systems 
based on the availability of a hierarchical medical system, the classification of electronic medical 
records and the informatization of medicine. Uneven distribution of medical resources, variable 
skill levels among doctors and high rates of misdiagnosis make this challenging. Beginning in 
2014 NHG worked with Lantone Information Technology, a Hangzhou-based company 
specializing in medical and health information, to apply some of the VPH-Share modelling 
techniques to create a new software, Diagbot. It provides general practitioners with automated 
clinical decision support including condition assessment, diagnosis and treatment 
recommendations through the automatic review of authoritative medical literature, medical 
guides, electronic medical records and modelling. This is empowered with proprietary API 
providing interpretable classifications and predictions from complex data sets. In September 
2020, the NIHR awarded NHG (Ref. AI_AWARD01723) a 1-year phase 1 project to develop a 
prototype API and application (WOUBOT) to predict outcomes and produce personalised care 
recommendations for chronic lower limb wounds for use in front-line health services. 
Results and Discussion 
Lantone’s system includes 350,000 medical terms in Chinese and its knowledge map has a 
logical association of 600,000. Its natural language processing recognition rate is 93%, with 
reasoning covering 780 diseases. NHG needed to overcome the difficulty of accessing high-
performance computing to power increasingly sophisticated algorithms and machine learning. 
Conclusions 
NHG continues to work with Lantone in China. In the UK, NHG is developing clinical algorithms 
and infrastructure to risk stratify using OSCAR (MAL) to predict and infer, which has the ability 
to transform healthcare pathways delivering optimum care to patients and value to the NHS. In 
this presentation we will show how VPH-share principles and the know-how from DIAGBOT have 
enabled NHG to create a system which will provide support for a variety of clinical areas including 
WOUBOT. 
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Introduction 
Glaucoma is the leading cause of irreversible blindness affecting 1 in 10 people over the age of 
75 years [1]. Intraocular pressure (IOP) is a dynamic parameter and a glaucoma risk factor when 
elevated. However, optic neuropathy is also observed in normal tension glaucoma where IOP 
remains within the normal physiological range. Information obtained from clinical monitoring of 
diurnal IOP variations is reported to result in changes to patient management in 4 out of 5 cases 
[2]. Consequently, the ability to continuously monitor IOP outside a clinical setting is a long 
sought- after goal particularly for normal tension glaucoma when patients are not responding to 
treatment. 
Methods 
An IOP monitoring contact lens (Figure 1 A) was manufactured from 38% HEMA silicone 
hydrogel with an embedded annular pressure sensor. Wireless data acquisition, in the form of 
resonance frequency (RF) readings, was achieved through mutual inductance between a 
resonant circuit in the pressure sensor and a magnetic field generated using an exciter coil 
connected to a spectrum analyzer with built-in tracking generator. The ability to track IOP 
chances was assessed on one human and one porcine ex vivo eye using cyclic and stepped 
pressure changes, respectively. 
Results & Discussion 
Experimental assessment confirmed the ability of the contact lens to accurately track cyclic and 
stepped pressure changes on ex vivo eyes (Figure 1 B and C). Larger changes in resonance 
frequency were observed on porcine eyes corresponding with greater IOP-induced deformation 
due to increased tissue elasticity [3]. Simulated eyelid pressure was found to stabilize readings. 

B 
 
 
 
 
 
 
 
 
 

Figure 1 (A) IOP monitoring contact lens, (B) cyclic pressure-resonance frequency change, ∆RF, 
on a human eye, (C) stepped pressure changes with simulated eyelid pressure on a porcine eye 
Conclusions 
The contact lens device can successfully track changes in IOP while simulated eyelid pressure 
has been shown to stabilize the lens on the eye and improve repeatability of readings. The 
results also highlight the importance of ocular biomechanics when calibrating RF readings from 
the pressure sensor to clinically relevant units, namely millimeters of mercury (mmHg). 
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Introduction 
Cell therapies show great potential to treat many diseases, but most cells injected through small- 
gauge needles do not survive after injection. This has been mostly attributed to mechanical 
conditions within the needle, but never confirmed. We have discovered the exact criteria for 
mechanical cell injuries, which allows the design of an injector syringe that minimizes cell 
damage. The injector design will also improve cell viability in 3D bioprinting of tissue constructs. 
This technology has promise for both high throughput pharmaceutical testing and regenerative 
medicine applications. The overall aim of this injector project is to develop a novel syringe that 
provides at least 95% survival of bioprinted cells through a commercial bioplotter. This will 
involve a combined experimental and theoretical approach for designing, producing and testing 
the novel syringe. We focus on a particular cell type in the initial effort, but the workflow we 
develop will be generally applicable to any cell type. 
Methods 
Primary research was conducted on the hypothesis of a threshold shear rate or shear stress 
value which implies a threshold radial position, beyond which all cells will die while within the 
threshold radius all cells will survive. First stage experiments were designed based on the 
protocol in Aguado et. al [1] with human umbilical vein endothelial cells (HUVECs) for ejection 
cells resuspended in PBS or dextran solution. 500μl samples were loaded into a 10ml glass 
syringe with a 30G needle. Samples were ejected into a culture dish at a constant flow rate. 
Samples were combined with a LIVE/DEAD assay kit (Thermofisher) and incubated at room 
temperature for 45 minutes. Microscopy images were used to assess viability rates. Second 
stage experiments were conducted to confirm cell mechanolysis criteria in hydrogel solutions. 
Passage five HUVECs were used to produce hydrogel-based injection fluids at concentrations 
of 0.5%, 1%, 1.5%, and 2% wt./vol. Rheometry were performed using a Haake Mars 60 
Rheometer by applying shear rates of 0.1– 13,000 1/s and fitting to the Power-Law fluid model. 
These experimental results were fed into our CFD model used to optimise our novel syringe 
design. 
Results & Discussion 
Our cell ejection results indicated that it is shear rate that kills cells, not shear stress. We then 
developed our initial designs and simulations for a novel syringe for maximizing cell viability with  
the assumption that there is a threshold shear rate above which cell viability drops significantly.  
The main feature of the novel syringe design is two compartments for separate fluids which  
connect to form concentric flow through the needle. The outer fluid is Newtonian and acts to take  
up most of the shear rate, while the inner fluid is a shear-thinning fluid which encapsulates the 
cells. The inner shear thinning materials have lower viscosities at higher shear rates to allow 
‘plug-flow’ behaviour during cell injections. The shear rates in the outer fluid are high, which 
allows the inner fluid to travel at high speeds while having low shear rates throughout. Relatively 
higher flow rates  of the cell suspension are required to minimise time of injection in operation. 
Conclusion 
Our study investigated the causes of cell damage during cell injection therapies. Using a 
combined experimental and theoretical approach, we have identified the primary kinematic 
property for cell viability. With this knowledge, we have designed a bioprinting syringe to 
maximise cell survival. 
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Introduction: In facial cartilage tissue engineering (CTE), to enhance cellular activity in vitro, a 
suitable biological, physical and chemical environment needs to be provided. Previous articular CTE 
studies have found that mechanical stimulation in terms of hydrostatic pressure, fluid-induced shear 
stress (FSS), and/or mechanical strain can affect cellular behaviours such as proliferation, 
differentiation and matrix production. However, the effects of mechanical stimulation on human 
nasoseptal chondroprogenitor (hNC) chondrogenesis cells remain to be investigated with significant 
implications for facial cartilage regeneration. Therefore, this study aims to investigate  the influence 
of mechanical stimulation on chondrogenesis of hNC cells using a combination of in vitro and in silico 
approaches. 

Methods: The hNC cell 
isolation and culturing 
procedure was undertaken as 
previously described [1]. The 
cells were encapsulated within 
hydrogel constructs, and 
cultured in the chondrogenic 
medium for 14 days under both 
static and dynamic conditions. 
In dynamic culturing, an orbital 
shaker with rotational speed of 
500 RPM was used. To simulate 
the mechanical environment 
within cell-laden struts under 
orbital shaking, a previously 
developed multiphase 
computational fluid dynamics 
(CFD) model [2] was used.  

The cell-laden hydrogel domain was modelled as porous media, and the medium was modelled as 
incompressible Newtonian fluid (Fig. 1a). The volume of fluid technique was used for tracking the 
medium–air interface during shaking. 

Results: It was found that the expressions of aggrecan, SOX9 and type 2 collagen were significantly 
upregulated after 14 days under the dynamic condition, compared to the static condition (Fig. 1c). 
The CFD results showed that the maximum FSS and hydrostatic pressure were 
0.02 mPa and 36 Pa respectively, and the maximum interstitial fluid velocity was 3 µm/s (Fig. 1b). 

Discussion and Conclusion: Using the orbital shaking system appeared to enhance the 
chondrogenesis of hNC cells. However, in silico results revealed that the mechanical stimulation 
was quite low, comparing to the reported ranges for articular CTE (FSS at 10-1 Pa level, hydrostatic 
pressure at kPa – MPa level) [3]. With the current results, it was hard to conclude that enhanced 
chondrogenesis of hNC cells was due to the mechanical stimulation rather than convection- 
enhanced nutrient delivery. Therefore, future work will focus on investigating different levels of 
mechanical stimulation using a suitable bioreactor (e.g. compression and/or perfusion) for cell 
culturing.Acknowledgements: We thank Ms Kavitha Saw for providing the cartilage samples. 
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Fig. 1 (a) Boundary and loading conditions of the CFD model; (b) 
resultant pressure, FSS and fluid velocity within the cell-laden strut; 

(c) relative gene expressions of aggrecan (ACAN1), SOX9 and type 2 
collagen (COL2A1). 
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Introduction - Osteochondral (OC) defects are one of the most common musculoskeletal (MSK) 
conditions in the UK. They are known for their low rate of healing and concomitant pathologies; 
they affect 3 out of 10 citizens over the age of 45. Every year, the NHS performs around 100,000 
hip & knee replacements1. From these, over 90% of the patients are osteoarthritic. We propose 
an integrated biomaterial and tissue engineering (TE) approach as an early corrective solution. 
 
Body of the Abstract – 
Methods: PCL and PGS prepolymer solutions were synthesised through ROP and condensation 
reactions. Further methacrylation was developed through the addition of methacrylic anhydride, 
using DCM as solvent. Prepolymer solutions were purified in an HCl aqueous solution. H+NMR 
and GPC were performed for chemical characterisation. PolyHIPE emulsions were 
manufactured photocuring under UV light. Moulding was used as AM process to create mono 
disks. SEM imaging, water contact angle and mechanical testing were performed. Early cell work 
was done on both material disks, bulk and porous. BACs and hES-MPs were seeded on PGSM 
and PCLMA scaffolds respectively to assess cytotoxicity, cell attachment, proliferation, early 
migration, and ECM production. Viability and ECM production was performed through 
fluorescent imaging and histology assays. 
Results: High yield methacrylation was achieved by the control of number of free hydroxyl 
groups via methacrylic anhydride (MA) on PCL and PGS prepolymer solutions. Results 
developed photo and thermo-responsive polymers. DM was corroborated through NMR peaks 
on LM-PCL (35%) and HM-PCL (50%). PolyHIPEs were successfully manufactured through W/O 
emulsions. Emulsion stability was determined by experimenting with the following independent 
variables: solvent, speed & time of mixing, temperature of emulsion and volume of internal 
phase. Porosity and pore sizes have been tailored: smaller for chondral development and bigger 
voids for bone applications. Production of collagen and proteoglycans in chondral tissues, and 
collagen and calcium sulphates in bone, was observed to increase in reported pore sizes. 
Material shrinkage has been reported for PCL-HIPEs on 15-20%; for PGS around 30%, and 
stability over 25 days. Shrinkage, and degradation assays were run on PBS and alkaline 
environment. Phenotypes on the surface of scaffolds were identified after autoclaving, which can 
be attractive for cell attachment. Cell migration was measured with viability assays; an increase 
in proliferation reflected an increase in migration, confirmed by Alamar Blue residues. Scaffolds 
were imaged through SEM, confocal and LightSheet techniques; cellular-like bodies were 
identified. Qualitative measures for collagen, calcium sulphates, proteoglycans, and alkaline 
phosphatase were developed in 2D and 3D experiments on BACs, and hESMPs. Finally, the 
use of alginate hydrogels for cell encapsulation was successful for hES-MPs after 7 days with 
no reported natural polysaccharide degradation. 
Discussion & Results: Both PCLMA and PGSM have mechanical properties suitable for OC 
applications. PolyHIPEs from both PCLMA and PGSM polymers possess a porous structure that 
allow cells and media to attach to their surface, to proliferate and to slowly migrate through the 
scaffold. PCLMA- LM and PGSM 80% have shown better results for early cell attachment and 
proliferation. 
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Introduction 
Tactile feedback from the foot sole is crucial for balance control1 and gait, but how relevant 
information is encoded in neural afferent populations during these behaviours is mostly 
unknown. Here, we present a computational model that simulates neural spiking responses 
from a full population of mechanoreceptive afferents innervating the foot sole during natural 
behaviour, such as walking. 

 
Methods 
Our model takes into account the unique mechanics of the skin tissue in the foot and 
includes all tactile afferent classes that signal skin indentation, slip, vibration, and stretch. 
Single-unit recordings of human afferent responses2 were used for validation and fitting of 
the model. In study 1, pressure insole data from 24 participants, collected during natural 
walking and balance behaviour for an average of 134 seconds3, is used as input to the 
model, allowing for the reconstruction of population-level tactile responses, which are 
impossible to measure experimentally. In study 2, stimulation was applied to selective areas 
of the foot using vibrotactile insoles whilst pressure distribution was measured. This 
stimulation was then modelled using FootSim with an entire afferent population to investigate 
the neural basis of pressure distributions following stimulation during quiet standing. 

 
Results 
We find that simulated afferent firing thresholds and supra-threshold firing rates match their 
empirical counterparts and exhibit characteristic firing patterns observed 
experimentally. During walking, different spatiotemporal pressure distributions and patterns 
selectively activate different receptor types. We observe sharp rises in activity of rapidly 
adapting receptors during the initial contact and lift-off phases of the step cycle and when 
large pressure deflections occur during quiet standing standing. This suggests that rapidly 
adapting receptors play an important role in maintaining balance through the encoding of 
pressure distributions at the foot sole. 
Conclusion 
This model will help understand the role tactile feedback during gait and to study changes 
across the lifespan and with disease, contributing to the understanding of why gait declines 
in such populations. FootSim can also be employed to reconstruct neural activity for use in 
prosthetic devices through direct neural interfaces with the lower limb nerves. 
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Introduction 
The purpose of our research is to develop a hardware-software platform to enable wheelchair users to 
practise navigation within a safe and bespoke virtual environment. The platform allows the users to learn 
new complex skills that would otherwise be challenging to learn in real life. The platform provides an 
interface for clinicians to set the required training and to collect/analyse data from the users. Wearable 
sensors are used to collect users’ physiological measurements (e.g. heartbeat and eye movement) during 
the training. 
 
Body of the Abstract 
A detailed literature review was conducted to learn the state-of-the-art 
regarding virtual reality (VR) platforms for wheelchair training. It was found that 
VR offers many benefits such as Sense of Presence [1], training in a safe 
environment [1], and transfer of acquired skills to the real world [2]. 
Nonetheless, there are some limitations that need to be overcome, for example 
cybersickness [2,3], to make the system viable. The hardware- software 
platform we developed, which is based on VR , enables wheelchair users to 
practise navigation and is characterised by two modalities; the first one is an at 
home-system in which the training is conducted using a VR headset and a 
joystick mimicking the joystick on the user’s wheelchair. This allows the user to 
train whenever possible, whilst allowing the clinician to track the user’s 
progress remotely through the Cloud. In the second modality the system is 
used in a clinical setting and in conjunction with a mechanical simulator, see 
Figure 1; the user sits on his/her wheelchair, placed on top of the mechanical 
simulator, which mimics a real terrain thus providing the user with more realistic 
sensory information. In both modalities, the virtual environment contains game-
like features, such as point score systems and tracking of the user’s movement 
(see Figure 2), in order to provide an engaging and motivating experience. 
Data, such as performance related parameters (reaction time, completion time, 
deviation from set path etc.) and patient’s physiological measurements, are 
collected during the training. Physiological measurements are taken in order to 
monitor the trainee’s wellbeing throughout the training. Online questionnaires 
are conducted to know how the user felt during the training. Furthermore, 
throughout the development stage, meetings with clinicians (e.g. Cornwall 
Mobility), who work closely with wheelchair users, have been undertaken to 
make sure the platform meets the required needs. Preliminary testing with 
healthy volunteers and focus groups is underway and feedback has been used 
to improve the platform. Following this preliminary phase, testing of the platform 
with wheelchair users will be conducted. 
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Introduction 
Computational fluid dynamics (CFD) can be used to model patient-specific hemodynamics over 
a wide range of spatial and temporal scales. The predictive capabilities of CFD have shown to 
be a promising tool to aid clinicians in their prognosis. However, the major drawback is their high 
computational cost, leading to extended time scales to produce results since the models are 
purely physics-based, which involves solving partial differential equations (PDEs). 
In recent years, deep learning has improved efficiency in many computationally heavy workflows. 
Additionally, with the recent development of methods to encode physics within the neural 
network to represent complex physical systems, deep learning has shown potential to be applied 
to fluid dynamics problem as well. Our study applies a physics-informed neural network 
developed by Raisi et al [1] to predict blood flow in patient-specific geometries. The neural 
network model allows the haemodynamics in arteries to be predicted efficiently, and by 
calculating the relevant indices, it could potentially be used in a clinical setting to inform of 
possible diagnosis. 
 
Methods 
The geometries used for this study were aorta datasets obtained from a small cohort of three 
patients (ethically-approved protocol S201703601). The data used to train the network was 
obtained by running rigid wall CFD models of the aortae. The simulation results were used as 
the ground truth to compare with the results from the neural network. 
The inputs for the neural network is the geometry and the time scale, and the network outputs 
the velocity and pressure field. The derivatives in the Navier-Stokes equations are obtained 
through the automatic differentiation method, and the residuals are calculated. The neural 
network's loss function is defined as the sum of squared errors of velocity between the 
predictions and the  training values, and squared residuals. Subsequently, to train the neural 
network, the loss function is minimized. The pressure field in the aorta is the hidden quantity that 
will be predicted using the neural network. 
 
Results & Discussion 
Preliminary results showed agreement between those from the CFD model and the results from  
the neural network. The physics-informed neural network managed to produce the velocity and 
pressure fields with reasonable accuracy, where the mean difference of the pressure between 
the CFD and the neural network is 2.3%. Based on these results, other haemodynamic indices 
could be calculated to inform clinical decisions. Furthermore, a physics-informed neural network 
could be used in conjunction with CFD models to accelerate the simulations or to determine the 
boundary conditions to set up the CFD models. 
 
Conclusion 
This study presents the results of a physics-informed neural network applied to three patient- 
specific cases. The velocity and pressure fields were calculated with reasonable accuracy and 
could be potentially used in a clinical setting or to further inform other computational models. 
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Introduction 
In CFD modelling for cardiovascular applications, numerous assumptions and simplifications 
made along the modelling pipeline can exacerbate structural uncertainties (i.e., model adequacy 
due to modelling choices), leading to questionable and highly variable predictions, impacting 
clinical trust and model acceptance. While it has been acknowledged that a robust method to 
quantify the impact of modelling choices is needed, a comprehensive study assessing the 
influence of various modelling assumptions in cardiovascular CFD models on predicted 
hemodynamics indices is still lacking. In this study, we explore the impact of different modelling 
assumptions on the simulation of blood flow in a healthy aorta and their potential implication on 
the predicted outcomes and their prognostic value. 
 
Methods 
The healthy aorta geometries obtained from a small cohort of three healthy volunteers (ethically- 
approved protocol S201703601) has been used for this study. Several modelling assumptions 
have been considered: image segmentation, lumen area, blood viscosity and wall boundary, and 
for each assumption, a patient-specific model has been run. The oscillatory shear index (OSI), 
time-averaged wall shear stress (TAWSS) and pressure at systole were calculated for each 
model. The calculated indices have been compared with a “control” case, which uses the most 
common assumptions in the literature: smooth wall geometry, rigid wall boundary, and 
Newtonian fluid. 
 
Results & Discussion 
This study has run six simulations per geometry, which accounts for 18 simulations in total, and 
each model was compared with the “control” case. From the result, it was possible to determine 
that the most significant variations have been seen on the lumen area and the wall boundary 
assumption. The mean differences in TAWSS were up to 35% and 20%, respectively. 
 
Additionally, the assumption with the highest variability differs depending on the haemodynamic 
index. In the case of TAWSS, the lumen area has the most impact on the results, while for OSI 
and pressure, the wall boundary shows the highest variability. Therefore, it is necessary to 
properly quantify the influence of the different assumptions and make proper recommendations 
where certain assumptions would be considered an acceptable approximation. 
 
Conclusion 
In this study, we evaluated the influence of common modelling assumptions on the simulation 
results of aortic flow in a group of healthy volunteers and any potential decision based on the 
two models. The wall boundary and the lumen area are determined as the assumptions giving 
the most variable results. Further study would be necessary to quantify the uncertainty these 
modelling choices are introducing into the models. 
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Introduction 
Lately research efforts in the development of SpO2 sensors have been focused on flexibility and 
wearability aspects of the sensors [1,2]. However, recently an all-organic two- dimensional (2D) 
pulse oximeter has been demonstrated, which was proposed to be implemented for continuous 
tissue recovery monitoring [3]. Here we demonstrate how high- resolution 3D printing can be 
employed to fabricate a more affordable flexible 2D pulse oximeter that uses inorganic 
optoelectronic surface-mount devices (SMDs) and could be tailor-made for the patients. 
 
Methods 
Flexible PCBs (FPCBs) were fabricated by printing 250 µm tracks of 30 wt. % silver nanoparticle 
ink on 60 µm polyimide substrate using 110 µm printing nozzle. SMDs, i.e. light-emitting diodes 
(LEDs) and photodiodes (PDs), were mounted onto the printed mounting points using conductive 
silver adhesive. FPCBs were encapsulated in Ecoflex without covering the LEDs and PDs and 
then inserted into connectors, which would be wired to the circuit amplifying the generated 
photoplethysmogram (PPG) signal. 
 
Results & Discussion 
Intricate single layer FPCB was designed using serpentine interconnects to accommodate two 
pairs of LEDs and 6 PDs, resulting in a 2×4 pixel array of SpO2 values. Robust and sufficiently 
conductive (<12 Ω) silver interconnects were achieved by printing 4 layers of silver ink. 
Optimisation of the PPG signal, which can be related to SpO2, was achieved by varying the 
distance between neighbouring LEDs and PDs from 12 mm to 7 mm. By choosing commonly 
used 660 nm and 940 nm LEDs and calibrating each LEDs-PD combination individually, SpO2 

maps can be generated by sequentially recording the PPG signal from each PD. The 
combination of 3D printing and SMDs for sensor fabrication should result in lower manufacturing 
costs than equivalent organic devices, considering the highly specialised use and modest scale 
of implementation of such sensors. 

Figure 1: A. FPCB with mounted PDs and LEDs, B. FPCB under bending deformation to prove its 
flexibility, C. PPG signal recorded from a thumb using 940 nm LED on the FPCB. 

Conclusion 
A method to fabricate a flexible array of SpO2 sensors, effectively creating a 2D pulse oximeter, 
using high-resolution 3D printing was demonstrated. This shows how this fabrication technique 
can be used not only for custom-made 2D SpO2 sensors, but also for multi-sensor integration 
on flexible substrates in general. 
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Introduction: Intervertebral disc (IVD) degeneration accompanying with low back pain is a 
serious worldwide problem. Even though, surgical treatments are available for pain relief, there 
is an urgent need to establish enduring cell-based remedies. Notochordal (NC) cells as the 
ancestor of nucleus pulposus (NP) cells in human IVD are a promising therapeutic target. It 
has been reported that the loss of NC cells after childhood could promote the onset of disc 
degeneration. Thus, we firstly, aimed to optimise the culture of NC cells in vitro without using 
the FCS in alginate (3D) culture systems and secondly, co-culture thesecells with degenerated 
NP cells to assess their regeneration potentials. 

Methods: Porcine NC cells were extracted using pronase treatment followed by overnight 
digestion in 0.01% collagenase II [1]. After extraction, cells were culture in 1.2% alginate beads 
(gold standard 3D culture) in either low glucose DMEM or αMEM medium [2]. Cells were 
harvested after 24 hours, 1 week and 2 weeks for gene expression analysis and formalin fixed 
paraffin embedding. Quantitative Real-Time PCR and Immuno-staining were performed for 
analysis of NC markers (KRT18, FOXA2 and T) and COL I as a negative marker. Next, co- 
culture experiments were set up for human NP cells from degenerated disc tissue with Porcine 
NC cells, NC conditioned media or iPS-NLCs. 

Results: A mixed phenotype of NC and NP cells was observed in alginate bead cultures. NC 
phenotype was observed within all culture conditions with production of GAGs and 
maintenance of vacuolated phenotype. Gene expression analysis showed no significant 
difference between culture of NC cells between low glucose DMEM and αMEM medium. 

Current investigations are determining co-culture of degenerated human NP cells with NC 
cells, NC condition media or iPS-NLCs. 

Discussions and Conclusions: Optimising the culture of NC cells in vitro could further help 
us to expand these cells in larger scale for their regeneration properties in cell-based 
treatments. 
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Introduction 
We present a novel way of estimating the conductivity diffusion tensor of simulated myocardial 
substrate from contact electrograms. We solve the inverse problem using a fully convolutional 
deep network. This in silico method serves as a proof of concept that deep networks can be 
used to estimate substrate properties from electrogram signals in a biological setting. 
 
Background: Atrial Fibrillation (AF) is 
characterized by chaotic electrical signals in the 
upper chambers of the heart, causing them to beat 
irregularly. This can be caused by numerous 
factors, including regions of fibrosis (scar). 
Identifying these regions is key in guiding treatment 
strategies. 
Methods: We generate a dataset of simulations in 
a two- dimensional field, based on a simplified 
version of the Fenton-Karma cardiac model [1]. 
Unipolar electrogram signals are acquired 
(sampling rate of 1 ms) in a way that resembles the 
clinical acquisition with a high-density mapping 
catheter (HD grid) [2]. The signals are used as the 
input to a Fully Convolutional Encoder-Decoder 
network [3], which is then trained to output the 
heterogeneous isotropic conductivity tensor of the 
field. 
Results & Discussion: Our model achieves a small generalisation error, with a Root Mean 
Square Error of 1.18 and 1.38 in the training and testing set respectively, and the network is 
able to successfully identify the areas of fibrosis with reduced conductive properties. The 
predictions on the testing set are statistically significant from the average generated scar 
distribution (p-value = 6×10-8), and a Jaccard similarity coefficient of 0.90 is achieved in binary 
pixelwise scar prediction. This work is a proof of concept that deep neural networks can be 
used to estimate substrate properties of myocardial tissue. The ill-posedness of the inverse 
problem is overcome by using a high-density catheter grid for the electrogram acquisition. 
Going forward, in silico heart surface models will be used, and the performance of the network 
will be evaluated in a range of different parameter sets for the cardiac cell model. 
Conclusions: Deep feed-forward neural networks can be used to estimate heterogeneous 
anisotropic conductivity tensors of simulated myocardium from electrogram data. 
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Introduction: Plaque structural stress (PSS) calculated using 2D finite element analysis (FEA) 
based on Virtual histology intravascular ultrasound (VH-IVUS) images has shown additive 
prediction values to the clinical presentation of patient with coronary atherosclerosis.1 The 
influence of realistic modelling strategies (3D structure only, 3D one- way fluid-structure 
interaction (FSI), 3D fully coupled FSI) with 3D bending due to heart beating on biomechanical 
features was compared in this study. 
 
Method: VH-IVUS and bi-plane digital subtraction angiography (DSA) images of 8 patients 
with coronary stenosis were obtained before stenting. DSA images were matched in cardiac 
phases and the dynamic 3D coronary central lines were reconstructed through a forward 
projection curve fitting of the 2D central line pairs. 3D coronary models were generated by 
integrating 2D structural meshes with the 3D central lines. The material properties of each 
atherosclerotic component were assumed to be incompressible, homogeneous, nonlinear 
isotropic, and hyperelastic. The blood flow was assumed to be laminar, Newtonian, viscous, 
and incompressible. To simulate coronary bending, displacement loadings were applied to the 
outer surface of loading slices. The inlet and outlet pressure profiles were generated by scaling 
a generic coronary pressure profile to patients’ blood pressures.2 3D fully coupled FSI, 3D one-
way FSI, 3D structure only FEA, and 2D structure only FEAs with free mesh3 and with structure 
mesh were calculated for the structure/fluid models, using ADINA 9.5.3 (ADINA R&D, Inc, MA, 
USA). Peak PSS and maximum principal strain (MPS) were calculated in the peri-luminal area 
(10% vessel wall thickness) for each slice. The linear mixed effect model was used to evaluate 
the correlation between mechanical features calculated with different modelling strategy, and 
the Bland-Altman analysis was used to evaluate agreement.  
Results & Discussion: The 3D structural only model had the best correlation and agreement 
with 3D fully coupled FSI in both PSS and MPS. One-way FSI is a simplified model from fully 
coupled FSI by assuming rigid wall for fluid simulation. However, artery and plaque 
components are highly deformable causing a reduction of pressure drop and a small yet 
significant underestimation in PSS of the one-way FSI model. 2D structure only model did not 
show a good correlation, and a further Bland-Altman analysis showed poor agreement. The 
difference in plane strain assumptions, axial tissue support and 3D bending created large 
difference between 2D and 3D models. Mesh difference may also influence modelling 
accuracy as the 2D structure only FEA with structural mesh showed a stronger correlation than 
that with free mesh. 
Conclusion: 3D models differs significantly from 2D models by including more realistic factors 
like axial tissue support and vessel bending. Among all 3D models, the 3D structure only 
model showed good correlation with the golden standard fully coupled FSI model, and can 
potentially be a substitute method with higher computational efficiency. 
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Introduction: During an ischaemic stroke, brain tissue suffers from a severe reduction of blood 
flow, oxygen (hypoxia), and nutrient supply (glucose deprivation). Chemical stimuli, including 
adenosine diphosphate (ADP) and glutamate, released from ischaemic tissue attract surveying 
microglia to the site of injury. The recruitment of microglia is essential to the clearance of cell 
debris, along with neuroinflammatory activation. Modulation of activated microglia towards an 
anti- inflammatory response is known to reduce stroke damage and modify their ability to migrate 
(1). Therefore, novel in vitro stroke models to assess microglial cell migration, as an important 
modulator of stroke outcome, are needed for mechanistic studies of the complex stroke 
microenvironment. 
Methods: Firstly, to establish a microglial migration assay, concentration gradients of ADP, 
glutamate, or bovine/horse serum were generated within a microchannel array connecting a 
microglial cell culture (SIM-A9) and a source of chemoattractant. Time-lapse imaging of cell 
migration was analysed using ImageJ (Manual Tracking plugin) and Chemotaxis and Migration 
Tool software (iBidi). Secondly, to develop in vitro stroke models of microglial migration, primary 
mouse cortical neurons and SIM-A9 were co-cultured in microfluidic devices. 
Compartmentalised chambers of healthy and injured cells were interconnected to mimic post-
stroke conditions (Figure 1). An excitotoxic dose of glutamate (100 µM) or glucose-free medium 
was selectively perfused through one co-culture chamber, thereby inducing cell death and 
spontaneous diffusion of the physiologically relevant stimuli. 
Results & Discussion: Random cell movement (chemokinesis) was effectively differentiated 
from chemotaxis, which strongly correlated with the formation of long-lasting chemoattractant 
gradients (6-15 h) and directionality statistics (Rayleigh test and forward migration indices) in 
response to all studied stimuli. From these, the bovine/horse serum gradient elicited the 
strongest microglial migratory response by increasing accumulated distance, Euclidean 
distance, and cell velocity. Primary neurons-microglia co-cultures were successfully established 
in microfluidic devices, without introducing neurotoxicity for up to 48 h. Spatially controlled injury 
of the co-culture was also accomplished by the selective perfusions for 40 minutes. Future work 
will focus on spatiotemporally controlled induction of cellular hypoxia (2) and studying of 
microglial migration in the in vitro stroke models. 

Conclusion: Here, a 
novel platform for 
ischaemic stroke 
modelling and real- time 
observation of microglia 
is being developed. 
Simplified in vitro stroke 
environments were 
established within the 
microfluidic devices, and 

microglial cell migration was monitored for quantitative assay. Our microfluidic models thus 
represent an alternative tool to understand the migratory response of microglia in stroke and to 
assess potential therapeutics, such as anti-inflammatory treatments. 
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Introduction 
Mechanical energy from human motion and movement inside 
the human body is generally lost to the environment. Wearable 
nanogenerators have shown the potential to reliably and 
sustainably convert this otherwise wasted energy into 
electricity [1], which can then be used to power wearable 
sensors and electronics. Out of the different categories of 
nanogenerators, piezoelectric (PENG) and triboelectric 
(TENG) ones have the highest potential for energy harvesting. 
Combining both yields promising hybrid nanogenerators [2]. In 
our present work, we introduce a simple strategy to post-treat 
commercial piezoelectric sensors by exploiting a triboelectric 
nanocomposite which can be simply spray coated on them. To demonstrate this we develop a 
prototype which shows enhanced energy generation and adds a new feature to the sensing 
capabilities of the commercial film, enabling the detection two different modes of contact (tapping 
and rubbing). These enhancements open up the potential for multi-modal sensing and enhanced 
power yields, needed for healthcare-monitoring using wearable devices. The easy and potential 
scalability of our sprayed nanocomposite is also eminently conducive to integration into nearly any 
flexible electronics platform. 

 
Materials and methods 
To achieve facile application of the triboelectric layer directly on the commercial piezoelectric films, 
we exploited a fluoropolymer/acrylic blend with added fillers. This nanocomposite was directly 
sprayed on the top electrode of the LDT1-028K Piezo film using a paintbrush spray gun to obtain 
the triboelectric-enhanced sensor prototype. After sensor fabrication, test benches were set up to 
measure open-circuit voltage and short-circuit current and both the piezoelectric sensor and the 
triboelectric-enhanced sensor were subjected to controlled tapping and rubbing contact to 
measure outputs experimentally. A digital signal processing algorithm was implemented to filter 
noise and a full-wave bridge rectifier was set up to compare the temporal power density from the 
two sensors. 
Results and discussion 
A synergistic effect was found in both tapping and rubbing tests when the triboelectric layer was 
coated on the piezoelectric film, with clear enhancements in sensitivity. The triboelectric-enhanced 
prototype shows peak powers that are ca. twice that from the commercial piezoelectric sensors. 
Furthermore, it enables the detection of both normal (tapping) and shear (rubbing) contacts, as 
opposed to commercial piezoelectric films that only detect tapping. 
Conclusion 
A nanocomposite was spray coated on commercial piezoelectric films to develop a triboelectric- 
enhanced piezoelectric sensor prototype. The triboelectric-enhanced prototype produces higher 
power and enables detection of both normal and shear contacts, thus extending the piezoelectric 
sensor’s ability of detecting “higher frequency” tapping contact by also capturing “lower frequency” 
contacts such as rubbing. Our approach can be a simple and attractive post-treatment strategy for 
commercial polymeric piezoelectric films for healthcare-monitoring applications. 
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Introduction - Stem cells are found in various niches within the human body, including the 
central nervous system, the gut and bone marrow1. Cancer stem cells have been found in 
varying amounts inside Glioblastoma Multiforme (GBM) tumours2. The specific sites at which 
the cell is in contact with the extracellular matrix (ECM) are known as focal adhesions, and 
there are many proteins which function at this site, thus allowing the cell to respond to 
mechanical cues from its external environment3,4. Using a device called a ‘Nanokicker,’ 
controlled nanoscale vibrations can be administered to the cells- this technique has already 
been used to stimulate the differentiation of Mesenchymal Stem Cells into osteoblasts5. 
 

Abstract - 
Method 

Cells were exposed to 
differentiation stimulation by 
nanoscale mechanotransduction 
(NM) or a chemical stimulation: 
Bone Morphogenic Protein 4 
(BMP4). The media also 
contained Epidermal Growth 

Factor (EGF) and Fibroblast Growth Factor-2 (FGF). 
Experiments were carried out with and without the inclusion 
of these growth factors (GF). After 7 days, changes in gene 
expression were measured against a control group using  
qPCR. 
 
Results & Discussion 
Results show an increase in Glial Fibrillary Acidic Protein (GFAP) expression when GF are 
removed from the cell culture media. Small increase in GFAP expression with addition of 
BMP4 in presence of GF. 
Conclusions 
GFAP expression is associated with astrocytic differentiation. The removal of GF has the 
biggest impact on stem cell differentiation, while cells grown in media containing BMP4 and GF 
did show a small increase in differentiation. GF in the media greatly reduced differentiation. 
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The rapid growth seen in the older population poses the problem of how to promote healthy 
ageing effectively1. Healthy ageing can be described as promoting a healthy lifestyle that 
manages age-related illnesses and disabilities. This project targets the physical functionality 
aspects of healthy ageing within the spectrum of frailty. Frailty is a state of vulnerability of a 
person’s healthy stability due to psychological or external events that are considered threatening 
and/or challenging. One key element of frailty is that it is dynamic, there is a risk that recovered 
individuals can relapse back to a frail state2. Hence, independent and non-specialised long-term 
exercise plans are key in ensuring stable health after recovery. This project aims to create a 
virtual assistant platform that enables users to perform clinician prescribed exercises semi-
independently by being able to guide, detect and assess body movement. 
 
Skeletal motion is captured using a single infrared depth sensor (Orbbec Persee) and a depth 
data based skeletal tracking library (Nuitrack). This low-cost solution provides full body skeletal 
tracking, covering 19 joints and their corresponding three-dimensional rotational and positional 
information. With this data, the goal is to create a motion feature set that allows the platform to 
evaluate the user’s performance in a set of exercises and estimate the state of frailty overall. To 
achieve this, the first step is for the virtual assistant platform to understand what type of motion 
is occurring (e.g. running or walking) within an exercise routine. This is the problem of motion 
labelling. 

A solution to motion labelling has been achieved 
using the Dynamic Time Warping (DTW) 
technique3, which finds the optimal alignment 
between two time series sequences of varying 
lengths. An extension to this technique, named 
“subsequence DTW” (SDTW), is proposed to 
label motions by finding predefined shorter motion 
sequences within the longer exercise sequence. 
 
This algorithm was validated first on individual 
joint motion data using a human motion dataset4. 
Predefined motion sequences were generated 
synthetically from the original sequence using 
random sampling, and then post-processed  
using Gaussian noise and down sampling. The accuracy of the labelled motion was measured 
using three features: start time, end time, and duration. The results showed the algorithm was 
robust to large noise variations and accurate within a margin of error of 10 percent. The SDTW 
algorithm is now being extended to label full body motion data, where multiple joints motion 
data are analysed simultaneously. This solution achieves the first milestone towards enabling 
the virtual assistant to assess the quality of movement. The understanding of types of motions 
will allow the system to give context to the feature sets that will describe the user’s performance, 
laying the foundations for the platform to monitor and assess physical health and frailty states. 
I would like to thank the University of Liverpool Doctoral Training Network in Technologies for 
Healthy Ageing for its support with this project. The authors declare no conflict of interest. 
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Introduction: Musculoskeletal degeneration in osteoarthritis (OA) and ageing affect a significant 
fraction of the population (>8.5 million in the UK) and cause pain, immobility, necessitating joint 
replacement. Such conditions involve coupled changes in the articular cartilage (AC) as well as 
subchondral bone (SCB) [1], leading to changes across the bone-cartilage unit (BCU). However, 
while abnormal mechanical loads lead to OA development [2], it is unclear how these mechanics 
cause tissue damage in the BCU at the nano- and micro-scale in the extracellular matrix (ECM). 
Here, we develop a multiscale mechano-imaging approach to visualise the fibrillar- to tissue-
level ECM deformation across the BCU, using synchrotron small-angle X-ray scattering (SAXS). 
Methods: Cartilage sample preparation: Bovine metacarpophalangeal joints were used for BCU 
extraction. A miniature diamond coring bit was used to extract 2 mm diameter x 5 mm long bone- 
cartilage unit (BCU) cores in sterile conditions under constant irrigation with physiological saline. 
Synchrotron in situ mechanical testing: BCU cores were scanned using 2D SAXS imaging in 
both their uncompressed and compressed (30% strain) states, using a microcompression tester 
[3] with a fluid-chamber in unconfined compression, mounted on the SAXS/WAXD beamline I22 
at Diamond Light Source, Harwell, UK. A microfocus X-ray beam (diameter 15 μm, energy 14 
keV) was used to create raster-grids of 2D SAXS patterns 840 X 3560 μm2 (40μm grid step) 
before and after loading. Data analysis: 2D SAXS patterns were integrated to 1D radial (I(q)) 
and azimuthal (I(χ)) intensity profiles. The fibrillar meridional stagger (D) and its variation (wq) 
were calculated by non-parametric estimates of moments for the 3rd order meridional SAXS 
peaks in I(q) [3]. The fibril orientation (χ0) and degree of fibrillar alignment (ρ) were obtained by 
Gaussian fits to I(χ), following our prior work [4]; Custom Python and R-scripts were used for 
plotting and statistical analyses. 
Results & Discussion: Figure 1 shows a 2D plot of fibrillar 
alignment (ρ and ꭕ0) before and after loading. Fibril orientation 
varies smoothly from the superficial through transitional and 
deep zone into calcified cartilage. Compression induces a 
reduction in nanoscale fibrillar alignment (possibly due to local 
kinking and buckling of the hydrated fibrils along their axes) and 
tilting away from the fibril axis. Significant (p<0.05) differences 
in D-period and wq exist between the cartilage, calcified 
cartilage, and subchondral bone in the unloaded state. Notably, 
the fibrils in the calcified cartilage show a larger D-period linked 
to fibril pre-strain [3] than in uncalcified cartilage (66±0.17 vs 
65.83±0.2 nm) with a clear reduction observed for subchondral 
bone (~65.04±0.34 nm); this may be due to different 
biochemistry present within type II collagen fibrils in cartilage versus the Type I fibrils in bone. 
Loading induces a significant reduction in pre-strain, mainly in the deep zone, and a 
corresponding increase in wq. Pre-strain reduction is linked to possible pressure-induced water 
loss from the hydrated proteoglycan-rich matrix between the fibrils. 
Conclusions: These results reveal existence of load-sensitive fibrillar-level variation in ECM- 
nanostructural parameters across the entire BCU. Analysing the effect of aging and injurious 
loading on these gradients will shed light on the mechanobiology of degeneration of joints during 
OA and ageing, and aid in the development of new biomaterials for joint repair and regeneration. 
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Introduction 
The skull consists of several bony plates connected by soft 
tissues called sutures. Sutures enable the skull to accommodate 
brain growth during childhood. By adulthood, bone has formed at 
the sutures creating a rigid shell to protect the brain. The early 
fusion of sutures (i.e. craniosynostosis) results in abnormal skull 
growth and increased intracranial pressure. The most prevalent 
form of this condition is sagittal craniosynostosis [1]. Many 
corrective techniques which vary in levels of bone removed 
across the skull have been developed (Fig 1), and their long-term 
outcomes debated among surgeons [2]. This study aimed to 
develop a validated finite element (FE) model comparing the 
biomechanics  of three techniques used for treatment of sagittal 
craniosynostosis. 
Materials and methods 
A 4-month-old sagittal craniosynostosis patient data was used for 
model development. The FE package (ANSYS 19.0) was used 
to simulate skull growth and bone development based on the 
methodologies previously described [3,4] from 4 up to 60 months 
of ages across the 3 considered techniques in this study (Fig 1). 
The skull shape, length, width, and pressure across the brain 
surface were measured. Clinical data of patients treated with the 
same techniques were used for skull shape validation. 
Results 
FE model predicted the relapse clinically observed in 2 & 3 spring 
assisted cranioplasty [SAC] by 76 months. However, it did not 
predict the relapse observed in the modified strip technique 
(MSC- see Fig 2). The overall pressure across the brain was 
seen to be greater in the SAC techniques when compared to the 
MSC technique. FE models predicted that the treatment 
method can also have a dramatic effect on the pattern of suture closure patterns. Despite this, 
the closure/healing of the sutures and boney gaps was achieved by 36 months for all techniques, 
matching well with what is seen clinically. 
Discussion 
We believe the main reason for not being able to validate the FE results of the MSC technique 
is that the clinical data for this technique were extracted from the literature and there could be 
discrepancies between the FE model developed here for this technique and the actual clinical 
reconstruction. Nonetheless, this work is the first in a series of comparative studies in predicting 
sagittal craniosynostosis outcomes. For many decades, vital biomechanical questions for the 
treatment process remain unanswered and the modelling approached presented here has the 
potential to unravel the biomechanics of different treatment approaches for craniosynostosis. 
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Fig 1: Replicated surgical treatments. 
Showing bone [yellow], sutures [red], 
surgical cuts [white] and springs [grey]. 

Fig 2: Skull shape predictions vs. 
clinical data outcomes with SD. 
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Introduction 
Breast cancer-related lymphedema (BCRL) is characterised by chronic arm swelling and greatly 
impacts a patient’s quality of life. BCRL can occur due to the removal of lymph node(s) (LN) 
during breast cancer treatment, disrupting lymph drainage. We have developed a novel lymph 
node implant, Faciliflow, with the goal of preventing BCRL by implantation into the axilla region 
following LN removal. Faciliflow has channels running through the device to promote lymph flow 
from afferent to efferent lymphatic vessels and encapsulates Vascular Endothelial Growth 
Factor-C (VEGFC) which is slowly released locally to encourage reconnection of lymphatic 
vessels, restoring physiologic lymph flow. This study presents an animal study demonstrating 
lymphatic vessel regeneration and reconnection after Faciliflow was implanted following lymph 
node excision. 
Methods 
The Faciliflow device, with three parallel channels, was fabricated via injection molding of 
medical grade polyurethane (Polymermedics Ltd., St. Astell, United Kingdom). A modified 
methodology described by Schindewolffs et al. [1] was used for the study. The LNs of one limb 
of the rat were removed, and instead of performing autologous lymph node transfer (ALNT), 
Faciliflow was implanted alongside an intradermal injection of 6.67µg of VEGFC (n=20). 
Fluorescent imaging (indocyanine green, or ICG) was performed after 28 days, 2 months, and 4 
months to visualize vessel reconnections. Histology of the implant and surrounding vessels was 
conducted after sacrifice at 4 months. Surgeon feedback as a result of the study led to a redesign 
of Faciliflow to improve ease of use. 
Results & Discussion 
Successful reconnection of the lymphatic vessels was observed by ICG in 6 of 11 rats, when 
original device orientation was maintained. This is comparable to that reported by Schindewolffs 
et al. [1], where rats were treated with ALNT and 6.67μg of VEGFC (55% vs. 53%, respectively). 
The rats implanted with a Faciliflow device had a significantly higher success rate than those 
rats treated with ALNT and a saline-only injection, reported by Schindewolffs et al.,p=0.01, 
Fisher’s exact test) [1]. Histological examination of the tissue confirmed the presence of 
lymphatic vessels, with positive staining of LYVE-1 close to the implant surface. A critical finding 
of the study was the importance of maintaining correct device orientation, where the device’s 
parallel channels are aligned with the afferent and efferent vessels of the resected LN. To ensure 
that the channels remain in the correct orientation, suture tabs were incorporated in the design 
of Faciliflow 2.0 to increase device stability. 
Conclusion 
BCRL is a debilitating condition leaving affected patients with painful arm swelling, chronic 
infections, and limited treatment options. Faciliflow has the potential to eliminate the risk of BCRL 
at the time of surgery and improve patient livelihood post-cancer diagnosis. 
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Introduction – Varicose veins are chronic venous insufficiencies that are typically recognised 
as enlarged and swollen superficial veins, whose pathology is a result of venous reflux and 
incompetent venous valves. One of the most common and least invasive methods of treatment 
against varicose veins is foam sclerotherapy. It involves the intravenous injection of a foamed 
surfactant solution that damages the vascular endothelium, resulting in sclerosis. Sclerosing 
foams form a plug upon injection, maximising the interaction between the surfactant and vessel 
walls. in order to understand the formation of the foam plug and its progression within veins, the 
flow behaviour (i.e. rheology) of sclerosing foams must be characterised. Generally speaking, 
aqueous foams have been shown to exhibit a time-dependent rheology. This consequently 
implies that the history of shearing (i.e. flow) defines the rheology of the foam at the point of 
measurement. Thus, conventional rheometers are not suitable to obtain the flow behaviour of 
sclerosing foams as they do not mimic the geometry of veins. This study aims to experimentally 
determine the rheology of sclerosing foams using a biomimetic setting. 
Methods 
A biomimetic pipe viscometry apparatus was used to characterise the rheology of polidocanol 
(1%) sclerosing foams across a clinically relevant range of shear rates (6 s-1 – 400 s-1) within 
polytetrafluoroethylene pipes of different diameters (2.48 mm and 4.48 mm). Foams were 
formulated using varying liquid-to-gas volume ratios (1:3, 1:4 and 1:5) using the Tessari and 
DSS (double syringe system) methods. Additionally, end-effect and wall-slip correction methods 
were utilised in an attempt to model the nominal rheology of foams. The rheological data were 
fitted into the power-law model to obtain the fluid flow index () and the fluid consistency index () 
of sclerosing foams, followed by systematic statistical analysis of power-law indices. 
Results 
The observed rheological behaviour of sclerosing foams is shown to be dependent on pipe 
diameter and liquid-to-gas ratio, while the effect of formulation technique appears to be 
statistically insignificant. Although wall-slip correction ultimately failed in providing physically 
meaningful results; nevertheless, end-effect correction was successful. Sclerosing foams 
exhibited a shear- thinning behaviour with flow indices ranging 0.24 <  < 0.45, while the observed 
consistency indices ranged 2.98 <  < 12.49. The nominal (end-effect-corrected) rheology of 
foams were shown to follow similar trends with respect to liquid-to-gas ratio and formulation 
technique when measured in different tube diameters, although the range of the flow consistency 
indices were narrowed by end-effect correction to 2.21 <  < 6.30. In addition to the power-law 
characterisation of sclerosing foam rheology, the rheograms demonstrated evidence of a quasi-
static drainage effect that affected foam viscosity during slower injections. For a Tessari foam of 
1:4 liquid-to-gas ratio injected into a 34 cm long tube with diameter of 2.48 cm, viscosity ranged 
from 0.05 to 0.27 Pa.s, corresponding to observed shear rates of 700 to 80 s-1. 
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Introduction 
Non-union fractures are broken bones unable to heal properly due to a combination of lack of 
stability and lack of blood supply. The former is addressed by internal or external fixation, while the 
latter remains a challenging issue, potentially solved with pro-angiogenic growth factor therapies. 
While local VEGF injection has shown promising results in animal models, they lack clear benefits 
in a clinical setting, possibly owing to short half‐life and systemic side effects of VEGF proteins1. 
Therefore, a local delivery system that keeps the growth factor protected and inactive until it is 
released is ideal for successful translation of VEGF therapies. Looking at nature for inspiration, we 
developed a novel aptamer-based technology platform that harnesses cellular traction forces to 
activate growth factors, called Traction Force-Activated Payloads (TrAPs), inspired by the naturally 
occurring process of activation of TGF-β1 during the healing process2. 
Materials and Methods 
Oligos were synthesised using solid-phase phosphoramidite chemistry, followed by on-column 
chemical conversions. DBCO-RGD was conjugated to the azide end of aptamers through click 
chemistry, and the thiol end was conjugated to either polyacrylamide gels (in vitro) or collagen 
sponges (in vivo). Human microvascular endothelial cells (HMEC-1) proliferation as a response to 
VEGF-TrAPs was measured using Presto Blue. A 6-mm critical-size femoral defect model was 
developed in rats by performing a mid-diaphyseal ostectomy stabilised by PEEK plates fixed with 
6 screws. VEGF-TrAPs conjugated to collagen sponges were implanted in the defect and CT 
scanning was used at 3, 6, 9 and 12 weeks to assess bone growth compared to controls. 
Results and Discussion 
TrAPs technology harnesses cellular traction forces to activate growth factors by unfolding the 
aptamer. We synthesized hairpin aptamers that bind and inactivate VEGF3, in which one end is 
attached to the cell-adhesive peptide RGD, and the other end has a thiol group that facilitates  
facile conjugation to the scaffolds of interest. First, we showed that TrAPs platform enables HMEC‐
1 to mechanically unfold the aptamers and release the active form of VEGF, promoting cell 
proliferation in vitro2. This data suggests that the TrAPs technology is a potential candidate to 
enable successful VEGF therapies in a clinical setting. To demonstrate this, a 6-mm critical-size 
femoral defect model was performed in rats and healing assessed over time using CT scanning, 
following the hypothesis that enhanced angiogenesis will promote healing of non-union fractures. 
The data shows that, indeed, the groups treated with VEGF-TrAPs present accelerated healing 
compared to empty sponges (no growth factor) and sponges loaded with scrambled VEGF-TrAPs 
(inactive growth factor). This is especially true at early timepoints (3 weeks post defect), suggesting 
that early angiogenesis is critical to efficiently heal non-union fractures (unpublished data). 
Conclusions 
TrAP technology platform harnesses cellular traction forces as a biophysical trigger to activate 
and release therapeutics without the need of passive or external triggers. In this work, we 
highlight the potential of this platform to promote endothelial cell proliferation leading to 
angiogenesis, especially critical when healing non-union fractures, where the lack of blood supply 
leads to impaired healing. 
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Introduction 
High asymmetry in muscle volumes was recently quantified on medical resonance imaging (MRI) 
in older women [1]. Muscle volume allows to estimate muscle maximal isometric force (Fmax), an 
important architectural parameter of musculoskeletal models (MSKMs). However, Fmax is 
commonly scaled from cadaveric measurements [2] and assumed equal in both limbs. In this 
work, we studied the effect of using MRI-based Fmax on the estimate of joint contact forces (JCFs) 
during squatting and level walking relying on Static Optimisation. 
Methods 
Gait analysis (Vicon and Kistler) and lower-limb MRI (T1-weighted VIBE, Samsung) were 
collected from four women (72±10 y.o., 68.4±11.6 kg, 160±4 cm). Bone and muscle geometries 
were segmented from MRI (Mimics 20.0, Materialise) to build seven-segment MSKMs of the 
lower limbs, with ball-and-socket hip and hinge knee and ankle [3]. Muscles were mapped from 
a literature model (gait2392 [2]) and paths were adjusted using the MRI. Fmax was calculated: by 
a) scaling values from gait2392 based on participants’ body mass (FSCA), and b) using the 
equation FMRI=σ*VM/lopt, where VM is the segmented muscle volume, lopt is the optimal fibre length 
[3], and σ=61 N/cm2 [2] is the muscle specific tension. Correspondingly, two MSKMs were built 
for each participant. Simulations of squat and level walking were run in OpenSim 
(https://simtk.org/) to estimate resultant JCFs (normalised to body weight, BW) using the Static 
Optimisation and Joint Reaction Analysis tools. Asymmetry of JCFs was quantified with both 
models (ΔJMRI and ΔJSCA, respectively) as a difference between left and right values and visually 
compared. 
Results & Discussion 
Asymmetry of FMRI ranged between -47% (Rectus femoris) and 40% (Peroneus brevis), with no 
consistent pattern across the cohort. Large ΔJMRI and ΔJSCA values were observed (up to 0.6, 1.0 
and 1.4 BW, and up to 1.3, 0.8, and 1.6 BW for hip, knee, and ankle, during squatting and 
walking, respectively (Fig 1)), suggesting a non-negligible asymmetry between limbs. 
Nevertheless, ΔJMRI and ΔJSCA appeared almost equivalent (Fig 1), except for a maximum 
difference of 0.2 BW at the hip during squat. Indeed, JCFs asymmetry was likely caused by 
asymmetry in the kinematics and ground reaction forces, rather than in Fmax, and therefore 
equally captured by both models. 

Fig 1: ΔJMRI  (solid line) 
and  ΔJSCA (dotted line) 
of the three joints during 
squatting (top) and 
walking (bottom) for two 
representative participants 
(in blue and purple, 
respectively). 

 
Conclusions 
Our findings suggest that 

personalisation of Fmax does not affect the symmetry of estimated JCFs within a traditional Static 
Optimisation framework. In this context, accounting for asymmetry in muscle volume cannot 
provide additional information compared to a symmetric scaling approach. 
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Introduction 
When characterising biomechanical behaviour of soft biological tissue, it is often desirable to 
subject the same sample to repeated mechanical tests [1]. However, it is well known that strain 
history can have a compounding effect on subsequent viscoelastic response of the tissue [2]. 
Various protocols have been employed by researchers when characterising ocular 
biomechanics resulting in a wide variation in the reported behaviour. While removing strain 
history is desirable when the intention is to isolate specific behaviour characteristics, it is also 
important to quantify its contribution to subsequent behaviour. In this study, we assess the effect 
of recovery time on the viscoelastic behaviour of the cornea and sclera using uniaxial tensile 
testing. 
 
Methods 
One-hundred and twenty-eight porcine eyes (sixty-four pairs) were obtained fresh from a local 
abattoir and tested within twelve hours post-mortem. The paired eyes were anatomically 
orientated with the superior-inferior meridian marked using a gentian violet pen from limbus to 
posterior pole to aid consistent excision of uniaxial strips; one from the cornea and one from the 
sclera. All strips were submerged in a 2% w/v Dextran/PBS solution during testing to negate 
tissue swelling and then subjected to 10 preconditioning cycles between 0.01 and 0.25N before 
moving to either increasing strain rate or stress relaxation tests. Strain rates were applied over 
three orders of magnitude (1%, 10% and 100%min-1) whilst stress relaxation was assessed at 
increasing ramps (0.03, 0.06, 0.09, 0.12 and 0.25N) with a set recovery time (0, 3, 6 or 12 
minutes) included between each strain rate or stress relaxation test phase. Load and elongation 
data were then analysed to derive the tissue’s behaviour using a bespoke MATLAB script. 
 
Results and Discussion 
The results demonstrated that for all recovery periods, the tissue exhibited similar stress-strain 
behaviour within stress ranges equivalent to those experienced under normal physiological 
pressure. However, deviations in behaviour became evident at higher stresses. This of particular 
relevance during instances of acute tissue stress elevation such as eye rubbing. 
 
Conclusions 
This study highlights the importance of tissue recovery when characterising viscoelastic 
behaviour of the cornea and sclera and suggests suitable recovery periods for uniaxial testing. 
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Abstract 
Antibiotics are one of the emerging pollutants in various environmental waters, which are 
produced by urban and rural practices. Antibiotics can accelerate the emergence of antibiotic 
resistance genes and bacteria, and antibiotic resistance can further cause illnesses that were 
once easily treatable with antibiotics to become dangerous infections. Recently, biosensors 
have provided an alternative for antibiotic detection, which are usually sensitive, specific and 
easy-to-use. Especially, an aptasensor is one kind of biosensor where the biological 
recognition element is a DNA or RNA aptamer. In this work, a novel paper-based aptasensor 
was developed for electrochemical detection of oxytetracycline (OTC) in water. The low-cost 
electrochemical aptasensor was fabricated by both wax-printing and screen-printing. Amino 
functional graphene/thionine/gold nanoparticles (NH2-G/Thi/AuNPs) nanocomposites were 
first coated on screen-printed working electrodes (SPWEs) to improve the detection sensitivity 
[1,2]. An aptamer, a “chemical antibody” with a high affinity to bind with OTC, was then 
immobilized on the coated SPWE to recognize the target molecule specifically. Differential 
pulse voltammetry (DPV) and electrochemical impedance spectroscopy (EIS) was used for 
quantitative detection of antibiotics. As shown in Figure 1, the aptasensor demonstrated a 
linear range of 100 pg μL−1-50 ng μL−1, with a LOD of 100 pg μL−1. Our work presents a 
promising platform for economical, rapid and user-friendly detection of antibiotics, with 
tremendous potentials for low-cost and on-site monitoring of water quality. 

 
References 
1. Wang, X., et al., Highly sensitive homogeneous electrochemical aptasensor for 

antibiotic residues detection based on dual recycling amplification strategy. 
Biosensors and Bioelectronics, 2016. 82: p. 49-54. 

2. Wang, Y., et al., A novel label-free microfluidic paper-based immunosensor for highly 
sensitive electrochemical detection of carcinoembryonic antigen. Biosensors & 
Bioelectronics, 2016. 83: p. 319-326. 

 

  

 



Paper ID: 122. Vortex ring classification for improved flow phantom design 
 

A. Matthews1, S. Ferrari1, J.W. Fenner1 
1Department of Infection, Immunity and Cardiovascular Disease, University of Sheffield, 

Sheffield; Insigneo Institute for In Silico Medicine, University of Sheffield, Sheffield 
 

Currently in development, the ‘Ring Vortex Complex Flow Phantom’1 is intended to 
challenge quantitative medical flow imaging technologies. This novel device generates ring 
vortices as a reference flow: torus-shaped vortices with a circulating axisymmetric core. 
Their generation by the phantom relies on a combination of linear actuator and passive 
orifice. Use of the ring vortex in this context offers complex yet reproducible fluid behaviour, 
suitable for reliable assessment of medical imaging technologies. Ring vortices have been 
studied extensively in the literature, with a number of analytical formulations published over 
the last century which form idealised representations of the flow profile. 
This work considers the relationship between the vortex flows generated by the phantom 
and the idealised descriptions provided by the analytical representations. 
Methods 
Comparisons have been considered between a) experimental vortices, b) CFD simulations, 
c) analytical ring vortices of three types. The analytical models cover a range of complexity, 
from Hill’s Spherical Vortex2 to the Lamb-Oseen ‘thin-core’ model3 and the Kaplanski-Rudi 
‘thick-core’ model4. 
Comparisons involve velocity vectors and a PCA-based ROM. The former compares 
velocity vector maps through visual and semi-quantitative methods. The latter decomposes 
the fluid behaviour into orthonormal components to classify the relationship between 
parameters and CFD ring vortex components. Experimental, analytical and CFD 
representations have been compared. Results 
Early results confirm expected differences between the highly idealised formulations of 
Hill and Lamb-Oseen and those produced by the phantom. A higher level of agreement 
is observed between CFD, experimental data and the Kaplanski-Rudi model with 
opportunities for refined classification. 
Conclusions 
Effective classification of the rings has implications for improved phantom design and 
improved simulation, ultimately delivering a more discerning tool for evaluation of 
quantitative flow imaging modalities. 
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Introduction 
Osteochondral lesions of the talus (OLTs) commonly occur as a result of traumatic injury. The 
presence of such lesions can affect the biomechanical behaviour of the joint thus resulting in 
further degradation and progression to osteoarthritis; a severely debilitating disease. Few studies 
have assessed biomechanical changes within the joint associated with the presence of an OLT 
within the whole talocrural joint, nor assessed how changes to loading during the gait cycle may 
affect the loading seen [1]. Due to the complexity of the talocrural joint related to its morphology 
and congruency, understanding the impact OLTs have on the biomechanics and loading of the 
joint will provided valuable insight for the development of novel, targeted therapeutics. The aim of 
this study was to develop a method to assess changes to contact pressure and contact area in 
the talocrural joint when a simulated osteochondral defect (OCD) is introduced. 
Methods 
Five right porcine talocrural joints were used for this study. Ankles were statically loaded using a 
simplified gait cycle of 640 N + 15° dorsiflexion (DF), 480 N + 0° neutral position and 630 N + 15° 
plantarflexion (PF), that mimics heel strike, midstance and toe off respectively, at a rate of 2 
mm/min using a universal testing machine (Instron, UK). Contact pressure and area were 
assessed within the talocrural joint using a TekScan 5033 pressure sensor (TekScan, Inc., 
Massachusetts, US). A 5 mm defect, in diameter and depth, was introduced to the surface of the 
posterior lateral (PL) trochlea of the porcine talar dome. Compression testing was repeated 
following the same loading profiles. 
Results and Discussion 
The results showed that the method was able to successfully identify the presence of a defect 
and assess regional changes across the talus. The introduction of an OCD in the PL caused 
changes to the max contact pressure and the overall contact areas (fig 1). 
 

 

 

 

 

 
 
Overall, an increase in contact area was seen across the entire talus as a result of the 
introduction of a defect. A decrease in max contact pressure was also seen across the talar 
dome with the introduction of a PL defect, which is similar to that seen previously [1]. Regional 
changes could be seen only in the PL region. Furthermore, a significant reduction in peak 
pressure was seen during the 630 N + 15 ° PF loading step (p < 0.05). This could be the result of 
it mimicking the toe-off step of the gait cycle, thus exposing more of the defect and the 
surrounding region. Further analysis showed that significant differences in peak pressure was 
seen only in the PL region of the talus (p< 0.01). 
Conclusion 
The aim of this study was to develop a method to identify biomechanical changes associated with 
the introduction of an osteochondral defect. This method was able to successfully show changes 
to the overall contact area and pressure caused by the introduction of the defect on the PL region 
of a porcine talar dome and now can be applied to a human model to study biomechanical 
changes caused by the presence of a defect and assess the success of therapeutics. 
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Introduction - Cell-cell signalling is a key factor in the regulation of highly complex biological 
structures such as the blood brain barrier, where different types of cells, separated by a 
nanometre-thick layer of extracellular matrix (basement membrane), interact through direct 
contact and exchange of metabolites [1-2]. State-of-the-art co-culturing models, including 
Transwell and organ-on-chips, aim to preserve the physiological signalling separating different 
cell types in individual chambers by means of semi- permeable membranes. Despite these 
techniques allow the study of cell interactions, the micrometric thickness of such interfaces 
does not replicate the ultra-thin, permeable structure of basement membranes (BM) [3-4]. 
Porous poly(D,L-lactic acid) (PDLLA) nanosheets are fabricated with controllable thickness 
from tens to hundreds of nm and were demonstrated to optimally mimic BMs due to their 
unique mechanical properties [5]. 
Methods - In this study, we investigate adhesion, spreading and mechanical properties of 
human umbilical vein endothelial cells (HUVECs) cultured for 7 days on a 275nm thick PDLLA 
nanosheet using scanning ion-conductance microscopy (SICM). SICM is a non-contact 
scanning-probe technique that allows reconstruction of topographical information of a sample 
immersed in an electrolyte solution [6-7]. LIVE/DEAD and ActinGreen™ 488 ReadyProbes™ 
(Molecular Probes) are used to assess viability and morphology. Results - We demonstrate 
that SICM is suitable to assess live, single cell adhesion and spreading on the PDLLA 
nanosheet. We confirm the biocompatibility of PDLLA and observe no relevant differences in 
the topographical information obtained from adherent cells on the nanosheet and on standard 
glass substrates, suggesting that the sub-micrometric PDLLA nanosheets do not alter cell 
adhesive behaviour. In addition, we demonstrate that SICM is effective in the evaluation of cell 
adhesion on PDLLA nanosheets and of mechanical characteristics of cells and substrate, 
opening new possibilities for stiffness investigation of live cells on polymeric porous 
membranes [7].  
Conclusions - We envision that porous PDLLA nanosheets represent a nanometric alternative 
to current semi-permeable interfaces to allow physiological cell-cell signalling in in-vitro culture 
systems. This quantitative analysis of the cell-nanosheet interaction represents the first step 
towards the integration of these porous nanosheets into co-culturing in-vitro models. 
Figure 1: SICM topographical 
map of HUVEC on top of a 
PDLLA nanosheet. (a) 
Topographical map (scale bar 5 
μm) and (b) height profiles of 
one cell (line 1) and of one pore 
on the nanosheet (line 2). Data 
in graphs are normalized with 
nanosheet height level equal to 
zero. 
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With the rise of antibiotic resistance, antibiotic-free antimicrobial dressings have gained 
increasing clinical and industrial interest aiming to control antibiotic use, trigger anti- infection 
function on-demand, and support healing in non-self-healing wounds [1]. 
Antimicrobial photodynamic therapy (APDT) has emerged as a promising non-invasive infection control 
strategy, whereby a photosensitiser (PS) is activated by a light source in the presence of environmental 
oxygen to generate toxic reactive oxygen species (ROS). 

 
Control of the PS dosage is key to ensure selective bacteria inactivation and minimise risks of 
wound contamination [2]. To explore this challenge, this study investigated the potential of a 
custom-made poly(vinyl alcohol) (PVA) derivative to trigger APDT on demand and manage 
wound exudate. With PVA being soluble in aqueous environments, a synthetic route was 
proposed to achieve controlled water-induced swelling and PS incorporation for on-demand 
photodynamic effect. Either toluidine blue or methylene blue were selected as PS [3], while a 
hydrophobic polymer was employed in varied molar ratios to ensure material integrity in wet 
environment. 
Polymers were dissolved in varied molar ratios and appropriate organic solvents, and casted 
into films. Resulting films were characterised according to their water uptake, microstructure, 
and hydrolytic degradability, whilst their antimicrobial effect was assessed against both Gram 
positive Staphylococcus aureus and Gram negative Pseudomonas aeruginosa. This work will 
inform the next step of the research project aiming to design an electrospun fibrous prototype 
that integrates wound healing and antimicrobial photodynamic capabilities. 
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Introduction 
Diffuse optical tomography (DOT) is an optical neuroimaging technique that maps changes in 
cortical haemoglobin concentration, a marker of functional activation. To perform DOT, a structural 
model of head anatomy is required to model the transport of near-infrared light and to constrain 
the image reconstruction process. A head model would ideally be obtained from a subject’s own 
MRI scan, though requiring such undermines the benefits of DOT; notably its tolerance of motion 
and portability, enabling DOT to be used clinically at the infant cotside. Recently, we published a 
database of over 200 individual-level neonatal head models from infants aged 29-44 weeks post-
menstrual age (PMA)1, using data from the Developing Human Connectome Project, that can be 
used in place of a subject-specific head model in DOT. Here, we investigate whether selecting a 
head model on the basis of head shape or gestational age leads to a decreased localisation error 
in DOT. 
Methods 
In this work, a sub-cohort of the head 
models aged 39.5-40.5 weeks PMA 
in the database (n=10) were chosen 
in turn as the target head model. The 
other model in the database with the 
closest matching 10-20 scalp 
positions was chosen to be the 
shape-matched model, while another 
model in the database with the 
nearest age to the target was chosen 
to be the age- matched model. These 
models were registered to the space 
of the target model using an affine  
registration computed using the 10-20 
positions. An optical array (36 sources 
and 48 detectors) was registered to each of the head models. A forward model of light transport 
at 850 nm was modelled using Toast++2 for the target, shape- and age-matched head models. At 
10 positions on the cortical surface of the target head model (see Figure 1A), Toast++ was used 
to simulate perturbations in absorption of 10 mm in diameter, and the optical attenuation changes 
that would be measured resulting from each perturbation were computed. Absorption change 
images were reconstructed using each of these synthetic attenuation measures using the shape-
matched model and transformed to the cortical surface of the target. This process was repeated 
using the age-matched model. The centre of mass (CoM) of each absorption change image was 
determined; for each perturbation, the Euclidean separation between the true absorption change 
CoM and the reconstructed absorption change image CoM was taken to be the localisation error. 
Results & Discussion 
Our results from the sub-cohort (Figure 1B and C) show that selecting a neonatal head model on 
the basis of head shape, not gestational age, leads to a reduced localisation error (p<0.001 
corrected). Selecting a head model on such a basis can improve confidence in the spatial 
localisation of neonatal DOT when studying neurodevelopment in unconstrained environments. At 
the conference, we aim to present further data from the full cohort of head models in this age 
range (n=26). 
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Figure 1: A) Location of simulated absorption changes (dark grey) 
on the target cortical surface in relation to the optical array. B) 
Localisation error across shape- and age-matched models. C) 
Cumulative distribution of localisation error compared between 
shape- and age-matched models. 
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Lab-on-a-chip devices are developing to closely mimic the structural and biological complexity 

of human tissue. Thus, becoming increasingly popular as an alternative to animal testing for 

pharmaceuticals. However, the lack of perfusion through vasculature within current models 

remains to be a challenge, reducing the physiological development capacity for tissue-on-a-

chip models. 

Cancer is a becoming a huge social and economic burden on society, being the most 

significant barrier to life expectancy in the 21st century. In particular, the model will be able to 

explore metastasis of cancer which is responsible for 90% of cancer related deaths. Models of 
metastasis are currently emerging and incorporating a mimic of the vasculature in these 
models would recapitulate the tumour environment to a greater degree to current models. 

This project utilises high internal phase emulsion templating combined with 3D bioprinting 

techniques to create an in vitro vascularised tissue via fabrication of a porous PCL PolyHIPE 

scaffold. Initial results demonstrate the fabrication of microporous structures (20-50 µm) using 

high internal phase emulsion templating. Via 3D printing the microporous PCL polyHIPE in 

lattice structures, macroporous structures (190-390 µm) were incorporated, critical for mature 

vascular formation. The use of such porous networks will allow for vascular outgrowth to occur 

in which cell, cell spheroids and small biopsies can be placed and resulting cell behaviour can 

be analysed. This will be further developed to overcome the short comings in current models 

and provide an in vitro alternative to in vivo testing platforms. Furthermore, this in vitro model 

will be used to explore cancer models. 
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Introduction 
 
Bioprosthetic aortic valves have been observed to degenerate within 7-8 years of implantation. 
Currently, the options for treating a failing valve are (a) redo surgical aortic valve replacement 
(redo-SAVR) or, increasingly, (b) valve-in-valve Transcatheter Aortic Valve Implantation (ViV-
TAVI). The ViV-TAVI procedure is referred to as redo-TAVI when the failing valve is a TAVI 
device. Repeated redo-TAVI procedures, such as two or three valve- in-valves, reduce the 
effective valve flow area, putting a limit on recurrent treatments. With increasing life 
expectancy and the use of TAVI in younger, lower-risk patients, the need for multiple redo-
TAVI operations is expected to increase. Against this background, a retrieval catheter that can 
crimp a failed TAVI valve in vivo using electromagnets and remove it from the aortic annulus 
prior to the deployment of a new TAVI valve has been devised. Through the removal – and 
replacement – of the failed valve, the reduction in aortic blood flow area can be avoided in 
successive, minimally invasive valve replacements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Results 
Initial results for three cylindrical electromagnets 2 mm in diameter and 1 mm in thickness, 
paired with cylindrical ferromagnetic disks of 1 mm diameter on the frame, show that 9 N per 
magnet is required to crimp the frame. This amount of force requires a current of 4000 A in 
each electromagnet coil. Similarly, a total current of 2000 A in the coil was needed for a 
ferromagnetic disk with a diameter of 2 mm. The total current is equivalent to the input current 
to the coil wire multiplied by the number of windings in the coil. A detailed analysis of the 
results will be presented along with an assessment of the feasibility of the proposed valve 
retrieval approach, particularly with respect to the design of a catheter to house the 
electromagnetic system. 
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Methodology 

The main aim of the investigation was to computationally 
determine the forces and electromagnetic parameters required to 
crimp and retrieve a deployed TAVI frame made from nitinol. A 
single frame ring was modelled with ferromagnetic disks between 
the cells, as shown in Figure 1. electromagnets were placed close 
to the deployed frame with magnetic attraction defined with the 
corresponding ferromagnetic regions on the frame, moving radially 
inward through the simul. The current required to exert sufficient 
force to make and retain between the electromagnets and the 
frame was investigated at distances, electromagnet sizes, number 
of electromagnets and ferromagnetic region sizes on the frame. Figure 1: Crimped frame with 9N per 

magnet 
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Introduction 

Neurogenic bladders are bladder dysfunctions due to a brain, spinal or nerve problem [1]. 
Electrical stimulation and pharmacological treatments have limited spatiotemporal control, 
causing undesired side effects [2][3]. Catheters also reduce quality of life and are more 
susceptible to infection [2]. An alternative treatment is an optogenetic bladder, i.e., a bladder 
that is stimulated by light. A possible barrier to this treatment is cell damage via phototoxicity 
[3]. A new optogenetic detrusor (i.e., bladder cell) model is presented with the aim of 
minimizing the light required for bladder voiding. 

Methods 

The novel optogenetic detrusor smooth muscle (Op-DSM) computational model predicts the 
membrane potential changes of an optogenetic human bladder cell under varied applications 
of light. These potential changes were used to assess which illumination protocol properties 
(i.e., combinations of light intensity, duty ratio, frequency, and duration) apply the least light to 
the tissue, whilst still meeting a threshold voiding membrane voltage, Vm. To our knowledge, 
this is the first model to couple optogenetics with a DSM model, the first DSM model to focus 
on human biophysical detrusor cell data and the first optogenetic-smooth muscle cell model for 
predicting cell activity (as opposed to only recreating experiments). 

Results and Discussion 
It  was  hypothesised  that  some  combinations of  illumination  properties  might  enable  
reduced illumination  for  the  same  cell  response  (e.g.,  a  higher  light  intensity  but  lower  
frequency). Simulations did not produce any deviation in the expected relationship of increased 
frequency, pulse duration and light intensity to an increased  peak cell voltage. However, when 
altering the pulse widths and durations when varying the duty cycle, the response to the same 
length and intensity of light but with a lower pulse width reduced illumination exposure by 10%, 
with a 46% increase in maximum membrane voltage, over a 70ms duration, as can be seen in 
Figure 1 at a 50% duty cycle. This model result is due to its Ca2+  inactivation dynamics. The 
lower pulse width meant L-Type Ca2+ channels were kept activated 
for longer, instead of moving into a long recovery phase. 

Conclusion 

A protocol with longer time intervals and lower pulse widths should be 
investigated to reduce the illumination required and prevent cell 
damage. Further simulations over longer durations are required to 
fully assess the beneficial effect of a higher time interval to pulse width 
ratio. Also, further experimental research on human detrusor cell 
electrophysiology is required for model refinement and validation, 
particularly on L-Type Ca2+  channel activation and recovery dynamics. 
Acknowledgements - University  of  Warwick  School  of  Engineering  
for  support through the School Post-Graduate Tuition Scholarship. 
References 

1.   P.T. Dorsher and P.M McIntosh, Adv Urol, p.816274, 2012. 
2.   Ö.Bayrak and R.R Dmochowski, The Journal of Urology, vol.45, no.6, pp. 401-409, 2019. 
3.   J.Park, J.K. Hong and J.Y.Jang, Scientific Reports, vol.7, p.40872, 2017. 
  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Bayrak%20%26%23x000d6%3B%5BAuthor%5D&cauthor=true&cauthor_uid=30817271


Paper ID: 131. A geometric multiscale model to assess the effects of Potts shunt 
for the palliative treatment of suprasystemic idiopathic pulmonary artery 

hypertension 
S. Pant 1, A. Sizarov 2, A. Knepper 1, G. Gossard 3, A. Noferi 3, Y. Boudjemline 4, I.E. Vignon- 

Clementel 3 
1 Swansea University, Swansea, UK 2Maastricht University Medical Centre, Maastricht, the 

Netherlands 3Inria, Paris, France 4Sidra Medicine, Doha, Qatar 
 
The  Potts  shunt  (PS),  an  anastomosis  connecting  the  left  pulmonary  artery  to  the 
descending aorta, has been proposed as a palliative treatment of the drug-resistant 
suprasystemic pulmonary arterial hypertension (PAH) [1]. In this study, a geometric multiscale 
(GMS) model is proposed to assess the changes in both local and global haemodynamics 
induced by the Potts shunt. 
 
The model parameters of the GMS model are estimated to closely reproduce the pre-operative 
measurements acquired for a 13-year-old patient with suprasystemic idiopathic PAH, who 
received a PS through a percutaneous approach [2]. Model validation is performed by 
comparison of model output against the pre-operative measurements not used for parameter 
estimation, and against the post-operative measurements. The effect of varying shunt diameters 
and protrusion lengths is also assessed. 
 
Based on the output of our models, the following haemodynamic changes induced by the PS are 
observed: (i) the PS of a sufficiently large diameter is effective in equalising the pressures in the 
pulmonary arteries and the aorta; (ii) the left ventricle (LV)  output  decreases while the right 
ventricle (RV) output increases; (iii) even though the LV output decreases, the flow to the supra- 
aortic branches and hence the superior vena cava increases; (iv) while even though the RV 
output increases, the flow to both the peripheral pulmonary arteries (and hence veins) decreases 
as the increased flow in the main pulmonary artery is diverted through the left pulmonary artery 
towards the PS; (v) the LV ejection fraction decreases while the RV ejection fraction increases; 
and (vi) the LV workload decreases while that of the RV increases. 
 
The analysis of shunt diameters shows that, as expected, 
higher diameters increase the shunt flow and decrease the 
pressure gradient across the shunt. Both these changes are 
near-linear in the ranges considered (from 5 to 10 mm). The 
models also show that shunt protrusion lengths do not 
significantly affect global haemodynamics. The 3D flow 
features, see Fig. 1, show that the jet of flow from the shunt 
impinges strongly on the wall of the descending aorta leading 
to high forces, abnormally high wall shear stresses, and high 
pressures. Finally, it is shown that shunt protrusion results in 
the   formation   of   recirculating   vortices   with   small   flow 
velocities. 
  
In conclusion, while the PS of a sufficiently large diameter is 
effective in reducing pulmonary artery pressures, it also leads 
to increased LV afterload and hence, decreased LV output 
and worsened LV ejection fraction. Furthermore, the post- 
ventricular right-to-left shunt leads to increased workload for 
the  RV  despite  the  lower  afterload.  These  considerations 
need to be assessed against the benefit of alleviating high 
pulmonary artery pressures for each patient individually 
regarding the evaluation for patient’s suitability for the PS. 
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Introduction 

A study revealed a positive correlation between prolonged joint immobilisation and muscular 
contractions [1], raising concerns over body poses during sleep. For instance, many lower limb 
conditions stem from gastrocnemius contracture, a tightness of the calf muscle impairing the ankle 
joint. Motivated by this anecdotal evidence, tracking in-bed body poses would provide valuable 
information for clinicians to verify the link between sleeping poses and musculoskeletal pathologies 
in the long term, thus justifying the most appropriate preventive clinical interventions. The majority 
of published works on static body pose classification is dominated by non-wearable technologies, 
such as pressure-sensitive mattresses [2] and infrared vision [3]; however, these suffer from 
occlusions. Meanwhile, wearable-based approaches are still in a premature stage and often 
consider only four standard poses [4]. 

Methods 
The feasibility of classifying a larger number of sleeping poses by 
solely using inertial cues was investigated. The proposed 
approach emulates in-bed body poses using a virtual character 
3D model. Leveraging on Blender©, a computer graphics 
software, the model was rigged up with a full-body skeleton 
providing a framework for model pose adjustment. Eventually, an 
animation containing the 12 unique typical sleeping poses shown 
in Figure 1 was created. The kinematic representation of all body 
segments is then exported to a standard file format commonly 
used by wearable inertial sensors; however, only the four extremity joints (wrists and ankles) are 
considered in this case study. To overcome the scarcity of labelled inertial data, a novel data 
augmentation technique is proposed to generate synthetic datasets under realistic conditions such 
as intrinsic sensor noise. With the enhanced dataset, an Error-Correcting Output Codes model 
based on Support Vector Machine classifiers is trained to recognise the underlying sleeping pose. 

Results & Discussion 
To evaluate the proposed approach, 24 augmented datasets were generated with different noise 
levels in the orientation of extremity limbs. Experiments showed classification accuracies as high as 
100%, and resilience to noise contamination beyond what is encountered in modern off-the-shelf 
inertial sensors. Despite the axes and angles of rotation of extremity limbs being corrupted with 
noise deviations up to ± 25.7° and ± 18.2° respectively, the system accuracy remained well above 
75%. 

Conclusions 

The case study presents a proof-of-concept that a large number of sleeping poses can be 
recognised using the extremity limb orientations from inertial observations. Promising results show 
the high robustness of the proposed approach to noisy orientation measurements, owing to the 
novel proposed data augmentation technique. 
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Abstract 
A clinical translational bottleneck in liver cell therapy is the safe delivery of the donor cells to 
the site of disease. In this work, we present the results of a mathematical model to investigate 
the transit of cells from the site of injection to the injured liver.  The ability of the cells to engraft 
to the donor site depends on the local mechanical stress the cell experiences en route. The 
effect of different cell and flow parameters on the cell’s local mechanical environment during 
transit is examined. The mathematical model predictions are validated via comparison with 
data from an in vitro experimental model for cell delivery. This work will allow optimisation of 
the cell therapy protocol to ensure safe delivery of cells at the injury site. 
 
Introduction 

Cell therapies for liver disease aim to inject donor cells such as hepatocytes into the 
vasculature so that they engraft and regenerate regions of diseased liver. The mechanical 
environment experienced by cells is transit modulates the ability of the delivered cells to 
engraft at the injury site. We study the impact of different cell and flow parameters on the 
stress experienced by the cells as they transit to the liver using a combination of mathematical 
modelling and in vitro experimental approaches. Quantitative mathematical modelling provides 
insights into the mechanisms guiding successful cell delivery to the injured liver and will enable 
optimisation of the cell therapy protocol to ensure the safe and effective delivery of cells. 
 
Methodology 
Using steady Navier-Stokes equations, we solve numerically the fluid flow within the vessel 
network. We model the transplanted cells using an advection-diffusion equation. A thorough 
parameter sensitivity study is conducted focussing on key parameters of the system such as 
the cell density and diffusion, the viscosity and the flow rate of the injected suspension and of 
the surrounding fluid, as well as the vessel geometry. We exploit this study to present 
candidate regimes that enhance cell delivery to the liver. Finally, we compare the predictions of 
our theoretical model with quantitative data obtained from the in vitro experimental set-up. 
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Results 

Our model predictions determine the fraction of injected cells that reach the injury site and how 
this fraction depends on the injection site and vessel geometry. By comparison of the results 
from this combined in silico-in vitro study with in vivo experimental data, our initial results will 
be used to guide candidate regimes for cell delivery in vivo. 
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In human skin, there is a distinct boundary between the dermis and epidermis called the 
dermal-epidermal junctions (DEJ), a dense collagen network that forms undulations consisting 
of interconnecting projections of the dermis into the epidermis (papillae) and epidermis into the 
dermis (rete ridges). One of its fascinating features that recently has gained attention is 
regulating the epidermal stem cells according to their relative position within the DEJ. 
However, the tissue-engineered skin equivalents currently available for clinical use fail to 
replicate this DEJ. This study aims to develop a 3D scaffold, which is capable of mimicking the 
key functions of the DEJ. 

DEJ plays multiple roles in skin homeostasis and 
function, namely, enhancing the adhesion and physical 
interlock of the layers, creating niches for epidermal 
stem cells, regulating the cellular microenvironment  
and  providing  a  physical boundary layer between the 
fibroblasts within the dermis and the keratinocytes 
residing in the epidermis. This study will use the 
following pathway to recreate a biologically similar DEJ 
structure (1) synthesise unique poly(glycerol 
sebacate)-co-poly ethylene glycol polymers and 
optimise their mechanical  and  morphological  
characteristics based on the skin, (2) create DEJ 
topography through additive manufacturing and laser-
based patterning, (3) investigate the effects of 
designed physical topographies and (4) develop 3D 
skin models or platforms that utilise this scaffold. 
Research in this field could improve bioengineered skin 
substitute performance, create 3D engineered skin, 
recognise pathological causes, and improve the 
pipeline for the production and screening of drugs, 
particularly for those skin diseases with abnormal or no 
DEJ, such as epidermolysis bullosa. Herein, we 
develop novel biodegradable, biocompatible and highly 
elastomeric copolymers, which have a high 
resemblance with skin characteristics. Using these 
biopolymers to fabricate 3D  scaffolds  contain  DEJ  
topography  could  be promising for introducing precise 
3D skin models that are excellent candidates to be an 
alternative for in vivo models. 
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Introduction: The aim of the present study is to evaluate the use of a novel 24-module wearable 
high-density diffuse optical tomography (HD-DOT) system implementation that provides a 
comparable sampling density to large, fibre-based HD-DOT systems, but with vastly improved 
ergonomics. 
 
Methods: We applied a wearable 24-module HD-DOT system1  in a resting state (RS) paradigm 
repeatedly in one subject (Fig. 1a,b,c). The system consists of multiple, independent hexagonal 
modules, each containing four photodiodes and three dual-wavelength LEDs emitting at 735 nm 
and 850 nm. The full arrangement yields a total of 3456 dual-wavelength source detector 
channels. The study considered a single, healthy participant. Fifteen experimental sessions took 
place over a period of three weeks and under lockdown conditions due to the COVID-19 
outbreak. The paradigm was 12 minutes of rest, in which the participant attended to a fixation 
cross displayed on a 50% grey background screen. The 3D digitization of the optode locations 
was performed using photogrammetry. Structural MRI images of the participant were available 
from a previous experiment2. For signal processing, channels were discarded based on 
minimum intensity values and their coefficient of variation. Intensity data converted to 
absorbance. A local short-separation regression approach was employed3, and data were 
filtered to the range of 0.01-0.1 Hz. For image reconstruction, the forward problem was modelled 
using the diffusion approximation. The recovered images of the change in absorption coefficient 
at the two wavelengths were then converted to images of change in oxy- (HbO) and deoxy-
haemoglobin concentrations (HbR) and projected to the tetrahedral head model. To provide an 
initial determination of whether this experimental arrangement can measure functional 
connectivity, a seed-based correlation approach was used.                              

Results: A 5 mm seed region was first selected for the lower right occipital cortex (Fig. 1d). A 
second 5 mm seed region was selected for the left prefrontal cortex. Positive correlation 
contralateral to the seed region is apparent for the Z-transformed and averaged image for both 
seeds. 
Conclusion: In this work, we sought to demonstrate that our wide-field-of-view, 24-module 
configuration is able to capture primary features of resting state functional connectivity. Future 
analyses will include higher-level connectivity mapping over different cortical regions and explicit 
test-retest comparisons in this highly imaged individual dataset. 
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Introduction 
Global optimisation (GO) and inverse kinematics, ideal for reducing skin artefacts, have been 
shown to be more accurate than the direct kinematics approach used in estimating joint 
kinematics [1]. In this study, we hypothesized that GO with rigid multibody mechanics is 
equivalent or better than the direct kinematics approach (normally employed in clinical gait 
analysis) in determining improvement or non-improvement in gait following femoral derotation 
osteotomies in children with Cerebral Palsy (CP). 
Methods 
3-D clinical pre- and post-intervention gait analysis data of 14 children with CP who underwent 
femoral derotation osteotomies were retrospectively analysed. The knee joint of the gait2392 
model bundled with OpenSim was modified to account for the transverse plane orientation of 
the knee flexion axis of each subject using Knee Alignment Device information from a standing 
trial and subsequently scaled (mGen). Two approaches were followed to estimate joint angles: 
a PlugIn Gait (PiG, Vicon, Oxford, UK) model pipeline and the standard inverse kinematics 
pipeline with mGen in OpenSim. Gait Profile Scores (GPS) [2] for all subjects were then 
calculated from the output from each approach using age-matched control data of 34 healthy 
subjects processed with both mGen and PiG. Post-intervention changes in GPS were 
compared to clinically documented reports of improvement or otherwise. 
 
Results & Discussion 
In determining improvement or otherwise of 
the 28 limbs, agreement of ΔGPS (using a 
minimal clinically important difference of 
1.6° [3]) with the clinical interpretation was 
19 limbs and 
18 limbs for PiG and mGen, respectively 
(Figure 1A).  Post- intervention GPS scores 
were significantly different between 
improvers and non-improvers for PiG and 
mGen (Figure 1B, only mGen shown). 
 
 

Conclusion 
GPS and post-intervention changes estimated with a minimally modified generic model are 
similar to estimates from the traditional PiG approach and align to a similar extent with clinical 
interpretations. Since the method here proposed can also be adopted as part of the 
development of Musculoskeletal (MSK) models for the estimate of muscle and joint contact 
forces, this paper paves the way for the use of these models as part of the clinical decision-
making process. 
 
References 
1.   Kainz H. et al. Gait Posture. 2017; 54:325-33 
2.   Baker R. et al. Gait Posture. 2009; 30:265-269 
3.   Baker R. et al. Gait Posture. 2012; 35(4):612-5 
 
Acknowledgement: UK-EPSRC under grant Multisim (EP/KO3877X/1 & EP/SO32940/1). C.F. 
Hayford is a Commonwealth Scholar, funded by the UK government. 
  



Paper ID: 139. Characterisation of a novel drug-free antioxidant coating for 
coronary stents 

D. Longhorn1, S. Currie2, C. McCormick1 
1Department of Biomedical Engineering, University of Strathclyde, Glasgow, G1 1QE  

2Strathclyde Institute of Pharmacy and Biomedical Sciences, University of Strathclyde, Glasgow, 
G4 0RE 

Introduction 
Oxidative stress is a key, but seldom considered driver of inflammatory signalling after stenting. 
Drug eluting stent (DES) placement has been shown to induce oxidative stress to a greater extent 
than bare metal stents, leading to increases in superoxide radicals and reduced nitric oxide (NO) 
bioavailability[1]. Restenosis risks remain stubbornly high, particularly in patients with comorbidities, 
and oxidative stress may present a target for improving healing after stent placement.  However, 
antioxidant drugs delivered either systemically or locally via DES, have generally failed to improve 
outcomes[2], and may reflect suboptimal drug doses and delivery durations. A drug-free antioxidant 
surface may help to address these limitations. This study aims to develop a series of chemical and 
biological in vitro models to characterise the antioxidant potential of such a surface coating. 
 
Methods 
Rectangular  316L  stainless  steel  strips  (30x5  mm)  were  coated  with  our  novel  drug-free 
antioxidant.  Superoxide  radicals  were  generated  enzymatically  using  xanthine  oxidase  and 
scavenging capacity was assessed by measuring inhibition of NBT reduction using spectroscopy 
(605 nm). NO radicals were generated by the thermal degradation of sodium nitroprusside and 
scavenging  was  assessed  by  measuring  nitrite   concentration   using  Griess  reagent   and 
spectroscopy (550 nm). HUVECs were cultured on coated strips for 24 and 48 h, and the number 
of viable cells on each sample surface was assessed using MTT assays. HUVECs were also 
stimulated with TNFα (10 ng/ml) for up to 6 h and reactive oxygen species (ROS) generation 
measured using DCFDA. 
Results & Discussion 
Superoxide scavenging was significantly improved with coated samples (14.8±2.3% vs. 48.4±4.9% 
(control vs. coated), p<0.05, n=4). Similarly, NO scavenging was significantly improved with coated 
samples   (-12.8±5.1%   vs.   44.4±4.0%   (control   vs.   coated),   p<0.05,   n=4).   Together,   this 
demonstrates  the  capacity  of  the  coatings  to  scavenge  biologically  relevant  reactive  oxygen 
species, although NO scavenging may have an adverse effect on NO  bioavailability in vitro. 
HUVECs attached well to both bare and coated 316L strips and MTT assays showed that there 
was no significant difference in the number of viable cells on the coatings at either 24 (316L: 
9889±294  vs.  coated:  9556±676,  n=3,  p>0.05)  or  48  h  (316L:  14333±2296  vs.  coated: 
11778±2482, n=3, p>0.05). TNFα stimulation of HUVECs led to ROS production in a time and dose 
dependant manner with peak effects at 10 ng/ml after 6 h (5.02±0.54-fold increase between 
stimulated and unstimulated cells, one way ANOVA, n=3, p<0.05). This supports the use of TNFα 
as a relevant inflammatory cytokine for inducing oxidative stress. 
Conclusions 
This study has successfully demonstrated the antioxidant potential of a novel drug-free coating by 
its ability to scavenge biologically relevant oxygen radicals. Furthermore, the coating is not inferior 
to 316L SS in terms of supporting endothelial attachment. TNFα treatment is shown to cause a 
significant increase in ROS production in HUVECs and could therefore be used to test the 
antioxidant capacity of our coating in a cell-based model. Future work will assess the scavenging 
capacity of our coating against other relevant oxygen species (e.g. hydroxyl and peroxyl radicals). 
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Introduction: 
Total knee replacement surgery is the most popular joint replacement surgery with 273,364 primary 
total knee replacements completed in the UK between 2017 and 2019 (NJR 17th  Annual Report). 
Although the procedure has high success rates, the long-term outcomes of the procedure vary 
greatly between individual patients which can be affected by other patient population and surgical 
variables. Pre-clinical evaluation using experimental joint simulators has been extensively used to 
investigate the implant tribology under standardized conditions. In recent years computational 
models have been increasingly  used to aid the pre-clinical assessment  process due to their 
advantages for being low cost and producing results quickly. However, they should only be used 
within the experimentally validated envelope of conditions. The goal of this study was to use a 
combined experimental and computational approach to validate the efficacy of a newly developed 
finite element model of a DePuy Synthes Attune knee replacement to predict kinematic outputs. 
Methods: 
This study experimentally and computationally investigated the kinematic outputs of mid-size, right 
knee, cruciate retaining, fixed bearing DePuy Attune knee replacements. ISO:14243-1:20091 force 
control profiles and spring constraints as appropriate were used as inputs. The femoral component 
was driven with a superior-inferior load and flexion-extension angle, the tibial component was 
driven by an anterior-posterior load and tibial rotation torque. The experimental study completed a 
three million cycle wear simulation (n=6) using a ProSim electromechanical knee simulator. The 
kinematic outputs were recorded by the simulator and a 100 gait-cycle average (with ±95% 
confidence intervals) was calculated for the tibial kinematic outputs. The model completed one gait 
cycle and the corresponding kinematic outputs were predicted. This approach was used to validate 
the model kinematic predictions by comparing them with the experimental 6-sample average 
(±95%). 
Results: 
The experimental and model tibial kinematic outputs had 
r2 values of 0.53 for anterior posterior translation and 
0.92 for internal  external  rotation.  The  model  and  
experimental kinematic outputs were very close in 
agreement over the whole gait cycle except for anterior-
posterior displacement between 60-80% (Fig 1.). At this 
interval the model predicted larger anterior translation 
values outside of the experimental 95% CI range.  
Discussion 
This study aimed to develop and validate a finite element 
model which can replicate an experimental simulator, and predict the resultant kinematics of the 
implant. This study showed that the model was able to predict the kinematic outputs of a DePuy 
Attune knee replacement under standard walking input conditions [ISO-14243-1:20091]. The 
differences in anterior-posterior translation between 60-80% is possibly due to the inherent 
variability of using spring constraints to control motion and physical mechanical factors which 
cannot be accounted for computationally. It may be noted that there is a larger posterior translation 
between 0- 
10% of the gait cycle than has been reported for the Attune design [List et al. 20202]; this may have 
been driven by the ISO standard which is generic for all fixed bearing implant designs but may be 
efficiently investigated in future by this model. Overall, this study of output kinematics gives some 
confidence in the model predictions, however further studies are required to compare the contact 
mechanics of the model with experimental data to fully validate the model. Future work will use the 
model to predict wear rates over millions of gait cycles and to simulate a range of alignment 
conditions. 
 

This study was part funded by DePuy Synthes as part of an EPSRC iCASE Studentship. 
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Introduction 
Informing Computational Fluid Dynamics (CFD) simulations with Magnetic Resonance Imaging 
(MRI) data can enhance the accuracy and resolution of haemodynamic data, providing estimates of 
clinically relevant quantities such as Wall Shear Stress (WSS) that cannot be reliably extracted from 
MRI data alone [1]. While the assumption of rigid vessel walls is typically employed in CFD 
simulations of the aorta, Fluid-Structure Interaction (FSI) techniques are often used to model vessel 
wall compliance. Based on a previously developed Moving Boundary Method (MBM) [2], we 
present a novel MRI-based CFD methodology to model vessel wall compliance at a fraction of the 
computational cost of FSI whilst alleviating the need to assume literature values of tissue 
properties. 
 
Methods 
Black Blood MR Angiography (MRA), 2D Cine-MRI and 4D-Flow 
MRI sequences of a healthy thoracic aorta were acquired. Using a 
data fusion process, the aortic geometry was extracted from MRA 
and 2D-Cine MRI data, while 4D-Flow MRI data facilitated the 
calibration of patient-specific boundary conditions. The unsteady 
Reynolds-Averaged Navier Stokes equations were solved with 
ANSYS CFX 19.0 (ANSYS Inc.) using the k-ω SST turbulence 
model. Using the MBM, wall movement was computed from the 
pressure at each node and a local stiffness coefficient derived from 
2D-Cine MRI data. Simulation results were validated against 
patient data and compared with an equivalent rigid-wall simulation. 
  
Results 
Predicted pressures and mean outlet flow rates were within 3.3% of target values. Wall movement 
closely matched 2D-Cine MRI waveforms in the compliant case (Figure). While peak velocity and 
flow distribution agreed well between 4D-Flow MRI and CFD, 
4D-Flow MRI could not resolve the boundary layer, limiting its use in determining accurate WSS 
indices. A mean thickness of 5mm was observed, five times the expected 1mm thickness captured 
accurately by CFD. Time Averaged WSS (TAWSS) values were a mean of 13% higher in the rigid 
case than the compliant case. 
 
Conclusions 
Close agreement in wall movement, peak velocity and flow structure between the compliant 
simulation and MRI data indicates the effectiveness and accuracy of this novel methodology and its 
robustness to inconsistencies in MRI data. The substantial change in TAWSS between compliant 
and rigid simulations indicates the need for such cost-efficient, accurate compliance modelling 
techniques. Our methodology offers clear benefits in computational efficiency and patient-specificity 
over MRI-based rigid or FSI simulation techniques and could be generalized to simulate other types 
of cardiovascular flows. 
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Portable, label-free biosensing platforms have  generated increasing interest for potential 
point-of- care  disease detection. While many of these sensors are limited by the screening of 
ions in physiological solutions, oligonucleotide (aptamer) Field Effect Transistors (aptaFETs) 
have  been shown to be able to detect a wide range of target  molecules, including in solutions 
with physiological ion concentrations [1]. Most research into portable aptamer sensors focuses 
on electrochemical sensors, however, these sensors usually 
require a redox probe  or have  complex fabrication requirements [2]. In this study we make  a 
performance comparison between a simple, low-cost silicon aptaFET and  common 
electrochemical analysis techniques, including impedance spectroscopy and  cyclic 
voltammetry, for detection of SARS-CoV-2 spike protein. 
 
The silicon aptaFETs used for comparison in this study 
were  those described in previous work by Farrow et al. [3]. 
All electrochemical measurements were made in a 3- 
electrode cell containing 2.5 mM Fe(CN)6 3-/4-  in 1x 
Phosphate Buffered Solution (PBS),  using a gold wire 
working electrode, a Pt foil counter electrode and an 
Ag/AgCl reference electrode. N2 gas was used to purge 
oxygen  from the cell before measurements. The method of 
functionalisation and incubation time of the electrode with 
100 nM spike protein (15 min) was the same as in the 
previous work mentioned, for the purpose of direct 
comparison. 
  
As shown previously the aptaFET is capable of detecting 
the presence of the spike protein, see Fig 1A. Both the 
cyclic voltammetry and the electrochemical impedance 
spectroscopy show a distinct change in their respective 
characteristics as can be seen in Fig 1B and C 
respectively. The three  experiments combined, support the 
idea that the spike protein is bound  by the particular 
aptamer that was used here  and that they are capable of 
being used as a detector for COVID-19. This opens up the 
possibility of the development of a sensor system, which 
uses different techniques to reduce the potential of false 
positive results. 
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A challenge in  current stem cell   therapies  for  Parkinson’s  Disease  is  controlling neuronal  
outgrowth  from   the   substantia  nigra  towards  the   targeted  area  where connectivity is required 
in  the  striatum. Here, iron-oxide magnetic nanoparticles are used  combined with  neuronal cells 
cultured  within a  magnetic array where a  field gradient  is   applied  across   a   culture  dish   to 
encourage directed neuronal outgrowth. 
 
Introduction: 
Parkinson’s disease (PD) is characterised by the loss of  
midbrain  dopaminergic  neurons within  the substantia nigra, 
responsible for dopamine regulation via their projections 
through  the nigrostriatal pathway that connects to the 
striatum1. Thus, reconstruction of this  crucial  pathway  is  
essential  for  improving cell transplantation therapies for PD.
 
Methods:
In this study, rhodamine-fluorescent PAA-coated magnetic iron 
oxide nanoparticles (MNPs) of 8.4 ± 1.9 nm size2  were used to label the rat 
adrenal phaeochromocytoma cell line (PC12). These labelled cells were 
differentiated for 8 days under  the influence of a magnetic field produced by a 
permanent magnet array with a field gradient ~25 T/m. The   magnetic  field  
profile,  and   field-driven  MNP   motion  were modelled by finite-element 
methods. The resulting angles of neurite growth were measured in relation to 
the field to determine alignment and direction of growth. 
 
Results & Discussion 
The  device is comprised of rare  earth  magnets which have  been arranged to generate a directed 
field. MNP labelled PC12  cells (Fig 1a) cultured within the device showed an increase in outgrowth  
direction corresponding to the  direction of the  field. This enhanced directional outgrowth  is 
influenced by the field gradients (Fig 1b) acting on the cell laden MNPs. 
 
Conclusions: 
To conclude, the findings indicate the uptake of MNPs in PC12  cells allowed neurites to grow 
along the  magnetic field gradients generated by the  magnetic device. Our further work has 
investigated the  outgrowth  of neuronal cells on  brain explant tissue slices showing similar 
directional patterns. These MNPs and  specially designed magnetic array  can  be considered 
encouraging tools in remote control and manipulation of cellular growth with potential applications 
in regenerative medicine. 
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Introduction- Recently one-dimensional semiconductor systems, such as nanowires (NWs), have 
been widely investigated for chemical, optical and biological sensors due to their enhanced electrical 
properties compared to bulk materials. The use of NWs provides a study scale comparable to 
biomolecule and cellular structures while the large surface-to-volume ratio enables the NWs to be 
highly sensitive and responsive to biochemical changes in the environment [1]. The principle 
techniques currently used to realise NWs devices based biosensor whether bottom-up or top-down 
require either, significant time and fabrication costs (e.g. ebeam) or show lack of control and 
repeatability (e.g. drop casting) [2]. An alternative approach could be via Dielectrophoresis (DEP), 
which enables self-alignment of NWs across a pre-defined electrode gap. It offers the possibility to 
select ensemble of nanowires with optimum properties for a given application, while also offering low 
cost and rapid fabrication [3]. 
 
Methods 
In the following work, DEP is used to fabricate germanium NWs as a field effect transistor biosensor 
(channels and gates are replaced with nanowires and receptors, respectively). Subsequently the 
aligned NWs were functionalised via covalent bonding with an aptamer amino functionalized at the 
end that bounds to the COVID-19 spike protein [4]. 
 
 
Results & Discussion 
Figure 1a shows the resultant IV properties of devices 
fabricated at differing DEP frequencies, as the frequency is 
increased the devices have better performance. Following 
functionalisation, electrical measurements were repeated for 
increasing concentrations of spike protein (figure 1b). A clear 
near linear increase in the measured current is observed as the 
concentration increases, illustrating a biosensor capable of 
detecting sub pM sensitivity. 
 
 
Conclusions 
In this talk, we evaluate the influence of the DEP fabrication 
conditions, 
and the operating voltage on performance and discuss how to 
optimize the sensor. 
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Introduction 
Cardiovascular diseases (CVDs) are the leading cause of death worldwide and pose a huge burden on 
healthcare systems. Myocardial infarction (MI) can lead to ultimate heart failure, and this makes it one of the 
most fatal results of CVDs. Current available treatments are able to mitigate the symptoms of MI but are 
unable to repair the damaged tissue. A potential solution to this issue is the use of a tissue engineered patch 
to deliver healthy cells to repopulate the area of the infarct. This research aims to use natural and 
biocompatible materials, a polyhydroxyalkanoate (PHA)1-3 and alginate3, to produce a cellular multimaterial 
myocardial patch for the purpose of repopulating the area of the infarct with healthy cells. 
 
Methods 
Poly(3-hydroxyocatnoate-co-3-hydroxydecanoate), P(3HO-co-3HD), was produced via bacterial fermentation 
by Pseudomonas species, and purified and extracted from the bacteria using Soxhlet extraction.  Cytotoxicity  
assays  with  a  C2C12  myoblast  cell  line  were  used  to  test  the biocompatibility of P(3HO-co-3HD) and 
alginate, the polymers were 3D printed (fused deposition modelling)   to   produce   a  multimaterial   patch,   
and   C2C12   cells  were   encapsulated   and 
3D-bioprinted. Cardiomyocytes (CMs) were produced from human induced pluripotent stem cells 
(hiPSCs), seeded onto P(3HO-co-3HD) films, live/dead stained, and functionally analysed. 
 
Results & Discussion 
P(3HO-co-3HD) has been successfully produced in multiple large-scale bacterial fermentations and 
characterised to confirm its chemical structure including molar fraction of the 3HO and 3HD components, a 
melting point of around 54oC which makes it easy to process by 3D printing, and high elasticity (440% 
elongation at break) making it suitable for cardiac applications. P(3HO-co- 
3HD) and alginate were both shown to be non-cytotoxic via the resazurin assay. The materials were 
successfully 3D printed to produce multimaterial patches with desirable properties for a myocardial 
application. C2C12 cells were encapsulated in an alginate hydrogel and 3D bioprinted at a high resolution, 
while maintaining cell viability. hiPSC-CMs were produced, and initial results show that they adhere to P(3HO-
co-3HD) with good viability, and confocal imaging showed that they retain functionality through beating and 
calcium handling. 
 
Conclusions 
The production of multimaterial patches and successful encapsulation and printing of cells shows promise for 
the development of a cellular multimaterial patch. Future aims in this project are to 
include endothelial cells (hiPSC-ECs) and hiPSC-CMs in the multimaterial patch before carrying 
out in vitro and in vivo experiments. 
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Introduction 
Ischaemic stroke (IS) is an occlusion of arteries in the brain caused by a thrombus [1]. It can be treated 
with mechanical thrombectomy, mechanically removing the thrombus from the occluded 
vessel, while at the same time aspiring blood to obtain flow reversal along the retrieval path and reduce 
the haemodynamic load on the thrombus. IS commonly affects the middle cerebral artery, while the 
thrombus is typically retrieved through the internal carotid artery (ICA). Patients are usually elderly, and 
likely to have comorbidities such as hypertension and atherosclerosis [2]. In silico modelling can help 
understanding how these factors influence brain haemodynamics, and how the MT procedure must be 
personalised to the individual patient. In this study we use Sobol’s sensitivity analysis (SSA) to investigate 
the effect of ageing (AG), hypertension (HT) and atherosclerosis (AS) on the flow reversal (FR) along the 
retrieval path of the thrombus by using 1D blood flow modelling and Gaussian Process Emulators (GPE). 
Methods 
The three conditions were modelled by varying radius and stiffness of the arteries of the brain within 
ranges characteristic of each condition (Table 1). Through Latin Hypercube Sampling (LHS), 
150 points were sampled from the parameter space and used as input for 1D simulations in openBF [3].  

Results  from  openBF were used by the 
GPE to estimate the statistical 
input/output relationship between 
anatomical parameters and flow 
reversal along the retrieval path of the 
thrombus 

[3]. Convergence of the GPE training was assessed using the mean average prediction error (MAPE). 
The GPE then inferred the input/output relationship for the 300000 additional points needed for the SSA. 
The sensitivity of flow reversal to specific inputs was assessed by means of the Sobol indices [4]. Following 
identification of the most influential parameters, they were varied individually to identify their effect on the 
flow reversal. 
Results & Discussion 
Training of the emulator produced a MAPE lower than 2%. Sobol indices show that, for all the conditions, 
flow reversal in the ICA is mainly affected by its radius. Ageing and hypertension cause 
an increase in the arterial lumen which, as shown in Table 2, leads to a reduced flow diversion. 
Conversely,   atherosclerosis   reduces   the   vessel   radius   and   induces   more   favourable 
haemodynamic conditions (Table 2). 

Conclusion 
Ageing and hypertension cause a reduction in flow reversal, and  
thus, potentially,  in the efficacy of  the thrombectomy procedure. 
This suggests that pre-existing conditions might need to be taken 
into account when deciding the aspiration rate for MT. Achieving 
the desired FR in elderly or hypertensive subjects would require a 
higher aspiration rate during MT, which is not always possible 
because of technological   constraints.   Vessel  narrowing   due  to   
AS increases the distal vascular resistance, reduces the flow 

rate delivered to the ICA during the cardiac  cycle  and  makes  the  aspiration  more  effective.  Narrow  
vessels,  however,  make  the retrieval of the thrombus more difficult. Further studies are needed in this 
direction. 
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Introduction: The human Achilles tendon (AT) is made of highly aligned collagen fibres. It 
connects the triceps surae (TS) muscle to the calcaneus, and is composed of 3 sub-tendons, 
arising from the heads of the TS. The prevalence of AT tendinopathy is increasing in both active 
and ageing populations (1), and whilst it is severely debilitating and painful, there remains no 
consensus regarding treatment. Ultrasonography plays a key role in tendinopathy diagnosis, 
detecting pathological changes. However, it is evident that morphological changes commonly do 
not match the degree of functional change or tendon pain. Improved, quantitative diagnostics for 
AT injury are required to better inform management and personalise treatment. We have used 
multiscale modelling to explore tendon hierarchical mechanics. Our data indicates that the AT does 
not stretch homogenously but sliding between collagen at each hierarchical level is critical for 
healthy function. We hypothesise that independent activation of TS muscles leads to non-uniform 
loading of the AT, and healthy AT function requires a low stiffness matrix between sub-tendons to 
enable sub-tendon sliding and heterogenous deformation profiles across the AT. Ultrasound based 
speckle tracking has been adopted as a non-invasive way to explore tendon deformation and has 
shown that deformation is more heterogeneous in healthy than injured AT, but that such 
heterogeneity reduces with ageing, when such injury risk is also known to increase (2,3). However, 
current tracking approaches, being unable to resolve shear boundaries in the tendon, cannot be 
used to explore if heterogeneity arises from non-uniform loading of sub-tendons. The aim of this 
study was to evaluate novel approaches to visualising slippery boundaries within the human free 
AT and quantify the resulting shear strain. 
 

Methodology: 6 young healthy participants (29.6±2.5 Years, 71±17.9 kg, 4 Female & 2 Male) were 
recruited following ethical approval. Ultrasound radiofrequency (RF) data were recorded during AT 
deformation induced by seated extended knee eccentric loading of the TS, using an Ultrasonix™ 
scanner with a linear probe (L14-5/38). The resulting RF signal was rotated to compensate for the 
angle between the tendon and the lateral direction of speckle tracking which was carried out in 
MATLAB (R2019a) using 2D normalized cross-correlation, with a tracking window of 40 x 150 RF 
samples, without frame separation. Images of displacement along the AT long axis were obtained, 
from which the least-square fitting technique was applied to obtain a lateral shear strain map using 
a 10-pixel strain estimator. Results: Mean longitudinal displacement, averaged along the length 
of the AT, demonstrated greater displacement in the deeper portion of the AT in all participants, 
confirming non-uniformity in AT deformation. However, our tracking approach additionally obtained 
very high lateral shear strain at the point of sliding between AT and subcutaneous tissue, and 
lateral shear strain values across the AT. 
 

Conclusion: Our results report tendon deformation patterns similar to those seen with alternative 
speckle tracking approaches, providing confidence in our approach for detecting deformation 
behaviour of free Achilles tendon during dynamic loading. The very large reported lateral shear 
strains are indicative of slippery boundaries and suggest that further optimisation may enable us 
to visualise slippery boundaries between the sub-tendons. 
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1.  Introduction 
Physical interactions between human skin and 

object surfaces result in stereotypical 
spatiotemporal patterns of mechanical strain 
between and within different skin layers that 
depend on the mechanical, elastic, and 
geometrical features of both the object and the 
skin.  Understanding  the  biomechanics  of  the 
skin and subcutaneous tissues is fundamental for 
our understanding of the human tactile sensory 
system, because mechanoreceptors, responsible 
for the encoding of tactile stimuli, respond to 
various aspects of these strains. However, little is 
known about the behaviour of the skin below its 
immediate surface. Building on a previous study 
[1], here we employ Optical Coherence 
Tomography (OCT), a non-invasive imaging 
technique appropriate for biological tissue, to 
capture the skin’s internal morphology during 
interaction with different objects. Specifically,  we 
developed a two-stage pipeline to analyse OCT 
videos to reconstruct dynamic sub-surface skin 
strain patterns at the location of 
mechanoreceptors. 

 
2.        Methods 
The recorded data consists of images acquired 

with OCT at a rate of 20 frames per second and 
present a sliced side view of the fingerpad with 
high spatial resolution. The images were acquired 
during sliding interaction of the fingerpad with a 
wide variety of contact surfaces. The images were 
filtered with an adaptive bandpass filter to remove 
impulse noise and generic light artifacts. We first 
tracked features of the movement of the skin 
surface and subsurface by exploiting an open- 
source   toolbox,   DeepLabCut,   based   on 
transfer learning with deep neural networks that 
achieves excellent results with minimal training 
data [2]. 
Next, we reconstructed time-varying strain 

patterns to derive the local skin strain changes at 
the depth of the mechanoreceptors [3]. In 
particular, a Delaunay triangulation was 
computed over the tracked features, and for each  
triangle,  displacement  field  gradients 

 

were derived within adjacent frames and used to 
calculate Green-Lagrange strains. In particular, 
three strain rate components were computed (two 
axial strain, one shear strain), i.e., the strain 
resulting from the displacement between two 
consecutive frames in the image sequence. 
 
3.        Results 
We assessed the analysis pipeline to compute 
dynamic sub-surface skin strain patterns during 
sliding interactions of the fingerpad. We 
reconstructed the strain patterns within the 
epidermis of the fingerpad and up to the dermis-
epidermis junction. We found progressive strain 
waves in all three axial directions and, in 
particular, we observed compressive and tensile 
strain waves propagating from both the epidermal 
surface and the dermis-epidermis junction 
towards the center of the epidermis. Strain 
patterns were sharper when the fingertip slid over 
uneven, grooved surfaces rather than flat ones. 
 
4.        Conclusion 
This study provides valuable insight into the 
mechanical transduction process at different skin 
layers. The data will help in understanding the 
drivers of tactile afferent responses and in the 
design of novel haptic interfaces. 
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Introduction 
The delivery of biopharmaceuticals to the oral mucosa offers a range of potential applications 
including antimicrobial peptides to treat resistant infections, growth  factors for tissue regeneration, 
antibody fragments to treat mucosal inflammatory diseases, or as an alternative to injections for 
systemic peptide delivery. These therapeutic strategies are hampered by the lack of suitable dose 
forms that allow well-defined doses to be delivered specifically and unidirectionally to the oral mucosa. 
 
Methods 
To address this, a dual-layer mucoadhesive patch1 was investigated for protein delivery to the oral 
mucosa. The patch consists of an adhesive water-swellable drug-containing mesh of 
poly(vinylpyrrolidone)/Eudragit RS100 electrospun fibres and a hydrophobic poly(caprolactone) film 

backing layer. Model therapeutic proteins and peptides, including lysozyme,2  were incorporated into 
the formulation and the release profile and biological activity measured using enzymatic, 
microbiological, and cell-based assays. Intratissue and transepithelial delivery were studied in tissue 
engineered oral mucosal epithelia using fluorescence imaging and enzyme-linked immunosorbent 
assays. 
 
Results 
In general, the formulation releases proteins and peptides at a suitable rate with highly conserved 
biological activity. For example, membranes containing 1 wt% lysozyme released 90 ± 13%  within 2h 
and inhibited the growth  of Streptococcus ratti, providing evidence of high retention of biological 
activity and illustrating a potential application for treating and preventing oral infections. Dual 
fluorescent labeling showed that lysozyme and the polymer blend were homogenously distributed 
within the fibres. 
 
Conclusions 
This research demonstrates that the formulation has great potential for the delivery of therapeutic 
proteins to the oral mucosa. The patches released the loaded protein at clinically relevant release 
rates with high biological activity, demonstrating great potential for the therapeutic delivery of proteins 
or peptides via the oral mucosa. Ongoing work focuses on investigating delivery and therapeutic 
effects in tissue engineered disease models and incorporating novel polymers to further improve 
permeation of biologicals into the oral mucosa. 
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Introduction 
Dacron grafts have been widely utilised to surgically treat aortic aneurysms, thereby protecting 
thousands of people annually from blood loss in the event of vessel rupture. However, despite their 
biocompatibility,  off-the-shelf  availability,  and  generally  positive  post-operative  outcomes,  their 
inability to adequately mimic the biomechanical behaviour and anatomical geometry of native aortic 
tissue remain major limitations, leading to complications such as heart strain, hypertension, and 
localised ischaemia impacting upon major organs [1]. The recent emergence of 3D printing and the 
use of hydrogels for the fabrication of tubular structures show great promise for the development of 
alternative vascular grafts [2]. The application of such an approach for large-diameter vessels such as 
the aorta requires identification of a suitable polymer formulation that strikes a fine balance between 
the mechanical and printability properties. Alginate, a naturally occurring polymer that has been widely 
used in  biomedical applications, is known for its good printability, and can be readily crosslinked in 
the presence of calcium ions. However, such alginate gels generally have weak mechanical 
properties with limited capacity for cell adhesion. In this study, a series of novel alginate-polymer 
formulations currently in development within our group have been mechanically characterised via 
tensile testing, allowing comparisons to native aortic tissue properties to be performed. 
 
Methods 
Alginate-alone (3.3% w/v), alginate-polymer1 (3.3%-0.5%w/v), 
alginate-polymer2 (3.3%-13.3% w/v) hydrogels were prepared 
using a calcium based crosslinker (200:400 mM calcium 
carbonate: glucono-delta-lactone) as dog-bone specimens in 
accordance with ASTM D638 Type IV. The   gels were then 
mechanically   characterised   via   uniaxial   tensile   tests   by 
ramping at a crosshead speed of 1 mm/min until rupture.
Results and Discussion 
This crosslinking method reliably produced alginate gels suitable 
for  mechanical  characterisation.  The  addition  of  secondary 
polymers  to  alginate  significantly  increased  the  mechanical 
properties,  such  as  strength  and  stiffness,  of  the  hydrogel 
(Figure 1). Aortic tissue investigations have reported strength (0.6 MPa) and stiffness (1.82 MPa) 
values greater than that of these alginate-based hydrogels [3]. Therefore, further modifications are 
required for the gel to fully mimic the mechanical properties of the native aorta. 
 
Conclusions and Future Work 
Alginate hydrogels are highly tailorable and therefore show great promise in mimicking the 
mechanical  properties of  native aortic tissue.  Future  work  shall investigate  other  crosslinking 
mechanisms to enhance the strength and stiffness, in addition to printability assessments to allow the 
production of 3D printed grafts. 
 
References 
1.   Spadaccio, C., et al., Journal of Cardiovascular Translational Research, 2016. 9(4): 334-342. 
2.   Holland, I., et al., Bio-Design and Manufacturing, 2018. 1(2): p. 89-100. 
3.   Vallabhaneni, S.R., et al., The Journal of Endovascular Therapy, 2004. 11(4): p. 494-502. 
 
Acknowledgements The author acknowledges the financial support of Terumo Aortic and the 
National Manufacturing Institute for Scotland Industrial Doctoral Program (NMIS-IDP) as part of the 
Scottish Research Partnership in engineering (SRPe). 

  



Paper ID: 152. Development of a Pre-Clinical Experimental Model to Measure 
Dynamic Meniscal Position 

 
G.A. Pounds1, A. Liu1, A.C. Jones1, L.M. Jennings1 

1 Institute of Medical and Biological Engineering, University of Leeds, LS2 9JT 
 

Introduction 
The meniscus in the knee joint has a dual functionality of load transmission and stability, working 
to protect the articular cartilage. Pathological conditions, such as meniscal 
extrusion, show that abnormal positioning of the meniscus interrupts the dual functionality and 
accelerates degeneration [1]. The aim of this work was to develop a novel, accessible 
and low-cost method, which is sufficient to measure changes in meniscal position in a whole-
knee joint model performing dynamic motion. 
 
Methods 
Porcine knee sample preparation followed published protocols, and the capsule was left intact [2]. 
A marker was placed on the posterior region of the medial meniscus and corresponding tibial 
marker was placed directly below the meniscal marker on the tibial plateau, so the relative 
meniscal position could be calculated. Miniature cameras (Raspberry Pi, UK) were used for 
marker motion capture and were held in a custom mount in a knee simulator. An object tracking 
code was developed on MATLAB (MATLAB, The MathWorks Inc.) which segmented and tracked 
the marker throughout all video frames, giving the anterior-posterior (AP) position of the marker 
over video duration. Displacements (in mm) were found using the known diameter of the marker; 
marker size could be measured to within 5 pixels, generating a potential for 1.7 % error on the 
displacement measurement. The method was evaluated with a simple simulator profile running a 
0.5 Hz, +/- 6mm AP sinewave cycle with a constant 500 N load. The method was validated on a 
solid piece of delrin with a marker attached (solid body condition). 

 

Results & Discussion 
The method successfully tracked the meniscal 
and tibial markers, measuring a peak relative meniscal 
displacement of -1.83 mm during posterior simulator 
motion. (Figure 1). Placing the tibial marker close to the 
tibial plateau was shown to be important as the 
displacement measured at the simulator carriage was 
40% greater than at the tibial plateau level. Good 
agreement between the simulator profile and a marker 
placed on a solid body provided additional confidence in 
the motion capture. 
 
Conclusions 
A novel methodology was developed which measured relative meniscal position in a whole-knee 
joint performing a dynamic profile. Further work includes applying the method to the medial and 
anterior regions of the medial meniscus and performing more complex simulated gait cycles. In 
addition, to investigate different knee conditions, such as capsule removal and root injury on the 
relative meniscal displacement. The finalised methodology will advance onto human specimens. 
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Introduction 
Polycaprolactone (PCL) has been a widely used biocompatible material for medical use. Its low 
melting temperature, which is around 60°C, makes it easy to be forged or 3D-printed into 
biomedical components. However, this property could also be a possible disadvantage, which 
reveals its low thermal stability. It limits its usage under heat sterilisation or stress which could 
bring fatigue or creep so that the material might not maintain its shape and function very well. 
In this work, we present our current research on the PCL-based semi-interpenetrating polymer 
networks to further improve PCL’s mechanical and thermal properties. 
 
Abstract 
Interpenetrating polymer networks (IPNs) have been recognised as a unique structure of 
polymer blends containing two or more chemically distinct contents of polymers, which are 
neither bonded covalently nor phase-separated1. Such kind of structure has been proved to 
obtain enhanced mechanical strength and thermal stability, which each content of polymer 
cannot have individually2. There are two types of IPNs, full-IPNs and semi-IPNs. In this work, 
we focus on PCL-based semi- IPNs due to PCL’s excellent biocompatibility but low thermal 
stability3. In this study we report the combination of normal linear PCL with in-house produced 
polycaprolactone methacrylate (PCL-MA) resins. The PCL-MA is a photocurable product which 
can form a cross-linked network4.By mixing the two different types of PCL, we obtain resins 
that can be melt-extruded or solvent cast, but can also form a semi-IPN via post-structuring 
photocuring of the PCL-MA component. We report the results of our initial solvent cast 
materials. The mixed resin was loaded into syringes, injected into prepared PDMS moulds, and 
cured under UV light. We confirmed the chemical structure of PCL- MA by NMR. The 
mechanical properties such as Young’s Modulus, ultimate tensile strength, and maximum 
elongation were tested. Cross-section area of samples were imaged under SEM. We also used 
DSC to verify the phase separation and crystallinity of the semi-IPNs samples. Results show 
that methacrylate groups have been successfully introduced onto the PCL-triol molecules and 
the mixed resin can be well cured under UV light. Mechanical properties have been 
significantly changed and in particular, the maximum elongation can be tuned via changing the 
ratio of PCL/PCL-MA. Consequently, this allows for increasing the toughness and elasticity of 
these materials, which bring this PCL-based semi-IPNs a potential of being a choice for 3D 
printed material for nerve and cartilage repair. DSC results still indicate a level of phase 
separation within the materials which means there is further scope for optimising the sample 
fabrication methods to acquire improved semi-IPNs structures. 
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Introduction 
Coronary artery disease (CAD) causes 110,000 deaths annually in England and Wales [1]. 
Stents are implantable metal mesh support devices that are used to restore blood flow through 
arteries affected by this disease. Most stents use a polymer coating loaded with an 
antiproliferative drug that is released to inhibit neointimal hyperplasia. The relative success of 
these devices has stimulated research into the application of polymer coatings within other 
implantable devices, with biodegradable polymers being a particular area of focus. Despite this, 
there are limited means by which to characterise the degradation characteristics of such 
polymers in vivo and how these may impact upon the device function and biocompatibility. 
Impedance spectroscopy is a non-invasive measurement method that has been used within a 
large range of applications from corrosion monitoring to biosensors. Recently, Zhong et al [2] 
demonstrated that this method may be used to characterise polymer coated stents (10% 
copolymer of DL-lactide and Glycolide (PLGA) (50:50)) with in vitro degradation of the polymer 
associated with reductions in impedance. In the present study, a similar strategy has been 
used to investigate the impedance characteristics of 10% PLGA (65:35), with comparisons 
drawn with impedance data collected form a clinically used PLGA-coated stent (Yukon Choice 
DES). 
 
Methods 
An electrochemical impedance study was performed on stainless steel wires (316L, 1mm 
diameter) that were dip coated with a 10% PLGA (65:35) coating. The stainless steel wire and 
platinum wire were submerged in PBS (0.1M) solution, with temporal impedance 
measurements performed at a fixed voltage (5mV), across a frequency range of 1Hz to 
100kHz. The same methodology was used in analysis of the stent. 
 
Results 
PLGA-coated wires demonstrated an approximately linear 
decrease in impedance (|Z|) across the frequency range. The 
magnitude of this impedance spectrum was found to 
decrease over the 7-day measurement period. The Yukon 
stent produced a linear decrease in impedance in the lower 
frequencies that decreased in magnitude over time. 
Discussion 
Significant variability was observed in the data, which is likely 
due to inconsistencies in the polymer coating obtained via the 
manual dip coating method. Nonetheless, the temporal 
decreases in impedance observed in the present study are 
broadly consistent with those reported by Zhong et al [2]. 
Conclusion 
The results provided further evidence of the potential utility of impedance as a means of non- 
invasively monitoring changes in medical implant polymer coatings. Future work will focus on 
investigating the impact of temporal changes in the polymer on the biocompatibility of the 
coatings. 
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Introduction 
Glaucoma is an eye disease with many different 
clinical presentations often associated with increased 
intraocular pressure (IOP). This is driven by a build-up 
of aqueous humour (AH) in the front of the eye called 
the anterior chamber (AC). It is projected to affect 
111.8 million by 2040 [1] and can lead to irreversible 
blindness, often in individuals of working age. 
Understanding the propensity an individual’s eye 
geometry has on IOP can lead to a better 
understanding of disease pathogenesis, progression 
and could also lead to improved screening of high-risk 
groups such as those with increased axial length (myopia). 
This project uses computational fluid dynamics (CFD) to 
investigate the effect Schlemm canal diameter (already 
identified to change with age and axial length (the two main risk factors for glaucoma) [2]), has 
on the flow dynamics in the AC. 
 

Methods 
An idealised geometry of the AC was developed [3]. A 5.3 million tetrahedral cell volumetric 
mesh was generated in ANSYS 2020 R2. An inflation layer was applied on the cornea surface 
with a growth rate of 1.2. CFD simulation was performed using ANSYS Fluent, to simulate fluid 
motion driven by the buoyancy effects due to the thermal gradients experienced in the eye. The 
incompressible Navier-Stokes equations were combined with the Boussinesq approximation in 
three dimensions (Eq 1) 

Where ρ is density, ρ0 reference density v velocity, p pressure, μ dynamic viscosity, β volume 
expansion coefficient and Tref reference temperature. The AH ρ and μ were 1000kgm-3 and 
0.001 Pas respectively. An inflow condition of 1e-7 kg/s was applied at the ciliary body and a 
pressure of 933 Pa applied at the outlet channels. The temperature on the cornea was set to 
34⁰C and the ciliary body and trabecula meshwork to 37⁰C [4]. Most surfaces had a no-slip 
boundary condition apart from the trabecular meshwork. This was treated as porous region by 
applying Darcy’s Law (Eq 2). The Schlemm’s canal diameter was varied from 120μm – 240μm. 
 
Results and Discussion 
Figure 1 plots the velocity within the AC for a healthy geometry and a geometry with a 
Schlemm’s canal diameter twice the size. Increased diameter of Schlemm’s canal leads to a 
reduced peak velocity in the AC. A reduction in size of the vorticial flow region located at the 
inlet to the Schlemm’s canal was also observed. This will lead to a change in wall shear stress. 
Further investigation into the effect of this and a parametric study of Schlemm’s canal diameter 
will be presented with the effect on IOP ascertained. 
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Introduction 
MINIMA (minimally-invasive image-guided ablation) is a novel cancer therapy that aims to deliver 
localised thermoablation using a magnetic resonance imaging (MRI) scanner. Magnetic resonance 
navigation (MRN) is a technique that uses the magnetic field gradient inside an MRI scanner to 
navigate ferromagnetic devices through the body. Using MRN, a thermoseed may be navigated to a 
target tumour under image-guidance and heated by applying an alternating magnetic field (AMF), 
thus ablating the tumour tissue. This study aims to assess the efficacy of MINIMA as a cancer 
therapy, using a custom-built, MRI- compatible thermoablative device to heat ferromagnetic 
thermoseeds and induce tumour cell death in vivo. 
 
Methods 
Subcutaneous tumours (~150 mm3) were grown on the flank of CD-1 nude mice by injecting a firefly 
luciferase expressing colorectal adenocarcinoma cell line SW1222fluc. Spherical thermoseeds, 2 mm 
diameter, were inserted into the tumour and heated for 5×1 mins, separated by 1 min intervals, using 
an MRI-compatible magnetic alternating current hyperthermia (MACH) system delivering an AMF of 7 
kA/m at 710 kHz. For the control group no AMF was applied. Tumour viability was assessed using 
bioluminescence imaging (BLI) immediately prior to and following heating, with the thermoseed in 
place, and up to 2 weeks post treatment with the thermoseed removed. 
 

Results 
A marked decrease in BLI signal was measured 
in the ablated group post heating, from 5.6 ± 2.1 
× 109 ph/s to 7.3 ± 5.1 × 105 ph/s (p = 0.033, n 
= 2; Figure 1A, B). In comparison, the signal for 
the control group decreased from 4.5 ± 3.3 × 
109 ph/s to just 3.8 ± 3.5 × 109 ph/s (p = 0.6), 
corresponding to the washout of D-luciferin. The 
large difference in signal between the two 
groups continued to increase up to 2 weeks post 
treatment, culminating in 430 times more 
signal detected in the control group vs. the 
ablated group (3.1 ± 2.5 × 1010 ph/s vs. 7.3 ± 
0.8 × 107 ph/s, p = 0.2, n = 2; Figure 1C). 
 
 
 
Conclusion 
We have demonstrated that heating a single 
ferromagnetic thermoseed for just 5 minutes, using an MRI-compatible thermoablative device, 
unambiguously inhibits tumour growth and may be used as an effective cancer therapy. Combined 
with the ability to remotely navigate the thermoseed, this study provides proof of concept for MINIMA, 
a minimally-invasive thermoablative therapy, with the potential to elevate an MRI scanner from a 
diagnostic tool to a theranostic platform. 
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Introduction - The demand for bone grafts has increased attention toward synthetic biomaterials. 
Current bone graft substitutes support tissue healing, but do not reduce the risk of infection. Thus, 
development of a bone substitute that can enhance bone regeneration and at the same time inhibit 
the growth of microbial pathogens is an area of great interest. Bioactive glasses (BGs) have the 
potential to meet this need by introducing antimicrobial metal ions such as silver (Ag+) and copper 
(Cu2+). The aim of this research was therefore to design, fabricate and characterise a range of 
modified bioactive glasses using the traditional melt-quench route. 
 
Methods: A series of Ag and Cu-containing silicate glasses based on the Bioglass 45S5 composition 
(SiO2-P2O5-CaO-Na2O) were modified by a partial substitution of CaO and synthesized using melt 
route. The structure of synthesised glasses was characterised using X-ray diffraction analysis (XRD), 
X-ray fluorescence (XRF), and differential scanning calorimetry (DSC), and were analysed by means 
of inductively coupled plasma mass spectrometry (ICP) to quantify the ionic release. Glasses were 
then investigated for their ability to inhibit both planktonic and biofilm bacterial growth using clinically 
relevant bacteria (Staphylococcus aureus and Escherichia coli). The cytotoxicity of BGs to fibroblasts 
was evaluated using the PrestoBlue® assay. 
Results and discussions: The results of glass characterisation confirm the incorporation of both 
metal ions with minimal alteration of glass structure and properties. However, the introduction of more 
than minimal amounts of silver into a silicate glass has the propensity to form macroscopic clusters of 
metallic silver, therefore reaching an apparent saturation plateau. Ion release assays suggested an 
increased doping capability of Cu over Ag. Our results demonstrated that silver-and copper- BGs 
could effectively inhibit clinically relevant bacteria and substantially reduce biofilm formation at low 
concentrations. The antibacterial action of doped BGs is attributed mainly to the leaching of Ag+ and 
Cu2+ ions from the glass matrix. All BGs show similar levels of cell viability and have no adverse 
effects on mammalian cells in vitro. 
Conclusions: Bioactive glass that are papered using melt route and containing the metal ions Ag+ or 
Cu2+ inhibit bacterial growth and may be useful for a range of applications in orthopaedic and 
dentistry. 
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Introduction 
Alginate and Gelatine have been widely used in biomedical applications, including in the fabrication 
simple blood vessel mimics.1,  2   However, an optimal fabrication method that allows the repeatable 
production of more complex structures that are biomechanically matched to native blood vessels 
remains to be determined.3.  By varying the solvent, crosslinker and hydrogel to cross linker ratio, 
it is possible to alter the biomechanical properties of Alginate-Gelatine hydrogels.4,  5   The aim of 
the present  study  was  to  investigate  the  development  of  an  optimised  crosslinking  method  
for fabrication of Alginate-Gelatine  structures.   The optimised structures were then characterised 
in terms of their morphology and basic cell compatibility. 
Methods 
Solutions  of  10% Alginate  and 4% Gelatine solutions (w/v) were prepared in either  Phosphate 
buffer Saline (PBS) (0.01M) or deionised water (diH2O).   The solutions were then mixed in a 1:1 
ratio  to  produce  a  5% Alginate/2%  Gelatine  solution,  before  being  crosslinked  by  addition  
of CaCO3   (400 mM) and Glucono-δ-Lactone  (GDL) (800 mM).   1.5  mL of the resultant hydrogel 
solution was then pipetted into the wells of a 24 well plate and left to crosslink for 24 hrs at 4 oC. 
After  the 24 hrs, the crosslinked hydrogel samples  were transferred into 24 well plates, briefly 
washed in PBS then subjected to a secondary  crosslinking step in Barium Chloride (BaCl2) (200 
mM) for 5 mins.  The samples were washed in PBS before being gross morphological examination. 
Finally,  200 µl optimised  structures  were fabricated  and transferred  into a 24 well-plate.   The 
structures were then seeded with fibroblasts (3T3s, 2 x 105  cells/ml) and incubated in standard 
cell culture  conditions  for  1,  3  and  7  days.  Cell  viability  and  proliferation  were  assessed  
using AlmarBlue® and MTT assays, with a Carboxyfluorescein diacetate (CFDA) and Propidium 
Iodide (PI) live dead stains being carried out at each end point. 
Results and Discussion 
A double crosslinking method, comprising an internal and external gelation step, allowed alginate- 
gelatine structures to be repeatability generated. Preparation of the hydrogels in PBS solvent at a 
hydrogel to cross link ratio of 2 to 1 produced opaque robust structures with smooth surfaces.  The 
cells remained viable within these structures and demonstrated some evidence of growth over the 
incubation period. 

Conclusion 
This  study  has  developed  a  novel  double  crosslinking  method  that  may  be  suitable  for  
the fabrication of scaffolds to support cell growth.   Future studies will investigate the extent to 
which the methodology can be applied to the development of advanced vascular grafts.  
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Introduction 
The  use of numerical methods in computational biomechanics is very  vital for gaining a  better understanding  of 
blood-related  physiological  and  pathological  problems.  Accordingly,  there  have 
been continuous efforts to develop computational methods that can handle the inherent complexities in blood flows 
while being able to produce accurate results with reasonably efficient resources [1]. 
With blood being a suspension of solid cellular elements, including red blood cells (RBCs), in a fluid called 
plasma, as well as being transported in solid blood vessels throughout the body, modelling of blood flow becomes 
a problem with a fluid, a solid, and a fluid-solid interaction (FSI) components. 
 
Method 
The Improved Element-Free Galerkin (IEFG) meshfree method is employed for modelling both the fluid and  solid 
domains. The advantage of this type of numerical methods is that it uses a cloud of 
nodes for discretization, which enables it to handle problems where  large deformations and motions 
occur  – as it is the case in blood flows [2]. By solving the fluid domain that  is governed by Navier- Stokes (NS)  
equations  with  a  Galerkin  method such as  EFG,  numerical  solutions  suffer  from 
numerical instabilities. Therefore, the  well-established Characteristic-Based Split (CBS)  scheme is 
utilized to stabilize the method and overcome any spurious oscillations [3]. For the FSI analysis, the non-boundary-
fitted  mesh Immersed  domain  Method   (IDM)  paradigm  is  employed  after  being extended and  modified to 
accommodate meshfree methods [4]. Using this type  of FSI framework compared  with  boundary-fitted  methods 
is  advantageous  in  handling  the  intricate  interactions between the plasma and deformed RBCs efficiently.
Discussion 
The developed method is applied to simulate blood 
flow with red blood cells and  compared, in terms of 
accuracy and  efficiency, with  solutions  of  mesh-
based  or  other   types  of  numerical methods. This  
provides an  insight  of  the  advantages of  the method 
and possible areas of improvements. 
 
Conclusion 

 
Schematic of a RBC in blood flow

 
 
 
 
 

 
  

With blood flows involving complex behaviours that can prove challenging for mesh-based numerical methods, 
viz. plasma-RBC interaction, a novel meshfree framework based on a non-boundary-fitted mesh concept is 
developed. This is then followed by simulation of blood flow with red blood cells and analysing its merits against 
other types of methods. 
 
Acknowledgements 
This work is supported by Swansea University College of Engineering Centenary PhD Scholarship 
 
References 
Imai  Y. et  al.  Numerical methods for simulating blood  flow at macro, micro,  and  multi  scales. Journal of 
biomechanics. 2016 Jul 26;49(11):2221-8 
Zhang  LW, Ademiloye AS, Liew KM. Meshfree and particle methods in biomechanics: Prospects and 
challenges. Archives of Computational Methods in Engineering. 2019 Nov;26(5):1547-76 
Zienkiewicz  OC.  et  al.  The  characteristic‐based‐split  procedure:  an  efficient  and   accurate algorithm  for 
fluid problems.  International  Journal  for Numerical  Methods in  Fluids.  1999  Sep 15;31(1):359-92 
Jiang  C.  et  al.  A modified  immersed  smoothed FEM with  local  field  reconstruction  for fluid–structure 
interactions. Engineering Analysis with Boundary Elements. 2019 Oct 1;107:218-32 
 



Paper ID: 163. Targeting extracellular vesicle-mediated intercellular 
communication in cancer through the use of 3D tissue engineered 

models 
 

C.L. Park1, H.E. Colley 1, S. 
Hunt 1 

1 The School of Clinical Dentistry, The University of Sheffield, 19 Claremont Crescent, 
Sheffield, UK, S10 2TA 

 
Head and neck cancer is the 6th most common cancer worldwide with 90% being classified 
as squamous cell carcinoma (HNSCC), and many developing from the stratified squamous 
epithelium of the oral mucosa as oral squamous cell carcinoma (OSCC)1. The role of the 
tumour microenvironment (TME) has increasingly been shown to play a key part in OSCC 
progression via interactions of cancer cells and stromal cells, secretory factors, as well as 
extracellular matrix proteins. Extracellular vesicles (EVs) are small membrane bound 
particles released from the majority of cells, which can facilitate crosstalk in the TME and 
have been previously shown to contribute to OSCC progression by delivering oncogenic 
cargo2. The majority of investigations into the role of EVs in cancer have utilised 2D cell 
culture, however this negates the contribution of the TME in tumourigenesis and possible 
movement of EVs throughout tissue architecture. This project aims to test the hypothesis 
that EV inhibition reduces OSCC cancer progression, using 3D tissue engineered models of 
the oral mucosa. 

 
In this study, we sought to determine a dose of chemical EV inhibitor, GW4869, to take 
forward in investigating the effect of blocking EV biogenesis in OSCC. An OSCC cell line 
(H357) and immortalised normal oral keratinocyte cell line (FNB6) were treated with a range 
of GW4869 concentrations, prior to MTT assay to assess cell survival. We showed that there 
was a significant decrease in survival of H357 and FNB6 cells treated with 100 µM GW4869 
for 24 h and 48 h, compared to untreated cells.. Cancer associated fibroblast (CAF) and 
normal oral fibroblast (NOF) conditioned media was collected and fractionated by size 
exclusion chromatography (SEC). Nanoparticle tracking analysis (NTA) was carried out on 
eluted fractions to determine particle size and number, as well as a bicinchoninic assay 
(BCA) to detect soluble protein. We were able to identify fractions to pool together to take 
forward for EV characterisation and future in vitro experiments. Normal (NOF, FNB6) and 
cancerous (H357, CAF) cells were used to create 3D models of the oral mucosa during 
different stages of OSCC development. NOF/CAF were seeded in rat tail collagen type I and 
after 48 h H357 or FNB6 cells seeded on top. Following this, models were brought to an air 
liquid-interface to allow keratinocyte differentiation, and cultured for 14 days. H&E staining 
displayed models mimicking the; normal oral mucosa, atypical mucosa, and OSCC in situ. 
These initial results will aid in future experiments investigating phenotypic changes in stromal 
and OSCC cells following co-culture with EVs, as well as determining the possible anti-
cancer effects of EV inhibition in 3D OSCC models. 
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Introduction 
Spinal  nerve  compression  is  often  due  to  stenosis  of  the  foramen,  associated  with 
intervertebral  disc  degeneration.  Percutaneous  cement  discoplasty  (PCD)  is  a  recently 
developed minimal invasive surgical procedure for the polymorbid ageing population with 
vacuum disc degeneration [1].  The mechanical impact of PCD on the spine stability and the 
surrounding tissue have not been investigated yet.  After an encouraging preliminary work on 
porcine spines, this study aimed at: (1) testing the stability of human spine segments after 
discoplasty by monitoring the disc height and the range of motion, (2) assessing the strains on 
the disc surface for potentially dangerous peaks, (3) relating the biomechanical behaviour to 
surgical procedure parameters. 
 
Methods 
27 fresh-frozen human thoraco-lumbar FSUs were obtained from 15 cadaveric spines (35-86 
y.o.). The specimens were aligned with the intervertebral disc horizontal; the extremities were 
potted with acrylic cement.  In order to measure surface strains with Digital Image Correlation 
(DIC), a white water-based speckle pattern was sprayed on the specimens previously stained 
with methylene blue. The specimens were tested in flexion and extension under 50% body 
weight axial load combined to an offset.   Images were analysed by a 3D-DIC system (Q400, 
Dantec) using optimized parameters. The Range of Motion (ROM) and the Posterior Disc Height 
(PDH) were derived. The displacements and principal strains were also computed [2].   Each 
specimen was sequentially tested under two conditions: (1) simulated degeneration: the 
intervertebral disc was manually emptied through a hole in the annulus, (2) after acrylic cement 
(Mendec Spine, Tecres) injection (discoplasty). Cement distribution in the intervertebral space 
was investigated in terms of  thickness, volume and surface from CT scan images 
 

Results/Discussion 

The injected cement volume was averaged at 4.5 mL with 
similar shapes as those of PCD performed on patients in 
vivo, confirming the reliability of the in vitro model. The 
PDH was significantly restored by discoplasty for both 
flexion  and  extension,  increasing  by  41%  and  35% 
respectively  with  respect  to  the  degenerated  condition. 
The rise of PDH significantly correlated with cement 
thickness.  The ROM was significantly reduced in flexion 
due to the action of the posterior elements, but not 
significantly  in  extension  although  post-surgery  ROM 
positively correlated with cement thickness.  Discoplasty 
decreased the average strain and shifted the peaks of first 
principal strains towards the mid-height disc, while the 
second principal strain was clearly located along the endplates (Fig. 1). Additionally, strain 
peaks were smaller after discoplasty, reducing the risk of local tissue damage. 
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Introduction. Osteoarthritis (OA) is one of the leading debilitating diseases within the adult 
population. The avascular nature of cartilage limits its capacity for endogenous repair, 
therefore, there is an urgent need for new drugs and therapies which can delay disease 
progression.  2D  high-throughput  screening  assays  have  been  widely  used  to  test 
compounds for therapeutic potential for the treatment of OA. However, success has been 
limited due to the failure of these models to accurately represent the in vivo environment1. We 
have developed a 3D regenerative model of cartilage which maintains both mature and 
progenitor cells in a spatially organised approach. When transferred to a 96-well format, this 
platform can be used to screen for novel inducers of chondrogenesis. 
 
Methods. Wnt3a (a key musculoskeletal regulator) was immobilised onto the surface of multi-
well plates and progenitor cells were seeded on top. Gelatin methacrylate (GelMA) hydrogels 
were placed over the cell monolayer and appropriate medium was added. Medium was 
supplemented with either TGF-ß3 as a positive control, or with the small chondroinductive 
molecule kartogenin as proof of concept. Basic controls were also included. Constructs are 
cultured for 7 days, at which point levels of proliferation and chondrogenic differentiation were 
determined with DNA/sulphated glycosaminoglycan (sGAG) assays and 
immunocytofluorescence. 
 
Results. Wnt3a promoted proliferation and directional migration into 
overlying GelMA hydrogels. Inactive Wnt3a controls showed lower levels 
of migration and differentiation. Cells in the upper regions of the hydrogels 
expressed higher levels of chondrogenic markers SOX9, collagen type II 
and NCAM. Both TGF-ß3 and kartogenin induced chondrogenic 
differentiation to varying degrees in the sub populations. 
 
Discussion. Wnt3a has previously been shown to stimulate proliferation 
and migration2 of progenitor cells and, when immobilised, to maintain a 
stem cell population by promoting asymmetric cell division3. We have 
exploited these properties to create a 3D in vitro model of cartilage, with a 
population of progenitor cells at the base and differentiating cells in the 
upper regions. Addition of TGF-ß3 or kartogenin to the medium brought 
about chondrogenic differentiation and showed potential cross talk 
between Wnt and the added agonists. Scale-up of this system with liquid 
handling systems and automated imaging techniques is now being 
explored as a means of increasing its throughput. 

Conclusion. We have developed a new 3D regenerative model for cartilage and tested the 
effects of two known chondrogenic agonists. This platform holds great potential for the high-
throughput screening of chemical libraries for new potential chondro-inductive agents. 
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Introduction 
Biomechanical models have proved their use in surgical planning, but slow  computational times  prevent them 
from being used in intraoperative scenarios.  In recent works, artificial neural  networks (ANNs)  have been 
used to substitute  finite  element analysis  (FEA)  at a reduced computational cost [1].  However, this  approach  
has only been demonstrated  for relatively simple models,  where the simulations  vary  in only one mode. In 
this work, the scenario  of  a  vertebra  under  compression  is   considered   with increasingly  complex 
simulations, evaluating the performance of the FEA-ANN  framework at each stage. 
 
Methods 
Using  an image  registration  method [2], a topologically  consistent  set  of tetrahedral meshes  was constructed 
from  a dataset of  50  segmented  lumbar  vertebra  images  [3].  This  dataset  was subdivided into training, 
validation and testing sets in a ratio of 3:1:1.  Data augmentation methods were used to expand each dataset 
tenfold by randomly generating new samples. 
Three sets of FEA were completed. The first was a vertebral body  with uniform material properties, 
with one face fixed and a distributed force applied to the other; the simulations only varied by the shape of the 
vertebra. The second set differed by assigning the material properties  elementwise using  BoneMat [4] to 
estimate  the true Young’s  Moduli from  the original  CT  scans. The third set introduced two new parameters 
which linearly  scaled  the magnitude  of the applied  force and the young’s moduli; these parameters were 
randomly generated for each simulation. 
Using  principal  component analysis,  the dimensionality  of  the FEA  results  was reduced  from 
188289 to 24, 31 and 32 respectively. The mesh coordinates were compressed similarly. For each simulation 
set, NeurEco was used to train an ANN, taking the compressed mesh coordinates (and, for the third set, the two 
additional parameters) for its inputs and the compressed FEA results as its outputs. Each network was then 
evaluated on the testing dataset. 
 
Results & Discussion 
The testing  dataset results  obtained  using  the ANN and FEA  approach showed strong  fidelity, yielding 
mean absolute percentage errors of 10.46%, 11.51% and 11.01% for the respective order of  FEA  sets.  These  
results  show  consistent  performance,  despite  the  increasing  simulation complexity,  thus suggesting  that 
the simulation  complexity  is  not  yet  a limiting  factor  in  this method’s   performance.   Furthermore,  for  
all   three  simulation   sets,   the  ANN  substitute   was significantly faster than the original simulation, 
averaging less than 1% of the execution time. 
 
Conclusions 
Although the work here has shown consistency in the testing errors, it should not be assumed that, if the 
model complexity continued to be increased, it would not eventually become a limiting factor in the ANN 
performance. Future work should continue to increase the simulation complexity, up to the point of a 
clinically relevant scenario, and focus on comparing not only the testing set errors, 
but also the corresponding increase in the network depth and complexity required for an ANN to 
accurately capture the phenomena. 
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Over the past years, there has been significant progress in computational models of the 
respiratory system to support research linked to aid clinical decision-making in intensive care units 
(ICU). The main challenge when mechanically ventilating critically ill patients can be summarised 
as maintaining adequate gas exchange whilst avoiding ventilator induced lung injury (VILI). This 
study uses a detailed computational model of the respiratory system to perform a “virtual” clinical 
trial in a cohort of critically ill patients to investigate the possible treatment strategies which 
minimise VILI indicators. 
 
 
 
Computational simulations offer a new approach to traditional medical research that is particularly 
well  suited  to  investigating  potential  treatments  of  critical  illnesses.  Critically  ill  patients  are 
routinely monitored in great detail, providing extensive, high quality data-streams for model design 
& configuration and patient-matching. Models based on these datasets can incorporate very 
complex representations of cardiorespiratory pathophysiology that may be validated against 
responses in individual patients, for use as investigational surrogates. Inappropriate ventilation 
strategies could result in potentially unsafe treatment and cause ventilator-induced lung injuries 
(VILI). The concept of VILI was first introduced by Mead et al. in 1970 [1]. The term VILI refers to 
the lung injury arising due to exposure to injurious ventilation contributions such as high airway 
pressures resulting in barotrauma, end-inspiratory overdistension of alveoli (volutrauma), 
repeated alveolar collapse and expansion (atelectotrauma) and localised injury and inflammation 
due to intubation. 
 
This study employs a multi-compartmental computational model to simulate integrated respiratory 
pathophysiological scenarios. The pulmonary model consists of the mechanical ventilation 
equipment,  anatomical  and  alveolar  dead  space,  anatomical  and  alveolar  shunts,  ventilated 
alveolar compartments and corresponding perfused capillary compartments. The model simulates 
all relevant aspects of pulmonary dynamics and gas exchange. The simulator has been 
developed over the past several years and has been applied and validated on several previous 
studies [2], [3]. High-frequency oscillatory ventilation (HFOV) is a lung-protective ventilation mode 
which uses low tidal volumes and constant mean airway pressures in conjunction with high 
respiratory rates [4]. HFOV can be utilized in patient populations with acute lung injury. In this 
study, after calibrating the model to the data from a cohort of critically ill patients, a virtual clinical 
trial is performed to investigate the role of tidal volume and high frequency oscillation ventilation 
in reducing VILI indicators such as mechanical power and driving pressure. 
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Introduction 
Chronic wounds are a global socio-economic burden. Mechanical biomarkers show promise for 
the early  diagnosis  of  chronicity,  but  their  clinical  application  has  been  hindered  by  a  lack  
of standardisation and accuracy in their measurements. In this work, a non-contact modality (Digital 
Image Correlation, DIC) is implemented to measure local deformations around different wound 
types when subjecting skin to small loads. We aim to correlate the strain patterns in each skin layer 
with their structures, to identify the degree of mechanical recovery of skin’s strength. This will 
provide new ways to evaluate wound progression in a minimally invasive way. We have validated 
the sensitivity of the DIC technique against finite element modelling and silicone tensile test data, 
and we have applied it to skin. This presentation will discuss how different wounds in skin bear 
loads, which will provide new information for wound models and aid the development of biomedical 
devices for wound monitoring. 
 
Methods 
Nine silicone samples and nine excised porcine abdominal skin samples (20 mm x 10 mm) were 
stretched at 0.05 s-1 to 25 % strain, using an ElectroForce TestBench (TA instruments). Two 
cameras (Canon EOS 2000D) were used to record the top and lateral views during the sample’s 
loading (see Fig.1). To generate full thickness wounds of different sizes, we used a biopunch of 
Ø4 mm and another of Ø2 mm. Histology and Optical Coherence Tomography (OCT) were used 
to further characterise subsurface strains and damage 
depth. The post processing of the tensile test videos 
was performed with the free MATLAB application Ncorr 
[1]. A finite element model was generated in Abaqus 
6.14-2, introducing the tensile test data acquired with 
the ElectroForce as the material properties. The strain 
energy function used to define skin’s hyperelastic 
behaviour was Ogden, Mooney-Rivlin  for silicone. 
 
Results & Discussion 
Silicone DIC data was in good agreement with the in 
silico model, both in the appearance of the strain maps 
(see Fig. 2 a-b)  and in the values obtained on a 
particular set of nodes, validating this DIC setup for 
measurements at a microscale. In contrast, skin’s DIC 
data presented a more heterogeneous strain distribution 
(Fig. 2 c-d). Our results reflect those of Yang et al. [2] 
who found that damage on skin is balanced by a 
reorientation of the collagen fibres, reducing stresses 
around wounded areas, and delaying the failure of skin. 
 
Conclusion 
We   have   implemented   and   validated   the   DIC 
technique to obtain strain maps around different types of wounds in skin. The system is being 
tested with a wider variety of wounds (i.e., incisional wounds, partial-thickness lasered wounds, 
sutured wounds, etc.), histologic assays and OCT. These data will help us understand how the 
microstructures of skin distribute loads when different levels of damage are present and will help 
identify key areas in the tissue for monitoring wound progression through mechanical 
approaches. 
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Introduction: Skin sensitivity or  irritation can be  induced  by exposure  to  various  exogenous 
stimuli,  with a subjective  diagnosis  based on various  clinical presentations  including  burning, 
prickling, erythema, and itching. Adverse skin reaction in response to topically applied products 
is common and can limit the use of dermatological or cosmetic products. Therefore, the aim of 
this study was to utilise human skin equivalents (HSE) and evaluate their potential in 
discriminating between chemicals known to act as irritants and those that do not, using a 22-
gene panel. 
 
Methods: The test compounds; lactic acid (LA; 5%), methylparaben (MP, 0.2%), cocamide 
diethanolamine  (Co-DEA;  2%),  cocamide  monoethanolamine  (Co-MEA;  2%),  capsaicin  
(CAP; 0.1%), and cinnamaldehyde (CA; 3%) were applied topically to full-thickness human skin 
equivalents (HSE) based on methodology by Dickson et al., 20001 or human ex vivo skin and 
the gene signatures determined for known irritants and non-irritants using qPCR. Identification 
of a molecular gene signature was performed using multivariate analysis, by heat-map 
generation and principal component analysis (PCA). Suitability for high-throughput testing was 
accomplished by linear discrimination analysis (LDA) using R-Studio software. 
 
Results & Discussion: LA caused a marked disruption to the epidermis in both skin and HSE 
in comparison to control samples, with detachment of the epidermis from the basement 
membrane observed in ex vivo skin but not in HSE. However, no significant differences in lactate 
dehydrogenase release were observed for both skin and HSE after treatment with any of the 
other chemical compounds. Trans-epithelial electrical resistance (TEER) analysis showed a 
similar trend with only a significant reduction observed after treatment with LA for human skin. 
Hierarchical clustering of gene expression data followed by PCA revealed that the 22-gene panel 
could effectively discriminate between LA and the non-irritants (MP, Co-DEA and Co-MEA). The 
non- irritants clustered closely together for both HSE and ex vivo skin, whereas gene responses 
to LA clustered into two distinct clusters, one for HSE and one for skin. LDA was used to 
interrogate the gene  panel to define a reduced cohort  of  genes  with  maintained  effectiveness  
at  identifying irritation potential. LDA identified seven genes with coefficients above 0.5 (IL-6, 
PTGS2, ATF3, TRPV3, MAP3K8, HMGB2, and MMP-3) that were then re-analysed for their 
hierarchical clustering profiles and PCA. The results confirmed that the seven genes retained 
the ability to discriminate irritant from non-irritant chemicals. 
 
Conclusion:  The  expression  of  a  seven-gene  panel  in  HSE,  based  off  a  combination  of 
multivariate  statistical  approaches  showed  enhanced  confidence  in  the  discrimination  of  
skin irritants from non-irritants. This in vitro assay offers potential for high-throughput compound 
assessment, although analysis of a larger chemical test set is required to further evaluate the 
system. 
 
References 
1.   Dickson et al. Mol Cell Biol 2000: 20,1436–47. 
 
Acknowledgements 
Our thanks go to Mr S. Hadad and Miss K. D’Apice for collection of patient material. 
 



Paper ID: 170. Generating a Reduced Order Model for personalisation of a 0D model 
 

K. Czechowicz1,2, I. Halliday1,2, A.J. Narracott1,2, D.R. Hose1,2 
1 Department of Infection Immunity and Cardiovascular Disease, The University of Sheffield, Sheffield, 

2INSIGNEO Institute of in silico Medicine, University of Sheffield, Sheffield, UK 
 

Introduction 
This paper describes a method for creating and using a reduced order model of a parent 0D model 
of the coupled systemic and pulmonary circulation. Low dimension models are, in principle, a good 
way to describe patient physiology, providing quick and convenient calculations of hemodynamics 
between coupled “compartments” [1][2]. Creating personalised models is however problematic due 
to the number of model parameters and the time needed to find the set of input parameters that 
represent the specific patient accurately. In this paper we describe (i) a method to identify which 
parameters should be tuned and (ii) a method of obtaining a good initial guess for them. 
Methods 
We consider a 4 chamber model of the heart, with 
left and right circulation represented by CRC 
lumped parameter models and an additional 
representation of left and right coronary arteries 
by RRCR models- see figure 1. Our model has 82 
input parameters and 83 calculated output 
parameters, from which 4 can be routinely 
measured: systemic arterial systolic and diastolic 
pressure; and left ventricular end systolic and 
diastolic volumes. To identify which output 
parameters are the most sensitive, we varied the 
input parameter values by ±1% and ranked them 
from highest to lowest effect on each, individual, 
output parameter. The input parameters that had 
the highest overall effect were taken as the most 
sensitive parameters. For the model of figure 1, 
the 4 most important were: mean circulatory filling 
pressure, left ventricular minimal elastance, 
systemic arterial resistance and right ventricular 
maximal elastance. 
Results and Discussion 
Once input parameters were identified, we sought the relationship between the individual input 
parameters and those measurable output parameters which can be used for personalisation. Power 
law functions were fitted to these data. To account for multiple input parameter excursions a linear 
combination of those power law functions was successfully fitted to the data, achieving a fit with R2 
ranging from 0.89 to 0.93, depending on the particular measured output parameter. As this approach 
creates an algebraic approximation of the complete 0D model, it can be used in the personalisation 
process of the full model, to provide an initial guess of the parameter values to be used in the 
iterative process, reducing the computation time needed to obtain a personalised model. 
Conclusions 
The personalisation step of a parent model has been improved using additional knowledge about it 
derived from a reduced order model. Our methodology is independent of the form of the full, parent 
model and so, in principle, our approach might be extended to other examples. 
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Introduction: Bioactive glasses (BGs) offer a promising and broadly used component of 
material coatings and scaffolds as they are known to form tight bonding with bone and they may 
induce and support osteogenesis of somatic stem cells [1]. Incorporation of BGs into polymer 
matrix provides several  advantages  such  as  tailored  bioactivity,  biodegradability  and  
mechanical  properties [2,3]. Applying sol-gel technology to obtain BGs leads to yet another 
benefits such us mesoporous glass texture, highly-developed surface and exposition of siloxane 
groups on the material surface, suitable for hydroxyapatite nucleation [4]. Upon contact with 
physiological solutions BGs release e.g.  calcium  (Ca2+)  and  phosphate  (PO43-)  ions,  which  
contribute  to  positive  cells  response [5].  The  chemical  composition  of  the  scaffold  affects  
its  physical  properties  as  well  as  its 3D architecture that, in turn, affect cells attachment, 
proliferation and differentiation [6,7]. In this work  we  explore  the  potential  of  the  obtained  
composite  scaffolds  to  drive  human  BMSC osteogenesis and test the hypothesis that the 
chemical composition along with 
3D architecture of selected 
PLGA-sol-gel derived BG (i.e. 
SBG) scaffolds are sufficient to 
induce human BMSC migration, 
BMP signaling and 
osteogenesis. To assess 
biological potential of these 
scaffolds, all cell culture studies 
were performed in standard 
growth medium without any osteogenic inducers. 
Methods: The gene expression level was analyzed with qRT-PCR, activation of intracellular 
signaling pathways by Western Blot, the rate of cell migration was evaluated by transwell 
chamber colorimetric assay. 
Results and conclusions: Four different SBG/PLGA scaffolds were successfully obtained and 
verified. Depending on their chemical composition and P2O5  content they differently influenced 
Runx2, Osx, BMP-2 and -6 mRNA expression and related signaling. The conditions media from 
high-calcium, cell-loaded scaffold also stimulated hBMSC migration and these scaffolds were 
the best  in maintaining  hBMSC  osteogenesis  of  cells  cultured  directly  on  these  materials.  
Thus, we have identified novel osteoinductive scaffold composition. 
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Introduction –To demonstrate efficacy and predict  functional performance of early-stage knee 
interventions, preclinical methods need to be developed. This study assessed the influence of 
lubricants on wear, damage and deformation of articular cartilage in a simple geometrical 
configuration for an extended duration. 
 
Methods – Bovine osteochondral plates were slid against stationary porcine osteochondral pins 
in a simple geometry uniaxial pin-on-plate rig for up to 96 hours whilst submerged in one of five 
lubricants. Ringer’s Solution (n=3), 25% new-born calf serum in PBS (n=3), 25% new-born calf 
serum in Ringer’s Solution (n=3), physiological synovial fluid substitute 1 [1] (n=4), physiological 
synovial substitute 2 [2] (n=4). Pin diameter (12mm), load (120N), sliding distance (20mm) and 
sliding velocity (10mm/s) were selected consistent with previous studies [3]. Wear, damage and 
deformation were assessed every 24 hours via visual inspection; samples were scored 0-4 using 
the ICRS grading system. 

 
Results & Discussion – Mean ICRS grading after 96hrs (unless stated) (pin/plate): Ringer’s 
Solution (72hrs) (4/3.67), 25% new-born calf serum in PBS (1.33/2), 25% new-born calf serum in 
Ringer’s Solution (1.33/2), physiological synovial fluid substitute 1 (3.5/2), physiological synovial 
fluid substitute 2 (1.75/1.75). Ringer’s Solutions tests were stopped after 72 hours due to extensive 
damage to both the pin and plate. The other four 
groups experienced damage but completed the 96- 
hour duration. Damage for the Ringer’s Solution, 
physiological synovial fluid substitute 1 and 
physiological synovial fluid substitute groups 
presented as a gel-like substance covering the 
articulating surfaces; this was most severe for 
Ringer’s Solution and least severe for physiological 
synovial fluid substitute 2. Damage for the serum 
groups presented as chondral delamination of the 
articulating surfaces. Timing of damage initiation 
varied within each group; this was likely due to: 
differences in pin and plate congruence resulting in 
different contact pressures, orientation of the pins or 
inherent variability of individual samples. 
  
 
Conclusions – Lubricants with 25% new-born calf serum can potentially mitigate wear, damage 
and deformation of articular cartilage subjected to physiological loading for up to 96 hours. 
Physiological synovial fluid substitutes offered no advantage over serum lubricants and were more 
costly. Ringer’s Solution is unsuitable for long-term simulations. Extended duration tribological 
studies of whole knee joints will now be performed to provide more clinically relevant results. 
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Introduction 
The COVID-19 pandemic increased demand for ICU ventilators, resulting in an exceptional strain 
on the global ventilator market. However, the complex design and fabrication of traditional 
ventilators has restricted the ability to increase manufacturing capacity, emphasising the need for 
high performance, low-cost ventilators. A novel ventilator design is proposed that performs the 
primary functions of a critical care ventilator, while using simple components outside of the 
ventilator supply chain. On-off solenoid valves, which are cheaper and globally available off-the-
shelf, are used to mediate the patient’s connection to gas supplies, rather than traditional 
proportional solenoid valves. 
 
Methods 
To evaluate the performance of the proposed ventilator prototype (JAMVENT), a commercially 
available ventilator testing device, the Citrex H5, was used to perform a parameter sweep over a 
range of tidal volumes, PEEP values, and timing conditions. A commercial test lung, with a 
clinically relevant compliance of 20 ml/cmH2O and a resistance of 20 cmH2O/(l/s), was used for 
testing. 
 
Results & Discussion 
The prototype performed consistently across a clinically relevant parameter space during 
benchtop testing (Fig. 1), with the difference between achieved and target values for tidal volume 
and PEEP maintained within acceptable limits, as defined by ISO 80601-2-12-2020. Clinical 

parameters stabilised to target values within 1-2 breaths after changes in ventilation settings. 
Conclusions 
The proposed design establishes a new approach to critical care ventilation, by implementing low- 
cost, widely available components for rapid system fabrication and avoiding interference with 
existing ventilator supply chains. The proposed design satisfies ventilator performance standards 
outlined by both national and international regulatory agencies. As a result, it is a potential solution 
to the unmet global need for increased ventilator capacity. 
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Introduction 
Neuroblastoma, which arises from the neural crest during embryonic development [1], is the most 
common extra-cranial solid tumour in infants and children, and accounts for around 15 % of their 
cancer-related deaths [2,3]. Clinical outcomes range from spontaneous regression to metastasis 
[4]. The molecular level is equally heterogeneous; high MYCN expression is a favourable or 
unfavourable biomarker depending on its amplification status [5]. We developed—to the best of 
our knowledge—the very first multi-cellular model of neuroblastoma as a part of the PRIMAGE 
project [6]. In this talk, we will present the model and selected simulations generated on GPUs. 
 
Methods 
Our agent-based hybrid model comprises a continuous automaton (CA) representing fields of 
extracellular species, and autonomous agents representing neuroblasts and Schwann cells, 
which interact via the CA and a centre-based mechanical model. 
 
The CA tracks the spatial distributions of matrix and cells, the temporal dynamics of 
oxygen/nutrients, and is associated with the extent of inflammation. The agent behaviours 
include cell cycling, apoptosis, and necrosis, which are regulated by the non-linear dynamics 
between the CA and each agent's attributes. The neuroblasts stimulate Schwann cell 
proliferation, while the Schwann cells induce neuroblast apoptosis and differentiation. The 
mechanical model resolves cell-cell overlap to move cells away from crowded regions. The initial 
conditions and parameters can absorb histological data (e.g., grade of differentiation) and key 
genetic biomarkers (MYCN, TERT, ATRX, ALT, and ALK). 
 
Due to stochasticity and the high-dimensional parametric space, model implementation is a 
substantial computational challenge. We ran our simulations within the Flexible Large Scale 
Agent Modelling Environment for the GPU (FLAMEGPU) [7], which mapped the agent-based 
model to optimised CUDA code, which was then executed on GPUs. We observed that a one-
hour time step involving millions of agents was completed in around a minute. 
 
Results and Discussion 
Early simulation results indicate emergent behaviours which might explain the heterogeneous 
nature of neuroblastoma. In one set of simulations, a tumour with a higher fraction of MYCN- 
amplified cells was less aggressive than one with a lower fraction. This counterintuitive result can 
be explained by MYCN’s involvement in opposing cellular behaviours (cycling and apoptosis); its 
overall impact depends on the balance of other factors such as telomere repair and hypoxia. 
 
Our ongoing work includes model parameterisation by reproducing experimental and clinical 
data. We will also run large-scale simulations and apply machine learning techniques in order to 
quantify the complex relationship between the tumour features and clinical outcomes of 
neuroblastoma. 
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Biohybrid scaffolds incorporate ECM proteins with synthetic polymers. These scaffolds benefit 
from improved cell signalling capabilities alongside enhanced mechanical properties, off the 
shelf availability and reproducible in vitro synthesis [1]. This project uses the mechanical 
stimulation of fibroblasts, cultured on polymer templates to control the ECM structure and 
composition within the biohybrid scaffolds. Mechanical stimulation is known to enhance cell 
proliferation and collagen production [2]. However,, there is no conclusion on which regime is 
the most appropriate. Herein, this project focuses on optimising mechanical stimulation to 
increase the collagen content and organisation within the biohybrid scaffold. Moreover, the 
prototype of a robotic bioreactor is introduced with the benefit of real-time force sensing, 
allowing the tracking of changes in the scaffold during the culture period. 
 
Polyglycerol(sebacate)-methacrylate (PGSM) polymer is used as the template as it is 
biocompatible and biodegradable [3]. 1x105 cells of human dermal fibroblasts (HDFs) were 
seeded and cultured these scaffolds, which were then stimulated with different regimes using 
an Ebers TC- 3 bioreactor. The cellular response to the novel, force-sensing robotic bioreactor 
was then compared with the commercial bioreactor. After one week of stimulation, the collagen 
content was quantified using picrosirius red assay and cell metabolic activity was determined 
by resazurin assay. 
 
Results with the commercial bioreactor show that an incremental increase in strain from5% to 
7% travel distance over a week generates the highest rate of collagen production. A 
comparison of the robotic bioreactor with the commercial bioreactor has also shown that there 
was no significance difference between these bioreactors in cell proliferation or collagen 
production when applying a fixed level of strain to HDFs after one week of cell culture. 
According to stiffness measurement collected from the force sensor, there is no change in 
stiffness when stimulated the seeded PGSM scaffold with the constant regime. The long-term 
experiment will be tested as the next step to see the change in stiffness overtime. Also, 
different mechanical regimes will be applied to observe this change. 
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Introduction: Individuals with lower-limb amputations frequently suffer from lower back pain (LBP), 
with prevalence rates higher than the able-bodied population(1). Whilst the underlying cause is 
unknown, it is speculated that limb loss leads to the adoption of kinematic compensation strategies, 
such as dominant leg reliance(2), that repercuss to asymmetry of the lumbar muscles: the psoas, 
multifidus, quadratus lumborum (QL) and erector spinae (ES). Though lumbar asymmetry is 
thought to associate with able-bodied LBP(3), asymmetry patterns of those with amputation 
remains to be investigated. We propose a reliable protocol to explore between-side muscle volume 
differences from magnetic resonance imaging (MRI) in a mixed-level trauma amputation cohort, in 
contrast to lumbar moment arm asymmetries. 
 
Methods: The psoas, multifidus, QL and ES were segmented using axial slices from MRI full-
body supine scans of 15 participants (4 transtibial unilateral (ULA), 10 mixed-level bilateral (BLA), 
1 able- bodied (AB)). Segmented cross-sectional areas (mm2) were evaluated by two raters to 
assess intra- rater reliability, quantified with the intra-class correlation coefficient (ICC). Inter-rater 
and test-retest reliability were calculated from the measurements of one rater before whole-
sample segmentation. Muscle volume (cm3) between-side asymmetry was quantified with the 
symmetry index (SI, %). A novel coded automation estimated the sagittal and coronal moment 
arm distance (mm) from each lumbar joint centre to the muscle line of action, and between-side 
differences were assessed. Results: Reliability was very good to excellent in all evaluations (ICC: 
0.815-0.997). Mean absolute SI in the amputation cohort was greatest in the QL (10.89%+-
9.35%) and the psoas (5.12%+-3.22%), of which a discrete association was found between the 
larger-side muscle and the dominant limb (Fisher’s exact test P=0.045). The majority presented a 
smaller-side ES on the dominant limb (P=0.07). Though absolute SI was notably higher relative 
to AB in all muscle groups except the psoas, no significant differences were found between BLA 
and ULA cohorts. Between-side moment arm discrepancy where a decreased distance 
presented on the larger muscle side was only found in individuals anomalous to the psoas and 
ES asymmetry patterns, though significant only for the ES  moment  arm  at  the  L3-L4  joint,  
coronal  plane  (larger  side=43.88mm+-2.46mm,  smaller side=47.51mm+-1.81mm, P=0.03). 
Discussion: Results implicate the QL as a potential musculoskeletal biomarker of LBP; the clinical 
impacts of substantial QL asymmetry are currently uncertain but may alter spinal loading patterns. 
It is speculated dominant limb reliance during gait could repercuss to psoas hypertrophy, though 
the magnitude of which may not warrant clinical concern. Moment arm results suggest natural 
anatomical variance does not explain high QL asymmetry, nor the commonly observed psoas and 
ES asymmetry patterns, thus support kinematics as a more likely origin. 
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Introduction – Camera set-up, capture volume, as well as calibration procedures influence the 
accuracy of Stereophotogrammetric (SP) systems [1]. Assessing the measurement accuracy is 
crucial to ensure satisfactory data quality and comparability. The many methods previously 
proposed to this scope, are often underutilised due to their complexity [2]. This study 
demonstrates the use of a simple spot-check and the relevant results obtained from its use in 
different laboratories. 
 
Method: After calibration, the proposed spot-check was performed in four different laboratories 
(Table 1). Two trials were recorded on 10 different days of data collection using a wand 
comprising of four markers (Fig. 1). Static trials (5s) were used to quantify the error in the marker 
reconstruction when placed in the origin of the capture volume, using the nominal quantities 
provided in Fig 1. This error was quantified using the expanded uncertainty U = SDE * k (SDE = 
standard deviation of the error, k = a coverage factor of 3) for each distance (D1 and D2) and 
angle (θ1 and θ2) [3]. Dynamic errors were assessed using the root mean square error of 
distances and angles from a recording of the wand (20s) being moved through the capture 
volume. 

Results & Discussion: The method was easy to apply and provided consistent results over 
different labs and different sessions, as shown by the very low values of U and their reduced 
standard deviations (Table 2). Dynamic trials proved that residual errors could be quantified and 
differences between the labs could be effectively highlighted (Table 2). 

 
Conclusion: This study demonstrates the successful adoption of a simple method to monitor 
the systematic error in SP systems, regardless of manufacturer, number of cameras, capture 
volume and operators. 
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The realisation of Medical Devices, from early research phase to delivering patient benefits, is inherently 
challenging. One of the most significant challenges is the gap between academic laboratory prototyping 
and manufacture of devices suitable for first use in human [1, 2]. This translational  gap  is  attributable  
to  the  absence  of  specialised  manufacturing  facilities  and insufficient understanding of regulatory 
requirements for performance and safety [3].  
The facility for the Manufacture of Active Implants and   
Surgical   Instruments   (MAISI),   embedded within the 
St Thomas’ MedTech Hub at KCL, will be  fully  staffed,  
equipped,  and  specialised  to deliver medical devices 
(Class II and III) suitable for first use in humans and 
clinical evaluation. MAISI will be equipped with a large 
range of state- of-the-art manufacturing processes 
creating a versatile environment for the manufacture of 
novel medical device prototypes and components. 
MAISI’s capabilities will extend to include the 
manufacture of active implantable devices utilising  
various technologies for hermetically sealed packages, 
whether ceramic based encapsulated in silicone  
rubber  or  titanium  cases  with  metal  in glass 
feedthroughs, or innovative multi-component ceramic-titanium diffusion bonded solutions. The agile 
manufacturing suite will also offer sub- micron, high precision micromachining and additive 
manufacturing for both metals and polymers. In addition to the development of implantable medical 
device prototypes, this will also enable the production of specialised surgical instruments including 
those with patient specific tailored components and multimodal robotic assistant surgical instruments. 
To streamline the development of new medical devices, the facility will be integrated within a robust 
Quality  Management System (QMS) developed  to comply  with the relevant  standards 
including ISO 13485 (QMS), ISO 14791 (Risk Management), UK Medical Device Regulations 
(2002) and EU Medical Device Regulations (2017/475). 
MAISI’s flexibility also extends through to its pragmatic incremental validation strategy, that will not only 
facilitate the translation of a device to clinical evaluation, but also create a knowledge base for 
subsequent projects. This will accelerate process validations and reduce overall translation costs to the 
projects, hence to the funders, supporting medical research to achieve its full impact and improve 
people’s lives. 
The MAISI facility will provide a unique capability within the field of medical device research to 
accelerate the translation of new devices from conceptualisation through to clinical evaluation. It will 
revolutionise engagement with clinical, industrial and academic partners to accelerate medical device 
development and increase the uptake of innovative technologies that will ultimately improve health 
outcomes and promote the reputation of UK academic research worldwide. 
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Introduction 
Vascular smooth muscle cells (vSMCs) play a central role in the development of atherosclerosis, 
with vSMCs switching from a contractile to a proliferative, migratory phenotype that contributes 
to plaque development1. Similar phenotypic changes occur when vSMCs are exposed to 
standard culture  conditions1.  Recent  findings  have  also  shown  significant  heterogeneity  
within  vSMC populations, both between cells obtained from different vascular beds and at the 
single cell level, with a spectrum of vSMC phenotypes possible. With the ever increasing interest 
in developing label-free, real-time, impedance-based cellular assays, including for characterising 
vascular cell behaviours2, a better understanding of how different SMC phenotypes alter 
impedance signatures is required. We have therefore performed impedance spectroscopy (EIS) 
time-courses to characterise vSMC populations obtained from different vascular beds, 
employing prolonged culture times and serum starvation to alter vSMC phenotypes. 
 
Methods 
Primary aorta, carotid artery (CA) and saphenous vein (SV) vSMCs were isolated from male 
Sprague-Dawley rats by enzymatic digestion1. The SMCs were then seeded (1 x 105  cells/cm2) 
within  culture  dishes  patterned  with  platinum  electrodes  (1mm  wide  working  electrodes). 
Impedance spectra (1Hz-100kHZ, 50 mV, PalmSens4 analyser) were acquired at a series of 
fixed time points: when cultures first reached confluence (established by imaging); then 7 days 
post- confluence; then after a 24-72h period of serum starvation; and finally during 
pharmacological stimulation (fixed frequency of 10kHz) with the vSMC agonist phenylephrine 
(PE, 10μM). 
 
Results and Discussion 
Impedance spectroscopy measurements (background-corrected impedance magnitude, |Z|-
|Zmedia|) showed differences between confluent vSMC cultures derived from the different tissues, 
with aorta and SV showing significantly different impedance profiles when compared to CA 
cultures (p <0.05 for certain frequencies). Within the spectrum of vSMC behaviours from a 
proliferative, migratory to a mature, contractile phenotype, confluent vSMC cultures are known 
to exhibit a more contractile- like  behaviour  than  sub-confluent  cells3.  Prolonged  culture  
beyond  confluence  could  further promote this. A decrease in |Z|-|Zmedia| for all cultures (aorta, 
CA and SV) between initial confluence and 7 days post-confluence was observed, indicating a 
phenotypic shift, with notable differences between all three at 1kHz. Serum starvation also 
promotes a more contractile-like phenotype4 and 24h starvation resulted in a further decrease in 
|Z|-|Zmedia| for all cell types, with the greatest decrease being observed for aorta, where prolonged 
serum starvation (72h) also further decreased the measured impedance. 24h serum-starved 
cultures were stimulated with PE, an agonist that elicits contraction in mature vSMCs. Although 
all cultures responded with a transient decrease in impedance, there were significant differences 
in the magnitude of the response, with aorta cultures showing the greatest fold-decrease in |Z|-
|Zmedia|, followed by CA then SV cultures. 
 
 
Conclusion 
Clear differences in spectra between vSMC cultures from different vascular beds were observed 
using EIS, with EIS capable of detecting phenotypic shifts as culture conditions were altered. 
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Introduction 
Image contrast and, to an extent, radiation dose decrease with increasing X-ray energy. The 
best settings that balance these factors depend on the imaging task and vary with patient 
parameters such as weight. Conventional X-ray techniques rely on absorption contrast; 
however, imaging methods which are sensitive to phase effects, such as Edge Illumination 
(EI), have the potential to improve contrast to dose ratios, because such effects decrease at a 
lower rate with increasing energy. In particular, dark field, or ultra-small-angle-x-ray- scattering 
(USAXS) contrast may be useful in cardiovascular and lung imaging, where the inherently low 
attenuation contrast between tissues and small feature sizes can pose challenges to 
conventional X-ray imaging methods. In cases where contrast agents are needed, 
microbubbles – already used as a contrast agent in ultrasonic imaging – are considered to be a 
potential candidate due to their quantifiable dark field signal with high energy X-rays. Their use 
would avoid adverse (e.g. allergic) reactions caused by more traditional contrast agents based 
on iodine or gadolinium. To investigate this premise further, simulation tools suitable for phase-
sensitive, high-energy X-ray regimes are required. 
 
EI is sensitive to changes in phase as well as attenuation thanks to masks placed in the X- ray 
beam path immediately before the sample and the detector. The masks are periodically 
transmitting windows which make an array of X-ray beamlets and shield the edges of pixels, 
respectively. When a beamlet is refracted or broadened into or out of the active pixel area, 
there is a measurable change in pixel intensity. Dark field is a measurement of beamlet 
broadening and occurs due to multiple small-angle X-ray refraction events, which take place 
when x-rays traverse materials which are inhomogeneous on a length scale below the 
system’s spatial resolution1. We have used experimental data from high energy synchrotron2 

and increasingly high energy laboratory X-ray settings to validate our simulation tools3. As part 
of this process, we developed three key modifications needed to accurately reproduce 
experimental conditions in the modelling environment: 

1. Angular filtration of the X-ray beam by the masks – this results in a change in spectrum 
and flux across the detector field of view. 

2. Second order source and detector effects, which affect the system’s sensitivity across 
the detector. 

3. Mask transmission of high energy X-rays leads to a “dual spectrum” challenge for certain 
mask positions. 

We have subsequently acquired phase and dark field data using even higher X-ray energies 
(up to 150 kVp), which have been used to benchmark our Monte Carlo simulation tool. The 
simulation allows for accurate dosimetry measurements and in the future, could be used to 
consider EI implementations for a variety of clinical settings. 
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End-stage kidney disease patients are compelled to undergo dialysis or kidney transplant to 
eliminate waste and toxic substances due to the deterioration of the glomerulus.1 However, 
haemodialysis is not sufficient to replace the kidney function. There are immunosuppression 
issues and the waiting list for kidney transplant is long. Current research is looking into the 
possibility of development of bioartificial kidneys for effective long-term treatment of patients with 
these conditions. 

A bacteria-derived polyester, polyhydroxyalkanoates 
(PHAs) has been selected for the development of a 
wearable bioartificial kidney. Produced by bacterial 
fermentation, PHA is deemed as a green polymer. It is 
known as polymer that is biodegradable, biocompatible, 
and also bioresorbable within the human physiological 
system, making it popular as a tissue engineering 
scaffold.2   There are two types of PHAs, short chain-
length (scl) that are brittle in nature and medium chain- 
length that are elastomeric. In order to match the 
properties of the kidney, a particular type of elastomeric 
mcl-PHA called poly(3-hydroxyoctanoate-co-3-
hydroxydecanoate) or P(3HO- co-3HD) has been chosen 
for this study. P(3HO-co-3HD) has comparable 
mechanical properties to that of kidney and is also 
printable through 3D printing (Fused Deposition Modelling). 

The first stage of the study will explore two types of kidney cells, the conditionally immortalised 
human podocytes (CIHP) and glomerular endothelial cells (GEnC).3 These cells will be involved 
in the attempt to engineer a filtration barrier as found in a glomerulus (Figure 1). This work will 
serve as a conceptual study that will eventually lead to the creation of a complete renal system 
with both filtration and physiological functionality for a future wearable kidney.4 

This research is a collaborative work between Department of Materials Science and Engineering, 
University of Sheffield and Bristol Renal, University of Bristol. The PhD student is funded by the 
Government of Malaysia under Malaysia Department of Public Services. 
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Introduction 
We construct a mathematical model for the fluid dynamics in a bioreactor for platelet 
production, designed by Shepherd et al [1]. The bioreactor has a scaffold at its centre, as 
illustrated in the schematic below.  An upper channel supplies flow to the top of the scaffold, 
thereby exerting a production-enhancing shear stress on the megakaryocytes that sit in the 
scaffold, and supplying them with nutrients. Flow through a lower channel 
provides a continuous wash of platelets out of the system. The whole system is driven by 
gravity, controlled by the height and volume of the feed tanks, and regulated by a system of 
valves with prescribed velocity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Methods 
The model consists of the Navier-Stokes equations in the tubing, valves, and channels, 
coupled to Darcy flow in the scaffold. It inputs the valve dynamics and the geometric 
parameters of the bioreactor, and outputs fluid pressure and velocity. The small aspect ratio of 
the bioreactor allows us to greatly simplify  the model through the lubrication reduction, 
resulting in a network model that may be readily solved. 
Results and discussion 
We investigate the effect of the prescribed valve dynamics and reservoir height on the various 
fluxes and shear stress exerted on the scaffold.  Our findings show that increasing the valve 
speed increases the proportion of scaffold above a threshold shear stress. In contrast, when 
increasing the lower reservoir height, this proportion increases up to a point, before 
decreasing. Care must be taken when synchronising the bioreactor valves to avoid inducing 
backflow through the scaffold; to this end, we propose a valve regime to maximise shear stress 
while minimizing backflow. 
Conclusions 
To achieve sufficient shear stress in the scaffold under the lubrication model’s assumption of 
slowly moving valves, an excessively high output volume is obtained. To reach the desired 
shear stress and reduce output volume, the valves should be moved more quickly. Thus, future 
work will incorporate more rapid valve motion. 
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Introduction 
Quantifying in-vivo hip joint contact forces provides information regarding the mechanical 
environment of the joint, essential for diagnosis and treatment of individuals, who are predisposed 
to osteoarthritis (OA) development, such as transfemoral amputees. Due to difficulties of in-vivo 
force measurement, musculoskeletal (MSK) models have become the standard tool for muscle 
and hip contact force estimation. Several MSK models have been validated for hip contact force 
prediction [1, 2] against the Hip98 dataset (which contains simultaneous 3D gait measurements 
and hip contact forces [3]). These models generally pose the equations of motion with respect to 
the joints with certain degrees of freedom (DOF) to first estimate the muscle forces, and 
subsequently determine the joint contact forces. Segment-based models, on the other hand, solve 
the equations of motion for each segment with 6 DOF, simultaneously quantifying muscle and 
joint contact forces during movement. The objective of this study was to validate a segment-based 
MSK model, Freebody [4] for the prediction of hip contact force, using the Hip98 dataset. 
 

Methods 
The data used from Hip98 dataset included 3D gait data (including marker coordinates and ground 
reaction forces) and simultaneous hip contact forces of four patients, who were implanted with 
instrument hip prosthesis. FreeBody model (which was used to quantify muscle and contact 
forces) comprised 5 segments (foot, shank, thigh, pelvis, and patella) each with 6 DOF. An 
anatomical dataset, containing muscle attachment sites with 164 elements, representing 38 
muscles, and articular contact points in lower limb [5] was scaled to match the dimension of each 
subject. The maximum forces of the muscles were modified to account for muscle strength 
reduction due to ageing. A global optimization inverse kinematics method was used to determine 
segments motion and muscle moment arms. All muscle and joint contact forces were solved to 
satisfy the segments equations of motion, while minimizing the sum of squared muscles stresses 
plus a weighted term of body weight normalized total hip contact force (to reduce hip muscles co-
contraction). 
 
Results & Discussion 
Predicted hip contact forces using Freebody were close to the 
measured forces (Figure 1); the root mean squared error 
(RMSE) and variance accounted for were 0.56 BW, and 
89.4%, respectively. These were within the values reported in 
the literature, with RMSE equal to 0.55 BW [1], and 0.53-0.67 
BW [2]. The simulated muscle force patterns accorded well 
with EMG of able-bodied individuals. Similar to other studies, 
the peaks of the hip contact force were overestimated; this 
seems to be the result of high muscle forces,  generated by 
gluteus medius, gluteus maximus, and hip flexors, including 
iliopsoas and rectus femoris. 
 
Conclusions 
FreeBody, a 3D segment-based MSK model, predicted hip contact forces with good accuracy; 
thus, in our future work, we will use FreeBody to assess the effectiveness of gait training 
interventions, aimed at reducing hip contact forces in transfemoral amputees. 
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Introduction 
Osteochondral grafting (OCG) is one treatment strategy for osteoarthritis with good clinical results. 
Decellularised tissues provide a promising alternative to standard autografts or allografts. This study 
aimed to compare the stability of traditional OCG and decellularised scaffolds upon initial implantation. 
 
Methods 
Host cubes (N=10) were extracted from porcine femoral condyles around an artificial defect hole. Grafts 
(N=5) were harvested from the trochlear groove;  porcine decellularized osteochondral scaffold (N=5) 
were  prepared [1]. Each  host was secured in fixtures and  submerged in PBS at 37 ºC. Each  graft or 
scaffold was press fit into one of the hosts, then  pushed in for 5 mm, using an indenter (Instron3365) 
and  pushed out in the opposite direction for 10 mm. Parameters analysed were the force required to 
initiate movement (dislodging force) and the maximum force (max force). microCT images (isotropic 
resolution of 82 micron) were acquired for each graft/host pair upon implantation, at the end of the push-
in phase and at the end of the push-out phase. Variation in bone  volume fraction with depth  and 
between the three  testing phases was recorded using ImageJ [2], for the graft or the decellularised 
scaffold. 
 
Results 
The dislodging force of grafts (mean ± std. dev) was 133±15  
N for the push in test and 109±11  N for the push out test. This 
was significantly higher than values for the decellularized 
scaffolds: IN 24±1 N and OUT 26±5 N. The max force were 
also larger in the grafts than the scaffolds: IN 152±16  N vs. 
41±4 N and OUT 118±14  N vs. 33±3 N. The grafts did not 
show changes in how bone volume fraction varies with depth  
due to push in or push out. The decellularised scaffolds 
showed a densification of the centre part of the scaffold due to 
push in (with an increased central bone  volume fraction with 
respect to the one measured upon implantation). 
 
Conclusions 
The force required to dislodge a graft or scaffold from a host environment was similar for the push in 
test and the push out test, suggesting it is a good measure of initial stability. Upon initial implantation, 
the decellularised scaffolds were  easier to dislodge than the OCG. Previously, the decellularisation 
process was found to soften bone, relative stiffness may thus be an important consideration in graft 
fixation. It appears that the lower force for dislocation is in part due to the compression of the scaffold 
which does not occur  with grafts. The ability of 
the decellularised scaffolds to densify offer the flexibility to adapt to the shape of the defect which a 
natural graft cannot. A greater interference fit may be necessary for decellularised scaffolds in order to 
achieve the same level of graft stability as natural OCG when used in vivo. 
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Introduction: Motion abnormalities have been found to impact the onset and recurrence of spine 
disorders [1]; a better understanding of spine kinematics is needed to improve treatment, surgical 
planning, and assess the role of spine pathologies on activities of daily living   (ADL)   [2].   
Several   marker-based   motion   analysis   protocols   exist;   however, assessment of the 
reliability and functional significance is lacking for healthy and pathological cohorts. The aim of 
the present study is to develop and test a comprehensive protocol for spinal kinematics 
assessment providing clinically significant data. This study includes the assessment of reliability, 
as well as the identification of kinematics and timing reference patterns during simple 
mobilization and ADLs. 
 
Methods: The marker setup included 9 markers attached to the trunk to define 4 spine 
segments: upper thoracic (UT), lower thoracic (LT), upper lumbar (UL) and lower lumbar (LL) in 
addition to the pelvis and shoulders. 3D angles between adjacent segments and with respect to 
the pelvis were quantified during simple mobilization tasks (flexion/extension, lateral bending, 
rotation) and ADLs. Twenty-two healthy participants  were recruited [10F,  12M; age: 26.6±4;  
height: 175.6±7.4cm; weight: 71.1±14.9kg]. Marker kinematics was acquired using 
stereophotogrammetry (VICON, UK). Sensitivity to marker placement (i.e., subject standing and 
bent forward) were tested. 3D angular data were normalised over task duration and 
synchronised with respect to timing of key events (e.g., occurrence of maximal flexion, maximal 
velocity). Reference bands of motion were defined as median and 25th-75th percentile range. 
Results: Differences in intersegmental kinematics resulting from different marker placement 
approach resulted in up to 25% difference in LT/UL angle during full flexion, and 5% difference 
in event timing in flexion/extension of during full and thoracic flexion. After event synchronization, 
angular intersegmental kinematics exhibited high inter- and intra- subject repeatability in both 
flexion/extension and lateral bending. Segmental timing analysis showed UL/LL starting the 
motion before UT/LT during full flexion, while the opposite pattern is observed during lateral 
bending. Differences in segmental ROM showed that UT/LT exhibited the smallest mobility, while 
UL/LL the highest for all tasks. Differences in the timing of the maximum ROM over the task 
duration were seen especially during the full flexion task accounting for a maximum of 15% 
between UT/LT and UL/LL, for the remaining tasks the difference was limited to <5%. 
Discussion: The preliminary testing of the proposed protocol highlighted a repeatable approach 
for the characterisation of spine intersegmental kinematics. Marker misplacement was found to 
significantly  affect intersegmental kinematics to a  different extent for different segments.  The 
variability assessed in the study allows to define the significant number of subjects that must be 
included in the reference cohort of healthy subjects, in this case to reach the 80% confidence 
level a total of 30 participants are needed for the analysis. 
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Introduction 
The combination of computational patient specific modelling and artificial intelligence (AI) 
produces a dynamic concept called Human Digital Twins. These twins, a digital replica of the 
patient, can provide far deeper, accurate, continuous and rapid analyses and predictions for 
the state of patient’s health. In our work, we explore the three primary forms of these twins and 
provide examples for each. 
 
 
The concept of Digital Twins and their primary forms 
Patient specific modelling using numerical methods produces medical analysis based on the 
current state of patient’s health. Concurrently, data driven Artificial Intelligence (AI) also 
provides similar patient care with medical analysis derived using algorithms that rely upon 
knowledge from larger human population data. AI algorithms allude at patient-oriented 
analysis, however, owing to the fact that they have not been optimised or trained upon data 
specific to the patient, they cannot be labelled as patient specific. Additionally, these algorithms 
have been plagued with problems such as lack of explainability and biased data. When these 
two independent and robust methods are combined, the concept of human digital twins arise. 
A Digital twin is a digital replica of any given system or process. They combine knowledge from 
general data with subject oriented knowledge for past, current and future analyses and 
predictions. Assumptions made during numerical modelling are compensated using knowledge 
from general data. For humans, they can provide accurate current diagnosis as well as 
possible future state of the patient’s health, allowing for precautions to be taken. 
 
The three primary forms a human digital twin can take are passive, semi-active and active 
twins. These forms depend on the nature of components involved. In our work, we present one 
example for each type of digital twin. For passive digital twins, we have proposed an automatic 
Fractional Flow Reserve (FFR) calculation system [1]. FFR is a fractional value used to 
determine functional relevance of coronary atheroma in cardiac blood supply. In the present 
work, it is calculated from CT scan using a combination of unsupervised learning, computer 
vision and CFD. For semiactive digital twins, we have proposed a methodology to determine 
offline presence and severity of carotid stenosis from a face video [2], an online component. 
This methodology combined computer vision and computational mechanics to determine the 
amplitude of head neck vibration, a biomarker for carotid stenosis. For active digital twins, we 
have proposed an inverse method for online calculation for upstream blood pressure 
waveforms using measurements from three downstream blood pressures taken in accessible 
vessels [3]. Potential usage of this method has been demonstrated using detection of 
Abdominal Aortic Aneurysm and its severity. In addition to the inverse method, for bolstering 
active twins, we also have developed a pure data driven neural network model for predicting 
the time before a potential cardiac arrest event, using continuous waveforms. With these 
examples, we present the primary forms of cardiovascular digital twins. 
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Introduction 
In Tanzania, the accessibility of health and medical services has been inaccessible by the 
public due to inadequate funds, inadequacy of trained medical personnel, and poor 
infrastructures. Statistics show that 45% of the populations are living within 1km of a health 
facility, 93% within 10km, and 72% within 5km[1]. These challenges escalated further during 
the upsurge of Covid-19 in Least Developed countries such as Tanzania leading to severe 
shortage of beds and medical personnel and equipment [2]. This study presents that virtual 
diagnosis through chat-bots provide solutions to health problems in low resource setups 
through analysing data of virtual chat-bot set up during covid-19 in Tanzania. This study 
concludes by suggesting that virtual diagnostics such as the chat-bots and remote health 
monitoring systems provide real time solutions. 
 
Methods 
Here we demonstrate a virtual, easy to access virtual chat-bot through which patients in low- 
resource set-ups can effectively and easily consult doctors and attain medical advise, 
diagnosis and treatment. These patients need to have access to smart phones with Internet 
supply and so do the doctors. We use the data from the data analytics of the online platform to 
measure criteria such as number of patient visits, their geographical locations, the length of 
time of the consultation, the number of times the patient visits the virtual platform and patient 
satisfaction feedback. These criteria are analyzed to gauge the success of the online chat-
bots. We also carried out key- informant interviews and questionnaires with the users of the 
chat-box to understand the qualitative success of the system. 
 
Results & Discussion 
It is demonstrated that patients used the virtual chat-bots during emergencies such as the 
covid-19 pandemic due to fear of being contracted of the virus when visiting the medical care 
facilities. Most of these patients were from diverse countries in Africa but mostly from urban 
areas, and they were satisfied with the doctors’ consultation. Most doctors also found are 
easier and convenient to consult patients virtually. Both doctors and patients used a short 
period of time in the engagement. 
 
Conclusion 
Virtual diagnostic and consultation systems are successful and encouraged. A remote health 
monitoring system to complement the chat-bots is suggested. [3] 
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Introduction 
Healing algorithms have been used in conjunction with finite element analysis (FEA) to 
determine the healing of a callus region based on the mechanical environment in the fracture 
region [1, 2]. These algorithms could be used for pre-operative fracture fixation planning or to 
simulate the performance of fracture fixation devices. However, the additional consideration of 
fixators increases the computational time and complexity of the FEA. This complication is 
magnified by the necessity to perform a stress analysis at each time-step in the healing 
process as an input to the healing algorithm. Contact at interfaces in FEA is computationally 
expensive and can become prohibitively expensive for use in a healing model. Different 
contact simulation methods have been compared in literature [3], but contact has never been 
removed entirely. This study compares four different methods of varying complexity for 
modelling the screw-bone contact interaction in FEA of a femoral fracture fixated with a locking 
plate. 
 
Methods 
FEA models of a simple transverse mid-diaphyseal femoral fracture, fixated with a locking plate 
and locking screws of customised geometries with a bone-plate offset of 2 mm, were 
developed in MSC.Marc (MSC.Software, Santa Ana, CA, USA). The femur was represented as 
a hollow cylinder 400 mm in length, with outer diameter of 30 mm, and cortical thickness of 7 
mm with a fracture gap of 10 mm. 
 
Screw-bone interfaces were modelled using four different methods: (a) suppressed screw shaft 
threads and ‘glued’ contact, (b) suppressed threads and frictional contact with spring elements 
resisting screw pull-out [4], (c) active threads and ‘glued’ contact, and (d) rigid body elements 
with beam elements representing screw bending. For all methods, screw-plate interfaces were 
modelled with suppressed threads and ‘glued’ contact. An axial compressive force of 1 kN was 
applied through a spherical bearing at the distal/proximal femur. Inter-fragmentary strain (IFS) 
was defined as the ratio of change in fracture gap width to initial fracture gap width. IFS 
measurements were made at the far-plate cortex. 
 
Results 
IFS at the far-plate cortex for each model was found to be: (a) 23.2%, (b) 31.0%, (c) 26.6%, (d) 
17.0%, and computational times for each model were: (a) 423s, (b) 444s, (c), 60,541s, (d) 
241s. 
 
Discussion 
Four methods of screw-bone interface modelling were compared in their computational time 
and predictions of IFS in a locking plate fixated femoral fracture. Experimental testing is 
needed to quantify each model’s accuracy. This initial study suggests that some level of 
contact modelling is necessary. 
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Introduction: Aortic dissection commences with an intimal tear and is classified as chronic when 
it has been present for >30 days. The transition of aortic dissection from acute to chronic 
dissection is poorly understood. However, the biomechanical behaviour of the flap is key for 
defining appropriate surgical treatment. This study examines time-dependent mechanical 
behaviour of the chronic dissection and relates it to biochemical and histological changes within 
the tissue. 
Methods: Aorta samples were obtained from 16 patients undergoing elective surgery for chronic 
dissected aneurysms. Time-dependent deformation of false lumen aortic outer wall, true lumen 
aortic outer wall and flap tissues were characterised by a custom-indentation technique under 
constant load, with deformation imaged with a long working distance microscope. Remaining 
tissues were used  to  determine  collagen,  
elastin  and glycosaminoglycan   (GAG)   
levels   with established  biochemical  
assays,  and elastin fragmentation was 
determined following Verhoeff–Van Gieson 
stain (VVG) staining. 
Results: Tissue stiffness was highest in 
the flap tissues and lowest in the false 
lumen. Flap tissue exhibited reduced 
deformation (Figure 1), higher GAG levels 
and the lowest collagen:elastin ratio 
relative to the other tissues. The false 
lumen tissue exhibited increased elastin 
fragmentation. A linear relationship was 
found between the stiffness, deformation 
and the time from the initial dissection 
event to surgical intervention. 
Conclusions: The dissection flap exhibits  
reduced time-dependent deformation and 
has higher levels of elastin and GAG relative to   the   non-dissection   aortic   wall.   The 
relationship between mechanical properties and surgical intervention are key for developing 
bespoke surgical treatments. Initial aetiology of the dissection was found to have no role to play 
in how the dynamics of the tissue properties react in the future. 
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Microwave ablation (MWA) therapy is a hyperthermic treatment for cancerous tumours whereby 
microwave energy is dispersed into a target tissue region, absorption of these waves leads to 
temperature rise through microwave heating, with the aim of exposing cancerous cells to a thermal 
dose sufficient to kill them whilst minimizing the damage to the surrounding healthy tissue [1]. 
Being able to predict the progression of ablation during a procedure is of high value in designing 
equipment and planning patient specific care, as current dosimetry is given in guidelines by the 
equipment provider. From a modelling standpoint this poses a complex multi-physics problem 
involving electro-magnetics and heat conduction, add to this the existence of multiple temperature 
sensitive properties of tissue, as well as physiological processes such as blood perfusion which 
are heavily influential in the overall temperature profile [2]. Here we create a two-dimensional 
axisymmetric geometry of a probe embedded within a tissue material, solving the coupled 
electromagnetic and bioheat equation using the finite element method, utilizing hp-finite elements 
in NGSolve. Temperature, electric field strength and energy abortion can be calculated and 
investigations into the effects of the highly temperature sensitive properties of tissue on the 
distribution of temperature throughout ablation. Following a workflow shown in figure 1. 
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Introduction 
Treatment pathways for patients presenting with venous thrombosis in the lower limb are 
associated with significant cost due to follow-up and repeat interventions. The use of stenting 
following femoral- ilio-caval thrombolysis, has increased in recent years [1], but there are 
significant gaps in the evidence-base to support clinical decision making [2]. In-stent restenosis is 
a significant complication of stent placement [3]. The contribution of venous anatomy to 
haemodynamics in the region of the thrombosis and resulting risk of restenosis following 
treatment has yet to be characterised in detail. 
Methods  A 0D model was developed using Matlab to 
describe flow distribution within vessels in the lower limbs 
(right side only shown figure 1). A symmetric network was 
defined with 16 individual vessels for each leg. Vessel radii 
and length were obtained from a literature review to 
determine the Poiseuille resistance of each vessel. The 
collateral circulation was represented by up to three veins 
connecting the left and right side of the network and a 
thrombus was simulated by increasing resistance due to 
stenosis in the common and external iliac veins on the left 
side of the network. The relationship between severity of 
stenosis, diameter of collaterals and flow from the left to 
right limb was examined. A 3D modelling approach was 
used to examine the detail of flow at the region of thrombus 
formation. Several anatomical configurations were 
considered, based on reports of variability within the 
literature (one example shown in figure 2). A zero pressure 
outlet boundary condition was applied, inlet flow of 0.6 L/min 
was specified split between multiple inlets based on 
Poiseuille resistance associated with their radii. A steady 
state CFD analysis in ANSYS Fluent was undertaken using 
a Newtonian fluid model with density 1050 kg.m-3, viscosity 
0.004 Pa.s to examine local velocity and wall shear stress distribution. 
Results  Results from the 0D model demonstrated the influence of diameter of the collateral 
vessels on the ability to maintain venous return from the lower limbs in the presence of 
thrombosis. Decreasing the radii of the collaterals from 5.75mm to 2.88mm, with a 75% diameter 
thrombosis, resulted in a decrease in venous return from 95% to 80% of the flow with no 
thrombosis.  Results from the 3D model (figure 2) confirmed regions of reduced wall shear stress 
local to bifurcations in the vasculature, the extent of these regions was seen to vary as a result of 
the anatomical configuration simulated. 
Conclusion These initial results demonstrate the feasibility of using 0D and 3D modelling 
approaches to investigate the role of regional and local venous anatomy in determining 
haemodynamics at sites of thrombus formation in the lower limb.  Further work will include 
coupling of the 0D and 3D approaches and sensitivity analysis of model outcomes to variations in 
anatomical features. 
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Observation of cells is at the core of biological research. Microfluidic technologies are making it 
possible to continuously monitor cells individually, over long periods of time, revealing 
behaviours that would be masked in whole populations or without observation in real time (1). 
The polydimethylsiloxane (PDMS) devices developed in this project are designed to culture 
and observe bacteria in an array of microchemostats under a variety of controlled conditions. 
 
The design of the microfluidic device consists of an array of microchambers in which single 
cells or small populations are trapped. Defined zones are then exposed to different conditions 
such as chemical concentration gradients and imaged over time. The responsiveness of cells 
to stimuli can hence be investigated at the individual level. This work focuses on two complex 
bacterial behaviours that have been primarily studied at the population level: coexistence and 
endospore germination. In a series of proof-of-concept experiments, co-cultures of engineered 
Escherichia coli as well as germination of Bacillus subtilis endospores have been observed in 
the device. We envisage that this technology will enable new frontiers in microbiome research 
to be reached. Studying the dynamic behaviour of E. coli in response to different growth 
environments and inducing chemicals will advance the understanding of the human 
microbiome. Indeed, dysregulation of the gut microbiota has been linked to cardiovascular, 
neurodegenerative and metabolic diseases (2). These platforms also provide a way to 
systematically investigate unexplored spore communities such as those found in the soil 
microbiome. The vast majority of bacteria in environmental samples is dormant, but some of 
these metabolically inactive bacteria are spores that can be reactivated by specific 
environmental factors (3). Hence, understanding soil functioning and their role is crucial for 
sustainable agriculture. 
 
 
This work is supported by the Department of Bioengineering of Imperial College London. 
 
References 

1. Walling MA, Shepard JRE. Cellular heterogeneity and live cell arrays. Chem Soc 
Rev. 2011;40(7):4049–76. 

 
2.      Flint HJ, Scott KP, Louis P, Duncan SH. The role of the gut microbiota in nutrition 

and health. Nat Rev Gastroenterol Hepatol. 2012;9(10):577–89. 
 

3. Jones SE, Lennon JT. Dormancy contributes to the maintenance of microbial 
diversity. Proc Natl Acad Sci U S A. 2010;107(13):5881–6. 
 
 
 
 
 
 
 
 
 
 

  



Paper ID: 195.Generation of stable advective-diffusive chemokine gradients in a 
collagen hydrogel 

 
W.V. Bonneuil1, D.J. Watson1, J. Frattolin1 , M.J. Russell2, F. Fasanella Masci3, M. Bandara3, B.S. 

Brook2, R.J.B. Nibbs3, J.E. Moore Jr1 
1 Department of Bioengineering, Imperial College London, London, SW7 2BP  2 School of 
Mathematics, University of Nottingham, Nottingham, NG7 2QL 3 School of Life Sciences, 

University of Glasgow, Glasgow, G12 8TA 
 

The precise and dynamic positioning of immune cells is guided by gradients of a class of chemo- 
attractant molecules called chemokines. Chemokines diffuse from their cellular site of production 
into a micro-environment where they are subjected to interstitial, or vascular, flow. There, they 
encounter extracellular matrix molecules to which they can bind, and cells, both migrating and 
stromal, which can scavenge them away from the tissue1. In vitro systems aimed at studying 
chemokine  gradients  and  the  resulting  immune  cell  migration  often  fail  to  recapitulate  the 
complexity of these biophysical and biochemical factors. We present a novel microfluidic chip where 
adjustable and steady pressure gradients can be established across a hydrogel by locally restricting 
the cross-section of the fluid channels hydrating it. These pressure gradients induce interstitial 
velocities of up to 1 µm/s in a collagen I hydrogel. They combine with the maintenance of constant 
boundary conditions on either side of the hydrogel to allow the formation of chemokine gradients at 
Péclet numbers between -10 and +10. This means that chemokine transport can be either diffusion-
dominated or advection-dominated by a factor of up to 10, with advection either opposing  or  
enhancing  diffusion.  We  demonstrate  gradients  of  the  chemokine  CCL19  at physiologic 
concentrations of less than 10 nM, which are steady for over 8 h, and whose shape is independent 
of the location of their observation within the hydrogel2. This device adds a degree of physiologic 
complexity to the reproduction of chemoattractant gradients in vitro and paves the way for studies 
disambiguating the roles of interstitial flow and external chemokine gradients in guiding leucocyte 
migration. 
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Introduction 
Electrical discharge machining (EDM) has emerged as a technique which can simultaneously 
act as both a machining and a surface modification technique. In this work, EDM was applied 
for surface treatment of Ti6Al4V alloys and fabricated surfaces were compared with other 
common treatments  such  as;  polishing  (control),  sandblasting  (SB),  sandblasting,  large-
grit,  and  acid etching (SLA). 
 
Methods 
All samples were polished using Silicon carbide papers from #400 to #1200 on a grinding 
machine. Sandblasting was carried out using Al2O3  powder under 0.45MPa pressure. For SLA 
treatment, samples after sandblasting were etched for 30 minutes at 60°C in 1:1 mix of 49% 
H2SO4 and 18% HCL. EDM treatment of specimens was performed at a pulse current of 5 A and 
pulse-on-time of 25 µs using a die-sink EDM machine. The water contact angles were measured 
via drop shaper analyser with a 5 µL water droplet on treated surfaces. The average surface 
roughness of samples was evaluated using an optical focus variation microscope. Immortalized 
bone marrow stromal cells  (Y201)  were  cultured  on  the  prepared samples. Cell  viability  was  
evaluated  using  the Resazurin reduction (RR) assay. 
 

Results and Discussion 
SLA treatment was found to be suitable for hydrophilic surface generation. EDM treatment 
resulted in the highest surface roughness followed by SLA and SB treatments. Cell culture assay 
indicated that the Y201 cells were viable on all treated samples over 28 days. SLA treatment 
supported the highest cell viability followed by EDM, SB treated samples when compared with 
polished samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: (a) Scanning electron microscopic images of treated surfaces; (b) Contact angle of treated 
surfaces (c) Surface roughness; (d) Resazurin fluorescence as a measure of cell viability of Y201. 
 
Conclusion 
EDM has the potential for simultaneous synthesis of a precise shape of a biomaterial and 
provision of a favourable cell compatible surface for orthopaedic applications. 
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Introduction 
The analysis of coronary artery physiology via fractional flow reserve (FFR) significantly 
improves the assessment of the severity of a stenosis (lesion) in a coronary vessel, with 
important benefits for the patient. However the invasive measurement of FFR is seldom done 
and software tools have been developed to compute it numerically (virtual FFR, vFFR) from 
coronary angiography (CA) alone. CA provides limited information and there is a need for a 
robust protocol to quantify the error in the 3D reconstruction and its propagation through the 
computational fluid dynamics (CFD) analysis. The software has been tested on real cases as 
well as experimental phantoms. Here we use a recently developed digital phantom of the main 
coronary vessels to study the sensitivity of vFFR on errors arising from 3D geometry 
reconstruction. 
 
 
Body of the Abstract 
The decision of if and how to treat a stenosed coronary artery is often based on visual 
inspection of coronary angiographies alone but it has been shown that measuring the relative 
pressure drop across the stenosis (FFR) can change the treatment decision [1]. This requires 
the invasive use of a pressure wire which adds cost, time and risk to the procedure and is thus 
performed only in a minority of cases [2].  
Our group has been developing software tools that aim to replace invasive pressure 
measurement of FFR [3]. The workflow contains two essential steps: (i) reconstruction of the 
3D vessel geometry from a pair of angiograms, and (ii) CFD analysis to obtain the pressure 
gradient in silico (vFFR). Together with the boundary conditions, the vessel geometry is a 
principal determinant of the flow conditions within the artery and thus a significant source of 
error for the CFD analysis. Often only two  angiograms  are  taken  for  a  given  case  and  this  
provides  rather  limited  information. Furthermore the reconstruction process is corrupted by 
several sources of error and modelling assumptions: (i) table movement between the two 
images, (ii) varying degrees of foreshortening, (iii) noise, (iv) areas of tight vessel curvature 
and (v) the model of vessel leakage at bifurcations. The software has been tested on clinical 
angiograms [3] as well as numerical phantoms, where the latter allowed perfect knowledge of 
the actual geometry. Recently we developed a digital phantom of the main coronary vessels 
which additionally allows us to control the stenosis geometry and eccentricity. We produce 
pairs of angiograms with and without stenoses and replicate sources of errors as observed in 
the clinical setting with the goal of studying the sensitivity of vFFR on geometric factors such 
as choice of projection plane, noise level and relative foreshortening. This process is valuable 
not only as a necessary further step in the validation of our software but can also help develop 
guidance for radiographers so that optimal angiograms are taken for a specific case leading to 
better patient care. 
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Introduction: Disease progression in colorectal cancer (CRC) causes extensive tissue 
remodelling, with excessive deposition and enzymatic modification of matrix components 
creating a stiff, fibrous tumour microenvironment (TME). Transglutaminase-2 (TG2) is a protein 
cross- linking enzyme prominently expressed in the TME and is linked to poorer disease 
outcome. To investigate its role in CRC, we examined how cellular communication within the 
TME determines TG2 expression, and how this links to invasion and treatment response in a 
range of standard and biomimetic TME models. 
 
Methods: SW480 CRC cells were co-cultured with fibroblasts (HFF2 or primary colorectal 
fibroblasts) in standard cell culture and in collagen matrix models with different biomechanical 
properties. TG2 expression was determined using immunofluorescent microscopy, flow cyto 
metry and Western blotting. Uptake of doxorubicin was assessed by fluorescence monitoring. 
 
Results: TG2 expression was prominently expressed around the invasive edge of tumour 
spheroids - however expression was reduced in areas of localised CRC invasion. Co-culture 
with SW480 cells led to decreased fibroblast expression of TG2, and comparison of paired 
cancer - associated and normal fibroblasts suggested that cancer cells inhibit expression of 
TG2, with impacts on localised biomechanics and subsequent invasion, as well as uptake of 
doxorubicin. 
 
Conclusions: TG2 restricts CRC growth and invasion, and localised loss of TG2 promotes 
invasive behaviour – and CRC cells can drive decreased expression of TG2. TG2 also appears 
to restrict bioavailability of chemotherapy agents, with implications for patient treatment and 
outcome. 
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Introduction 
Mechanotransduction is a key process in many developmental, physiological and pathological 
processes in bone. Mechanosensitive ion channels such as Piezo1 and TREK1 are the bonafide 
mechanotransducers that are critical for various biological processes, plays a critical role in bone 
formation1,  2. We already reported that the Magnetic ion channel activation (MICA) technology 
could  apply  mechanical  force  directly  to  mechanosensitive  ion  channels  on  the  cell  surface 
targeted with antibody functionalised magnetic nanoparticles for stimulating 
mechanotransduction and   downstream   processes3. Recently there is an augmented interest 
has been aroused to exploit Graphene Oxide (GO) and its derivatives for various biomedical 
applications. The abundant oxygen containing groups in GO provide an excellent platform for 
further modifications using functionalised antibodies to facilitate targeted binding4. Therefore, we 
have developed a potential nanoplatform using magnetic nanoparticles and GO (GOMNPs) for 
the enhanced osteogenic differentiation through the MICA based non-invasive remote activation. 
GOMNPs targeting the mechanosensitive Piezo1 and TREK1 ion channels were developed and 
their osteogenic potential under MICA application is studied with Osteoblast like MG-63 cells. 
Experimental details 
Characterisation of synthesised GOMNPs were done using TEM, XRD, Raman spectroscopy 
and Vibrational Sample Magnetometry (VSM). All the cell culture experiments were done on MG-
63 human   osteosarcoma   cells   using   GOMNPs.   Effect   of   MICA   stimulation   on   
osteogenic differentiation were studied with ALP activity, Alizarin red and PCR studies of 
GOMNPs functionalised with Piezo1 and TREK1 under MICA application for 1h daily for 7&14 
days 
Results & Discussion 
The  biocompatible GOMNPs  were prepared using  a simple,  versatile  strategy. The  size  and 
morphology  of  the  as-prepared  magnetic  nanoparticles  and  the  GO  were  confirmed  using 
transmission  electron  microscopy  (TEM)  and  the  structural  features  of  the  GOMNPs  were 
evaluated by X-ray diffraction XRD and Raman patterns. The XRD and Raman patterns 
indicating the peak positions and the relative intensities of magnetic nanoparticles, GO and the 
GOMNP nanocomposites are successfully obtained. The obtained results also suggested that 
the synthesised GOMNPs showed excellent biocompatibility with superparamagnetic behaviour. 
An enhanced ALP activity and Alizarin red staining was obtained for 7th day and 14th day 
indicated the positive effect of MICA stimulation on MG63 cells towards osteogenic 
differentiation. MICA stimulation mediated osteogenic gene expression by quantitative real-time 
PCR also confirmed the differentiation of MG-63 cells at mRNA level and improved expression 
of a panel of osteogenic markers, BMP-2, Runx2, ALP, Col-1 and OCN were obtained upon 7th 

and 14th days under MICA application 
Conclusion 
The results of this study have successfully demonstrated the effect of MICA based non-invasive 
modulation of mechanosensitive Piezo1 and TREK1 ion channels by uniquely modified 
superparamagnetic Graphene-Magnetic Nanoparticles (GOMNPs) on the proliferation and 
osteogenic differentiation of MG-63 osteoblast like cells. 
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Introduction 
A large experimental body of work has developed exploring the factors that affect the 
chemotaxis of lymphocytes, as well as a growing list of conditions in which lymphocyte 
trafficking may play a role [1]. Exploiting these phenomena to gain insights into improving the 
diagnosis, treatment and prevention of disease can be aided by large scale modelling of the 
complex systems which drive immune response, wound healing and cancer metastasis [2]. 
However, such models are hindered by the disparity of scales considered experimentally and 
the lack of high-resolution cell motion data which would inform such models. 
 
Methods 
An experimental setup was developed to track label-free spleenocytes encapsulated in 
collagen I hydrogels. Wild-type murine spleenocytes with and without LPS treatment were then 
imaged every 7 seconds for 80-minute durations while subject to different gradients of CCL19. 
An in situ staining protocol was developed to label the tracked cells on the stage. 
 
Results 
The tracks of motile cells were reconstructed from the images and used to estimate the 
chemotactic index and average velocity. Adjusting the time interval used in the reconstruction 
produced a power-law scaling with chemotactic index over-estimated and average cell velocity 
under-estimated at larger time scales. This finding indicates that the path of these cells is 
fractal over the range of temporal scales considered – 10 to 100 seconds. 
 
Discussion 
The fractal index found by this power scaling indicates that scale must be considered carefully 
when constructing models of these systems. Not only will this be required when applying 
numbers found experimentally at small scales to systems representative of much larger scales.  
It can be hypothesised that changes in this index associated with chemokine gradient and LPS 
stimulation will change the role which cells perform. This work reveals that the complex nature 
of cell motion has been underappreciated in modelling of lymphocyte trafficking. Increased 
appreciation of such phenomena could not only improve the accuracy of such models but also 
increase the range of experimental data they can incorporate. Finally, consideration of this 
fractal dimension may allow the field to elucidate and exploit the effects of subtle changes in 
the character of cell motion at the larger scales of metastasis and infection. 
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Introduction 
A key step in the quantitative assessment of pulmonary MR hyperpolarised-gas ventilation 
images, which is instrumental in many clinical applications, is the segmentation of the ventilated 
regions, where, among other tasks, the main airways are (i) identified, (ii) excluded from the lung 
cavity region for analysis purposes, and (iii) highlighted for quality control. We developed a 
bespoke deep-learning approach with the goal of minimising the manual editing of airways as, 
currently, manual airway segmentation is performed as existing deep-learning (DL) 
applications1,2 do not provide an explicit labelling of the airways. 
 
Materials and Methods 
Training and testing datasets were created, where each volumetric ventilation image was 
provided with a ground truth image that was manually edited by experienced assessors. All 
hyperpolarised- gas MR ventilation images were obtained with a 1.5-T whole-body system (Signa 
HDx; GE Healthcare). A mix of hyperpolarised 129Xe and N2 was inhaled from functional residual 
capacity, with gas volumes determined by patient height. 3D balanced steady state free 
precession 129Xe ventilation images3 were acquired during breath-hold with full lung coverage. 
A three-class DL-based segmentation was implemented using the MONAI framework4 to identify 
background, ventilated parenchyma, and airways voxels. A 3D U-Net architecture with 2 residual 
units was selected due to its flexibility in customising the channel configuration. A specific loss 
function was created by adding contributions from a Sørensen–Dice similarity (SDS) coefficient, 
a cross entropy loss, and a newly devised penalty term proportional to the amount of lung 
ventilation erroneously labelled as airways. Segmentation performance was assessed by 
computing the SDS coefficient and the XOR metric5 between the predicted and the ground-truth 
segmentations. 
 
Results and Conclusions 
Median (and IQR) SDS coefficients were 97.5% (1.0%) and 88.5% (9.6%) for the ventilated lungs 
and airways, respectively. Median (and IQR) XOR metric values were 3.79% (2.51%) and 22.6% 
(16.8%) for the ventilated lungs and airways, respectively. 
The DL-based simultaneous segmentation of airways and ventilated lung regions correctly 
discriminated the two labels in a large number of cases, even in the presence of similar features. 
Due to its good performance, this new segmentation approach has been included in the linear 
binning workflow6 for the routine assessment of HP gas ventilation MR images. 
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Introduction 
Wound healing is a highly orchestrated process involving the coordinated action of many cell 
types, growth factors and epigenetic regulators such as microRNAs (miRNAs)1,2. These small 
RNA molecules become expressed in a spatiotemporal pattern to fine-tune a myriad of signalling 
pathways coordinating tissue repair. Recently, miRNA dysregulation has been linked to impaired 
healing, including the formation and progression of diabetic foot ulcers (DFUs), a type of chronic 
wound associated with diabetes. However, despite their crucial role in regulating the process of 
wound healing, research into how abnormal miRNA expression disrupts cell signalling 
networks to impair healing in DFU cells remains limited. 
Materials and Methods 
Differentially expressed miRNAs were identified between non-healing diabetic ulcer-derived 
fibroblasts   and   healthy   site-matched   fibroblasts   via   Nanostring   sequencing.   Differentially 
expressed miRNA were experimentally explored in vitro using primary human fibroblasts isolated 
from amputated diabetic ulcers or site-matched healthy controls using several nanotechnology- 
enabled strategies. Reverse Phase Protein Arrays (RPPA) were used to identify the impact of 
miRNA overexpression on key cell signalling pathways. 
Results and Discussion 
Sequencing analysis identified a list of DFU-specific miRNAs that are predicted to affect key 
signalling pathways in DFUs. Overexpression of several identified microRNAs in vitro impairs 
the proliferation of fibroblasts. Interestingly, one miRNA was found to drive a differential 
behaviour in the  proliferative  capacity  between  diabetic  and  nondiabetic  fibroblasts,  with  
overexpression inhibiting  proliferation in diabetic fibroblasts,  but  increasing  proliferation  in  
healthy  fibroblasts. RPPA analysis suggests that this differential behaviour is driven by a shift 
from pro-survival to pro- apoptotic signalling, with initial evidence suggesting changes to insulin 
and insulin growth factor signalling. 
 

 
Conclusions 
Pharmacologic-based strategies to promote the healing of diabetic ulcers, such as growth-
factor therapies, have been largely unsuccessful. The results of this study suggest that 
dysregulation of miRNA signalling may underpin an inherent deficiency in growth factor 
signalling in DFUs that limits their effectiveness, in turn opening new opportunities for targeted 
therapies that drive successful healing. 
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Introduction Visual problems are common in ageing and age-related neurological conditions[1]. 
Developing low cost interventions for improving safety during complex tasks such as obstacle 
crossing is important for creating safer homes and reducing falls. Identifying gait events can be 
problematic depending on the patient cohort, task and gait pattern. In this study we present: a 
three step procedure for identifying heel strikes during obstacle crossing, and preliminary 
findings from older adults when negotiating a high and low contrast obstacle. 
Methods 14 adults aged >50 years negotiated a tall (HxWxD: 15x60x2cm) obstacle covered in a 
high contrast (HC) and low contrast (LC) material. Each obstacle was positioned centrally along 
a 7-metre walkway and negotiated in separate trials. 14mm spherical reflective markers were 
affixed to the shoe over the dorsal aspect of the hallux and calcaneus bilaterally. Three markers 
were attached to the obstacle. Foot trajectories and obstacle position were tracked using 10 high 
speed infrared cameras (Vicon MX, 100Hz). A custom Matlab program (R2019a, Fig 1 Steps 1-
10) was used to extract 4 horizontal (#A,#B,#E,#F) and 2 vertical (#C,#D) clearances (Fig 1). 
Non-parametric paired samples t-tests evaluated differences due to obstacle saliency (LC v HC). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 – Custom MATLAB steps (1-10) for extracting horizontal and vertical foot clearance 
outcomes (#A-#F) for the lead and trail crossing steps during both obstacle conditions (LC & HC) 
 
Results The following outcomes for the lead step: vertical toe clearance (#C LC: 162mm v HC: 
142mm, p=0.019); vertical heel clearance (#D LC: 97mm v HC: 69mm, p=0.006) and Ob-Heel 
horizontal clearance (#E LC: 182mm v HC: 144mm, p=0.041) were all larger when crossing the 
LC obstacle compared to the HC obstacle. No significant differences were observed for the trail 
step.  
Conclusions Differences due to obstacle saliency were identified for the lead step only. 
Considering the lead step crosses the obstacle when the obstacle is front of the participant, the 
obstacle remains in the visual field of view and may be influenced by obstacle saliency more 
than the trail crossing step which is completed when the obstacle is behind the individual. 
Further analyses will include a diverse group of older adults with a history of falls. 
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Doppler waveforms in the uterine arteries are considered important clinically for monitoring the 
development of the placenta. Various indices have been developed, based on the features in these 
waveforms, that are used as indicators for pre-eclamsia. However, these indices are still not well 
understood. This study presents some preliminary results in a retrospective analysis of a group of 
9 pre-eclamptic and 11 healthy pregnant patients. An optimization framework was designed to 
integrate a range of non-invasive measurements of the maternal circulation using 1D 
computational models of the cardiovascular system. The preliminary classification results look very 
promising with high sensitivity and specificity. Furthermore, these modelling results will allow for a 
more detailed analysis of the mechanistic pathways that lead to changes in the waveforms. 
 
The maternal cardiovascular system undergoes significant physiological changes through the 
different stages of pregnancy. There is an increased arterial compliance of 35%, a decrease of 
total resistance of the peripheral beds, whilst can be an increase of cardiac output of up to 40%. 
 
As a basis for the personalized models we chose our previously developed model [1]. This model 
is closed-loop and includes 513 1D vessels (systemic and pulmonary arteries and veins), 61 0D 
vascular beds and an elastance-based heart model with 4 heart valves. The model also contains 
a utero-ovarian network model with 20 arcuate branching off the uterine arteries and a further 50 
radial/spiral arteries. Through an optimization procedure this “template” model is personalized 
towards the measurements of each patient. 
 
Patient data was collected with NHS REC approval (11/NW/0426), and all patients were 
identified through the translational research clinics at St Mary’s Hospital, Manchester, UK. 
 
The optimization procedure has 2 stages [2]: 
1. Changes to the peripheral bed resistances, systemic arterial areas and total blood volume to 

reproduce blood pressures, heart rate and cardiac output with the model. After this stage the 
flow waveform at the aortic root (and therefore the cardiac output) is fixed in stage 2 where an 
open arterial system network (no veins or pulmonary circulation) will be used. 

2. Further optimization will be performed similar to stage 1, but now the compliance of the 
systemic arteries and areas of the utero-ovarian system will  be  tuned  until  the  blood 
pressures, pulse wave velocity and doppler waveforms are the same as the measurements. 

At this point a personalized model of the patient has been created. 
 
Preliminary results show that all pre-eclamptic patients are classified correctly, whilst only 1 
healthy patient is classified as pre-eclamptic. 
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During cancer progression, interactions between malignant and non-malignant tissues result in 
changes in the tumour microenvironment (TME)1. Extracellular vesicles (EVs) released from 
tumours, including colorectal cancer (CRC), are preferentially uptaken by residential cells in 
specific sites of metastasis, influencing the pre-metastatic niche2. In this study, a model of CRC 
invasion, suitable for proteomics techniques, was developed to further assess the effect of EVs on 
TME. 
 
MRC5 (lung fibroblasts) and LX2 (liver hepatic stellate cells) were embedded in extracellular 
matrix (ECM)-based gels (Collagen type I, GelTrexTM) to reproduce the environment of 
respectively lung and liver. The gels were place in cells inserts and CRC cells (SW480) were then 
applied to invade from above. The cultures were maintained for long-term (21 days) in media 
changed every 3-4 days. Histological staining, fluorescence and MALDI mass spectrometry 
analysis for evaluating proteomic signatures were performed on sections obtained from the model 
at different timepoints. Quantitative interpretation of the invasive layer was conducted with Image 
J. 
 
H&E staining of the samples and quantitative analysis showed a high viability of the gel and a 
clear front of invasion of SW480 increasing over time. Preliminary mass spectrometry data based 
on Peptide Mass Fingerprint (Mascot) presented putative identification of intracellular proteins 
linked to cytoskeletal remodelling and ECM. 
 
The 3D model developed was suitable for long-term analysis and this will allow for further 
conditioning (such as tumour-derived EVs treatment) of the TME before the cancer invasion. 
MALDI mass spectrometry is suitable to measure changes in TME composition as it can detect 
cellular and extracellular components in this model. 
 
The authors of this abstract declare that there are no conflicts of interest in this study. 
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Introduction 
 

Extracellular vesicles (EVs) are generated in a wide variety of biological contexts, for example 
being produced by human cells in both healthy and diseased states, as well as being shed by 
parasites  and  bacteria.   They  have  been  shown  to  play  important  roles  in   intercellular 
communication and have great potential as both diagnostic and therapeutic tools. The complex 
nature of EVs and the many routes through which they interact with both biological barriers and 
are involved in signalling pathways make it important to develop technologies to facilitate 
comparative studies of vesicle populations. 
 
Methods 
 

Microfluidic techniques afford a high level of control and tunability. Given the small size of EVs 
(typically of the order of 50-150 nm) microfluidic approaches are well suited to the isolation of 
extracellular vesicles. However, the development of these approaches often rely on samples 
which do not represent the complexity of biologically relevant systems. As such it is important to 
consider their strengths and limitations of different approaches for samples of interest to the 
biomedical community. For example, when challenged with high salt and complex samples, 
many of the most precise microfluidic techniques will fail to achieve good separation or result in 
damage to the samples. 
 
The microfluidic devices used for this work utilise viscoelastic focussing to remove the largest 
particles in the systems and retain the small EVs. Working within a European project (EV 
Foundry), we  have  been  running  devices  with  progressively  more  complex  samples  to  
evaluate  their suitability for EV isolation. In particular, targeting bovine milk (Wauben Lab, 
Utrecht) and Ascaris suum incubation media (Neysum Lab, Aarhus) as the EV sources. 
 
Results and Discussion 
 

We present data using model nanoparticles suspended in a milk matrix (EV depleted milk) and 
representative buffers to  characterise the device behaviour. The  characterised  and optimised 
devices are then tested with biological samples. We demonstrate that viscoelastic focussing 
offers a relatively high throughput solution (400 µL / hour) for the effective separation of mixtures 
of liposomes (100-200 nm) and 1 µm polystyrene particles suspended in EV depleted milk. 
Furthermore, we have demonstrated that when biological samples (from Ascaris suum 
incubation media and bovine milk) are processed using this method they retain their biological 
activity and EV biomarkers are identified in the purified samples after separation. 
 
Conclusions 
 

The requirements for some microfluidic devices deem them unsuitable for biological samples. 
However, we have shown that there are suitable conditions for effective sized based separation 
of sub-micron particles in complex biological solutions. 
 
The work presented here highlights a simple and effective means to remove large particles from 
complex biological solutions in a reproducible fashion. In turn this sample can be characterised 
or used for systematic studies of the role of EVs in biological systems. 
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Introduction 
With the technological advancement in modern medicine, tissue engineering and regenerative 
medicine are demanding ever more complex scaffold designs in the pursuit of optimization. This 
includes an important move from classical 2D to 3D scaffolds, with an aim to mimic the natural 
habitat of cells more accurately.[1]  Owing to this, there is an increased demand for 3D printing 
(additive manufacturing) techniques, causing them to become an integral part in the development 
of 3D scaffolds for biomedical applications. 
Critically, the successful implementation of scaffolds in biomedical applications does not only 
depend on correct design and structure of the scaffold but also on the biomaterials and their 
properties, ensuring that they are compatible with the target tissue. In this context, 
Polyhydroxyalkanoates (PHAs) have exhibited exceptional value.[2,3] PHAs are natural, 
thermoplastic, easily processable, biopolymers sustainably produced via bacterial fermentation and 
exhibit excellent biocompatibility towards a large variety of cell types.[4] Moreover, their mechanical 
properties are tunable and they degrade via surface erosion to produce non-toxic degradation 
products, making them excellent candidates as scaffold materials.[2] 
Methods 
Bacterial fermentation of Pseudomonas species was used to produce Poly(3-hydroxyocatnoate-co-
3-hydroxydecanoate), P(3HO-co-3HD). The biomass was then harvested, and the polymer 
subsequently extracted via soxhlet extraction, followed by purification to medical grade standard. 
The dried polymer was then chopped into small pieces and filled into a CellInk Bio X 3D printer 
cartridge for fused deposition modelling (FDM) extrusion printing. 
Computer aided design (CAD) software was used to create a variety of structures applicable for 
different biomedical scenarios, including applications such as cardiac repair patches, synthetic 
pancreas, and nerve guidance conduits. Furthermore, more complex, multi-material models were 
designed and printed including alginate and alginate with encapsulated live cells. 
Results & Discussion 
P(3HO-co-3HD)   was   produced   in   multiple   large-scale   30L   bacterial   fermentations   and 
characterised to confirm its chemical structure and molar content of 3HO and 3HD components. Its 
low melting point of around 54oC makes it an advantageous polymer for use in multi-material printing 
applications together with live cells and other sensitive components. The extremely high elasticity 
and elongation of break value of around 600% make it a particularly flexible polymer for use in 
biological applications that require flexibility of generated constructs. The printed structures were 
investigated for tensile properties and cell viability studies confirmed the biocompatibility of the 
structures. 
Conclusions 
We have successfully demonstrated the ability to reproducibly FDM print a variety of P(3HO-co-
3HD) 3D constructs at high-definition, as well as co-print this polymer with alginate for the first time. 
We conclude that P(3HO-co-3HD) is an excellent candidate for future biomedical applications and 
FDM printing is an excellent tool for the fabrication of a vast array of structures useful for biomedical 
applications including wound healing patches, patient specific implants and devices.  
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We present a physiologically relevant 3D environment to form human bone in vitro using stem 
cells of different ages. 
 
Methods 
Our bone-on-chip included one or multiple decellularized bones recellularized with either 
human primary adult Mesenchymal Stem Cells (MSCs) or fetal osteoblast progenitors to 
become stem cell derived osteocytes (SCDOs). Spatial reorganizations of the cells, the layers 
of oriented collagen fibers and the bone pieces occurred for cultures up to 26 months that were 
mechanically stimulated in compression to mimic human walk. The stiffness of the new bone 
was tested using 3- point bending tests. The cell differentiation and calcium response were 
measured by concurrent fluorescent microscopy during the mechanical stimulation. The stress 
field around the cells was quantified using numerical twins of the cells and tissues. 
 
Results 
All cells differentiated into osteocytes between 30 to 547 
days. The cytoplasmic calcium response adapted to the 
expected in vivo mechanical load and the cells created 
layers of alternating orientations of 45o. Adult cells 
formed large quantities of mineralized tissue with a 
flexural stiffness of 13 MPa equal to a fifth of the 69 MPa 
stiffness of the decellularized and new bones mix at 109 
days. Fetal cells formed smaller quantities of highly 
mineralized bone with a stiffness of 93 MPa at 126 days. 
 
Discussions 
Fetal cells produced highly mineralized bone while adult 
cells assembled multiple bones and reformed the 
Haversian structure. 
  
Conclusions 
Our bone-on-chip was successful to assess cell 
differentiation, mechanobiology and bone quality with 
respect to parameters like mechanical stimulation and 
cell age. 
 
Acknowledgments: The authors are grateful to NSF CMMI BMMB 1214816 EAGER award, 
CNRS, the Farman Institute, and Synchrotron 20191708 and 20201633 awards. 
 
References 
1. Budyn. E. et al. MRS Advances 2018; 3(26):1443-1455. 
 

  



Paper ID: 209. Mechanical and morphological properties of scar tissues of hip 
capsule ligaments grown around different implant materials after a total hip 

arthroplasty. 
 
 

A. Avgeri1, S. Sanders2, B. Cinquin3, P. Bizot1, L. Sedel1, E. Budyn2 
1 CNRS-Inserm Laboratory of osteoarticular Biology, Bioimaging and Bioengineering, B3OA, 
UMR7052,University of Paris, 75010, Paris,  2Department of Mechanical Engineering-CNRS 
Laboratory of Mechanics  and Technology, LMT,UMR8535,Ecole Normale Superieure Paris- 
Saclay, University Paris-Saclay, 91190, Gif-sur Yvette, France, 3CNRS Laboratory of Biology 

and Applied Pharmacology, LBPA,UMR8113,Ecole Normale Superieure Paris-Saclay, 
University Paris- Saclay, 91190, Gif-sur Yvette, France 

 
Introduction 
Arthroplasty is an orthopaedic surgical procedure where the articular surface of a 
musculoskeletal joint is replaced by artificial materials (implants) in order to restore its function. 
 
Methods 
In this study, the morphological and mechanical properties of hip capsule ligament scar tissues 
that formed around implants composed of either polymer and metal or ceramic on ceramic are 
compared to native tissues removed during an initial total hip arthroplasty. The patients’ age 
and sex are provided. Micro-tensile tests were performed on millimetric tissue samples, first 
assuming that the tissue is a homogeneous transverse isotropic continuum with collagen fibers 
aligned to the tensile direction. First and second Piola-Krichhoff stresses and normal and 
Green-Lagrange strains were calculated to build the constitutive laws at the macro and micro 
scales. The cells formed ligaments composed of fascicles containing wavy fibers of varying 
densities and aligned with the main in vivo loading main direction observed under confocal 
microscopy. A patient-specific, single- fiber finite element model was created based on 
measured morphological parameters such as the amplitude and period of the fiber motives. 
The FEM unit cell included single or multiple fiber combinations immersed in a matrix 
composed of a mixture of fibers in ground substance. Three regimes of loading were 
determined at the tissue scale and applied at the boundary of the microscale model.  The 
microscopic stress and strain fields were calculated and compared for the three different FEM 
models for the different tissue types.  The experimental curves in the macroscale were plotted 
along with the corresponding stress-strain responses of the microscale. 
Results & Discussion 
Immuno-histological analyses of the samples using Hematoxylin and Eosin, Masson’s 
trichrome and collagen I staining revealed different hierarchical structures of the tissues over 
three scales: the fiber (macroscale), the fascicle (mesoscale) and the tissuescale 
(macroscale). In the macroscale, the tissue non-linear elastic responses were identified by 
either an exponential law or an Ogden third-order constitutive model. The tissues exhibited 
different behaviors depending on the implant material the tissues had grown around. In the 
microscale, the Ogden constitutive models for both fiber and matrix were identified. 
Conclusions 
The results of the presented study indicate differences between the mechanical behaviors of 
the tissues that have formed around different implant materials. Even though it is not possible 
to conclude at this point on how precisely each material affects the tissue function, due to small 
number of samples, the present study still points towards distinct effects of the implant material 
on the morphological properties of the hip capsule scar tissues that should be further 
investigated. 
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Introduction 
Craniofacial bone defects can be caused from birth defect anomalies (2-3% of newborns reported 
in 20011) and road traffic accident in adults (the incidence can be up to 50% in developing 
countries2). Autografts are the current gold standard for treatment, however having limited source 
tissue and harvested site morbidity as their major drawbacks. Materials that can address these 
limitations and support good bone repair are still needed. Poly (glycerol sebacate) (PGS) is an 
attractive biomaterial as its mechanical properties can easily be tailored. Cell derived extracellular 
matrix (ECM) has been shown to enhance osteoprogenitor cell proliferation, differentiation and 
mineralisation3.  Here  we  aim  to  create  3D  bone-like  tissue  for  craniofacial  repair  using  a 
combination of PGS and cell-derived ECM. 
 
Methods 
Porous PGS scaffolds were synthesised using salt leaching technique with different ratios (1:2.5- 
1:4.5) of prepolymer to salt (w/w). The porosity and pore size were assessed using pycnometry 
(Micrometric AccuPyc 1340) and scanning electron microscopy (SEM). Y201 (immortalised 
human mesenchymal stem cell (MSC) cell line) attachment and matrix deposition onto the 
scaffolds were investigated by resazurin reduction assay and Western blot over 21 days. 
 
Results 
Pycnometer and SEM analysis showed that the ratios used 
produced a range of pore densities, with a higher salt content 
producing higher porosity. Pore sizes are in the range of 50-400 µm 
which is suitable for cells to attach and grow. The resazurin data 
showed scaffolds can 
support cell attachment (more than 65%), with slightly higher 
attachment on scaffolds with lower porosity. Furthermore, western 
blotting confirmed that the scaffolds supported deposition of key 
bone proteins including collagen, fibronectin, bone sialoprotein 2, 
and osteopontin. 
 
Conclusions 
The salt leached porous PGS scaffolds support MSC growth and 
bone matrix deposition and have interesting potential applications in 
craniofacial bone regeneration. 
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Introduction 
Biomedical Engineering (BME) has the potential to be a driver for healthcare improvements, 
economic growth, and job creation [1]. It is in this context that we undertook an audit of skills, 
capacity, and translational capability within East Africa. 
 
Methods 
Our team, based largely in Uganda, gathered data from across East Africa using 
questionnaires, telephone and one-to-one interviews, roundtable meetings, and workshops 
involving stakeholders. Stakeholders included universities, hospitals, industry, regulators, 
funders, professional associations as well as individual biomedical engineers (teachers, 
researchers, students). Workshops were used to present preliminary findings and to generate 
consensus statements from the BME community. 
 
Results & Discussion 
We found that Biomedical Engineering as a Driver for Healthcare Improvements in East Africa is 
a proposition that can be realised if barriers and gaps in skills, resources, translational 
competence (using new, structured translational pathways), and regulations are addressed and 
other organisational issues (such as procurement of medical equipment and the role/status of 
biomedical engineers) are tackled. East Africa has an opportunity to take advantage of BME as 
a relatively new field that is already served by training institutions located in the nations of this 
region. Health systems are mostly sufficiently developed to accommodate a greater role for 
biomedical engineers, although there are structural and professional barriers which were 
identified in the course of this project. 
 
The East African Community (EAC) has challenges serving a very young and growing 
population, providing basic healthcare to all, and dealing with the growing burden of non-
communicable diseases. To this has now been added the severe challenge of Covid-19. There 
is a dependence on imported medical equipment and devices [2] which may not be adequately 
managed nor designed with the levels of redundancy needed for East African settings and 
consequently not well adapted for the environment in which they are deployed [3]. We found 
that the translation of new MedTech products, designed appropriately and manufactured locally 
for East Africa, faces barriers of uncertain regulatory pathways, funding constraints, and limited 
opportunities for local companies to penetrate this market. 
 
Conclusions 
We conclude that national priorities for BME need to be established to coordinate training, 
professional development, and establishment of good practice with an aim to build capacity and 
capability in BME. A nascent Medical Technology industry addressing the healthcare needs of 
populations within the EAC and other low- and middle-income countries (LMICs) should be 
encouraged and supported. A report detailing these findings and our recommendations will be 
made available. 
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INTRODUCTION: Osteogenesis Imperfecta (OI) caused by type I collagen mutations is a major 
connective tissue disorder, characterized by bones that break easily [1]. To date, cell culture for 
OI research has been performed in monolayer, leading to subsequent ‘2D’ deposition of the 
defective collagen which may not expose the extent of the collagen’s structural defects. 
Therefore, this project aims to create a 3D model of extracellular matrix production using 
Polycaprolactone (PCL) scaffolds [2] to investigate OI effects on in vitro collagen production in 
order to better understand how type I collagen mutations alter the early collagen formation 
processes. 
 
METHODS: PCL (80 kDa) was dissolved 15 w/v% in Dichloromethane and electrospun at 200 
rpm for nonaligned and 2000 rpm for aligned fibres. Fibre alignment was measured by image J 
using SEM images which indicated aligned scaffolds were oriented within of ±10°. Healthy and 
OI Human Dermal Fibroblast (HDF) cells were separately cultured and seeded on the following 
culture surfaces: tissue culture plate (TCP) or electrospun PCL with either aligned or non-aligned 
fibres. Electrospun scaffolds were air plasma coated to facilitate cell attachment. Assessment of 
collagen deposition was determined using PicroSirius Red (SRS) Assay at Day 7, 14, and 21. 
  
RESULTS: Both scaffolds supported collagen 
deposition better than TCP. Aligned scaffolds 
supported higher collagen deposition than non- 
aligned.   Although   OI   cells   deposited   less 
collagen as would be predicted, they were able       
to respond to the scaffold structure with more 
collagen on aligned fibres.                                          
  
CONCLUSION: Our results demonstrate that 
fibrous scaffolds traditionally used for tissue 
engineering can be used to analysis responses 
of diseased collagen to structural features. In the 
long term this could be used to create in vitro 
human cell-based, patient-specific models of 
matrix deposition in 3D. 
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Introduction 
Brain computer interface (BCI) has become increasingly popular to control computer programs, 
external devices  and  as  rehabilitation  tools  (Wolpaw et  al.,  2002;  Daly  and  Wolpaw,  2008). 
Different limb motor imagery BCIs are relatively well documented and tested in the field, while 
same limb BCIs have proven to be more challenging. In particular, unlike different limb motor 
imagery,  classifiers  cannot  rely  on  the  distinct  spatial  difference  in  the  cortical  activity  to 
discriminate movements and, as a result, the development of this BCI approach seems limited. 
Nevertheless, the classification of different movements within the same limb would increase the 
number of viable inputs into a computer system providing therefore users with increased control 
of the system. Current literature on the subject focuses on classifying between same limb 
different joints movements whereas a BCI detecting same limb join gestures may provide more 
natural control to the user, especially for the use case of the control of robotic limbs or upper 
body prosthetics. 
 
Methods 
This study combines discrete wavelet transforms (DWT) and long short-term memory (LSTM) 
networks to classify between grip and release gestures of the same limb. Statistical values such 
as standard deviation, maximum value variance and sample entropy were calculated using 4th 

and 5th levels of DWT decomposition coefficient. These features were then used to train and test 
the LSTM network. The LSTM model was finally saved and loaded in a live control program to 
assess open and close actions on a simple robotic hand in a real-time. 
 
Results and Discussions 
Few studies into same limb motor imagery have classification rates of around 60-70% accuracy 
for a 3-class classification problem. However, most of these studies detect between the motor 
imagery of different joints, such as the elbow and wrist, and do not detect between gestures. As 
a result, these systems make controlling something such as a robotic hand unnatural. 
Our  classification  system  achieved  a  72%  accuracy  on  grip  and  release  for  the  3-class 
classification problem (> 45 minutes of training), showing promising results for specific 
applications such as neuro-prosthetics. Rest and motor imagery classification accuracy was also 
tested and score 85%. The live classification exercise showed a relatively acceptable response 
time (1s with all software layers and wireless transmission) between the motor imagery being 
performed and the robotic hand executing the desired action, although more testing is required 
to fully validate the system. 
 
Conclusions 
The results of this system have provided a positive insight into the feasibility and accuracy of 
same limb gesture recognition BCI and set up the platform for development of this system. The 
relatively high accuracy of the system and the acceptable response time from the live 
classification program have also proven that utilising same limb BCIs for robotic and prosthetic 
control may be explored as a viable option for the future of neuro-prosthetics. 
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Introduction 
The increasing prevalence of infections and sepsis represents a considerable burden on global 
healthcare. Within the UK, it is estimated that there are approximately 250,000 new cases of 
sepsis each year resulting in 46,000 deaths. An estimated 14,000 of these deaths could have 
been prevented with earlier diagnosis1. Current methods of diagnosis are insufficient in 
identifying at the early stages, resulting in an increased risk of long-term complications and 
mortality 2. There is a widespread clinical need for the development of a rapid, high-throughput 
and sensitive diagnostic technique. Here, we propose of a point-of- care  device for the diagnosis  
of  sepsis, that is  capable  of rapid blood analysis  using attenuated total reflectance – Fourier 
transform infrared (ATR-FTIR) spectroscopy. This technique will provide critical data on 
differential white blood cell counts and key infection biomarkers; and will complement clinical 
judgement by allowing for a more thorough and rapid diagnostic tool. 
 
Methods 
Several clinically relevant biomarkers (C-Reactive Protein, Lactate and Calprotectin) were 
spiked into samples of human pooled serum (HPS) in concentrations that reflect both normal 
and abnormal ranges. The biomarkers were spiked individually and in mixed systems. ATR-FTIR 
spectral data was acquired on both Diamond and Silicon internal reflection elements (IRE). A 
partial least squares (PLS) regression model was developed to predict the concentration of 
biomolecules from the acquired spectra using a 70:30 split for the calibration and validation sets, 
respectively. This model then formed the training set to allow for predictions of biomarker 
concentrations within blind datasets. 
 
Results and Conclusions 
Our preliminary results demonstrate the promising application of ATR-FTIR spectroscopy for the 
detection and quantification of biomarker concentrations, producing excellent linearity across the 
full clinically relevant range. Although lower limits of detection and quantification were achieved 
using Diamond IRE, our results demonstrate that Silicon IRE has competitive performance with 
the added advantage of allowing for batch processing and high-throughput analysis. Future 
investigations will analyse the suitability of this technique for the quantification of differential 
white blood cell counts to form a more thorough diagnostic tool. 
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Introduction 
Asthma is a complex respiratory disease that is characterised by compromised epithelial 
integrity, underlying inflammation, and increased airway smooth muscle (ASM) mass, which 
contributes to airflow limitations1. Treating asthma in the UK costs ~£1.1 billion p.a. (Asthma 
UK). Asthma emerges due to aberrant interactions at the gene, cell, and organ levels. For 
example, genome wide association studies and transcriptomic analyses have implicated genes, 
including IL33, IL4R, Thymic Stromal Lymphopoietin, amongst others. Critical players at the cell 
level include epithelial cells, ASM cells, fibroblasts, mast cells, eosinophils, amongst others. 
Interactions at the gene and cell levels are further influenced by tissue and organ mechanics. 
Therefore, understanding the multi-scale mechanisms responsible for asthma requires 
approaches that can capture interactions between these multiscale actors2. Such models can 
not only reveal mechanistic insights into pathology, but potentially also predict the clinical impact 
of novel drugs. In agent-based modelling (ABM), a system is divided into components that can 
interact with each other based on a rule set attributed to them3. Here, I show an agent-based 
virtual asthma patient that captured the clinical hallmarks of asthma based on interactions 
between multiple airway cell types. I will also show how this model will enable rapid drug 
design/repurposing and more accurate patient-specific predictions. 
Methods 
The virtual asthma patient was created using the Flexible Large-scale Agent-based Modelling 
Environment (FLAME)1. It contained interactions between epithelial (columnar & goblet) cells, 
basal cells, mesenchymal (fibroblasts, myofibroblasts, and ASM) cells, and inflammatory 
(eosinophils) cells. The rules regulating agent interactions were derived from in vitro, in vivo, and 
clinical studies1. Conducting sensitivity analysis revealed the most parsimonious parameters that 
yielded the hallmarks of 
asthma. We next tested the 
impact of anti-IL5 and anti-
PGD2 therapies. Model 
outcomes were compared 
against the following drugs: 
mepolizumab1 and 
benralizumab4 (both anti-
IL5), and fevipiprant (anti-
PGD2)1. 
Results and Discussion 
The virtual patient captured the phase space of asthma phenotypes based on the rule-set 
assigned to agents, highlighting mechanisms underpinning those phenotypes (Fig. 1A). The 
model accurately predicted the clinical level reduction in eosinophils and ASM mass (Fig. 1B,C, 
respectively) following the in silico intervention with the anti-IL5 and anti-PGD2 therapies. It also 
showed how a therapy can be made more clinically efficacious, by predicting the superior 
performance of Benralizumab (vs Mepolizumab) in reducing ASM mass. These results reflect 
the potential of the virtual patient in drug optimization and predicting inter-patient response to 
therapies. Adding gene regulatory networks that drive agent interactions in the virtual asthma 
patient will further allow us to understand the pathological network motifs that contribute to the 
multiple asthma phenotypes at an individual level and engineer rules to silence these motifs. 
This will, in turn, allow us to tailor therapies based on the patients’ profile at a clinical scale.    
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Figure  SEQ Figure \* ARABIC 1: A. Phase space of asthma phenotypes. B,C. In 
silico vs clinical comparisons. 
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