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WELCOME NOTE  

On behalf of the National University of Ireland Galway, I am delighted to welcome you to the 27th Annual 
Conference of the Section of Bioengineering of the Royal Academy of Medicine in Ireland (BinI 2022). 

Bioengineering in Ireland began in 1995, with a small interdisciplinary meeting of engineers and clinicians 
in Tulfarris, and ran annually until 2020. After two years of pandemic uncertainty, we are excited to 
finally meet again in person. We are particularly delighted that over 170 delegates have registered to 
attend the conference and to share two years of research findings in biomechanics, biomaterials, medical 
device design, tissue engineering, regenerative medicine and imaging. This forceful reboot is a testament 
to the strength of the Irish Bioengineering community. 

We are honoured to welcome our invited speaker this year, Professor Alicia El Haj. Professor El Haj’s 
research focuses on developing novel tissue engineering approaches using biomechanics, bioreactors, 
and imaging systems for the delivery of cell therapies to the clinic. 

The Royal Academy of Medicine in Ireland Bioengineering Section will be awarded the 2022 RAMI Silver 
Medal to Professor Daniel Kelly. As the distinguished recipient of this prestigious award, Professor Kelly 
will deliver the Samuel Haughton Honorary Lecture. 

The annual Engineers Ireland Biomedical Research Medal competition for PhD research will take place. 
The RAMI Bronze medal will be awarded to the presenter of the best paper at the conference and there 
are a number of additional student prizes.  

We would like to take this opportunity to give a very special thanks to the sponsors for their generous 
support for the meeting and encourage you to visit stands in the foyer for Medtronic and Zwick during 
the conference. 

We look forward to re-engaging the social networking aspects of the conference that we have so missed 
over the last two years. 

 
Professor Laoise McNamara 
Conference Chair 
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GENERAL INFORMATION  

BinI 2022 Organising Committee 

Chair: Professor Laoise McNamara.  

Track Chairs: Dr. Ted Vaughan (Biomechanics), Dr. Meadhbh Brennan (Regenerative Medicine), Dr. 
Eimear Dolan (Medical Devices, Bioelectronics and Biosensors), Dr. Kevin Moermann (Medical Devices 
and Imaging), Dr. Eoin McEvoy (Mechanobiology), Dr. Andrew Daly (Biomaterials).  

BinI 2022 Social and Logistics committee: Dr. Syeda Masooma Naqvi, Dr. Vincent Casey, Dr. Elzbieta 
Ewertowska, Anneke Verbruggen, Vatsal Kumar, Marissa Britton, David Symes 

Presentation format: This is an in-person conference. First year PhD students have an allocation of 5 
minutes (3 minutes for the presentation and 2 minutes for questions). All other talks are allocated 12 
minutes (9-10 minutes for the presentation and 2-3 minutes for questions). 

Registration: All attendees must be registered and are required to wear their official conference badge 
at all times. Access to all sessions, tea/coffee breaks, lunch and social events will only be granted to 
delegates wearing badges. 

Social Programme: Social events are included for all registered delegates. Additional dinner tickets are 
available on request. On Friday night, a Buffet Dinner will take place at 8pm in the Inis Mór Ballroom 
followed by the annual table quiz. On Saturday night, the Banquet Dinner will start at 8.00 pm in the Inis 
Mór Ballroom. Dress Code: Masquerade ball with prizes for best dressed. 

 

Photo credit: The photographs for the Bioengineering in Ireland website, programme and Proceedings 
were provided free of charge by Professor Chaosheng Zhang. You can find his wonderful photographs of 
Ireland, Galway and the National University of Ireland Galway by following him on Twitter 
@ZhangChaosheng 
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KEYNOTE LECTURE 

Professor Alicia El Haj 

Professor Alicia El Haj, FREng, FRSB, FEAMBES, Interdisciplinary Professor of Cell 
Engineering and Director of Institute of Translational Medicine joined 
Birmingham University, UK in September 2018. She is a leading figure in 
Bioengineering and Regenerative Medicine globally carrying out cross 
disciplinary innovative new cell based therapies to the clinic. During a Visiting 
Plummer Fellowship in 2018 at the Mathematical Institute, University of Oxford, 
she has been involved in promoting in silico approaches for acceleration of 
regenerative medicine approaches to the clinic. She has held an Adjunct Visiting 
Chair with the Tissue Engineering Centre, UKM Kuala Lumpur and the University 
of Granada, Spain. She has multiple collaborations with EU research exchange 
programmes in Europe and China. Recent funding in EU MCSA ‘SHIFT’ will link her group with research 
groups in Thailand, Malaysia, South Korea, Australia and Mongolia.  She has published over 250 
publications with funding from EPSRC, MRC, BBSRC, Versus Arthritis, EU Commission, Innovate and an 
ERC Advanced Award in 2018. She is also Director of a spin out company MICA Biosystems, Ltd involved 
in translating innovative in vitro pharma screening tools and stem cell control systems into clinical use. 
She was awarded with a Royal Society Merit Award in 2014 and is a Fellow of the Royal Academy of 
Engineering in the UK. In 2015, she was awarded the MRC Suffrage Award for her role in leading women 
in STEM and in 2021 awarded the Midlands Women in Tech Award.  In 2020, she was awarded the IOM3 
Chapman medal for her major contribution towards translation of biomedical materials into healthcare. 
Alicia actively engages in public events having presented ‘Remote Control Healing’ at the Café 
Scientifique in Royal Society London and at the ‘Next Big Thing’ at the Hay Festival UK 2017. Her research 
on ‘remote controlled healing’ has been highlighted on CNN ‘The Edge’ and BBC Radio Naked Scientist. 
This summer she is presenting an exhibition at the Royal Society Summer Science Exhibition. 

 
  

7



   

THE SAMUEL HAUGHTON HONORARY LECTURE 

The Royal Academy of Medicine in Ireland Silver Medal is presented to a distinguished clinician or 
engineer who has made a significant contribution to the field of bioengineering through academic 
endeavour and research. The recipient delivers the distinguished Samuel Haughton Honorary Lecture.  
Prof Daniel Kelly is an internationally recognized leader in the field of 
musculoskeletal tissue engineering and 3D bioprinting. Over the past 15 
years he has led a multidisciplinary laboratory based in Trinity College Dublin 
(TCD), developing novel biomaterial, stem cell and 3D bioprinting strategies 
to regenerate damaged and diseased tissues. In 2008 he was the recipient 
of a Science Foundation Ireland President of Ireland Young Researcher 
Award – Ireland’s most prestigious award for young academic scientists and 
engineers. In 2009 he received a Fulbright Award to take a position as a 
Visiting Research Scholar in Biomedical Engineering in Columbia University, New York. He is the recipient 
of four European Research Council (ERC) awards (Starter grant 2010; Consolidator grant 2015; Proof of 
Concept grant 2017; Advanced grant 2021), which have led to the development of new single stage 
strategies for bone and cartilage repair and pioneering innovations in 3D (bio)printing for the 
regeneration of musculoskeletal tissues. To date he has published over 185 articles in peer-reviewed 
journals, including publications in Biomaterials, Science Advances, Biofabrication, Science Translational 
Medicine and Advanced Materials and has generated over €18 million in funding.  
Prof Kelly played a key role in establishing the Discipline of Biomedical Engineering in TCD, which now 
includes undergraduate and MSc degree programmes in Biomedical Engineering.  He is currently the 
Professor of Tissue Engineering in TCD and past Director of the Trinity Centre for Biomedical Engineering. 
He is one of the founding Principal Investigators of the SFI Advanced Materials and Bioengineering 
Research (AMBER) centre, which links leading researchers in materials science and bioengineering with 
industry. As part of AMBER Prof Kelly has also developed a dedicated state-of-the-art 3D bioprinting 
facility in partnership with Johnson & Johnson at TCD. 
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Programme Overview 

 
Friday 20th May 2022 

 

Time 
Inis Mor Ballroom  

Section 1 

Inis Mor Ballroom  

Section 2 

Inis Mor Ballroom  

Section 3 

11.00 – 12.30 Registration - Main Reception 

12.30 - 13.50: Lunch 

Marina’s Restaurant 

13.50 - 14.00 

Welcome 

Inis Mor Ballroom 

Chair: Prof Laoise McNamara 

14.00 - 15.00 

Engineers Ireland Biomedical Research Medal 

Inis Mor Ballroom 

Chair: Prof David Hoey 

15.00 - 15.45 

Keynote Lecture, Professor Alicia El Haj 

Inis Mor Ballroom 

Chair: Prof Laoise McNamara 

15.45 - 16.15: Tea/Coffee 

16.15 - 18.15 

Biomaterials 1 

Chairs: Dr Alex 

Lennon and Dr 

Mark Ahearne 

Biomechanics 1 

(Experimental) Chairs: Dr 

Ted Vaughan and Dr John 

Mulvihill 

Medical devices 1 

Chairs: Dr Eimear Dolan 

and Dr Eoin O’Cearbhaill 

20.00: Buffet Dinner, Table Quiz and EI Medal Awarded 

Inis Mor Ballroom   
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Saturday 21st May 2022 

 

Time 
Inis Mor Ballroom  

Section 1 

Inis Mor Ballroom  

Section 2 

Inis Mor Ballroom  

Section 3 

09.00 - 

10.30 

Biomaterials 2:  

Chairs: Dr Stanislas Van Euw 

and Dr Andrew Daly  

Mechanobiology 1 

Chairs: Dr Stephen Thorpe 

and Dr Tom Hodgkinson 

Regenerative medicine 1 

Chairs: Dr Olwyn Mahon and 

Dr Eoghan Cunnane 

10.30 - 11.00: Tea/Coffee 

11.00 - 

13.00 

Biomaterials 3 

Chairs: Dr David Monahan 

and Prof Nicholas Dunne 

Computational Biomechanics 

Chairs: Dr Claire Conway and 

Prof Triona Lally 

Medical devices 2 

Chairs: Dr Kevin Moerman 

and Dr Aamir Hameed 

13.00 - 14.00: Lunch 

 Marina’s Restaurant 

14.00 - 

15.00 

25th Samuel Haughton Lecture Prof Daniel Kelly 

Chair: Prof Nicholas Dunne 

15.00 - 15.20:  Tea/Coffee 

15.20 - 

17.30 

Biomaterials 4 

Chairs: Dr Conor Buckley 

and Dr Ciara Murphy 

Mechanobiology 2 

Chairs: Dr Eoin McEvoy and 

Dr Syeda Masooma Naqvi  

Regenerative Medicine 2 

Chairs: Dr Meadhbh Brennan 

and Dr Shane Browne 

20.00: Conference Dinner – Masquerade Ball 

Inis Mor Ballroom   
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Engineers Ireland Biomedical Research Medal, Friday 20th May 2022: 
Awarded to a PhD student who has been deemed to be making an outstanding contribution to the field 
of biomedical engineering research in Ireland. The winner receives a commemorative EI Biomedical 
Research medal and €1,500 honorarium generously sponsored by DePuy Synthes.     

      
 

 

Friday    
14.00  

– 15.00 

Engineers Ireland Biomedical Research Medal 
Venue: Inis Mór Ballroom  

Chair: Prof. David Hoey 

  
Page  

 

14.00  
- 14.15 

MECHANOBIOLOGICALLY MIMETIC MODEL SYSTEMS FOR STUDYING BREAST 
CANCER METASTASIS TO BONE 

Kumar, V., Naqvi, S.M., McEvoy, E., McNamara, L.M. 

12 

14.15  
- 14.30 

DEVELOPMENT OF A BIOMIMETIC STEM CELL SCAFFOLD SYSTEM FOR SPINAL 
CORD APPLICATIONS  

O’Connor, C., Woods, I., McComish, S.F., Kerr, S., Caldwell M.A., Dervan A., 
O’Brien F.J. 

13 

14.30  
- 14.45 

PIEZORESISTIVE SENSORS AND PLATFORMS IN TISSUE ENGINEERING 

Solazzo, M., Monaghan, M.G.  
14 

14.45  
- 15.00 

DTI-DERIVED METRICS AS NON-INVASIVE BIOMARKERS FOR PLAQUE STABILITY 
– INVESTIGATING MICROSTRUCTURE AND MECHANICS 

Tornifoglio, B., Johnston, R.D., Stone, A.J., Kerskens, C., Lally, C. 

15 
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INTRODUCTION 
Bone tissue provides a favourable microenvironment for tumour 
invasion and the chemo-mechanical feedback between cancer and 
bone cells drives tumour metastasis in a 'vicious cycle’ [1]. The 
evolving mechanical environment during tumour invasion, due to 
tumour growth and osteolysis-mediated changes in matrix stiffness, 
may regulate both tumour and bone cell behaviour, but this is not 
established. Additionally, the role of mechanical stimulation in the 
bone environment on regulation of tumor invasion is not yet fully 
understood.  Although several 3D models to study bone metastasis 
have recently been developed [2-4], such models either do not 
recapitulate the multicellular niche or do not incorporate extrinsic 
mechanical loading. Thus, the objectives of this study are 
investigate the coupled influence of tumour-bone cell signalling 
and growth-induced matrix stress on tumour spheroid evolution 
and osteogenic activity by developing (1) 3D cell culture models 
and (2) a novel computational model to determine the influence of 
varying matrix stiffness on tumour growth, and (3) to develop a 3D 
mineralized multicellular bone-like construct with mechanical 
loading using a custom-designed bioreactor to investigate the role 
of mechanical stimulation in breast cancer bone metastasis . 

MATERIALS AND METHODS 
3D cell culture : Gelatin hydrogels of varying stiffness (0.58-1.1 
kPa) encapsulating 4T1 breast cancer cells, MC3T3-E1 osteoblast-
like cells, and RAW264.7 osteoclast-precursors in different co-
culture configurations (4T1, RAW+4T1, MC3T3+4T1 and 
RAW+MC3T3+4T1) were cultured for 7 days and assessed for 
tumour spheroid size (actin, nucleus), cell number (DNA) and cell-
cell signaling (OPN, PtHRP, IL6, RANKL).  
 Computational Tumor Growth Model: was developed using 
user-defined material subroutines within Finite Element (FE) 
software Abaqus to predict tumour cells (𝑐𝑡) proliferation as 
dependent on spheroid stress 𝛔 induced by matrix deformation 
and signalling from osteoblasts 𝑐𝑏  and osteoclasts 𝑐𝑐, 

ⅆ𝑐𝑡

ⅆt
= (

𝑐𝑡

τt
) (1 −

tr(𝛔)

3𝑝𝑜
+ γb𝑐𝑏 + γc𝑐𝑐) , (1) 

where τt is the timescale for tumour proliferation in the absence 
of other factors, p0 is the reference pressure for mitotic inhibition, 
γb and γc denote the influence of signalling from osteoblasts (e.g. 
RANKL) and osteoclasts (e.g. TGF-β), respectively. To simulate 
growth we adopted a multiplicative decomposition of the 
deformation gradient 𝐅 into 𝐅g (growth tensor) and 𝐅e(elastic 
tensor) [5], such that 𝐅 = 𝐅e𝐅g. Here 𝐅𝐠 = λg𝐈, where λg =  ct/co 
is the growth stretch, 𝐈 is the second order identity tensor and co is 
the initial number of cells in a spheroid.  
3D Mineralized Multicellular Model: Gelatin hydrogels 
encapsulating OCY454 osteocytic cells were cultured in osteogenic 
media for 21 days (d21). A gelatin hydrogel layer of RAW264.7 
was deposited on these mineralized hydrogels and cultured in 
standard growth media (Bone Multicellular- ‘BM’). Metastatic 
multicellular (‘MM’) constructs were created by layering 
RAW264.7 and 4T1 (1:1) on top of the mineralized hydrogels. 
Constructs were mechanically stimulated (stim, 0.5% strain, 1 
hour/day) or cultured under static conditions (stat), for a further 7 
days (d28). Biochemical Analysis: At days 24 (d24) and 28 (d28), 
samples were assessed for cell number (DNA), calcium content, 
Alkaline Phosphatase (ALP) activity and Tartrate-resistant acid 
phosphatase (TRAP) activity. Histology: Hydrogels were assessed 
for mineralization (Alizarin Red) and osteoclastic activity (TRAP 
and H&E staining). Immunostaining: Hydrogels were assessed for 
CTSK and IL-6, which are implicated in osteoclast mediated bone 
degradation. 

RESULTS 
4T1 spheroid size reduced with increasing hydrogel stiffness (Fig. 
1 A,C) in agreement with model predictions of spheroids growing 
to 70μm, 59.2 μm, and 51.6 μm after 7 days in 0.58, 0.85, and 
1.1kPa hydrogels, respectively (Fig. 1B,C). Osteoclasts had an 
inhibitory effect on the 4T1 spheroid growth, whereas inclusion of 
osteoblasts partially mitigated this outcome (Fig. 1C). 3D 
Multicellular (BM) model: A mineralized 3D multicellular 
construct was developed (Fig. 1F), which have activated 
osteoclasts by d28 under static and stim conditions (Fig. 1H). 
Metastatic multicellular (MM) model: In the stat group, TRAP  

 

activity was significantly higher by d24 compared to bone 
multicellular constructs (MM-Stat vs. BM-Stat, p<0.05, Fig. 1G). 
At d28, in the stim group, IL-6 intensity and TRAP activity was 
reduced compared to bone multicellular group (MM-stim vs. BM-
stim, Fig. 1G, I).  
Role of Biophysical stimulation: There was significantly lower 
calcium content in the metastatic group under stimulation relative 
to static conditions by d28  (MM-stim vs. MM-static, p<0.05, Fig. 
1E) and no multinucleated osteoclasts were identified by TRAP 
staining in the MM-stim constructs by d28 (Fig. 1H). 

DISCUSSION 
This work reveals the inhibitory effect of osteoclasts on breast 
cancer cell spheroid growth, and also that osteoblasts overcomes 
this effect. We show that tumour spheroid growth is regulated by 
the synergistic influence of bone cell signalling and 
microenvironment stiffness. We also developed a mineralized 
multicellular 3D in-vitro model of bone metastasis replicating the 
native microenvironment. 4T1 cells are osteolytic [7,8], and an 
exacerbated osteoclastogenic response was confirmed under static 
conditions. However, osteoclastogenesis was supressed in the 
mechanically stimulated metastatic model, and there was reduced 
IL6 staining intensity. IL6 enhances osteoclastogenesis by 
upregulating RANKL in MLO-Y4 cells [6]. Thus we propose that 
osteocytes may reduce osteoclastogenesis in our stimulated 
metastatic constructs. These results highlight the role for physical 
loading in attenuating osteoclastogenesis during bone metastasis. 
REFERENCES: [1] Coughlin et al., Curr. Drug Targets, 18(11), 1281-
1295, 2017. [2] Salamanna et al., J Cell Physiol., 232(7):1826-1834, 
(2017). [3] Bock al., Sci. Adv.,7:eabg2564 (2021) [4] Colombo et al., 
Biofabrication.,13 035036 (2021). [5] Rodriguez et al., J. Biomech, 27, 
455–467, 1994. [6] Wu et al., Cell Physiol Biochem., 41:1360-1369,(2017). 
[7] Hsu et al., J Immunol., 188 (4) 1981-1991,(2012). [8] Fong et al., J. 
Biol. Chem., 285(41): 31427–31434,(2010). 

MECHANOBIOLOGICALLY MIMETIC MODEL SYSTEMS FOR STUDYING BREAST CANCER METASTASIS TO BONE 
Kumar, V., Naqvi, S.M., McEvoy, E., McNamara, L.M.  

1 Biomedical Engineering, National University of Ireland, Galway 
email: v.kumar2@nuigalway.ie 

Figure 1: (A) 4T1 spheroids at day 7 (actin=green, DAPI=blue). (B) 
Computational predictions for spheroid growth. (C) Measured spheroid 
diameters for condition. (D) 3D Bone Multicellular (BM) and Metastatic 
Multicellular (MM) constructs. (E) Calcium content. (F) Alizarin Red, 
scale bar= 20μm. (G) TRAP activity. (H) TRAP staining (green arrows), 
scale bar= 10μm. (I) IL6 immunofluorescence staining (Red), scale bar= 
10μm. # compared to d24, & compared to static, * compared to presence of 
4T1 cancer cells; *p< 0.05. 
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INTRODUCTION 
Following spinal cord injury, a complex scar forms 

around a large lesion cavity, preventing axonal 

regeneration. Despite ongoing clinical use of stem cell 

therapies for the treatment of spinal cord injury, effective 

regeneration of the cord remains an unresolved challenge 

in part due to the lack of a supportive environment. A 

therapeutic that can bridge the cavity with a neurotrophic 

environment for axonal growth and supportive astrocytes 

while delivering stem cells to restore lost tissue may have 

potential. Building off success in peripheral nerve 

repair1, we developed biomimetic spinal cord scaffolds 

of varying physicochemical properties and validated their 

trophic capacity across multiple cell models2. By 

optimizing scaffold stiffness and matrix composition for 

stem cell delivery, it was hypothesized that the pro-

regenerative signaling properties of induced pluripotent 

stem cell (iPSC) derived neurospheres could be enhanced 

to promote spinal cord repair. 

 

METHODS 
Spinal cord astrocytes and neuronal cells were cultured 

on a range of matrix proteins to identify a novel 

neurotrophic substrate combination. Following the 

incorporation of the neurotrophic substrate mix into 3D 

hyaluronic acid scaffolds of varying stiffness, scaffold 

physicochemical properties were fully characterized. 

Spinal cord astrocytes, neurons, dorsal root ganglia 

(DRG) and iPSC-derived astrocyte progenitors were 

cultured in the scaffolds for up to 21 days and the effect 

of scaffold physicochemical properties was assessed 

using immunostaining, confocal microscopy, ELISA 

qPCR and analysis of metabolic activity. In addition, the 

impact of scaffold properties on the trophic capacity of 

iPSC-derived progenitors was assessed in vitro and ex 

vivo using neurons, DRG and spinal cord explants.  

 

RESULTS 
Screening of central nervous system matrix components 

revealed that a combination of collagen-IV (Coll-IV) and 

fibronectin (FN), synergistically enhanced neuronal 

outgrowth while also promoting astrocyte process 

extension and reducing reactive behaviour. 

Subsequently, 3D hyaluronic acid scaffolds 

functionalized with Coll-IV/FN were manufactured with 

a range of stiffnesses from soft/biomimetic (0.8kPa) to 

stiffer/supraphysiological (>3kPa). Spinal cord 

astrocytes cultured in soft, Coll-IV/FN functionalized 

scaffolds matching cord stiffness, increased metabolic 

activity, secretion of IL-10 and promoted resting cell 

phenotypes. Furthermore, these scaffolds significantly 

enhanced neurite outgrowth from neuronal cells and 

adult mice DRG explant cultures (a mature model of 

axonal growth) compared to stiffer scaffolds. These 

biomimetic soft, Coll-IV/FN scaffolds also promoted 

iPSC viability, outgrowth/infiltration, differentiation and 

functional uptake of glutamate while encouraging the 

growth of iPSC-derived spheroids that subsequently 

formed extensive neuronal/astrocytic networks within 

the scaffold. Conditioned media taken from iPSC-loaded 

scaffolds and applied to growing neurons, indicated that 

media from soft, Coll-IV/FN scaffolds enhanced neurite 

outgrowth whereas media from stiffer scaffolds or 

scaffolds without Coll-IV/FN did not. Finally, growth of 

ex vivo mouse spinal cord and DRG explants showed that 

soft, Coll-IV/FN iPSC scaffolds promote increased 

cellular infiltration, resting astrocyte morphologies and 

axonal extension between DRG and iPSC neurospheres 

within scaffolds. 

 
Figure 1 A) Screening of matrix proteins shows Coll-IV/FN 

as the most neurotrophic substrate (Green box). B) 
Longitudinally aligned scaffolds comprised of Coll-IV/FN were 

manufactured, mimicking cord tissue. C) IPSC neurospheres 

comprised of astrocytes (red) and neurons (Green) form in soft, 
Coll-IV/FN scaffolds. D) Soft, Coll-IV/FN scaffolds promote 

axonal extension between iPSC neurospheres (top right) and 

DRGs (bottom left). 

 

DISCUSSION 
Here we show that tuning the physicochemical properties 

of scaffolds to that of the spinal cord significantly 

enhances the immunomodulatory response of astrocytes 

while promoting axonal growth of neurons. In particular, 

biomimetic scaffolds significantly enhance the paracrine 

activity of patient-derived stem cells to promote axonal 

growth. Overall, this work has significant implications 

for spinal cord repair while highlighting the impact of 

scaffold implant physicochemical properties on the 

therapeutic effectiveness of stem cells for delivery. 

 

ACKNOWLEDGEMENTS & REFERENCES  
This work is funded by the IRFU Charitable Trust, the 

Anatomical Society and the SFI-AMBER centre. 

[1] Ryan (et al.), Adv Healthcare Mat., 6, 24, (2017) 

[2] Woods & O’Connor (et al.), Adv Healthcare Mat., 

(2021) 

DEVELOPMENT OF A BIOMIMETIC STEM CELL SCAFFOLD SYSTEM FOR SPINAL CORD APPLICATIONS 

O’Connor, C1,2, Woods, I1,2, McComish, S.F. 3, Kerr, S1, Caldwell M.A. 3, Dervan A1,2, O’Brien F.J. 1,2 
1 Tissue Engineering Research Group, RCSI, Dublin, Ireland 

2 Advanced Materials and Bioengineering Research Centre, Dublin, Ireland 
3 Department of Physiology & Trinity College Institute of Neuroscience, TCD, Dublin, Ireland 

email: (cianoconnor@rcsi.com) 
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INTRODUCTION 

With continued progress of wearable sensor technology 

and drug-screening in-vitro models, there is a need for 

more advanced biomaterials and scaffolds to enhance 

electrical performance for stimulation and recording. 1 

Poly(3,4-ethylenedioxythiophene):poly-styrenesulfonate 

(PEDOT:PSS) is an electroconductive polymer often 

applied within biosensors and more recently as scaffold in 

tissue engineering.2 In this context, its conductive 

properties are hypothesized to enhance the effect of 

electrical stimulation; known to play a potent role in 

differentiation of progenitor stem cell sources into 

cardiomyocytes and in the maturation of cardiac 

engineered organoids.3 

In this project, I have engineered PEDOT:PSS into 

tunable, aligned, three-dimensional (3D) porous sponge-

like structures. First, I developed a family of biphasic 

piezoresistive sensors, combining the electroactive 

material with an elastomeric matrix to improve control 

over both stiffness, morphology and longevity of 

performance. Afterwards, scaffolds were functionalised 

via a crystallisation treatment to enhance their properties 

for tissue engineering. Finally, I conceptualized and 

fabricated a bioelectric pacing bioreactor to deliver 

electrical stimulation to 3D scaffolds and an ad-hoc rig for 

in-vitro contraction-tracking, validated in-vitro using 

C3H10, primary rat cardiomyocytes and induced 

pluripotent stem cell  derived cardiomyocytes.  

 

MATERIALS AND METHODS 

PEDOT:PSS was covalently crosslinked using 

glycidoxypropyl-trimethoxysilane (GOPS) and fabricated 

via lyophilisation. Crystallisation was achieved with 

incubation in pure sulphuric acid to improve conduction 

networks and remove excess PSS. For the generation of 

electroactive sensors, isotropic and aligned scaffolds were 

both infused with polydimethylsiloxane (PDMS) blends 

prepared at varying stiffnesses. Morphology of constructs 

was evaluated qualitatively using scanning electron 

microscopy (SEM) and quantitatively through image 

analysis of scaffold microtomed sections. Ethanol 

intrusion provided quantification of the overall porosity. 

Mechanical properties were determined using a Zwick-

Roell uniaxial testing apparatus, while electrical features 

were simultaneously obtained from a Keithley 

sourcemeter. Via X-ray diffraction (XRD) it was possible 

to confirm the crystallisation of PEDOT:PSS.  

In-vitro studies determined the material biocompatibility 

and effectiveness of custom designed bioreactor. 

Viability, proliferation via DNA quantitation, metabolism 

and cell orientation were chosen as  performance 

indicators. Bioreactor designs were generated with 

Solidworks® and rapid-prototyped with either Prusa-i3 or 

Formlabs SLA printers. Matlab® was adopted for the 

writing of scripts and the analysis of datasets, such as  

piezoresistivity, pore size, stress-relaxation, cell-

directionality. 

 

RESULTS & DISCUSSION 

Controlled freeze-drying parameters achieved highly 

porous structures with either isotropic or aligned 

architectures. Sensors were assembled as in figure 1.A, 

with PDMS infusion leading to enhanced elastic 

deformation range, while stiffness of the PDMS and the 

morphology of the PEDOT:PSS backbone could be 

independently tuned to adjust the sensitivity and working 

range of the sensor.  Crystallised scaffolds exhibited 

1000-fold higher conductivity compared to untreated ones 

(Figure 1.B), while preserving stiffness and 

biocompatibility in a range matching to induce myogenic 

differentiation 4.  I designed and prototyped both a pacing 

bioreactor that can fit standard 6-well plate and a chip with 

flexible anchorage for tracking of contraction (R3S), that 

is reusable and easy to manufacture. A 7-day study 

applying electrical pacing to C3H10 cells, showed that 

pacing does not decrease cells viability, and that it also 

promotes metabolism and alignment of cells, 

synergistically with the aligned topography of the 

scaffolds. (Figure 1.C). Overall, PEDOT:PSS scaffolds 

provided an asset for the production of both highly 

sensitive biphasic piezoresistive sensors and of versatile 

platforms for tissue engineering applications. 

REFERENCES 
[1] Nezakati T, et al. Chemical Reviews. 118(14). 6766-6843. 

2018. [2] Guex AG, et al. Acta Biomater. 62(91-101. 2017. [3] 

Solazzo M, et al. APL Bioengineering. 3(4). 041501. 2019. [4] 
Solazzo M, et al. Biomater Sci. 9(12). 4317-4328. 2021. 

PIEZORESISTIVE SENSORS AND PLATFORMS IN TISSUE ENGINEERING 

Solazzo, M.1,2, Monaghan, M. G.1,2,3,4  
1 Trinity Centre for Biomedical Engineering, Trinity College Dublin.  

2 Department of Mechanical, Manufacturing and Biomedical Engineering, Trinity College Dublin. 
 3 AMBER Centre at Trinity College Dublin and the Royal College of Surgeons in Ireland, Dublin.  
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Figure 1. Showcase of milestones of the project. (A) 

Conceptualization of the PEDOT:PSS piezoresistive sensor. (B) 
Crystallisation of 3D PEDOT:PSS scaffolds as proven by XRD 

and Conductivity. (C) Manufacturing of pacing bioreactor with a 

scaffold sponge-friendly rig; in vitro validation on paced C3H10 

cells and cardiomyocytes. 
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INTRODUCTION 
While changes in the mechanical environment surrounding 

atherosclerotic plaques may cause the physical rupture of a plaque1, 

the microstructural components influence the tissue’s mechanical 

integrity and characterise the progression of advancing atherosclerotic 

stages – from the initial thickened intima to the vulnerable plaque 

cap2. We have previously shown ex vivo diffusion tensor imaging 

(DTI) has a sensitivity to key microstructural components within 

arterial tissue3,4. While non-invasive imaging tends to yield qualitative 

insight, this study aims to address the potential of DTI todentify 

quantitative biomarkers of both early- and late-stage atherosclerosis. 

It is the first of its kind to use DTI-derived metrics and 

microstructural and mechanical characterisation of atherosclerotic 

tissue to potentially ascertain plaque stability. 

MATERIALS AND METHODS 
Fixed cadaveric carotid arteries (n=8) and fresh atherosclerotic 

plaques (n=7) were imaged on a 7T Bruker BioSpec system with 3D 

DTI sequences with the following diffusion parameters: TE/TR: 

17.682/1000 ms; b-values: 0, 800 s/mm2, and 10 b-directions. DTI-

derived metrics were calculated from imaging data as previously 

described3. The first eigenvector was used to calculate the helical 

angle with respect to the plane normal to the magnetic field. Cadaver 

carotid histology was used to extract semi-quantitative measures of 

tissue microstructure derived from registered histology. ROIs were 

defined on MR images by applying k-means clustering (k=5) to mean 

diffusivity (MD) and fractional anisotropy (FA) images, as well as by 

identifying atherosclerotic morphologies. Uniaxial tension tests to 

failure were performed on circumferentially cut strips from fresh 

atherosclerotic plaques in the common carotid to determine the 

ultimate tensile strength, strain, and stiffness. Digital image 

correlation (DIC) was used during these tests to investigate local 

strain measures and failure mechanisms. 

RESULTS 
The thickened intima and media of cadaveric carotids showed varying 

degrees of elastin, glycosaminoglycans (GAGs) and different cell 

densities (Fig.1a, b, c) and these differences were identified by 

increased FA and lower MD in the media (Fig.1d). Circumferentially 

cut strip samples from fresh atherosclerotic plaques (Fig.1e) showed a 

distinct two-layer arrangement, with more axial diffusion on the 

luminal edge and more circumferential in the inner layer, seen in the 

first eigenvector- fractional anisotropy (FEFA) maps (Fig.1g). Using 

45° to differentiate between axial and circumferential regions, a 

significant difference (** p<0.05) was seen in the helical angle and FA 

(Fig.1h, j). Variable stress- strain behaviour was exhibited between 

strips (Fig.1k); however, DIC highlighted initial intimal failure with 

higher strains (Fig.1f) at the shoulders surrounding the more axially 

aligned intimal regions seen in the FEFA maps (Fig.1g). This initial 

failure was followed by delamination through the thickness of the 

sample towards the medial edges of the samples. 

ACKNOWLEDGEMENTS 

 

 
Figure 1 (a) H&E and Verhoeff’s elastin-stained cross-sections of cadaveric 

common, TI (thickened intima), M (media). (b, c) Microstructural content of 

TI and M. (d) FA and MD of TI and M. (e) Fresh atherosclerotic plaque and 
strips. 

(f) DIC-calculated strain contour plots of strips tested to failure. (g) FEFA 

maps of the same strips and DTI-derived (h) FA, (i) MD and (k) helical angle 

of axial 
(A) (>45°) and circumferential (C) (<45°) layers. (j) Stress-strain plot of strips. 

 

DISCUSSION 
This study uses a combination of morphology specific investigations 

into cadaveric common carotids with early signs of atherosclerosis 

and mechanical characterisation of advanced fresh atherosclerotic 

plaques. Presented for the first time, these results identified DTI-

derived metrics which are sensitive not only to human atherosclerotic 

tissue microstructure but can be linked back to the mechanics of the 

tissue. Decreased anisotropy was evident in the thickened intima of the 

cadaver common carotids, differentiating it from the medial layer; a 

stark contrast to the anisotropic diffusion observed transmurally in 

healthy animal arteries3. FEFA maps and helical angles of fresh 

atherosclerotic tissue showed a distinct two-layer organisation where 

significantly decreased anisotropy was seen on the luminal edge – 

where mechanical failure of the samples occurred. These findings 

show quantitative DTI- derived metrics are able to pinpoint signs of 

both early- and late-stage atherosclerotic plaque tissue. The clinical 

implications of such a non- invasive technique which can identify 

critical biomarkers of plaque stability has the potential to transform 

the current standard of care for atherosclerosis. 
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INTRODUCTION 

 Peripheral nerve injury affects over one million 

people each year worldwide [1]. Autographs are 

considered as the gold standard for nerve repair, but 

nerve guidance conduits (NGCs) remain the preferred 

alternative for small gap repairs. The development of 

novel biomaterials combined with 3D printing offers 

potential for high accuracy and complexity and has 

gained significant interest in the field of nerve tissue 

regeneration [2]. Native extracellular matrix (ECM) 

derived biomaterials have gained increasing interest in 

many applications for tissue engineering. Native ECMs 

are appealing due to their high biocompatibility and 

ability to provide a biologically relevant 

microenvironment for cell culture [3]. However, ECMs 

often require exogenous crosslinking to provide adequate 

mechanical properties. The overall goal of this study was 

to develop and characterise a new tissue ink based on the 

solubilisation of a functionalised nerve ECM (nECM). 

Here, methacrylation was chosen for its ease of use and 

good control over crosslinking [4].  

 

MATERIALS AND METHODS 

 Tissue harvest and nECM solubilization: Peripheral 

nerve tissue was harvested from adult porcine hind legs. 

To obtain the nECM, nerves were first decellularised 

using 3% Triton X-100 and solubilized using pepsin and 

acetic acid. The product was finally dialysed against 

water and freeze-dried. 

 Functionalisation of the nECM and preparation of 

the tissue ink: nECM was reacted overnight with an 

excess of methacrylic anhydride (5% v/v) in a basic 

buffer of pH=9.4. The obtained solution was washed with 

absolute alcohol, resuspended in 0.5M acetic acid, 

dialysed against water and freeze-dried. To prepare the 

tissue ink, the nECM-MA was solubilised in 0.5M acetic 

acid overnight. 2.5% (w/v) LAP solution was added and 

the gel was set to pH=11 for subsequent photo-

crosslinking at 405nm. 

 Mechanical & chemical characterization: 

Compressive analysis was performed with different 

concentrations of nECM-MA using a standard material 

testing machine (10N, Zwick-Roell). Biochemical assays 

(PicoGreen, Hydroxyproline, DMMB) were performed 

to compare the tissue ink to a native tissue control. NMR 

was performed to confirm degree of methacrylation. 

 Scaffold preparation and immunostaining: 

Scaffolds were fabricated by solvent casting of 4% (w/v) 

nECM-MA in cylindrical moulds (diameter=4mm, 

Height=25mm). Once photo-crosslinked, the scaffolds 

were freeze-dried to create an aligned porous structure. 

FD scaffolds were wax embedded and 

immunofluorescence staining performed to detect the 

presence of key components (col I, III and fibronectin). 

 

RESULTS & DISCUSSION 

 
Figure 1 Characterisation of the tissue ink in terms of DNA, 
GAG, collagen contents, mechanical analysis and 

immunofluorescence staining. 
 

 Preliminary biochemical results demonstrate a 

significant reduction in cellularity (DNA) and GAG 

content in the nECM compared to the control nerve. An 

increase in collagen I/III was observed, likely due to the 

improved relative percentage of collagen on the overall 

composition of the material. This was confirmed by the 

immunostaining that shows partial retention of proteins 

of interest such as col I/III and fibronectin in the 4% 

nECM-MA scaffold. NMR peaks confirmed 

methacrylation without complete degradation of the 

molecule towards gelatin. The mechanical analysis 

showed that the compression properties of the native 

nerve can be matched or surpassed with increasing 

nECM-MA concentrations. The findings of this study 

demonstrate a promising tissue ink for development of 

next generation 3D printed NGCs  for nerve repair. 
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INTRODUCTION 
Approximately 1.25 million pacemakers are implanted 
worldwide1, making these people unsuitable for magnetic 
resonance imaging (MRI) which is a popular diagnostic 
tool. The magnetic field can cause the pacemaker to 
switch to an asynchronous mode.2 The iodine contrasting 
agent may be accompanied with side effects such as 
nausea, fever, vomiting and low blood pressure3. Current 
research alleviates this problem by using nickel ferrite 
nanoparticles (NiFe2O4 NPs) as a contrasting agent for 
MRI4. 
Computerized tomography (CT) scans are a 
recommended alternative solution for those with 
pacemakers, as CT uses x-rays rather than a magnetic 
field. NiFe2O4 NPs have an excellent x-ray attenuation 
due to their high density, which enhances contrast in 
imaging3. In disparity to iodine contrast, NiFe2O4 NPs do 
not exhibit the same side effects. 
In this work, PCL with 0.5 wt% NiFe2O4 is printed using 
the 3D Bioplotter. The sample produced is studied via 
various analytical techniques including SEM, FTIR, 
Raman and MicroCT to determine the encapsulation and 
distribution of NPs within printed PCL structures. The 
NPs are expected to be distributed uniformly throughout 
the sample and perform as an excellent contrasting agent 
under CT. 

 
MATERIALS AND METHODS 
PCL (Mw=50,000 gmol-1) was obtained from 
Polysciences and NiFe2O4 was prepared by 
coprecipitation method. 3D printing parameters were 
130°C, pressure of 6 bar and speed 1.0 mm/s (using 3D 
bioplotter manufacturer series, EnvisionTEC). Surface 
topography was assessed using SEM (SU5000, Hitachi). 
FTIR transmission (640-IR, Varian) was obtained within 
a scanning range of 4000 to 400 cm-1 at a resolution of 4 
cm-1, with a total of 30 scans. MicroCT was performed to 
analyse the distribution of NPs (skyscan x-ray 
microtomography, Bruker). Raman (inVia confocal, 
Renishaw) was performed with 532 nm laser using 5x 
magnification in an extended range of 100-3500 cm-1. 
Laser exposure was at 5 % with 10 second exposure time. 

 
RESULTS 
SEM images displayed a mean fibre size of 595.1 µm, 
and a homogeneous, uniform structure with a smooth 
surface topography. FTIR presented characteristic peaks 
at 2966, 2854 & 2347 and 1755 cm-1, for the PCL/NP 
sample. Raman spectra stated characteristic peaks for 
PCL/NP sample at 664, 912, 1109, 1304, 1441, 1723, 

2869 & 2919 cm-1. Raman microscope exhibited PCL in 
a crystalline form with a dispersion of black NPs. 
MicroCT showed a distribution of NPs contrasting 
against PCL. 

 

 
Figure 1: (a) Schematic of Printing system, (b) SEM, (c) 
MicroCT, (d) CT mapping, (d) FTIR, and (e) Raman 

 
DISCUSSION 
NiFe2O4 NPs can be successfully encapsulated within 
PCL via additive manufacturing. SEM displayed the 
consistency in printing diameter and void spaces 
throughout the scaffold structure. The smooth surface 
exhibits that the NPs did not agglomerate together and 
distort the sample shape. FTIR confirmed that the small 
concentration of NPs does not affect peak position of the 
PCL and therefore indicating its chemical stability. 
Raman peak at 664 cm-1 is characteristic of the NiFe2O4 
NPs, with the remaining peaks corresponding to PCL. 
MicroCT confirmed that the printing methodology 
produced a PCL scaffold with evenly distributed 
magnetic NPs that contrast under x-ray. The findings of 
printed structures show potential in integrating bioactive 
components to create a multifunctional scaffold for 
therapeutic and diagnostic applications. 
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INTRODUCTION 
Designing scaffolds with immunological control and specific 
mechanical properties are evolving strategies to promote tissue 
healing. Injectable material scaffolds that crosslink in situ allow 
minimally invasive delivery. Hyaluronic acid (HA) is a natural 
glycosaminoglycan found within the body that plays a crucial role 
in cellular movement and tissue homeostasis. Through physical and 
chemical modifications HA gels can form 3D hydrogel scaffolds 
within cardiac tissue.  
This study evaluated the material characteristics of injectable, 
enzyme crosslinked HA hydrogels across molecular weights, 
polymer and crosslinker concentrations to determine conditions to 
achieve optimum mechanical properties for cardiac stabilisation. 
Parasitic derived peptide therapeutics are known for their 
specificity, potency, and immunological control. Peptide 
therapeutics are attractive candidates to mitigate the foreign body 
response to enhance the functionality and biocompatibility of 
biomaterial scaffolds. Sm16 is an emerging peptide drug with 
immunomodulatory function through toll like receptor signaling 
which is being explored to modulate the immune response1. This 
research will use a dual approach of a HA gel optimized for 
myocardial mechanical stabilisation paired with a peptide 
therapeutic delivered from the gel to modulate the host immune 
system and promote regeneration. 
 
MATERIALS AND METHODS 
Hyaluronic acid hydrogels were formulated with high Molecular 
Weight (MW) 720-1080 kDa and low MW 240-360 kDa, both with 
varying polymer concentrations. Rheology measurements were 
performed on moulded hydrogel cylinders using a PP10 parallel 
plate. Frequency sweeps were performed from 0.01-100Hz at a 
10% strain within the viscoelastic range that was determined 
through an amplitude sweep test for each formulation. Gelation was 
captured with a PP25 plate evaluating the G’’ G’ crossover. 
Swelling was performed in PBS overnight at 37 °C with pre and 
post gel weights measured. TNF-α ELISA was performed on bone 
marrow derived macrophages (BMDM) from C57/Bl6 mice treated 
with  Sm16 peptide released from the HA hydrogel network to 
measure the retained bioactivity. BMDMs were stimulated with 
LPS after Sm16 peptide treatment. 
 
RESULTS 
The low MW HA produced a stiffer hydrogel compared to the high 
MW when enzymatically crosslinked. To improve the mechanical 
properties of the native HA the backbone is modified tyramine 

residues. The high MW polymer had a lower substitution of 
tyramine at 0.5-1.5% compared to the low MW of 2-3%. This is 
due to steric hindrance along the high MW polymer impairing the 
degree of tyramine conjugation. Mechanical differences were 
additionally seen across both polymer concentration and enzymatic 
crosslinking volumes.  

1 10 100
0

1000

2000

3000

4000

Angular Frequency (rad/s)

Pa
sc

al
  (

Pa
)

2% 60µL/mL
Storage Modulus (Pa)
Loss Modulus (Pa)

3% 60 µL/mL
Storage Modulus (Pa)
Loss Modulus (Pa)Lo

w
 M

W

1.5% 60 µL/mL
Storage Modulus (Pa)
Loss Modulus (Pa)

2% 60 µL/mL
 Storage Modulus (Pa)
Loss Modulus (Pa)

Hi
gh

  M
W

 
Figure 1 High and low MW frequency sweeps were carried out with a 
rotational rheometer. This study was performed within the viscoelastic 
range of the hydrogels at 37 °C with a PP10 plate. Enzymatic crosslinkers; 
horseradish peroxidase (8 U/mL), and hydrogen peroxide (0.1%) were used, 
along with different polymer concentrations.  
 
DISCUSSION 
Hydrogels have a versatile ability to provide mechanical support 
and rigidity while providing therapeutic drug delivery. The release 
of this Sm16 will suppress the production of bacterial LPS induced 
inflammatory cytokines on BMDM. Combining both strategies will 
help produce favourable immunological outcomes to implantation.   
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INTRODUCTION 
Wound healing is a major healthcare focus across the 
globe as a result of contributing factors such as obesity, 
type II diabetes and an ageing population (1). Three-
Dimensional Printing (3DP) has been proposed as an 
innovative approach to fabricate three-dimensional (3D) 
scaffolds for skin regeneration. Advantages of 3DP 
include the flexible design facilitating personalised 
medicine in a short time and controlled drug release at a 
lower cost than commercially available alternatives (2). 
Bioactives can also be printed into the scaffold. Herein, 
the RALA peptide, a 30 amino acid cationic amphipathic 
pH-responsive peptide, was used deliver and protect  
plasmid DNA through the formation of self-assembled 
nanoparticles, which were loaded into filaments by hot 
melt extrusion (HME). To maintain the stability of these 
nanomedicines before being delivered into the wound 
site, polycaprolactone (PCL) and polyethylene glycol 
(PEG) with low melting points of around 60°C and 50°C 
respectively were selected as carrier polymers. The good 
flexibility and high porosity of PCL can strengthen the 
structure of products and PEG has good fluid swelling 
capacity (3,4). Additionally, the application of chitosan 
can absorb excessive wound exudate to avoid infection 
caused by wet environment (5). In this study, these 
filaments were optimised for a 3DP wound healing patch. 
  
MATERIALS AND METHODS 
RALA was complexed with pEGFP-N1 at an N:P ratio 
of 10 to produce RALA/pEGFP-N1 NPs. 20% filtered 
trehalose (cryoprotectant) was prepared and added to 
fresh NPs for freeze drying. Thermoplastic PCL (Capa™ 
6250, MW 25,000 Da, UK), PEG (Sigma-Aldrich, MW 
1500Da, UK) and chitosan (Sigma-Aldrich, UK) were 
extruded through a twin-screw mini-extruder MiniLab 
CTW5 (Thermo Scientific, Germany) at 100 rpm and 
70°C to fabricate filaments. Design Expert 12 (Stat-Ease, 
DoE, US) was used to study the optimal proportion of 
polymers for the HME of PEG/trehalose/chitosan/PCL 
filaments with ideal physiochemical properties. 
Degradation and swelling studies of filaments were 
measured over 3 days. They were weighed according to 
the optimal value of DoE and mixed with lyophilised NPs 
with 10/20 µg DNA to extrude filaments loaded with 
NPs. Release profiles were measured via Pico-green 
assay by immersing filaments in 5 mL ultrapure water 
(Gibco, UK) and taking samples at different time points 
up to 5 days. NCTC-929 fibroblasts (ATCC, USA) were 
transfected with NPs released from filaments and 
measured by flow cytometry (BD Biosciences, USA).  

RESULTS AND DISCUSSION 
The parameters for producing optimal filaments during 
fabrication are summarised in Figure 1. DoE analysis 
showed that for filaments with 40% degradation and high 
fluid uptake capacity, the constituents were 30% PEG, 
14% trehalose and 10% w/w chitosan. Approximately 
50% of the DNA (pEGFP-N1) was released from 
filaments with 40% degradation containing 
RALA/pEGFP-N1 nanoparticles over a 5-day period and 
the transfection efficiency ~50% showed that the NPs 
retain functionality upon release.  

  
Figure 1 (a) Schematic of the project; (b) DoE to fabricate 
PEG/trehalose/chitosan/PCL filaments; (c) Release profiles of 
filaments loaded with lyophilised NPs with 10/20 µg DNA; (d) 
Transfection efficiency results. 
 
CONCLUSION 
The filaments with ideal physiochemical properties were 
optimised by the cooperation of thermoplastic polymers 
PCL, PEG and chitosan. Lyophilised RALA/pEGFP-N1 
NPs were successfully condensed and loaded into 
optimal filaments through HME. NPs were rapidly 
released from filaments and retained functionality in 
NCTC fibroblast cell lines.  
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INTRODUCTION 
A growing appreciation for the influence of immune cell 
metabolism on cellular phenotype and function has led to a vast 
expansion in experimental and clinical options in recent years. 
Incorporation of insights gleaned from immunometabolism studies 
into bioengineering approaches will allow for greater 
characterisation of the immune response to biomaterials and offers 
potential for a wider range of therapeutic avenues.  
 
In this study, we focus on the role of macrophage metabolism in a 
bone regenerative context. We have previously shown that 
macrophages exhibit pro-inflammatory, anti-osteogenic responses 
to commercially available micron-sized hydroxyapatite 
(micronHA) particles1, whilst those exposed to our in-house 
generated nano-sized HA (nanoHA) are skewed towards an anti-
inflammatory and pro-osteogenic phenotype2. Here, we further 
show that primary human macrophages treated with micronHA 
favour a glycolytic metabolic profile, whilst treatment with 
nanoHA results in a reliance on oxidative phosphorylation. We 
assess surrogate markers of glycolysis at mRNA and protein 
expression levels, and examine macrophage mitochondrial 
dynamics and bioenergetic profile. This study provides an in-depth 
characterisation of altered macrophage metabolism in response to 
varying particle size, furthering our understanding of macrophage 
interaction with biomaterials and implicating macrophage 
metabolism as a potential therapeutic target to engineer a pro-
regenerative immune microenvironment in the wake of biomaterial 
implantation. 
 
MATERIALS AND METHODS 
Isolation of human blood monocyte-derived macrophages: 
Peripheral blood mononuclear cells (PBMCs) were isolated from 
buffy coat packs, sorted for CD14+ fraction, and cultured for 6 days 
in RPMI supplemented with M-CSF (50 ng/ml).  
Cells were treated with micronHA or nanoHA (250 μg/ml) for 3, 6, 
or 24 hours and A. lysed for western blot for protein expression, B. 
lysed for RT-qPCR for gene expression, C. Assessed using FLIM 
for metabolic profile, D. Imaged using confocal microscopy for 
assessment of mitochondrial dynamics, E. assessed for bioenergetic 
profile using Seahorse XF Analyser.  
 
 
 
 
 
 
 

RESULTS  

 
Figure 1 Particle size differentially alters macrophage metabolism. A) 
FLIM analysis showing decreased τavg for micronHA treated cells, 
indicative of glycolysis. B) Bioenergetic profile of macrophages treated 
with micron and nanoHA showing increased glycolysis in response to 
micronHA.  
 
DISCUSSION 
Here, we demonstrate for the first time that biomaterial properties 
affect macrophage metabolism, linked with driving macrophage 
polarisation3. This study expands upon characterisation of the 
macrophage response to materials applicable in an 
osteoregenerative context and demonstrates that micronHA 
particles, known to drive a pro-inflammatory immune response, 
promote a glycolytic metabolic phenotype in macrophages. By 
contrast, nanoHA-stimulated macrophages favour oxidative 
phosphorylation, in line with the known anti-inflammatory 
macrophage phenotype promoted by such2. This study offers 
potential for further means of characterisation of the immune 
response to biomaterials and indicates metabolism as a novel 
therapeutic avenue.  
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INTRODUCTION 
This study aims to describe the novel development of a 
sustained release formulation of microspheres containing 
the mTOR inhibitor Everolimus (EVR) using Polyvinyl 
alcohol (PVA) to enhance the bioavailability of the drug. 
Microspheres possess excellent suspension stability, 
making them a suitable candidate in the delivery of 
therapeutics (1). Prior work by our group has shown that 
the production of microspheres utilising PVA for 
immediate release by using the droplet system subjected 
to repeated freeze-thaw cycles. This technique produced 
stronger spheres compared to spheres that have not 
undergone freeze- thaw cycles. 
In this study we further develop on the production of 
microspheres using PVA which acts as the drug carrier, 
and Everolimus as the therapeutic agent of choice due to 
its hydrophobic properties and its ability as an mTOR 
inhibitor to successfully treat SEGA tumours (2). PVA 
forms the hydrophobic part of the sphere entrapping 
hydrophobic Everolimus in its core which ensures the 
sustained release of Everolimus is achieved. The 
hypothesis of this study is the number of freeze-thaw 
(F/T) cycles has an influence on the geometry, prevents 
aggregation, and can achieve physical cross-linking 
therefore providing a sustained release of drug. 
 
METHODS 
The pure PVA hydrogels and PVA-EVR loaded 
hydrogels were manufactured using the droplet technique 
and was subject to 6 freezing cycles(6F) at two different 
temperatures (-80°C) and -20°C) and 3 thawing cycles 
(3T) at two different temperatures (-80°C) and (RT) and 
was subsequently freeze dried for 6 hours to maintain its 
porous structure. Solvent cast samples were prepared 
with no freeze thaw cycles as a comparison. 
 
RESULTS 

 
Figure 1 SEM micrograph of (a) PVA-EVR loaded sphere (b) 
inner layer of PVA-EVR spheres (c) microsphere embedded 
Everolimus particles  
 
 
 

Table 1: The modelled release behaviour of PVA-EVR loaded 
microspheres with 6F/3T cycles. 

 
DISCUSSION 
The characterisation of the PVA-EVR microspheres were 
evaluated. Based on the results obtained, PVA-EVR 
microspheres subject to 6F/3T cycles gave the best 
response. The SEM image showed a 3-D morphology.  
The in vitro release studies showed a 67.32% release 
over 5 days, indicating a sustained release due to good 
encapsulation, which is comparatively much more than 
the 49% release achieved within 4 hours, from the solvent 
cast Everolimus film with no freeze-thaw cycles 
performed. The solvent cast films were made in this work 
for comparison. Based on Table 1, for PVA-EVR spheres 
the kinetic modelling confirms that it obeys the Higuchi 
model that follows a diffusion-controlled release 
mechanism and the same is observed for the solvent cast 
samples. The krosmeyer peppas model n=0.539 suggests 
a non-fickian transport mechanism through the spheres. 
These results suggest that the combination of PVA and 
Everolimus via a synergistic effect enhanced the 
bioavailability of the drug.  
In addition, the degree of swelling of pure PVA subjected 
to 6F/3T cycles was 835.52% compared to PVA-EVR 
loaded microspheres of 246.13%. Based on the 
observations, the PVA-EVR samples have a lower 
swelling degree than pure PVA samples. The lower 
swelling values observed for PVA-EVR microspheres 
can be attributed to the fact that Everolimus is a 
hydrophobic drug that is crystalline. The crystallisation 
of Everolimus within the polymer matrix causes the 
polymer pore size to shrink (3), causing a decrease in the 
degree of swelling. These results correlate with the SEM 
results showing a more compact morphology as seen in 
figure 1(b) and 1 (c). Therefore, for further optimization 
of drug release rate on microspheres, electrospraying 
with freeze-thaw cycles would be a better option. 
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INTRODUCTION 
Myocardial infarction (MI) is an ischemic and inflammatory event 
majorly orchestrated by macrophages from infiltrating monocytes1. 
These macrophages play a critical role in deciding the fate of the 
heart post-MI2. However, there is no cardiac disease model in 
existence that incorporates an immune response. Despite the 
advances in developing effective engineered heart tissue (EHT) 
models for MI that can recapitulate intricacies of the native 
myocardium, such as contractile properties and ability to respond 
to different chemical stimuli, there is still a need to make these 
models physiologically relevant. We hypothesize that the addition 
of macrophage-derived inflammatory cytokines can aid in making 
EHT models of MI more humanized. Hence, the aim of this project 
is to develop a model of MI, using induced pluripotent stem cell 
(iPSC) derived cardiomyocytes together with inflammatory 
cytokine stimulation, to model the disease environment. 
 
MATERIALS AND METHODS 
The first objective of this project is to obtain conditioned media 
from immune cells for stimulating cardiomyocytes. In order to 
achieve this, iPSCs were differentiated to macrophages (iMacs). 
Their expression of general macrophage (CD14, CD11b) and 
resident macrophage (CX3CR1, CCR2 and HLADR) markers were 
assessed, in addition to their phagocytic and polarization potentials. 
Additionally, the same iPSC line was differentiated to obtain 
cardiomyocytes (iCMs). 
In order to fabricate a 3D hydrogel system to mimic the 
myocardium, we used collagen and Matrigel and cultured iMacs 
within the gel for 7 days to assess macrophage polarization.  
 
RESULTS 
iMacs were found to be 93.6% CD14high CD11bhigh (Fig.1 (a)). 
Compared to blood-derived macrophages (BDMs), CCR2 was 
downregulated (Fig.1 (a)) and CX3CR1 and HLADR were 
upregulated (Fig.1 (b)) in iMacs showing a resident macrophage 
phenotype. Additionally, iMacs also showed the ability to be 
polarized to pro-inflammatory (on stimulation with LPS and IFN-
gamma) and anti-inflammatory (on stimulation with IL4) states 
(Fig.1 (c)) and phagocytic potential (54%) (Fig.1 (d)). 
On culture in the collagen/Matrigel hydrogel (Fig.1 (f)) for 7 days, 
iMacs were found to not produce significantly different amounts of 
CD80, CD86, CD163 or CD206, as compared to controls cultured 
in tissue culture plastic (Fig.1 (g)).  

 

 
 
Figure 1. (a) Comparison of expression of CD14 and CCR2 in CD11b 
positive BDMs and iMacs. (b) Comparison of expression of CX3CR1 and 
HLADR in CD11b positive BDMs and iMacs. (c) Analysis of expression of 
pro-inflammatory (TNF, IL6, CD80 and CD86) and anti-inflammatory 
markers (IL10 and CD206) by iMacs on LPS, IFN-gamma or IL4 
stimulation. (d) Comparison of phagocytic potential of BDMs and iMacs. 
(e) Image of zombie green tagged iPSC-derived cardiomyocytes (on day 20 
of differentiation). (f) Representative image of collagen/Matrigel hydrogel. 
(g) Analysis of expression of pro-inflammatory (CD80 and CD86) and anti-
inflammatory markers (CD163 and CD206) on collagen/Matrigel hydrogel. 
(h) Images of the EHT model. 
 
DISCUSSION 
Macrophages with a higher resident phenotype, as well as 
cardiomyocytes have been generated from the same parent iPSC 
line. iMacs have been verified to not polarize in the 
collagen/Matrigel hydrogel. In the future, this hydrogel will be 
incorporated into an EHT model (Fig.1 (h)) to culture iMacs and 
iCMs and model the disease environment. 
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INTRODUCTION 
To minimise damage to surrounding tissues, targeted 
delivery of therapeutics to the tumour is highly desirable, 
and the development of nanotechnology has shown 
promising results. Magnetic iron oxide nanoparticles 
(MIONPs) have been gaining traction over the years for 
applications such as drug delivery, molecular imaging 
and delivering hyperthermia for treatment of various 
cancers (1). MIONPs have great therapeutic potential as 
they can be produced in various sizes and shapes, with 
the ability to modify the surface by coating the 
nanoparticles. MIONPs have the ability to be activated 
by external magnetic field to generate heat and to cause 
hyperthermia (2). 
Translationally, the delivery of thermal therapy offers an 
option for minimally invasive definitive treatment of 
primary aldosteronism, an endocrinopathy of aldosterone 
excess/dysregulation which represents the commonest 
secondary form of hypertension. In this study, MIONPs 
have been used at different concentrations to evaluate 
nanoparticle uptake and rate of uptake by adrenal cortical 
and endothelial cells, as well as gain understanding of the 
location of nanoparticles within the cell. 
 
MATERIALS AND METHODS 
Magnetic iron oxide nanoparticles (MIONPs) were 
provided by Kansas State University. Adrenal Cortical 
cell-lines (MUC1, H295R and HAC15) and Endothelial 
cell-line (HUVEC) were used in this study. MIONPs 
were added at concentrations of 0.5, 5, 10, 20 and 50 
µg/ml to the cells and incubated overnight. MIONP 
uptake efficiency, rate of uptake and cytotoxicity was 
assessed by Flow Cytometry. Confocal Microscopy was 
used to image the cells following MIONP incubation. 
Cellular proliferation was assessed by Xcelligence 
system and alamarBlue. Cellular respiration was assessed 
by "Seahorse" technology. MIONP location within the 
cells was assessed by transmission electron microscopy 
(TEM).  
 
RESULTS 
After overnight incubation with MIONPs, Flow 
Cytometry showed significant uptake by MUC1, HAC15 
and HUVEC cells (Fig. 1). Confocal images revealed 
MIONPs in the cytoplasm of each cell (Fig. 2).  
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Figure 1: Overnight MIONP incubation at 0.5, 5, 10, 20 and 
50 µg/ml. MIONP uptake was analysed with Flow Cytometry. 
MIONP uptake is cell and concentration dependent. 

 

 
 
Figure 2: MIONPs were incubated at 10µg/ml. MUC1 had the 
greatest MIONP uptake over 6 hours, while HAC15 had the 
greatest uptake after 24 hours. MIONPs (in red) shown inside 
the cytoplasm. 
 
DISCUSSION 
We have shown that uptake efficiency of MIONPs is cell 
and concentration dependent. MIONP internalisation can 
be dependent on the metabolic activity of the cells, 
endocytosis mechanism and cell-membrane composition. 
Further work is necessary to understand the endocytosis 
mechanism of each of the cell types to improve the 
MIONP uptake. 
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INTRODUCTION 
Diabetic foot ulcers are a form of chronic wound that affects 15% 
of all diabetic patients. Dysfunctional angiogenesis in the wound 
contributes to impaired tissue healing, leaving the wound open and 
at high risk of infection1. Collagen-glycosaminoglycan (CG) 
scaffolds show great promise as scaffolds to promote wound 
healing2. However, in the case of chronic wounds such as diabetic 
foot ulcers (DFUs), increased functionalisation is required to deal 
with the complex pathophysiology. To target the promotion of DFU 
healing, the aim of this project is the development of a bi-layered 
scaffold with an epidermal antimicrobial collagen/chitosan film 
layer to prevent wound infection and a dermal porous CG scaffold 
layer to promote angiogenesis – ultimately to heal a complex 
wound while minimising infection. 
 
MATERIALS AND METHODS 
A solution of chitosan (0.75% w/v) and type I collagen (1% or 0.5% 
w/v) was air-dried to generate a film. This film was rehydrated 
before a type I collagen (0.5% w/v), chondroitin-6-sulfate (0.045% 
w/v) slurry was pipetted on top. The collagen/chitosan and 
collagen/GAG layers were then combined via lyophilisation to 
yield a bi-layered scaffold (referred to by the collagen content of 
their film i.e. 1% or 0.5%) with a porous dermal CG layer and an 
antimicrobial epidermal collagen/chitosan film. Scaffolds were 
then crosslinked physically, using dehydrothermal crosslinking 
(DHT), or chemically, using 1-ethyl-3-(3-dimethylaminoopropyl)-
carbodiimide (EDAC). Non-crosslinked bi-layered scaffolds 
(NXL) served as controls. 
The structural properties of the bi-layered scaffold were analysed 
through measurement of compressive modulus, adhesion strength 
between layers, swelling ratio and resistance to hydrolytic and 
enzymatic degradation. The film’s antimicrobial potential was 
tested versus Staphylococcus Aureus. The biological 
characterisation and vascularisation potential of the bi-layered 
scaffold was investigated through the culture of induced pluripotent 
stem cell (iPSC) derived endothelial cells (iECs) and supporting 
stromal cells (iSCs) on the CG scaffold layer. Cell metabolic 
activity was measured by alamarBlue assay. 
 
RESULTS 
Mechanical characterisation demonstrated that the EDAC-
crosslinked bi-layered scaffolds had the highest mechanical 
properties in the 0.5% and 1% bi-layered groups. Interestingly, the 
EDAC-crosslinked 0.5% scaffold had a higher compressive 
modulus (1.83 ± 0.0035 kPa), adhesion strength between layers (1.6 
± 0.38 N), resistance to enzymatic degradation and a comparable 
swelling ratio when compared to the EDAC-crosslinked 1% bi-
layered scaffold. The films also showed antimicrobial activity 
versus Staphylococcus Aureus regardless of crosslinking regime. In 

vitro studies demonstrated that crosslinked (DHT, EDAC) 
scaffolds supported the infiltration and growth of iECs and iSCs. 

 
Figure 1 (A) Bi-layered scaffold, (B) Adhesion strength between layers, 
(C) growth of vascular cells within CG layer.  
 
DISCUSSION 
A bi-layered scaffold composed of an anti-microbial film layer and 
a pro-angiogenic CG layer was developed with the ultimate aim of 
promoting healing of DFUs. Mechanical characterisation of the bi-
layered scaffolds demonstrated that the EDAC crosslinked 0.5% bi-
layered scaffold had the highest mechanical properties of all groups 
tested, indicating stability and durability for implantation in the 
wound bed. The film layer also demonstrated the ability to inhibit 
the growth of staphylococcus aureus, the most common bacterial 
isolate found in infected wounds3. The anti-microbial action of the 
film-layer is key to the aim of preventing infection of diabetic 
wounds. The scaffold’s potential for enhancing wound healing 
through promotion of angiogenesis is shown through the 
crosslinked scaffolds’ ability to support the proliferation of iECs 
and iSCs. Taken together, these results demonstrate the promise of 
this bi-layered scaffold as a biomaterial-based solution to treat 
DFUs. Future studies will focus on further functionalisation of each 
layer to enhance the anti-microbial and pro-angiogenic effects.  
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INTRODUCTION 

The ability of traditional treatments to restore damaged 

cartilage, providing long-term performance and 

functional recovery with minimal risk of revision 

surgery, remains an unmet clinical challenge1. Gene 

therapy is a technology for enhanced cartilage repair 

which offers the possibility to target defined cellular 

phenotypes to promote the production or inhibition of 

therapeutic proteins in a strictly controlled manner1. The 

approach taken by our research group has led to the 

development of gene activated scaffolds, that provides 

sustained and localized delivery of genes of interest to 

elicit a desired therapeutic effect2. In this area, 

microRNA delivery technologies remain widely 

unexplored in cartilage repair but have shown some 

promise in enhancing mesenchymal stem/stromal cells 

(MSC) chondrogenesis and repressing late-stage 

hypertrophic events1,3.  

 

Building on this knowledge, this study aimed to develop 

a novel miR-activated scaffold for enhanced MSC 

chondrogenesis and cartilage repair through the delivery 

of a miRNA-221 inhibitor via non-viral delivery system, 

using a composite type I/II collagen-hyaluronate (CI/II-

HyA) scaffold designed specifically for cartilage repair.  

 

MATERIALS AND METHODS 

To fabricate the miR-activated scaffolds, composite 

CI/II-HyA scaffolds were firstly manufactured with a 

freeze-drying method and dehydrothermally (DHT) 

crosslinked2. Following this, the peptide-based non-viral 

vector, GET, was used to form GET-antagomiR-221 

complexes which were added to the collagen-based 

scaffolds. Subsequently, scaffolds were cultured with 

5x105 human-derived bone-marrow MSCs (3 individual 

donors) in vitro under chondrogenic conditions +/- 

transforming growth factor-β3 (TGF- β3) for 28 days. 

The effect of miR-221 silencing on the capability to 

direct an effective MSC chondrogenesis was assessed.  

 

RESULTS 

Gene expression analysis revealed that miR-221 levels 

were significantly reduced at day 3, 14 and 28 in the miR- 

activated (MA) scaffolds +/- TGF-β3, compared to miR-

free (MF) scaffolds +/- TGF-β3 (Fig. 1A). Further 

analysis of the effect of miR-221 silencing revealed that 

MA scaffolds in combination with TGF-β3 promoted an 

improved cell-mediated sulphated glycosaminoglycans  

 

 

 

 

 

 

 

 

 

 

 

(sGAG) deposition (40.11 μg/ml), in parallel to a reduced 

expression of Runt-related Transcription Factor 2 

(RUNX-2) by day 28 (Fig. 1B, 1C). 

Figure 1. Gene expression of mir-221 (A) was determined 
after 3, 14 and 28 days in culture +/- TGF-β3. The sGAG/DNA 

content (B) and the expression of RUNX-2 and GAPDH 

proteins (C) were determined after 28 days +/- TGF-β3. 

DISCUSSION 

The results in this study describe, for the first time, an 

innovative miR-activated scaffold for the delivery of a 

miR-221 inhibitor in order to enhance chondrogenesis. 

The incorporation of GET-antagomiR-221 complexes 

into CI/II-HyA scaffolds successfully transfected human 

MSCs with the miRNA cargo in a sustained and 

controlled manner up to 28 days in vitro. The silencing 

of miR-221 promoted an improved and more robust MSC 

chondrogenesis with potential to repress late-stage MSC 

hypertrophy and the formation of calcified cartilage. 

Taken together, this study demonstrates that the 

incorporation of therapeutic genes into a scaffold 

designed specifically for cartilage repair might be a 

promising approach for the treatment of cartilage damage 

and disease. 
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INTRODUCTION 
The delivery of microRNAs from biomaterial-based 

scaffolds arises as a promising strategy to regenerate non-

union bone defects.1,2 A scaffold provides a structural 

support to bone tissue, while a controlled delivery of 

microRNAs (miRs) offers the potential to induce 

endogenous cells to produce relevant therapeutic, 

ostoegenic proteins with a physiological release profile 

and limited aberrant effects. Within our lab, we have 

demonstrated that delivery of miR-133a inhibitor, using 

hydroxyapatite nanoparticles (NPs) as a non-viral vector, 

resulted in enhanced in vitro and in vivo osteogenesis by 

Runx2-mediated bone formation.1,2 In addition, miR-26a 

mimics represents a potential therapeutic target for bone 

regeneration via positive regulation of angiogenic-

osteogenic signalling pathways.3 In this study, collagen-

nanohydroxyapatite (coll-nHA) scaffolds1,2 , previously 

optimized for bone repair within our lab, were coupled 

with cell-penetrating RALA4 peptide as a delivery vector 

yielding a miR-activated scaffold system for 

simultaneous delivery of both miR-26a mimics  and miR-

133a inhibitor for bone repair. 
 

MATERIALS AND METHODS 
The collagen-nanohydroxyapatite (coll-nHA) scaffolds 

were assessed in terms of physiochemical properties 

(morphology, compressive modulus, weight loss, 

calcium release). The nanoparticles with corresponding 

miR (miR-26a mimics, miR-133a inhibitor) and 

incorporated, alone or combined, into the coll-nHA 

scaffold. The distribution and release of miRs from the 

scaffold were assessed with SEM, CLSM and 

colorimetric assays. The human mesenchymal stem cells 

(hMSC) were seeded dropwise at density of 3×105 cells 

per miR-activated scaffold. The hMSCs were evaluated 

in terms of transfection efficacy, expression of 

osteogenic and angiogenic targets, metabolic activity, 

DNA content, Ca content, H&E and calcium staining. 
 

RESULTS 
The NPs were successfully incorporated into the 

scaffolds and worked effectively. The miR-activated 

scaffolds showed homogenous distribution of miR NPs 

(Fig. 1A) and the sustained release of microRNAs 

(Fig.1B). The miR-activated scaffolds effectively 

transfected the hMSCs. Importantly, the scaffold system 

for combined delivery of miR-26a mimics and miR-133a 

inhibitor effectively deliver both cargoes to the hMSCs. 

The transfection with therapeutic miRs stimulated the 

ALP activity (Fig. 1C) and increased the mineralization 

capacity of hMSCs. 
 

DISCUSSION 
This study describes the development of a 3D 

microRNA-activated scaffold system utilising a novel 

cell penetrating peptide for combined and controlled 

delivery of osteogenic miRs for orthopedic applications. 

The microRNA-scaffold system proposed here has the 

potential to be used as a next generation of therapeutics 

for regeneration of large volume bone defects offering 

precise and transient gene editing with minimal 

immunogenicity. 

 
Figure 1 A) Morphology of miR-activated scaffold. B) The 
release profiles of miR mimics and miR inhibitor from coll-nHA 

scaffold. C) * (p<0.05), **** (p<0.0001) indicate statistically 

significant difference compared to control group (cells cultured 

on miR-free scaffold). 
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INTRODUCTION 

The foreign body response to implantable materials 

affects the longevity and success of medical devices. 

These devices include implantable drug delivery devices, 

biosensors and breast implants 1. The development of a 

dense fibrous capsule surrounding the device ultimately 

impairs device functionality 2,3.  

 Here, we have developed the FibroSensing 

Dynamic Soft Reservoir (FSDSR). The FSDSR utilizes 

the principles of electrochemical impedance 

spectroscopy (EIS). EIS is a non-invasive technique that 

can be used to characterize electrical properties of 

biological tissues.  

 We propose the foreign body response can be 

monitored in real time by incorporating a porous 

membrane into a drug delivery reservoir.  The membrane 

is capable of conducting an electrical signal by analysing 

the EIS output of this membrane. As the capsule changes 

over time, the sensor output will also change.  

 

MATERIALS AND METHODS 

In vitro characterization was performed using Matrigel, 

an extracellular matrix protein hydrogel, which is 

comparable to the fibrous capsule. Four concentrations of 

Matrigel were left to solidify on the membrane. EIS 

measurements for all experiments were performed in a 

spectrum from 0.1 to 100,000 Hz. Thereafter, WPMY-1 

myofibroblast cells were seeded at 125,000 cells/mL on 

the FSDSR. At day 3, 5 and 7, EIS measurements were 

correlated to confocal and scanning electron microscopy. 

Finally WPMY-1 cells were cultured in 40% Matrigel at 

100,000 cells/mL and 1,000,000 cells/mL. The Matrigel 

plus cells was allowed to solidify at room temperature 

and EIS measurements were performed. The FSDSR was 

subcutaneously implanted in a rodent model. Animal 

procedures were approved by the Institute of Animal 

Care at MIT. EIS measurements were taken on Day 0-7 

using a frequency sweep from 0.1 to 100,000 Hz. 3 

animals were sacrificed at day 1, 3, 5 and 7. 

 

RESULTS 

Complex impedance plots show impedance increases as 

a function of Matrigel concentration, as a function 

cellular growth over time and increases as a function of 

cell density within Matrigel (Fig 1A). Mean impedance 

increased over 7 days in vivo (Fig 1B). Mimics 

reconstructions of soft tissue surrounding the device (Fig 

1C) made it possible to reconstruct the fibrotic capsule 

overlying the FS membrane. Mean fibrotic capsule 

thickness and thickness dot plots (Fig 1C), revealed a 

time dependent increase in capsular thickness over time. 

 

 
 
Figure 1 (A) Complex impedance plots (from top to bottom) 

of Matigel, WPMY-1 cells and Matrigel plus WPMY-1 cells. 
(B) Impedance plots of subcutaneously implanted devices on 

Day 1-7 (C) μCT micrographs, capsular reconstructions and dot 

thickness plots of explanted FSDSRs. 

 

DISCUSSION 
We have developed a novel biocompatible membrane 

capable of monitoring the foreign body response in real 

time that can be incorporated into a dynamic soft drug 

delivery reservoir. This information could inform 

actuation regimes to reduce the foreign body response. 

This could overcome the limitations associated with 

device failure. Although we show one design of the 

FSDSR, it is a highly versatile platform that could be 

used for a diverse range of applications. 
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INTRODUCTION 

Mitral regurgitation (MR) is the backflow of blood 

through the mitral valve (MV) each time the left ventricle 

contract. MR is an ongoing problem globally, especially 

due to an ever-ageing population.  Treatments for MR 

include – mitral repair and mitral replacements. Due the 

complex anatomical features of the MV, transcatheter 

treatment techniques have had limited success. 

Additionally, no large animal model of MR exists for 

new TMVR device assessments. 

Finite element (FE) models have the ability to advance 

our understanding of pathological biomechanics, 

particularly for emerging TMVR devices.  

The goal of this work is to evaluate new and emerging 

TMVR devices, including the recently C.E 

marked Abbott Tendyne design [1] under dynamic 

cardiac settings using FE techniques. This work will also 

evaluate dynamic loadings for TMVR frame durability 

assessment and the biomechanical impact of calcification 

on TMVR durability predictions 

 

MATERIALS AND METHODS 

FE models will be created with the commercial FE 

software Abaqus (Dassault Systemes, USA). 

In this study, FEA will be used to digitally implant novel 

and developing commercial TMVR designs in a healthy 

beating heart model [2]. This will use FEA to anticipate 

TMVR design implantation and select the best device 

configuration for a given anatomy. This is characterized 

as implantation that adheres to the original orifice, 

reducing paravalvular leakage, minimal protrusion into 

the LV, and implantation that remains attached in a 

dynamic environment. The consequence of pathological 

features, specifically annular calcification, annular 

dilatation and alteration of the chordae tendinae 

attachments, will be modelled also to predict the effect of 

each structural pathology on TMVR biomechanical 

behaviour.  

 

 

 

 

 

 

 

RESULTS 

It is anticipated that FE predictions from this work will 

assess TMVR device positioning and dynamic 

deformations for healthy and pathological conditions. 

Device designs will be compared for reduction of MR via 

complete apposition of the frame to the mitral annulus 

with minimal left ventricular outflow obstruction. 

 Frame dynamic deformations will inform fatigue 

analyses to assess device durability, particularly for the 

introduction of calcification. 

 
Figure 1: (A) Abbott Tendyne device [1] (B) FE model 

of the human heart discretized with four chambers and 

great vessels as indicated [2] 

 

DISCUSSION 

The proposed workflow will result in an efficient and 

effective method to compare the pathological 

biomechanical performance of TMVR devices during the 

dynamic cardiac cycle. This work will generate 

recommendations accounting for more realistic design 

constraints and improved pathological assessment for 

new and emerging devices. 
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INTRODUCTION 

Cancer is among the leading obstacles to improving life 

expectancy worldwide. Specifically, colorectal cancer 

accounts for 1 in 10 cancer cases and deaths (Bray et al., 

2018). There is increasing evidence to suggest that 

mechanical changes to microenvironment elicit an 

oncogenic response. However, this pathway has yet to be 

investigated in detail (Li et al., 2016) and there has been 

no robust mechanical analysis of the colon at a 

microscale. While macroscale mechanical 

characterisation obtains the bulk properties of tissue, it 

does not capture the heterogeneity of soft biological 

tissues. However, microscale mechanical 

characterisation requires tissue to be sectioned into 

compatible sizes. The gold standard for tissue sectioning 

is cryosectioning, but this procedure requires the tissue to 

be fixed and snap frozen beforehand, leading to the loss 

of some of the native mechanical properties. Therefore, 

the aim in this study is develop a protocol for sectioning 

fresh biological tissue, using a Compresstome® VF-210-

0Z for downstream mechanical analysis of fresh tissue, 

avoiding deleterious freezing of the tissue. Ultimately, 

this protocol can lead to the creation of a microscale map 

of fresh tissue to better understand the mechanics of 

tissue on this scale.  

 

MATERIALS AND METHODS 

Tissue Sectioning Protocol Porcine colonic tissue is 

sourced from a local abattoir (n=3), cut into 1 cm2 

sections, and kept at 4oC until required. Three technical 

sample of tissue per pig are prepared (n=3).  The variable 

chosen to optimize for the study is reagent concentration. 

Three different agarose concentrations (2%, 2.5% and 

3%) and 3 gelatin concentrations (1%, 1.5% and 2%) will 

be tested (n=3 per concentration combination). Section 

thickness achieved is between 250 – 400 µm.  

Nanoindenter Protocol Fresh and frozen porcine colon 

tissue layers were nanoindented using the Optics 11 

Chiaro Nanoindenter, which is designed for fresh soft 

biological tissue mechanical analysis. This will be 

compared to macroscale compression testing of fresh and 

frozen porcine colon tissue using the Mecmesin 2.5-dV. 

The optimised protocol of 2.5% Agarose and 1.5% is 

used to section the fresh and frozen porcine colons. The 

approach and retraction speed was set to 2 µm/s as it has 

been demonstrated that for speeds ≤ 2 µm/s tissue 

demonstrates elastic behaviour (Islam et al., 2020). For 

this study, the probe used to perform this analysis was 

probe 0.32 N/m cantilever stiffness and 52.0 µm radius 

spherical tip. The analysis is performed at room 

temperature in PBS x1. Approximately 20 indents are 

carried out on each tissue sample, beginning at the serosa 

layer, and then indenting the muscle and mucosal layer. 

This provides a surface area map of an Effective Young’s 

Modulus (E.𝑒𝑓𝑓) of the tissue section using the Hertzian 

Model. 

 

RESULTS & DISCUSSION 

The preliminary data presented in Figure 1 is of a frozen 

colon tissue sample, and it shows a unique profile for 

each layer with a statistical difference seen between all 

of the layers; the serosa (194.9 kPa ±28.17 kPa); the 

muscularis propria (337.1 kPa ±43.54 kPa); and the 

mucosa layer (59.13 kPa ±4.105 kPa). The muscularis 

propria appears to be the stiffest layer with the greatest 

variability and the mucosa layer is the softest layer with 

the least variability. 

The study highlights that fresh porcine colonic tissue in 

can be sliced to between 250 – 400 µm which allows for 

accurate mechanical testing of the native tissue 

environment on a microscale. This optimised protocol for 

soft biological tissue is the first step in robust microscale 

mechanical characterisation. A fresh tissue analysis 

should lend itself to a more realistic profile of the native 

mechanical microscale properties of the tissue to help 

develop our understanding of the effects of disease on 

tissue structure. 

 

   
Figure 1 A) Results from nanoindentation of frozen porcine 

colon sections (n=3). Significant difference between the 3 layers 
of the colon depicted B) Nanoindentation of frozen porcine 

sample *Probe tip 1. Serosa 2.Muscularis propria 3. Mucosa 

 

REFERENCES 

Bray, F. (et al.), Ca Cancer J Clin 68:394-424, 2018. 

Islam, M. R. (et al.), Journal of Biomechanics 113: 

110090, 2020. 

Li, M. (et al.), Expert Opin Drug Metab Toxicol 12: 175-

90, 2016. 

DEVELOPING A PRECISION-CUT TISSUE SECTIONING PROTOCOL FOR FRESH PORCINE 

COLONIC TISSUE FOR DOWNSTREAM MECHANICAL ANALYSIS 
 

McCarthy, C.M.1,2,3, Walsh, M.T.1,2,3 , McGourty, K.D.1,2,3 and Mulvihill, J.J.E.1,2,3  
1Bernal Institute, University of Limerick, Limerick, Ireland. 2School of Engineering, University of 
Limerick, Limerick, Ireland. 3Health Research Institute, University of Limerick, Limerick Ireland 

email: (cliona.mccarthy@ul.ie) 
 

A B 

* 

1 

2

 
3 

100 µm 

31



 

Bioengineering in Ireland27, May 20th-21st, 2022 

INTRODUCTION 

Coarctation of the aorta has an incidence of 0.3 to 0.6 in 

1000 live births, accounting for 5% to 12% of all 

congenital heart disease1,2. Coarctation is associated with 

structural pathologies of the aortic wall and is considered 

as a continuum of a disease process which affects the 

entire aorta3.  

Balloon angioplasty of native coarctation in vitro was 

reported in 1982 by Lock et al4. Intimal tears were 

observed in all patients but no cases of aortic wall 

rupture. Examination under light microscopy 

demonstrated intimal hyperplasia, medial thickening and 

confirmed the presence of tissue tears4.  

A prospective randomised trial by Shaddy et al 

demonstrated the safety and efficacy of balloon 

angioplasty in native coarctation when compared with 

surgery5. In the angioplasty group, however, there was a 

higher rate of aneurysm formation and long-term data 

demonstrate that aneurysms can occur as late as 5 years 

post procedure6. These early reports 4-6 demonstrate the 

importance of advancing the knowledge of arterial wall 

structure and how, at a microscopic level, the vessel 

responds to intravascular interventions such as balloon 

angioplasty and stenting. 

Early reports of the use of balloon expandable stents in 

congenital heart disease demonstrated their safety and 

efficacy7. More contemporaneous studies also support 

the safety and efficacy of stent insertion for treatment of 

aortic coarctation8. These studies specifically assess 

newer stent types, more specifically, the Cheatham 

Platinum stent8. However, all these studies are reporting 

on macroscopic findings seen on imaging and not 

assessing the biomechanics or injury within the vessel 

wall itself. 

The aim of this study is to assess the mechanics of 

coarcted aortic tissue and the degree to which this tissue 

is damaged during interventional procedures. 

 

MATERIALS AND METHODS 

Neonatal aortic tissue will be harvested at the time of 

surgery from Children’s Health Ireland at Crumlin and 

transported to Trinity College Dublin in PBS where it 

will be placed in tissue freezing media and stored at -80 

until use. 

Ring testing will be performed along different points of 

the tissue to assess stiffness specifically at the coarctation 

site and in the healthy tissue either side, see Figure 1. 

 

 

 

 

        
 

Figure 1. Tensile testing of arterial ring samples – 

example shown with porcine aorta and schematic shown 

for stress-strain evaluation9 

Once mechanical testing is complete, the samples will be 

fixed and embedded for histology and stained to assess 

cellular structure, elastin and collagen content. 

 

DISCUSSION 

This work aims to define the mechanical characteristics 

of neonatal aortic tissue which will help better design 

preclinical finite element models for virtual stent 

implantation and pre-operative planning. 

 

Furthermore, by establishing the stiffness of these 

vessels, and the variability across different patient  stents 

can be better designed to restore patency to these vessels 

whilst minimising vessel injury. 
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INTRODUCTION 

Cerebral arterial stiffness has been directly implicated in acute 

ischemic stroke (AIS) pathophysiology. Arterial stiffening 

occurs as a direct consequence of vascular aging. Arterial 

walls undergo structural remodeling which promotes collagen 

deposition and elastin degradation in the vascular media, 

resulting in arterial thickening and subsequently increased 

stiffness [1]. In AIS, large vessel occlusions (LVOs) most 

commonly occur in the M1 division of the middle cerebral 

artery (MCA) [2]. Recently, performance of mechanical 

thrombectomy (MT) to treat LVOs in distal vasculatures has 

gained increased support, despite previous safety and efficacy 

concerns regarding performance of MT in these regions [3,4]. 

With the enhanced application of MT for distal M2 occlusions, 

it is critical to understand the biomechanics of these vessels 

particularly the influence of arterial stiffness in the vessels 

most susceptible to AIS in comparison to distal territories. 

This study aims to investigate the stiffness of these vessels 

using a combination of mechanical testing and histological 

analysis. 

 

MATERIALS AND METHODS 

Uniaxial ring tests were performed on human MCA tissue 

samples, obtained post-mortem from the Dublin Brain Bank 

(Beaumont Hospital). 32 samples were obtained from 6 

patients.  On the day of testing, arterial samples were cut into 

tubular segments with a width of between 1.9- and 2.2-mm 

and sprayed with a stochastic pattern, see Figure 1(A). Digital 

image correlation (DIC) was used to measure strain in the 

gauge region of the ring samples, as shown by Figure 1(B). To 

remove viscoelastic effects in the tissue, each sample was 

exposed to 5 pre-conditioning cycles at 20% strain before 

being loaded to failure, as shown in Figure 1(C). Samples were 

fixed in 4% formalin following testing for histological 

processing. Dehydration of samples was performed in a step 

wise manner of ethanol to xylene. Samples were then 

embedded into paraffin wax and sliced prior to staining. 

Picrosirius Red (PS-Red) staining was preformed to visualise 

collagen content and orientation in samples, see Figure 1(D). 

 

RESULTS AND DISCUSSION 

Significant differences were observed in the stiffness of the 

M1 arterial division in comparison to the M2 division, see 

Figure 1(C). These preliminary results indicate potential 

increased compliance in distal M2 vessels, which may 

influence performance of MT in distal vasculatures. 

Histological analysis of collagen fibre orientation, as shown in 

Figure 1(D) will enable inference of arterial wall mechanics, 

due to the significant role of collagen in arterial stiffness and 

strength. 

 

 
Figure 1 A) Example of a stochastic pattern applied to a ring 
specimen prior to testing. The deformation of this pattern with applied 

load is used to calculate strain.  B) DIC analysis of the specimen 

showing that the gauge region of the specimen is taut, but at zero 
strain. C) Stress-strain responses of ring samples from M1 and M2 

divisions of MCAs obtained from a single patient D) Visualization of 

two cerebral samples stained with PS-Red to visualize collagen 
content.  

 

FUTURE WORK 

These preliminary results suggest varied degrees of stiffness 

between proximal and distal sections of MCAs; however, a 

more comprehensive histological analysis is required to assess 

the biomechanics of this interaction.  Future work will include 

additional staining of samples using Haematoxylin and Eosin 

(H&E), Verhoeff stain and Alcian blue to identify cell 

structure, elastin content, and glycosaminoglycan content, 

respectively.  
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INTRODUCTION 

Aortic stenosis (AS) is a deadly disease of the aortic 

valve leaflets that carries a 50% chance of mortality 

within two years if left untreated [1]. Current treatment 

for AS is mechanical or bioprosthetic valve implantation, 

however it comes with drawbacks such as poor 

hemodynamic properties or poor durability [2,3]. To 

improve on these failures, it is essential to draw upon the 

complex structure and mechanical behaviour of the 

native aortic leaflets, allowing for a bioinspired design. 

Native aortic valve leaflets are comprised of a 

layered structure: a fibrous, load bearing layer (fibrosa), 

an elastin-dense layer to provide elastic recoil 

(ventricularis), and a spongy connective layer between 

the other two (spongiosa) [4]. Morphology of these layers 

has been described in detail in literature, however very 

little mechanical characterisation of the individual layers 

has been carried out. 

MATERIALS AND METHODS 

To characterise underlying mechanical properties 

of the native leaflets, uniaxial tensile testing was carried 

out on radially and circumferentially aligned strips of the 

fibrosa, ventricularis, and whole leaflet. Porcine aortic 

heart valves were sourced from a local butcher, frozen to 

-80°C, and thawed before testing. All samples were cut 

into 2-3mm wide strips in either the circumferential or 

radial direction and uniaxially loaded until failure using 

a Zwick Testing Machine. 

Additionally, leaflet structure was qualitatively 

assessed by tissue clearing with a 1:2 benzyl alcohol: 

benzyl benzoate (BABB) solution and imaging with a 

light microscope. 

RESULTS 

Preliminary uniaxial tensile testing shows a general 

(however non-significant) trend: circumferentially 

aligned samples give a stiffer response than radially 

aligned samples. This can be seen in the representative 

stress strain curves, the ultimate tensile stress (UTS), and 

failure strain of each group: generally, the 

circumferentially aligned samples fail at a higher stress 

and a lower strain (Figure 1). 

As shown in the cleared leaflet image, the primary 

alignment of collagen is in the circumferential direction. 

 

 
 

Figure 1 Sample strip orientations (A), leaflet cleared with 1:2 

BA:BB solution (B), representative stress/strain curves of each 

sample group (C), UTS (D), failure strain (E) 

DISCUSSION 

Quantification of the native leaflet’s uniaxial 

tensile properties gives a good foundation for 

development of an ideal, bioinspired heart valve 

replacement that can outperform current commercial 

devices. Using additive manufacturing techniques like 

melt electrowriting (MEW), a polymer structure that 

mimics the morphology and mechanical properties of the 

leaflets can be constructed [5]. Polymers, through the use 

of additive manufacturing, give the option of tuneable 

mechanical properties and structure, allowing for a 

bioinspired design without the limitations of 

glutaraldehyde-fixed pericardial tissue or metallic 

structures found in current bioprosthetic and mechanical 

heart valve replacements. 
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INTRODUCTION 

Type-2 Diabetic (T2D) patients experience up to a 3-fold 

increase in bone fracture risk 1–3. Paradoxically, T2D 

patients have a normal or increased bone mineral density 

(BMD) when compared to non-diabetic patients 4,5. The 

current leading hypothesis is that the hyperglycemic state 

leads to non-enzymatic glycation in collagen causing the 

formation of crosslinks, known as AGEs, stiffening the 

overall collagen network leading to more brittle 

behaviour 6,7. While the relationship between AGE 

accumulation and T2D bone biomechanics has been 

widely investigated, a causal relationship has not yet 

been established, suggesting that other mechanisms may 

be responsible for fragility. In particular, T2D is known 

to result in reduced bone turnover, suggesting that T2D 

tissue may not be repaired efficiently, which could lead 

to micro-damage accumulation although this has yet to 

be explored in detail. The objective of this study is to 

investigate the mechanical properties of T2D bone tissue 

under cyclic loading to evaluate the onset and evolution 

of micro-damage accumulation.  

 

MATERIALS AND METHODS 

Ethically approved femoral heads were obtained from 

T2D patients (n=9) and healthy controls (n=8). To 

characterise the mechanical properties, one cylindrical 

core from each underwent a monotonic uniaxial 

compression test to 10% strain, while another cylindrical 

core underwent uniaxial cyclic compression test at a 

normalized stress ratio between 0.0035 mm/mm and 

0.016 mm/mm until a strain of 3% was reached. All 

mechanical tests were carried out with a preload of 10N 

and at a rate of 0.5%L0/s The development of micro-

damage in the bone tissue was monitored by staining the 

tissue with BaSO4
8
 precipitate and conducting 

microcomputed tomography scanning with a voxel size 

of 10 μm. 

 

RESULTS 

The T2D-group had a significantly higher BV/TV 

(+40%, p=0.009) compared to healthy controls. For the 

monotonic test, T2D-group had significantly higher 

apparent modulus (+32%, p=0.031), yield stress (+74%, 

p=0.013), max stress (+82%, p=0.008), post-yield strain 

energy (+102%, p=0.005), modulus of resilience 

(+109%, p= 0.023) and toughness (+104%, p=0.006). 

When normalized against BV/TV, the max stress, post 

yield strain energy, modulus of resilience and toughness 

all remained significantly higher in the T2D-group. Post 

testing, the amount of micro-damage was also 

significantly higher for T2D group (+178%, p =0.041). 

Under cyclic loading, the T2D group showed no 

differences in initial apparent modulus, final apparent 

modulus, reduction in modulus, creep strain, cyclic strain 

or energy dissipation when compared to the non-T2D-

group but did have a significantly higher number of 

cycles before failure (+2770 cycles, p=0.050). 

Interestingly, there was significantly higher micro-

damage present in the T2D samples before testing 

(+255%, p =0.035) but no significant difference in micro-

damage accumulation between groups due to testing 

itself (+50%, p =0.555). 

 
Figure 1 Example graph of cyclic behavior of T2D trabecular core         
A) Example of T2D bone B) BaSO4 labelled microdamage present in 

T2D bone. 
 

DISCUSSION 

This study is novel in investigating microdamage 

accumulation and mechanical properties of T2D bone 

tissue. These results suggest that T2D does not have a 

detrimental effect on the mechanical properties 

cancellous bone under monotonic loading. However, 

T2D seems to cause an increase in microdamage 

accumulation. 
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INTRODUCTION 

Pelvic floor muscles undergo a degree of stretch during 

vaginal delivery unparalleled elsewhere in the body, 

causing significant injury in the vagina (VA) and levator 

ani muscle (LA).12,3 Up to 20-30% of women over 20yrs 

old and up to 50% over 504 may suffer from pelvic floor 

disorders. Challenges with experimental testing of some 

biomechanical scenarios, such as mechanics of 

childbirth, have led to a shift towards computational 

modelling, which is heavily dependent on accurate 

material properties. However, despite the common use of 

multiaxial soft tissue testing to obtain these properties, 

most are limited to two measurement directions and there 

are currently no standards or consensus on optimal 

configuration. In addition, current literature lacks 

accurate anisotropic and time-dependent mechanical 

properties for pelvic tissues. Labour stretches these 

muscles under time-varying loading conditions which 

must be accounted for. This research aims to address this 

gap in understanding by developing a novel test platform 

examining the radial format for multiaxial static and 

viscoelastic testing of pelvic tissues. 

 

MATERIALS AND METHODS 

A radial stretcher specifically adapted for soft tissue was 

designed and built, based on a concept by Schausberger 

et al.5 A revolving iris mechanism moves the arms 

radially (Fig. 1A). Three 100 N load cells were placed on 

three of the eight arms, 45° apart, accounting for load in 

three directions (X, R, Y, Fig. 1B). An environment 

chamber to hold samples in phosphate-buffered solution 

at 37°C and custom velcro-lined grips were also 

fabricated. Digital image correlation (DIC) confirmed no 

slippage in the grips and verified grip-to-grip strain for 

tissue tests. Computational modelling of tests performed 

on elastomers was used to validate the rig and identify 

appropriate methods to calculate stress and strain from 

measured forces and grip displacements for both 

isotropic and anisotropic materials. Inverse finite element 

analysis (FEA) was developed using Matlab in 

combination with FEBio to allow a model fit which 

accounts for load in three directions. Ovine VA and LA 

muscles from six sheep were dissected and removed of 

all connective tissues. Uniaxial samples (Figs. 1C) were 

cut in fibre (FD) and cross-fibre directions (CF) for the 

LA (aligned with X and Y directions resp.) and in 

longitudinal (LD) and circumferential directions (CD) for 

the VA (X and Y directions resp.) measuring 20x4mm. 

Radial samples were cut with diameter 20mm. Tests 

were carried out at 6 mm/min following 10 

preconditioning cycles. A series of ramp-and-hold tests 

were carried out in both uniaxial and radial formats. 

Uniaxial tests had 5 steps, with strain increasing by 5% 

in each step. However, for radial tests, only 2 steps could 

be achieved due to frequent failures after the second step. 

RESULTS AND DISCUSSION 

Finite element models showed Cauchy stress could not 

be calculated using conventional (force/cross- 

section)*stretch ratio, requiring an adjustment factor to 

be introduced. Adjusted stress-strain curves for the 

elastomer were fit to a neo-Hookean model using Matlab 

and validated using inverse FEA incorporating forces in 

all three measured directions. Modelling confirmed that 

adjustment factors were insufficient for anistropic 

models so inverse FEA was used for all tissue tests. 
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Figure 1 (A) Iris mechanism (B) Load cell locations. (C) LA 

and VA muscle samples for radial and uniaxial. (D)Cauchy 

stress vs strain for LA and VA uniaxial (E)Normalised stress vs 
time for LA and VA in both uniaxial directions (F) Normalised 

Stress vs time across 5 ramp steps for both LA and VA. 

The uniaxial tests in both tissues exhibited a non-linear 

hyperelastic response (Fig 1D). The ramp and hold 

uniaxial tests showed little directional dependence in 

either tissue for relaxation (Fig 1E). Some slowing of 

relaxation was observed as strain increased in VA but not 

in LA. (Fig 1F). Inverse FEA has successfully fit a non- 

linear fibre-reinforced hyperelastic model in FEBio to the 

static tensile data. Ongoing work is incorporating the 

relaxation data into the inverse FE fit. The accumulated 

data adds important new information on the anisotropic 

and viscoelastic properties of pelvic floor tissues. In 

addition, this work validates the radial format as a viable 

multiaxial tensile configuration for soft tissue and 

demonstrates the potential to more fully characterise 

dispersive fibre distributions through monitoring three or 

more loading axes. 
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INTRODUCTION  
Cancer cells favour metastasis to bone tissue for nearly 

70% of advanced breast cancer patients, and it has been 

proposed that bone tissue properties facilitate tumour 

invasion [1]. Previous studies have investigated bone 

metastasis by intravenous or direct injection into bone 

[2,3], which does not capture the time-dependent 

evolution of metastasis from the primary tumour. Thus it 

is not yet known how specific bone tissue composition is 

associated with tumour invasion. This research develops 

an advanced understanding of mechanical properties and 

bone composition during breast cancer metastasis, 

through temporal and spatial analysis using a mouse 

model representative of in vivo breast cancer metastasis.  
 

MATERIALS AND METHODS 
Female immune-competent BALB/c mice (6 wo) were 

inoculated with 4T1 breast cancer cells in the right 

mammary pad, inducing a primary tumour to recapitulate 

in vivo metastasis. Femurs from the tumour-inoculated 

ipsilateral (MET-IPS) and contralateral sides (MET-

CONTRA) were dissected from metastatic mice, and 

healthy from control mice (CTRL). One group was 

euthanised at 3 weeks (CTRL: n = 7, MET-IPS: n = 5, 

MET-CONTRA: n = 5) and a second cohort at 6 weeks 

post-inoculation (CTRL: n = 6, MET-IPS: n = 7, MET-

CONTRA n = 4). μCT: Proximal (4mm from femoral 

head) and distal femur regions (2mm up from distal 

growth plate) were scanned by high resolution micro-

computed tomography (5μm, SM μCT100, 70keV, 

57μA) to quantify (1) osteolysis (bone-resorption) (2) 

bone volume and area fractions (BV/TV, Ct.Ar/Tt.Ar), 

(3) cortical and trabecular thicknesses (Ct.Th, Tb.Th) and 

(4) mean mineral density (Mmean). Nanoindentation: 

Resin-embedded femurs were Berkovich indented 

(Keysight G200, 5 cycles, 15mN load) and Young’s 

modulus calculated from 10 tests in each bone region 

(distal and proximal) using Oliver and Pharr methods. 

Statistical analysis utilised 2-sample T-tests. 

 

RESULTS 
3 weeks: Tumour masses (~0.3cm3) formed within 1 cm 

of MET-IPS femoral heads, but there was no evidence of 

overt osteolysis (Fig.1A) or significant difference in 

BV/TV or Ct.Ar/Tt.Ar, yet Tb.Th was significantly lower 

in all regions (Fig.1C, 1D). Interestingly Ct.Th was 

significantly higher in the distal region and Mmean was 

significantly higher in MET-IPS and MET-CONTRA 

samples when compared to CTRL (p<0.05). Young’s 

modulus was significantly higher for MET-IPS distal 

trabeculae (16.88 ± 0.55 GPa) compared to MET-

CONTRA (14.67 ± 0.76 GPa) (p<0.05), but did not differ 

from CTRL (15.94 ± 1.75 GPa) (p = 0.37). 6 weeks: μCT 

confirmed overt osteolytic lesions and significantly lower 

Ct.Th, Tb.Th, BV/TV, Ct.Ar/Tt.Ar in metastatic bone 

samples compared to CTRL (Fig.1B, 1C, 1D). Proximal 

trabecular Mmean (mg HA/cm3) was significantly lower in 

MET-IPS (1127.67 ± 17.65), and MET-CONTRA bone 

(1133.22 ± 11.97) compared to CTRL (1177.53 ± 9.89) 

(p<0.01). Trabecular bone Young’s modulus was 

significantly lower for MET-IPS proximal femurs (15.21 

± 2.30 GPa) compared to MET-CONTRA (18.99 ± 1.48 

GPa) and CTRL (17.96 ± 1.17 GPa) (p<0.05).  

 
Figure. 1  (A) μCT reconstructions of proximal femurs 3 

weeks and 6 weeks post-inoculation. (B) μCT results of 

cortical and (C) trabecular bone in healthy and tumour-

inoculated mice (*p<0.05, **p<0.01, ***p<0.001). 
 

DISCUSSION 
Our results reveal that 3 weeks after inoculation of breast 

cancer cells early osteolysis was evident in the trabecular 

region, whereas bone mineral density in all regions and 

cortical thickness in distal regions increased compared to 

controls. These early changes may be explained by 

disseminated tumour cells (DTCs), which have been 

proposed to release tumour-derived growth factors 

(VEGF, LOX) to ‘prime’ the bone metastatic niche as a 

more favourable microenvironment for DTC fate [4]. 

Alternatively, bone loss in the trabecular region may 

induce a compensatory mechanobiological response, to 

counteract changes in strain distribution throughout the 

bone. This study reports, for the first time that early bone 

mineralisation precedes later overt osteolytic bone 

destruction upon breast cancer metastasis. 
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INTRODUCTION 

Microscale tensile testing is important for 

characterisation of samples with finite resources, or 

where the application scale is significant. For example, 

challenges have been identified in tensile testing of soft 

tissues and medical devices e.g. contact lenses.1,2 

However, regular testing devices often do not support 

microscale samples easily, or the clamping force of 

regular grips are too high for more delicate specimens. 

As such, we have developed low-force grips suitable for 

tensile testing of microscale samples. 

 

MATERIALS AND METHODS 

A universal gripper was designed to accommodate 

microscale dogbone specimens (14x2x0.27mm, 80A 

shore hardness thermoplastic polyurethane (TPU)) with 

adjustable metered clamping force. CAD files for AM 

and SM were produced for part fabrication from metals 

or polymers, translating across both SM and AM. The 

simplicity of design proved compatible with AM and 

SM, requiring little post-processing and repeatable across 

AM and SM technologies (Figure 1).  

 

RESULTS 

The initial CAD design is compatible for manufacture 

using acrylic(SM), PLA and ONYX™(FFF) and 

stainless steel (SLM) and demonstrates the 

interchangeability with either SM or AM technologies. 

3M™ Unitek™ elastics with known force (1.66N) 

created the adjustable gripping force. Preliminary optical 

characterization reveals dogbone specimens with cross-

section thickness of 270 µm ± 15 µm. Initial tensile 

testing of the dogbone with steel grips present similar 

tensile strength to manufacturer-supplied data at 100% 

and 300% elongation. Testing is ongoing for the other 

grip materials. 

 

 
Figure 1  Universal gripping end-effector designed 

for subtractive (SM) and additive manufacturing (AM). Laser-

cut Acrylic (a), Polylactic acid (PLA) (b) and Onyx™ (c) by 
fused filament fabrication (FFF) and 316 Stainless Steel (d) by 

selective laser melting (SLM)  
 

DISCUSSION 

The methods are under development and require further 

optimization with initial promising data. Democratizing 

the testing method and gripper designs should promote 

its use in microscale samples due to part files and 

methodology being made freely available in conjunction 

with locally sourced manufacturing technology. 
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INTRODUCTION 

Individuals with Type-2 Diabetes (T2D) have a 3-fold 

increased risk of bone fracture compared to non-diabetics 

[1]. The duration of the disease also plays a role, where 

long-term T2 diabetic patients have a higher fracture risk 

[2]. Unlike osteoporosis, elevated bone fragility in T2D 

is not accompanied by a reduction in bone mineral 

density (BMD). This implies that T2D is associated with 

reduced bone quality. It is hypothesized that the 

hyperglycemic state caused by T2D forms unwanted 

crosslinks between proteins in the organic phase of bone, 

known as, Advanced Glycated End-products (AGEs), 

which stiffen the collagen network and lead to impaired 

mechanical properties [3]. Yet, the mechanics remain 

unclear. Bones complex hierarchical structure means 

there is a severe lack of understanding of the sub-tissue 

physiochemical alterations that take place in T2 diabetic 

bone disease and how these changes compromise overall 

tissue structural integrity. The aim of this study is to 

examine geometrical, structural and material alterations 

in T2 diabetic and control bones and to explore bone 

composition and investigate if there is a correlation 

between tissue composition and bone fragility in T2D;  

 

MATERIALS AND METHODS 

Male [Zucker Diabetic Fatty (ZDF: fa/fa) (T2D) and 

Zucker Lean (ZL: fa/+) (Control)] rats were euthanized 

at 12-, 26- and 46-weeks of age (n = 7-9, per age, per 

condition), thereafter, right ulnae, radius and skin 

samples were dissected. Bone length and diameters of 

ulnae were measured using a Vernier callipers. Micro-

computed tomography (CT) was used pre-mechanical 

testing to measure bone composition, structural 

properties and morphology. Ulnae were mechanically 

tested until failure using a three-point bend test (2.5 kN 

load cell, 0.4 N pre-load, 0.03 mm/s crosshead speed) to 

measure structural and material properties. Fourier 

transform-infrared microspectroscopy (FTIR) analysis to 

assess sub-tissue alterations from cortical ulnar bone 

powder, by examining various mineral- and collagen-

parameters. Fluorescence spectrometry was used to 

measure bulk AGEs, from skin and cortical bone sections 

from the radius.  

 

RESULTS 

As the disease progressed, no significant difference was 

found in BMD between strains however, bone size was 

reduced in T2D rats at all ages. Structural properties such 

as, bending rigidity, PYD and energy-to-failure were 

reduced in T2D rats as the disease progressed. Tissue 

material deficits were observed at 46-weeks in T2D rats 

versus controls, with reductions in yield and ultimate 

stress by 10.2 and 17% (p<0.05), respectively. By 46-

weeks, FTIR analysis showed that carbonate:phosphate 

ratio reduced by 10% (p<0.05) and acid phosphate 

content increased by 29% (p<0.05) in T2D rats in 

comparison to controls. Collagen maturity was higher in 

T2D rats than controls at all ages and was 38% (p<0.05) 

greater in 46-week old T2D rats than controls. AGE 

accumulation in the skin was higher in T2D rats than 

controls at 46-weeks by 14.5% (p<0.05). 

 
Figure 1 (A) Ulnae cortical bone ultimate stress reduced and 

(B-D) altered bone compositional properties in T2 diabetic rats 
at 46-weeks versus controls.  

 

DISCUSSION 

This current study revealed that long-term diabetic rats 

had higher levels of AGEs than controls but showed no 

correlation to the biomechanical properties, yield and 

ultimate strength. The findings clearly show that the bone 

tissue itself is impaired during long-term diabetes and 

these reductions coincide with an increase in acid 

phosphate content in the tissue. This implies that reduced 

bone turnover, or the rate at which damaged tissue is 

naturally repaired, is a contributing factor to bone 

fragility during long-term diabetes. 
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INTRODUCTION 

Pancreatic ductal adenocarcinoma (PDAC) is the most 

common type of pancreatic cancer and the 4th leading 

cause of cancer deaths in Europe [1]. PDAC tumours are 

characterised by dense fibrous tumour-associated stroma 

and low vascular density, and are much stiffer than 

healthy pancreatic tissue. This stroma creates a barrier to 

drug delivery and promotes treatment resistance. The 

relationship between stiffness and cancer progression 

including invasion and metastasis, is well established [2]. 

Studies of PDAC in mouse models indicate that tissue 

stiffness is associated with fibrotic signalling, common in 

advanced PDAC [2]. Transglutaminase-2 (TG2) is a 

mediator of collagen crosslinking and together with the 

heparan sulfate proteoglycan syndecan 4 (Sdc4), 

modulates fibrosis in metastatic cancer [3]. This study 

aims to establish the relationship between collagen 

organisation, tissue mechanical properties and 

expression of fibrotic actors, TG2 and Sdc4. 

 

MATERIALS AND METHODS 

Resected pancreatic cancer and patient-matched adjacent 

normal tissue was obtained with ethical approval from 

the SVUH pancreatic cancer biobank. Frozen tissue is 

sectioned at 10 µm for subsequent analysis of serial 

sections. This approach allows for direct correlation of 

tissue content on the microscale. Serial sections are 

stained with haematoxylin and eosin (H&E), picrosirius 

red for collagen, and immunofluorescently stained for 

TG2 and Sdc4. Polarised light microscopy (PLM) was 

used to image picrosirius red-stained sections, with 

images processed to quantify collagen alignment using 

custom scripts. Regions of interest were identified from 

H&E sections by a pathologist for further investigation 

using force spectroscopy. Stiffness maps were obtained 

on unstained tissue sections using an Asylum MFP-3D 

atomic force microscope (AFM).  Young’s modulus was 

determined using the Hertz contact model. 

 

RESULTS 

PDAC is associated with dense fibrosis evident in both 

H&E and picrosirius red staining (Fig. 1A, B). Analysis 

of PLM images indicated that collagen bundles were 

thicker and more aligned in the PDAC stroma. TG2 

staining was observed in areas with high collagen 

concentration in both adjacent normal and PDAC tissue, 

while average intensity was increased in PDAC. 

Preliminary data indicate that Young's modulus is 

increased in PDAC tissue compared to that of adjacent 

normal tissue (Fig. 1 D-E). Through a matched analysis 

of the same regions of interest in serial sections, 

regression indicated that tissue stiffness is positively 

correlated with collagen content (p = 0.005) and 

alignment (p = 0.012).  

 
Figure 1 Serial section assessment of tissue content and 
mechanics in adjacent normal and PDAC tissue. A. H&E 

staining. B. Picrosirius red staining. Scale bar: 50μm. C. 

Birefringence of collagen obtained using PLM. Scale bar: 25μm. 
D. Force maps of elastic modulus. Note different peak value for 

each map. E. Average tissue stiffness (n = 5, p = 0.066). 

 

DISCUSSION 

This preliminary analysis of 5 patient samples has shown 

that collagen deposition and alignment is increased 

alongside an increase in tissue stiffness in PDAC. 

Ongoing work will add additional samples to obtain 

greater power and allow for association of our findings to 

clinical outcome. The serial section approach used here 

facilitates the investigation of structure-function 

relationships in PDAC on the microscale, relevant to 

tumour gland dissemination. Better understanding of 

local differences in tissue stiffness and their drivers, will 

lead to new treatment targets.  
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INTRODUCTION 

This work presents an infusion study performed on ex-

vivo human skin using hollow silicon microneedles 

(MN), with an emphasis on the effect of microneedle 

retraction and comparison between pressure controlled 

(“Set Pressure”) or flow controlled (“Set Flow”) infusion. 

The results will be used to guide the infusion strategy of 

a wearable drug delivery device consisting of a micro-

pump, sensors and wireless communication.   

 

 

MATERIALS AND METHODS 

A 3x1 array of 500 µm tall hollow silicon microneedles 

were used to infuse aqueous methylene blue solution into 

ex-vivo human skin samples which were donated by 

patients undergoing cosmetic surgeries. The skin sample 

was affixed in a jig to stretch it, in order to mimic the 

natural surface tension of in-vivo skin.  

 

An Elveflow OBD-I MK3 pressure regulator was used to 

drive the fluid and the flowrate was measured using an 

Elveflow MFS3 flow sensor.  

 

The microneedles array was applied to the skin using a 

benchtop spring applicator which exerts a residual force 

of 0.247 N on the skin after insertion. After needle 

application, fluidic pressure was applied using the 

pressure regulator and the needles were retracted by 

100µm every 3 minutes until a “leak” occurred. The 

infused volume was calculated by integrating the 

flowrate with respect to time.  

 

“Set Pressure” (SP) and “Set Flow” (SF) infusion tests 

were carried out. For SP tests, a target pressure of 100 

kPa was maintained by the pressure regulator and the 

flowrate was allowed to vary. For SF tests, a target 

flowrate of 50 µL/min was set and the pressure was 

allowed to vary.  

 

 

RESULTS 

Needle retraction was found to have a positive effect on 

infusion as it resulted in a corresponding rise in flowrate 

on most occasions. This was believed to be due to a 

combination of the compressive force on the surface of 

the skin being slightly relieved a result of the retraction 

and also the possible removal of the tissue that may have 

occluded the MN lumen during its application to the skin. 

 

Visual analysis of the samples during infusion revealed 

the formation of pathways or ‘conduits’ below the 

surface of the skin through which the fluid flow occurs. 

The fluidic resistance (at the ratio of infusion pressure to 

flowrate) is high at the beginning of the test and it then 

tapers off to a lower value. This behaviour was much 

more pronounced for SF infusion and we believe the 

initial high fluidic resistance corresponds to the 

formation of conduits within the skin by the fluid.  

 

The volume infused (volume delivered into skin before 

leak) is a key metric that can be used to compare SP and 

SF delivery. This is shown in the box plot given in Figure 

1, where larger volumes were infused using SF.  

 

 
Figure 1: Comparison of volume infused using SP and 

SF. The mean volumes infused using SP and SF were 

1.63 mL and 3.8 mL respectively. This difference in 

mean was found to be statistically significant (P 

<0.001). Inset image shows 500 µm tall hollow Silicon 

microneedle.   

 

The results of this study demonstrate that retraction is 

necessary for successful infusion and the variable 

pressure profile produced by SF infusion might be key to 

creating conduits and improving fluid flow within the 

skin.  
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INTRODUCTION 

Biomarkers such as glucose or lactate are widely 

analysed for several medical and sport related 

applications. Their levels can be checked using samples 

obtained from either blood or interstitial fluid (IF). In 

particular, IF analysis has the potential to enable the next 

generation of non-invasive continuous monitoring 

systems that do not require painful and inconvenient 

blood sampling. 

 

Due to their minimally invasive nature, pain-free and 

easy application, combined with the ability to reach the 

IF that surrounds the cells in the outermost skin layers, 

microneedle (MN) technologies have been investigated 

as a non- implantable option for continuous glucose 

monitoring (CGM) [1]. To detect glucose, the entirety or 

part of the body of the MNs is functionalized and used as 

a sensor. A passivation layer is generally used to block 

any response from the metallized regions of the substrate 

surrounding the MNs. 

 

However, because there is a lack of data regarding the 

characterization of these passivation layers, this work 

aims to develop and compare passivation techniques for 

use with microneedle-based biosensors. 

 

MATERIALS AND METHODS 

500m tall polymer MNs were produced using a replica 

moulding process starting from a silicon wafer used as a 

master. PDMS was poured on the master to create a 

mould, which was the negative copy of the MNs. 

Similarly, another mould was obtained from a custom-

made PVC template to separate the wafer into detachable 

arrays. A medical grade polymer was then sandwiched 

and cured between the two moulds to form the polymer 

biosensor wafer [1]. The MNs were metallized on the 

front and the back by sputtering a layer of 

20nmTi/100nmPt. The metallized arrays were then 

passivated using one of three options: varnish, medical 

grade tape and PMMA. The varnish was simply brushed 

directly on top of the array and the MNs remained 

uncoated due to gravity. The tape (ARcare 7759 from 

Adhesives Research) was patterned with 500µm holes 

and cut to size using a vinyl cutter. It was then manually 

applied to the array. The PMMA was spin coated on the 

array and immediately cured. 

 

Finally, the arrays were mounted on a 3D printed support 

with electrical connections and analysed using cyclic 

voltammetry (CV) scans. 

 

RESULTS 

In order to assess the passivation of a 4x4 needles array, 

electrochemical characterisation with a three-electrode 

set-up was performed.  

 

Figure 1 CV versus an Ag/AgCl of each passivated surface in 

1mM FcCOOH in 50mM PB. Insets: close-up of the ARcare 

passivation curve (top left) and SEM picture of a 500µm PMMA 

passivated MN (bottom right). 

Figure 1 presents CV sweeps that were carried out at 100 

mV/s using an Ag/AgCl reference electrode. The anodic 

and cathodic peak potentials between different 

passivation layers vary. We observed a capacitive effect 

on the surface of the control sample, possibly due to 

surface contamination, but in the case of different 

passivated samples, a steady-state behaviour was 

observed, which is expected in this type of arrays. The 

current generated confirms that electron transfer is taking 

place at the needle array electrode. Furthermore, it 

confirms that the passivation layer inhibits any unwanted 

electrochemical responses from occurring at other 

metallised regions on the surface. The medical grade tape 

showed the lowest currents, indicating the best 

passivation performance of the three techniques. 
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INTRODUCTION 

Current research is focused on improving traditional 

orthopaedic implants to improve their biodegradability, 

and bone healing properties. [1] Current techniques for 

orthopaedic surgery involve using non-degradable 

metallic implants (titanium or stainless steel) to support 

bone as it heals, which may require subsequent surgery 

to be removed. This presents additional patient trauma, 

risks, and recovery time, as well as costs. Using 

magnesium as a material for orthopaedic implants could 

be a viable alternative as it is biodegradable and 

osteoconductive. [2] However, magnesium degrades 

rapidly in the body, which can lead to inflammation at the 

implant site. Octacalcium phosphate (OCP), a precursor 

to hydroxyapatite, has been shown to be highly 

osteoconductive and can reduce the accelerated 

degradation of magnesium in physiological conditions 

when applied as a surface coating. [3] An efficient and 

cost-effective method of depositing an OCP-based 

coating onto the surface of a magnesium-based 

orthopaedic implants has yet to be manufactured. This 

project aims to develop a method that can produce an 

even, well-adhered OCP-based coating onto the surface 

of a magnesium implant. 

 

MATERIALS AND METHODS 

Octacalcium phosphate was synthesized by adding a 

solution of calcium acetate monohydrate (Honeywell 

Fluka, Ireland) dropwise at a constant flowrate to a vessel 

containing a solution of sodium dihydrogen phosphate 

anhydrous (Fisher Scientific, Ireland) heated at a fixed 

temperature while being stirred continuously. The 

reactants were combined using a 1:1 molar ratio at a 500 

mL scale. Each specimen was cleaned ultrasonically in 

acetone prior to the coating process. Thereafter, the 

metallic specimens were carefully added to the reaction 

vessel at the beginning of the OCP synthesis process. A 

Design of Experiment (DOE) approach will be employed 

to determine which coating process inputs have the most 

significant effect on the physical, chemical, and 

mechanical characteristics of the OCP coated specimens. 

Inputs relating to the pH, flowrate, temperature, 

concentration of reactants, and surface roughness of the 

metallic specimen will be varied. The resulting OCP 

coated specimens will be analysed in terms of the 

physical properties (SEM), chemical composition (FTIR, 

EDX), crystallinity (XRD), and adhesion (ISO-20502) of 

the coating. The degradation, biocompatibility, and 

cytocompatibility properties of the best-in-class coated 

implants will be investigated. 
 

RESULTS 

FTIR and EDX results confirmed the calcium phosphate 

phase prepared was OCP. SEM analysis showed a 

coating consisting of needle-like crystals, which had 

formed a network structure on the surface of metallic 

specimen. Initial results indicate that surface treatment is 

required as the coating adhesion was relatively poor for 

metallic specimens with a smooth surface. An uneven 

coating layer and lamination of the coating was also 

observed following SEM analysis. These observations 

agree with previous studies, which suggests the 

importance of surface treatment for successful coating 

adhesion.[4] 

 

 
Figure 1 (A) FTIR spectra confirming the presence of OCP in 
samples that were synthesized in triplicate. (B & C) SEM images 

at 1.5K and 5K magnification of OCP coated metallic specimen 

showing a network of crystals across the surface.  
 

CONCLUSION 

Octacalcium phosphate was successfully and repeatedly 

synthesized onto the surface of metallic implants. Initial 

results indicate the importance of introducing a surface 

treatment step prior to the coating process in order to 

improve the OCP adhesion. 
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INTRODUCTION 

Microneedles (MNs) are micron-sized needles that pierce 

through the outermost rate limiting layer of the skin to 

deliver drugs or vaccines. Generally, models of drugs 

diffusing from these MNs do not consider the impact of 

the skin deformation induced during MN insertion. 

This project aims to present a novel strain-dependent 

diffusion model and, using this model, provide further 

insight into the importance of key geometric MN 

features. A framework is presented that details a 

theoretical approach to relate strain in the skin to the rate 

of diffusion, and how to implement this theory into the 

finite element analysis software Abaqus (Simulia-

Corporation). 

 

MATERIALS AND METHODS 

The proposed diffusion model uses an insertion model to 

obtain data on the deformed geometry of the skin and the 

strains acting within the skin [1]. The diffusion model 

then uses a novel aqueous port pathway theory to relate 

this data to drug diffusion from the MN.  

The proposed diffusion model was preliminarily 

validated using published data on the effect of 

compression on diffusivity in the human annulus fibrous 

[2]. The experimental data and diffusion model showed a 

very similar trend in diffusion coefficient reduction with 

increasing tissue compression. Mesh sensitivity testing 

was carried out in order to achieve accurate model 

convergence. Convergence was seen at a mesh size of 

0.004 mm, with an estimated discretisation error of 

0.0002%. 

Using this strain-dependent diffusion model, sensitivity 

analyses were performed on the relationship between 

MN geometry (MN displacement, or MN length, and MN 

tip radius) and drug delivery efficiency. Each sensitivity 

analysis was performed with three diffusion models of 

increasing complexity. 

 

RESULTS 

It was observed that increasing MN displacements from 

0.7mm to 0.85mm resulted in a 74.31% increase in the 

peak amount of drug in the bloodstream (Figure 1(a)). 

After this point, the increased strain induced by an 

additional 0.05 mm displacement caused a 30.4% 

decrease in the peak amount of drug in the bloodstream. 

A similar sensitivity analysis was performed on the MN 

tip radius (Figure 1(b)). This analysis showed a 4.52% 

decrease in the peak amount of drug distributed in the 

skin when increasing from a tip radius of 0.018 mm to 

0.024 mm. This decrease was then followed by a 1.81% 

increase from a tip radius of 0.024 mm to a tip radius 

0.030 mm. It can therefore be seen that predictions made 

with the simplest model were significantly different to 

the more complex models. 

 
 

 

 

 

 

 

 

 

 

 

Figure 1 Diffusion model predictions on the effect of (a) MN 
displacement on peak amount of drug in the bloodstream , and 

(b) MN tip radius on peak amount of drug distributed in the skin. 

 

DISCUSSION 

The results of this project suggests that the enhancement 

of drug permeability with MNs is not simply a matter of 

increasing the contact surface area, as has been 

previously suggested [3], but achieving balance between 

surface area and the strain exerted on the tissue. The 

diffusion model presented in this project has the 

capability of providing further insights into the 

relationship between drug permeability and MN design. 

Upon experimental validation, this could help inform 

MN patch design and more accurate prediction of 

therapeutic delivery efficiency in drug and vaccine 

administration. 
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INTRODUCTION 

Analysing the composition and organisation of the 

fibrous capsule (FC) formed as a result of the Foreign 

Body Response (FBR) to medical devices, is imperative 

for medical device development and biocompatibility. 

Typically analysis is performed using histological 

techniques which often involve random sampling 

strategies. This method is excellent for acquiring 

representative values but can miss the unique spatial 

distribution of features in 3D especially when analysing 

devices used in large animal studies. To overcome this 

limitation, we demonstrate a non-destructive method for 

high-resolution imaging of the FC surrounding human-

sized explanted devices using diffusion tensor imaging 

(DTI). 

 

MATERIALS AND METHODS 

Two novel human-sized devices1,2 made from different 

materials and with different surface topographies were 

examined. Both were implanted in the anterior abdominal 

wall of a diabetic porcine model for 21 days. Devices and 

the surrounding tissue were explanted and fixed for 48 

hrs. DTI is used for 3D visualisation of the 

microstructural organisation and validated using the 

standard means of FC investigation; histological analysis 

and qualitative micro computed tomography and 

scanning electron microscopy (SEM) imaging. 

 

RESULTS & DISCUSSION 

DTI demonstrated the ability to distinguish 

microstructural differences in the FC surrounding two 

unique devices made from different materials and with 

different surface topographies. DTI-derived metrics 

yielded insight into the microstructural organisation of 

both capsules which was corroborated by microCT, SEM 

and histology (Figure1). DTI is a non-destructive high 

quality imaging modality that does not require specialist 

staining or tissue manipulations and can be used instead 

of, or in combination with, histological analysis. It 

accurately measures directional uniformity of 

collagenous FCs surrounding human-sized devices and 

could potentially remove the need for extensive sampling 

of the tissue thus saving time and resources. Insight 

gained from DTI derived metrics has the potential to 

inform decisions on devices transitioning from large 

scale pre-clinical work to early stage clinical trials. 
 

 
Figure 1 (a) Tractography for the multiscale porosity device 

and smooth device (b) High mag SEM images of rope-coil 
surface features integrated into the surrounding tissue and 

reduced integration surrounding the smooth device (c) Polarized 

Light Microscopy images of the FC (d) Fractal analysis of the 
FC using DTI (e) FC coherency measurement using PLM. 
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INTRODUCTION 

Breast cancer is one of the most commonly diagnosed 

types of cancer1 whereby fast and accurate diagnosis is 

paramount to providing effective treatment. However, 

current tissue biopsy approaches required for diagnosis 

are invasive and subject to user interpretation. Liquid 

biopsies have shown increasing promise as a minimally 

invasive alternative to tissue biopsy. The presence of 

blood-borne entities such as circulating tumour cells, 

circulating tumour DNA and extracellular vesicles (EVs) 

are all potential biomarkers. EVs are nanoscale lipid 

vesicles released by most cell types containing protein 

and nucleic acid species, that can transfer these 

biomolecules to recipient cells. EVs are one of the 

tumour cell-secreted factors that aid the formation of the 

pre-metastatic niche and direct metastatic organotropism. 

Automated Raman spectroscopy has the potential to 

remove user interpretation from biopsy analysis. Several 

initial studies have shown that the Raman spectra of EVs 

derived from cancer cell lines are markedly different 

from healthy controls. However, revealing the complete 

complexity of EVs and their fundamental role in cancer 

biology requires a high throughput automated technique, 

to unlock the full benefits of Raman spectroscopy for 

profiling and diagnosing cancer. 

MATERIALS AND METHODS 

This study investigates the potential of EVs as 

biomarkers of breast cancer by applying our previously 

developed high throughput Single Particle Automated 

Raman Trapping Analysis (SPARTA®) platform2. In 

order to maximise the scientific accuracy and clinical 

relevance of EV based cancer biomarkers, a number of 

key intrinsic and extrinsic experimental parameters are 

improved upon in this study. The extrinsic factors include 

the use of appropriate non-cancerous cell controls that 

confirm the ability of the system to differentiate 

cancerous EVs, the characterisation of single EVs using 

a confocal system that limits the spectral signal arising 

from contaminants, the acquisition of high measurement 

numbers (>100) per sample at high throughput that 

increases the reliability of the data, and the use of an EV 

isolation method that limits the co-precipitation of 

cellular proteins and debris. The intrinsic factors relate to 

the use of a laser trapping Raman spectroscopic system 

that can analyse label-free EVs in their native state. 

RESULTS 

We present a core redesign to the SPARTA® platform2, 

from a system integrated into a commercial Raman 

microspectroscope, to a dedicated custom-designed 

instrument optimised for compositional analysis of EVs. 

Efficient automated trapping of single EVs derived from 

non-cancerous breast cell types and breast cancer cell 

lines is demonstrated. A full panel of EVs derived from 

11 breast cell types were analysed, reflecting a variety of 

origins (non-cancerous / primary and metastatic 

carcinoma) and receptor statuses (human epidermal 

growth factor receptor 2 (HER2+) / oestrogen receptor 

(ER+) / triple negative). Over 14,000 individual EV 

spectra were acquired to capture compositional 

differences. Multivariate statistical analysis was 

performed to establish cancerous/non-cancerous 

classification with high specificity and sensitivity (>95% 

for both). Crucially, we demonstrate how hyperspectral 

deconvolution by minimisation of the information 

entropy can be used for demarcation of cancerous EVs at 

a biomolecular level, without imposing spectral priors, 

such as reference libraries, on the unmixing. 

 
Figure 1 Overview of approach used to characterize EVs. 

DISCUSSION 

Our findings bring EV-based diagnostics of cancer closer 

to the clinic by virtue of our dedicated SPARTA® 

system, which is capable of high-throughput analysis of 

single EVs in their native state. We demonstrated the key 

benefits of Raman based single particle analysis for EVs, 

both as a tool to study the fundamental biological 

intricacies of EVs through profiling changes in their 

composition, as well as for future diagnostic utility. 

Based on the positive findings of this study, we feel that 

our dedicated SPARTA® system warrants further 

validation using patient derived EVs prior to deploying 

the standalone system as a versatile diagnostic tool for 

minimally invasive cancer identification. The full article 

accompanying this abstract can be found at3. 
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INTRODUCTION 

Currently, wet gel electrodes are widely employed for 

recording ECG signals in clinical settings. Electrolytic 

gels and skin abrasion are often used to reduce the 

influence of the stratum corneum (SC) layer and improve 

skin-electrode contact to enhance the quality of signal 

while recording [1]. However, these procedures are 

inconvenient and the wet gel tends to dry out over time; 

as a result, gel electrodes cannot be utilized for long wear 

times. Microneedle-based ‘dry’ electrodes painlessly 

penetrate the high impedance SC layer and therefore 

could provide a stable skin-contact interface without the 

use of wet gels or skin abrasion. Hence, we sought to 

develop microneedle based dry electrodes with a flexible 

substrate for monitoring ECG signals with high quality. 

 

MATERIALS AND METHODS 

The fabrication process of 500m tall silicon 

microneedle array (MNA) master templates is described 

in [2]. PDMS was used to create a negative mould from 

the master template. Then, EpoTek 355ND, epoxy resin 

was mixed and spread onto the negative mould using a 

spatula to fill the needle tips. Degassing was performed 

in a vacuum chamber to remove the trapped bubbles from 

the mould. Excess epoxy was removed, while leaving a 

thin layer to act as a bond between the microneedles and 

TPU. A 130µm thick TPU sheet was cut into a matching 

pattern using a Cricut cutter machine, which act as a back 

mould. Then, the back mould were placed onto the 

epoxy-coated negative mould and cured in the oven for 

one hour at 800C. After cooling and removal from the 

mould, both the faces of TPU/epoxy microneedles were 

metalized with a layer of 20 nm thick titanium and 100 

nm thick platinum. The MNA were visualized using 

scanning electron microscopy (SEM) and flexibility was 

confirmed manually. Prototype electrodes were created 

by attaching metalized MNAs to the back of 3M Red Dot 

electrodes from which the electrolytic gel was detached. 

The prototype electrode was tested on a healthy subject. 

Signal-to-noise ratio (SNR) of these flexible dry 

electrodes was compared with that of a commercial wet 

electrode using a paired t-test. 

 

RESULTS AND DISCUSSIONS 

Figure 1 depicts solid MNAs with flexible substrate 

electrodes and ECG signals recorded using wet gel and 

TPU based flexible electrodes. MNAs are sharp enough 

to penetrate the SC layer of the skin, resulting in high 

SNR. It can be observed that the performance of the 

flexible electrodes is comparable (Fig 1F) to that of the 

wet gel electrodes, although no skin preparation or gel is 

required. 

 

 
Figure 1 A) MNA bonded onto TPU. B) Outward bending. C) 
Inward bending. D) SEM of MNA. E) Assembled electrodes. F) 

ECG signal recorded from proposed (red lines) and wet-gel (blue 

lines) electrodes.  
 

Further, the mean SNR measured over 20 beats of the dry 

electrode and wet gel electrode were 21.98 dB and 23.05 

dB, respectively, while SD were 2.02 dB and 2.09 dB, 

respectively. Even though the dry MNA electrode has an 

SNR close to that of the wet-gel electrode, paired t-test 

shows that mean values were distinguishable (p < 0.05). 

Further tests are ongoing to acquire statistically valid 

quantities of data. Electrical and mechanical 

characterization are also needed to confirm the 

robustness of the develop electrodes. 

The data highlights the potential of microneedle-based 

electrodes to acquire ECG signals comparable in quality 

to those of commercial wet electrodes, but without the 

use of skin abrasion or wet gel. 
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INTRODUCTION  

It is becoming increasingly apparent that joint damage 

commonly affects both articular cartilage and 

subchondral bone. In this regard, recent advances within 

the field of osteochondral tissue engineering (TE) have 

been directed towards development of hybrid implants; 

recapitulating both the chondral and osseous phases. 

Porous titanium scaffolds fabricated by additive 

manufacturing (AM) techniques such as Selective Laser 

Melting (SLM) offer many benefits which have been 

identified as advantageous over traditional biomaterials 

for bone reconstruction1 and osteochondral TE strategies 

consisting of metal and in vitro engineered cartilage2. 

The properties of the individual struts making up these 

lattices can be significantly different to the bulk material. 

Here, we characterize 1.) how these changes are related 

to strut size and 2.) the influence of process parameters 

on these changes. This knowledge will improve our 

understanding of how the properties of micro-lattices are 

influenced by the SLM process. 

 

MATERIALS AND METHODS 

SLM was used to fabricate micro dog-bone samples 

using a ‘contour-hatch’ (CH) and a ‘single-point’ (SP) 

laser scanning strategy. Guage diameters were chosen to 

span across a range regularly used in micro-lattices 

(⌀300, 500 and 700µm). Strut profiles were characterized 

using µCT. Surface roughness measured as per ISO4287 

using white light interferometry. Tensile tests were 

carried out in as per ASTME8. Duplicates were prepped 

for metallurgical analysis. A two-dimensional porosity 

analysis was conducted using optical microscopy and 

grain structure analysis using scanning electron 

microscopy (SEM).         

 

RESULTS 

Changes in mechanical properties were observed as a 

function of both strut size and laser scanning strategy. An 

increase in failure strain was observed as strut size was 

increased for both CH and SP scanning strategies. An 

increase in yield stress was observed with strut size for 

CH struts, whereas a decrease was observed for SP struts. 

No obvious effect of strut size on elasticity (as measured 

by Young’s modulus) could be observed for CH struts, 

whereas SP struts became stiffer as strut size was 

increased. Higher surface roughness was exhibited by SP 

struts as compared to CH struts. Through SEM, larger 

amounts of partially adhered powder granules could also 

be observed on the SP struts. For both strategies, the 

lowest roughness could be reported for the smallest 
strut. However, no clear difference could be observed 
between the larger two struts. Porosity was below 

0.005% across all struts, low enough to be considered 

negligible. Microstructural analysis revealed an α’ 

martensitic grain structure across all struts and α’-lath 

thickness is currently being investigated. 

 

DISCUSSION 

The capacity of AM implants to support osteointegration 

and bone healing is strongly dependent on their overall 

mechanical properties. For porous metal implants, this in 

turn will depend on the mechanical properties of the 

individual struts. Here we demonstrate a relationship 

between these properties and strut size. Furthermore, we 

show how this relationship is dependent on printing 

strategy. We are currently exploring the potential of such 

AM metal implants to function as the osseous base of 

scaled-up engineered osteochondral implants for joint 

resurfacing.   
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INTRODUCTION 

 The Foreign Body Response (FBR) is a major 

obstacle to implantable drug delivery devices1. The 

growth of a fibrous capsule around drug delivery devices 

can impair function and require the need for early 

replacement. If the device is occluded, the expected drug 

regime can no longer be maintained. 

 

 Here we developed a biosensor capable of assessing 

the growth of fibrotic capsule in real-time. Coupled with 

soft robotic actuations (Figure 1A), the measurements 

from the biosensor could be used to define a suitable 

actuation regime to overcome the diffusional barrier 

created by the capsule and maintain consistent drug 

delivery despite the FBR. The biosensor infers the 

hydraulic conductivity (HC) of the material present in the 

porous membrane (Figure 1A) using impedance, and data 

can be used to define a suitable actuation regime to 

maintain a constant drug release 

 

MATERIALS AND METHODS 

 Fibrosensing devices were built as described in 1, 

where the porous membranes were made of a conductive 

material, insulated on each side (1 cm in diameter, 100 

µm pores). Devices (n=22) were implanted 

subcutaneously in rats for up to 7 days and impedance 

was measured each day using an external potentiostat. 

Fibrotic capsule dimensions were measured via CT 

imaging following device explantation. The electrical 

resistance of the pores was extracted by fitting an ideal 

circuit via least-square logarithmic regression. Tissue 

properties were correlated to electrical resistance via 

Pearson. The impedance signal of Matrigel™ at 30, 40, 

50, 60% was correlated to concentration via Pearson. HC 

was calculated using Darcy’s law by forcing water 

through the porous membrane and 50% Matrigel or no 

gel at 2 psi and measuring the resulting flow rate. An 

equation based on pressure vessel theory and Darcy’s law 

was derived to describe the flow of fluid out of a similar 

device in which flow is induced by inflating a pressure 

chamber. Release profiles were calculated for trapezoidal 

pressure profiles, for various HC values. 

 

RESULTS 

 Impedance increased over time in vivo (Figure 1B) 

and correlated to the increase in thickness (Figure 1C) 

and volume of the fibrotic capsule (Pearson’s coefficient 

0.83, p<0.01 and 0.81, p<0.01, respectively). Preliminary 

in vitro experiments have shown that the HC of the 

porous membrane can be altered by Matrigel, a fibrotic 

capsule analogue (Figure 1D). and that Matrigel 

concentration correlated to impedance signal (0.95, 

p<0.05). Our analytical model showed that at a given 

actuation regime, a decrease in HC leads to a decrease in 

drug release (Figure 1E). 

 

 

 

Figure 1 A. Soft robotic reservoir schematic with biosensing 
membrane. B. Impedance and C. fibrotic capsule thickness 

during in vivo study. D. Change in release flow rate due to 

occlusion of the porous membrane by Matrigel™.  F. Analytical 
model: drug release at various HC. 

 

DISCUSSION 

 Incorporating an impedance sensor into a closed-

loop system, in which a suitable actuation regime is 

calculated to compensate for the decrease in HC due to 

the fibrotic capsule is poised to improve the function and 

longevity of implantable drug delivery devices. 
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INTRODUCTION 

Various traditional methods (i.e. topical creams, 

transdermal patches etc.) are used as drug delivery 

systems, resulting in pain and poor administration of 

nucleic acid and drug molecules [1]. A painless micro- 

sized device capable of delivering drugs easily and 

efficiently, with no side effects, would present an 

attractive solution [2]. Additive manufactured 

microneedle (MN) arrays have been considered as an 

optimal and cost-effective innovative platform. This 

research aims to develop 3D-printed 316L stainless steel 

MN array, with optimal mechanical/biological 

properties, for disease management and treatment. 

Initially, a computational modelling approach was 

developed to determine the optimal geometrical features 

of the MN arrays based on needle strength and buckling 

load. Experimental investigations were also conducted 

using a Design of Experiment (DoE) approach to validate 

the computational results and optimise the printing 

parameters. 

MATERIALS AND METHODS 

Given that all needles in the MN array are geometrically 

identical and equally spaced, a single needle was used in 

the finite element model (DS SolidWorks Corp., USA) 

software. A mesh convergence study found that a mesh 

size of 0.4 mm was suitable for this analysis resulting in 

8900-noded tetrahedral elements. Static structural 

analysis (ANSYS, Inc., USA) simulating a compression 

test was applied to a fixed MN array. Parametric 

computational studies, changing needle height (300, 500, 

1,000 μm) and aspect ratio (3:1, 4:1, 5:1), were used to 

determine the geometrical characteristics and mechanical 

behaviour. A DoE study (Design Expert 11, Stat-Ease, 

Inc., USA) was used to determine and optimise the 

influence of printing parameters on the geometric 

features (needle height, aspect ratio, and tip diameter) 

and mechanical properties of MN arrays. The MN arrays 

were printed using the Direct Metal Laser Melting 

(Concept Laser Mlab, GE Additive, Germany) process, 

varying the laser speed (500–700 mm/s), power (35–70 

W), and trace width (0.09–0.12 mm) followed by 

electropolishing [4]. The 3D printed MN arrays were 

characterised in terms of their morphology and geometry 

(SEM and Optical Microscopy). Static compression 

testing was conducted at a displacement rate of 5 

mm/min to a reduced MN height of 50% to determine the 

failure force of each MN array. 

RESULTS 

The computational study demonstrated an increase in the 

maximum sustained force (11.76 N for 1,000 μm) due to 

the increase of needle height in contrast to aspect ratio 

(32.62 N for 3:1), which was in line with the 

experimental mechanical testing (15.3 N). Differences in 

the maximum force recorded for the 

experimental/computational studies varied from 0.5- 

1.6% - thereby validating the computational model. SEM 

analysis showed reductions in the needle height (30%) 

and base diameter (20%) for the final MN following 

electropolishing when compared to the initial CAD file 

(Fig.1a). SEM analysis indicated the presence of un- 

melted particles, which decreased in number after 

electropolishing (Fig.1b). DoE analysis and optimisation 

indicated that a high laser power (65 W) and speed (650 

mm/s) could lead to optimal geometrical and mechanical 

properties without significant effect in the trace width (p- 

value: 0.139) (Fig.1c). 
 

 

Figure 1: SEM image of (a) MN height and (b) un-melted particles as a 

function of printing and polishing (c) influence of power, laser speed and 

trace width on MN height from DoE. 

DISCUSSION 

The computational and experimental studies recorded 

similar maximum force to failure values and 

demonstrated that MN height and aspect ratio had the 

greatest influence on mechanical performance. The 

present study concluded that MN arrays with a height of 

1,000 μm, aspect ratio of 4:1, and printed using a laser 

power of 65 W, speed of 650 mm/s and trace width 0.11 

mm could potentially lead to optimal MN dimensions and 

mechanical properties. Future work will focus on 

developing the required post-processing steps to fabricate 

MN arrays demonstrating the required geometric 

characteristics, mechanical performance, and biological 

properties to be an effective transdermal drug delivery 

system. 
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INTRODUCTION 
Ovarian cancer is the most lethal gynaecological cancer 

with a global 5 year survival rate of 30-50%1. This is due 

to late detection, resistance to platinum-based therapies 

and limited dose of therapeutic at the target site. 

Immunotherapies such as Natural Killer (NK) cell 

therapies have been highlighted as a potential candidate for 

cell based therapies due to their ‘off-the-shelf’ potential 

and their ability to overcome platinum resistance. The key 

to a successful immunotherapy is selecting a target which 

allows reliable discrimination between healthy and 

cancerous cells at the target site. We have identified a 

ligand in the Tumor necrosis factor (TNF)-related 

apoptosis-inducing ligand (TRAIL) family, death receptor 

5 (DR5), which has been shown to be expressed on 74% of 

tumours after treatment with platinum based 

chemotherapies2. Delivery of the immunotherapy to the 

target site is imperative to successful treatment. Advanced 

delivery strategy’s, such as intraperitoneal (IP) delivery of 

therapeutics for ovarian cancer therapies has been 

highlighted as a way to increase survival rates in ovarian 

cancer patients. On average patients receiving IP had 

extended survival compared with IV chemotherapy3. 

Overcoming issues such as catheter blockage issues, 

catheter placement issues, and inconvenience, of IP 

delivery of therapeutics for ovarian cancer is critical to the 

advancement of treatment for the 400 women each year 

diagnosed with this disease in Ireland4. This project aims 

to develop an advanced immunotherapy and an 

implantable device for localised and repeated delivery 

for treatment of ovarian cancer. 

MATERIALS AND METHODS 
All reagents were Bioledgend unless otherwise stated. A 

cytotoxicity study was carried out using a human ovarian 

cancer cell line OVCAR-3 (OC) cells and a human Natural 

Killer cell line KHYG-1 previously modified to be green 

fluorescent protein (GFP) expressing with the DR5 ligand. 

2x104 Tag IT Violet stained OC cells per well were seeded 

into a 96 well plate let adhere for 24 hours. OC cells were 

treated with DR5-KHYG-1 (NK) cells in the effector:target 

(E:T) ratios of 5:1 and 10:1 for 4 and 16 hours. Cells were 

trypsanised (Sigma), washed twice with cell staining buffer 

and re-suspended in Annexin V binding buffer. Cells were 

tagged with 7-Aminoactinomycin D (7AAD) and Annexin 

V shortly prior to undergoing flow cytometry to detect 

necrotic and apoptotic cells respectively. Cytek northern 

lights 3000 was used for Flow Cytometry. 

RESULTS 
These results show preliminary data from the co-culture 

cytotoxicity study carried out. Figure 1A shows the density 

plot with 7AAD on the y-axis and Annexin V on the x-axis 

of OC cells being exposed to NK cells for 16hours at an 

E:T ratio of 10:1. Each quadrant corresponds to different 

stages of the apoptotic cycle. A density plot (not shown) for 

E:T ratios 5:1 and 10:1 for 4 and 16 hours of exposure to 

NK cells was also generated. The percentage of OC cells in 

each quadrant represents the percentage in each apoptotic 

cycle phase, Figure 1B. For both NK cell ratios, OC cells 

showed the highest viability at 4 hours (>40%), which 

largely decreased at 16 hours (<20%). A complimentary 

trend was seen for OC cells in late apoptosis, where both 

NK cell ratios resulted in ~25% of the population in late 

apoptosis at 4 hours, and this largely increased to >40% at 

16 hours. In our preliminary results we found both E:T 

ratios and time points to a similar percentage of cells in 

early apoptosis and necrosis. 

 
Figure 1A: Density plot of OVCAR-3 cells being exposed to 

DR5 KHYG-1 cells for 16H at an E:T ratio of 10:1. B: The 

percentage of OVCAR 3 cells in apoptotic cycle phase for E:T 
ratios 5:1 and 10:1 at 4H and 16H exposure. 

DISCUSSION 
Through completing a preliminary co-culture experiment 

with OC cells and NK cells we can see that the NK cells 

produce a cytotoxic effect. This preliminary work has 

shown that the DR5-KHYG-1 cells are capable of 

inducing apoptosis in OVCAR-3 cells at the ratios 5:1 

and 10:1. Although DR5-NK cells are novel, our results 

are in agreement with Duiker et al., 20095 who found IP 

delivery of recombinant DR5 ligands reduced ovarian 

cancer by 63.5% alone or 93% without or with cisplatin. 

Future work includes expanding the E:T ratios 

investigated and looking at other ovarian cancer and non- 

cancer ovarian cells to examine the ability to reliably 

discriminate between healthy and cancerous cells. 
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INTRODUCTION 
Electrosurgery is characterised by the passage of 

radiofrequency electrical current from an active 

electrode, through the patient’s tissue, to a return 

electrode. The active electrode applies current to the 

tissue in a very small area causing resistive heating, also 

known as Joule heating. This results in elevation of 

temperatures at the cell level, which can lead to thermal 

damage and impair tissue healing. Temperature 

generation during electrosurgery depends on several 

factors, including electrode design, operating conditions 

(current density, waveform, and usage time), the tissue 

electrical and thermal conductivity properties, and can 

exceed 200°C [1, 2]. Efforts to reduce thermal spread in 

the surrounding tissue may have a positive influence on 

surgical accuracy and post-operative tissue healing. 

Insulating coatings are a promising area of development 

and offer the possibility of reduced thermal spread and 

anti-charring effects. However, how the cutting 

electrode, operating conditions and the tissue properties 

influence thermal damage in the surrounding tissue is not 

yet fully understood. The objectives of this study are to 

(1) perform electrosurgical cutting on biological tissue 

with standard and insulated electrodes, (2) quantitatively 

measure the thermal damage, and (3) build a 

computational model to further explore temperature 

evolution during electrosurgical cutting with these and 

other electrode designs. 

MATERIALS AND METHODS 
Fresh porcine longissimus muscle from the local abattoir 

was used in this study, similar to previous work [3]. 

Tissue samples were placed in thin-walled plastic bags 

and submerged in a water bath at 37°C. Cutting was 

performed using standard uncoated and glass insulated 

electrodes. The electrosurgical power settings used in this 

study were 35 W and 50 W in the “cut” mode using a 

System 5000™ (ConMed) generator. The cut treatment 

involved performing cuts at 5 mm/s at a depth of 5 mm. 

The depth and speed of cutting was controlled manually 

(by hand) by a member of the team trained in the use of 

electrosurgical devices. Histological assessment of 

thermal damage and tissue viability was performed with 

nitro blue tetrazolium (NBT) staining. Computational 

modelling of electrosurgical cutting was also used to 

compare the two electrode designs and further explore 

the evolution of temperature in tissue that leads to 

damage.   

RESULTS 
Average cutting speed measured in this study for 

uncoated was 4.60 ± 1.01 mm/s and 3.67 ± 0.59 mm/s for 

insulated electrodes. The midline damage depth of 

277.71 ± 83.97 µm and 295.17 ± 137.78 µm was 

measured for uncoated at 35 W and 50 W respectively. 

The insulated electrodes at 35 W had a midline depth of 

95.03 ± 31.78 µm (p=0.0022). The uncoated produced 

larger lateral thermal damage:  855.11 ± 227.62 µm at the 

35 W power setting, and 1037.04 ± 350.18 µm at the 50 

W power setting. Lateral thermal damage generated by 

the insulated electrode was 118.38 ± 21.60 µm 

(p=0.0022) for 35 W and 355.16 ± 178.88 µm for 50 W 

(p=0.0043). 

DISCUSSION 
Insulated electrodes produced less thermal damage than 

the uncoated, which was also demonstrated in a previous 

study that used robotic cutting [3]. This analysis provides 

unique information regarding the performance of 

electrosurgical devices and demonstrates the 

effectiveness of an insulated electrode designs for 

thermal damage reduction. This information can inform 

device design, in particular for areas of the human body 

where the reduction of thermal damage is of utmost 

importance. 
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TISSUE THERMAL DAMAGE IS REDUCED WHEN USING INSULATED ELECTRODES IN CCOMPARISON TO 

STANDARD ELECTRODES DURING ELECTROSURGERY: AN EX-VIVO AND COMPUTATIONAL 

NVESTIGATION 

Figure 1:(A) Schematic of experiment and NBT staining analysis 

with stained control sample, (B) NBT stained cut-site from 35 W 

uncoated and insulated samples (1 mm scale bar), (C) thermal damage 

at the cut-sites for each electrode and power setting (n=6), (D) Contour 

plots of temperature spread at electrode and into surrounding tissue. 
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INTRODUCTION 
Cardiovascular diseases are the leading cause of death 

globally and account for over 30% of deaths each year.1 

Bioresorbable polymer stents (BRS) were developed to 

mitigate disadvantages associated with the long-term 

presence of permanent metallic stents by providing 

support during healing and then degrading, restoring the 

vessel to its natural state. However, existing 

bioresorbable stents (BRS) have several limitations 

precluding clinical translation, including sub-optimal 

mechanical properties, degradation profile, and 

compatibility with sterilization.2,3 Understanding the 

influence of sterilization on poly (l-lactic acid) (PLLA) 

used for BRS is a critical prerequisite to determining 

device performance and is often neglected in existing 

studies. By characterising this effect, sterilization 

techniques such as electron beam (e-beam) also have the 

potential to be leveraged on PLLA as a processing 

technique to induce targeted degradation or crosslinking 

and create improvements needed for a successful next-

generation of BRS. This research aims to quantify the 

influence of sterilization on medical grade PLLA and 

identify opportunities for material performance 

enhancements using sterilization technologies.  

MATERIALS AND METHODS 
Three sterilization methods were selected to perform an 

initial study: electron beam (e-beam), ethylene oxide 

(EtO), and vaporized hydrogen peroxide (VHP). 

Sterilization was carried out on specimens produced from 

sheets of compression moulded PLLA (Purasorb PL38, 

Corbion). Samples were processed with one of the three 

sterilization methods over a range of doses including 

those used during sterilization. The e-beam data 

generated from this study was then used as a baseline to 

carry out an e-beam induced crosslinking study.  The 

same PLLA was blended with crosslinking agent triallyl 

isocyanurate (TAIC) at multiple weight percents using 

twin screw extrusion. PLLA/TAIC blends were 

compression moulded and then biaxially stretched. 

Samples were then treated with a range of e-beam doses. 

For all studies, samples were characterized using a 

variety of techniques including GPC for molecular 

weight, tensile testing and DMA for mechanical 

properties, and DSC for thermal properties and relative 

crystallinity.  

RESULTS AND DISCUSSION 
Results from the sterilization study were able to confirm 

the dose-dependent influence of e-beam on material 

properties. There is an inverse relationship between e-

beam dose and the resulting tensile strength and 

molecular weight of the material, while thermal 

properties and Young’s modulus were not affected. The 

dominant response of bioresorbable polymers when 

exposed to e-beam is chain scission and this was evident 

from the reduction in molecular weight (Mw) ranging 

from -24% at the lowest 5 kGy dose to -78% at the 60 

kGy extreme. This decrease in Mw corresponded to 

reductions in ultimate tensile strength of 25% and 54%, 

respectively. Samples treated with VHP did not 

experience significant changes in most of the properties 

studied over the full range of doses. VHP caused no more 

than a 5% decrease in Mw, a 5% decrease in ultimate 

tensile strength, and a 2°C decrease in glass transition 

temperature. This is of particular interest as there is 

currently a push in industry to decrease reliance on EtO 

and broaden available sterilization modalities, and the 

stability observed in samples treated across the range of 

VHP doses indicate that it could be a viable alternative 

sterilization modality.  Preliminary analysis of data from 

crosslinked material shows no dose dependent trends in 

both Young’s modulus and tensile strength across all 

doses and weight percents of TAIC. DSC results show 

that addition of TAIC decreases glass transition 

temperature and that melt temperature decreases with 

increasing e-beam dose. E-beam caused an initial 

increase in crystallinity up to doses of 50 kGy and the 

magnitude of this effect decreased with increasing TAIC 

content. Glass transition temperature values calculated 

from the peak of the DMA loss modulus curve also 

decrease with the addition of TAIC. Storage and loss 

modulus curves support the lack of dose dependent trends 

seen with tensile testing. Future work will be carried out 

on the PLLA/TAIC material to further understand and 

optimise the crosslinking process. FTIR and Raman 

spectroscopy will be used to identify spectra peaks 

characteristic of crosslinking. Solid state H-NMR will be 

used to quantify crosslink density using proton spin 

relaxation time, a polymer swelling experiment will be 

run in conjunction with DLS, and AFM will be used to 

examine through-thickness effects of the e-beam. 
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INTRODUCTION 

The global prevalence of peripheral arterial disease 

(PAD) was 113 million in 2019, with 74,100 associated 

deaths1. Vascular chronic total occlusions (CTOs) occur 

in approximately 40% of people with symptomatic lower 

limb PAD and are indicative of critical limb ischaemia, 

the most severe form of lower limb PAD1,2. Currently, 

few medical devices can effectively treat CTOs long-

term, meaning amputation of the lower limb is often 

necessary. This is due to a lack of knowledge of the 

complex, multi-material anatomy of CTOs, which makes 

device design and testing difficult. Here, we aimed to 

further characterise CTO anatomy and develop realistic 

3D-printed models of CTO components which can be 

used for creating biomimetics for device testing. 

 

MATERIALS AND METHODS 

We used a high-resolution, non-destructive 

microcomputed tomography (µCT) technique to 

visualise occlusion anatomy3. Four arteries (n = 2 

superficial femoral; n = 2 popliteal) with evidence of 

atheromatous plaques were stained with iodine and 

scanned at low resolution (slice thickness: 34 µm), with 

calcified regions rescanned at high resolution (slice 

thickness: 11 µm). Resulting files were manually 

segmented in Mimics (Materialise) to generate 3D 

models. Models were then 3D printed in resin using a 

Formlabs stereolithography (SLA) printer. Two 2 mm 

axial computed tomography angiography (CTA) scans 

from critical limb ischaemia patients were also 

segmented, with models of calcium deposits from these 

scans 3D printed in LithaLox HP 500, an aluminium 

oxide ceramic material, which more closely resembles 

the properties of bone. The study protocol was approved 

by the Galway Clinical Research Ethics Committee and 

the NUI Galway Research Ethics Committee. Cadaveric 

material was bequeathed to NUI Galway School of 

Medicine for further advancement of medical knowledge 

(Medical Practitioners Act 2007) (Fig. 1). 

 

RESULTS 

In total, three µCT files (n = 2 high resolution, n = 1 low 

resolution) were segmented to produce 3D models. 

Models from a low- and high-resolution popliteal artery 

scan were successfully 3D-printed in resin at several 

scales. The models produced included the whole arterial 

wall and its individual layers (adventitia, media, intima), 

calcified plaques and fatty deposits. Arterial lumen and 

calcium deposit models from two patient CTA scans 

were 3D-printed to scale in resin, with the calcium 

deposits also successfully printed in the ceramic material. 
 

 

 

Figure 1 Overview of the process for creation of 3D printed 

vascular occlusion biomimetic analogues.  

 

DISCUSSION 

The workflow created for segmentation and 3D printing 

uses materials and equipment accessible to most research 

laboratories. The µCT technique provides excellent detail 

on the multi-material anatomy of CTOs and is a vast 

improvement on the resolution provided by patient CTA 

scans. The ability to print relatively detailed 3D models 

from low-resolution µCT scans on a desktop SLA printer 

demonstrates the accessibility of the workflow. Printing 

calcium deposit models in ceramic alumina is an exciting 

development – the mechanical properties of this material 

can be tested and compared to those of calcified CTOs. 

A limitation of this study is that the cadaveric samples 

were atheromatous plaques, rather than true CTOs. This 

framework allows for the creation of realistic, high-

resolution, patient-specific CTO biomimetic analogues, 

suitable for device testing and innovation. 
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INTRODUCTION 
The limitations associated with traditional bone repair methods 
have led to the development of synthetic bone grafts using a tissue-
engineered approach [1]. Nanomaterials and nano-coatings present 
a new strategy to functionalise and tailor bone substitute materials. 
Nanoscale coatings fabricated using layer-by-layer (LbL) assembly 
offer an exciting opportunity for tailoring surface and bulk property 
modification of bone tissue-engineered scaffolds for specific 
applications. LbL assembly is mainly based on electrostatic 
attraction and involves the sequential adsorption of oppositely 
charged electrolyte complexes onto a substrate resulting in the 
deposition of uniform single layers that can be rapidly deposited to 
form multilayer films [2]. The resulting nanocomposite-coated 
porous scaffolds can be fabricated with tailored mechanical 
properties, and have the potential for added biofunctionality, 
including controlled release of therapeutic agents, biodegradability, 
improved biocompatibility and promotion of cell and protein 
attachment for bone defects repair [3-4]. 
 
MATERIALS AND METHODS 
A customised deposition chamber with controlled flow has been 
designed and manufactured. A multilayered coating composed of 
positively charged poly-l-lysine (PLL), negatively charged 
polyglutamic acid (PGA), positively charged 
polydiallydimethylammonium (PDDA) and negatively charged 
montmorillonite nanoclay (MTM) were deposited onto 3D porous 
polyurethane scaffolds using the custom-built apparatus via LbL 
assembly. In the first objective, a Design of Experiment (DoE) 
approach will be used to investigate optimisation across three 
studies including materials system factors, assembly parameters 
and crosslinking conditions for nanocomposite coatings onto open-
cell 30 pore per inch polyurethane (PU) foam templates. At the end, 
fabrication of the LbL assembly coated porous scaffold materials 
with mechanical stability under ambient/hydrated conditions will 
be reached. 
In the first DoE, the optimisation of the materials system conditions 
(concentrations and pH) has been studied after depositing 30 
multilayers and physical and mechanical properties have been 
characterised. The compressive elastic modulus, collapse stress, 
porosity percentage, coating thickness and mass (n=3) was 
measured under mechanical cycling loading during the LbL 
processes and compared with conventional LbL techniques using 
the immersion and dip-coating methods. 
 
RESULTS 
The physical and mechanical properties of uncoated open-cell PU 
porous scaffolds (n=3) after deposition of 30 

PLL/PGA/PDDA/MTM nanoclay multilayers were characterised. 
The compressive elastic modulus increased by 180%, collapse 
stress 160%, strut thickness 200%, mass 140% and porosity 
percentage decreased by 2.2% from 97.4% porosity to 95.2%. 
Applying cyclic mechanical loading during the LbL assembly 
increased the rate of in-and out diffusion of polyelectrolytes and 
increased the coating thickness. Also, the SEM analysis showed a 
more uniform application of coating layers onto the scaffold 
substrate when compared to conventional LbL techniques.  
 
 

 
Figure 1. (a): SEM image of uncoated PU scaffold, (b) and (c): 30 quad-
layers of LbL coating by customized deposition chamber, (d): 30 QLs of 
LbL coated with immersion method, (e): strain-stress graph of uncoated 
scaffold, (f): LbL nanocomposite coated with customised deposition 
chamber, and (g): LbL coated with immersion/dip coating. 
 
DISCUSSION AND FURTHER WORK 
These preliminary results suggest that the LbL nanocomposite 
coatings of PLL/PGA/PDDA/MTM nanoclay confer substantial 
improvements in compressive elastic modulus when using 
mechanical loading. It can be clearly seen that the effect of 
compression and perfusion at the same time by using a customised 
deposition chamber for LbL assembly nanocomposite coating plays 
a pivotal role to improve the physical and mechanical properties in 
comparison with conventional approaches. Next DoE will focus on 
the optimisation of LbL assembly conditions and crosslinking study 
to stabilise the mechanical properties under the hydrated conditions 
in order to replicate the stiffness of cancellous bone that is suitable 
for MSCs differentiation into osteoblasts. 
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INTRODUCTION 
Magnesium and its alloys are widely discussed 
biodegradable alternatives to permanent metallic 
orthopaedic implants made from Titanium or Stainless 
Steel. They have similar mechanical properties to native 
bone, with the additional benefit of being osteoinductive, 
and they are biodegradable, which makes removal 
surgeries redundant [1]. However, they tend to undergo 
localised corrosion while implanted in the body which 
causes challenges in predicting the mechanical stability 
of an implant during fracture healing and degradation [2]. 
Several studies reported a disproportional relationship 
between identified mass loss and remaining specimen 
strength for several Mg alloys for in-vitro and in-vivo 
data [2,3,4]. However, there is a lack of understanding 
the relationship between the spatial phenomenology of 
the surface corrosion and the mechanical integrity of 
implants.  Therefore, the objective of this study is to 
establish an understanding of the influence of the severity 
of localised corrosion on the mechanical integrity of 
cylindrical magnesium alloy specimens. 
 
 

MATERIALS AND METHODS 
Experimental in-vitro immersion tests over 4 weeks with 
weekly time points (n=3 per week, in c-SBF) were 
performed on tensile dog bone specimens manufactured 
from WE43MEO alloy rods (Meotec GmbH, Aachen, 
Germany). Subsequently, µCT-scans of all samples were 
conducted for a full spatial 3D reconstruction of the 
gauge section. With the cross-sectional images several 
geometrical corrosion features (pitting factor, average pit 
depth, maximal cross sectional area loss, etc) were 
calculated by PitScan (python-based automated image 
recognition) [4]. Then, uniaxial tensile testing was 
conducted.  
Data for different types of corrosion formation is limited 
and therefore a numerical approach was used to extend 
this data, by means of an adapted phenomenological 
degradation model [2]. With this model, eight different 
corrosion profiles, from uniform- to severe pitting 
corrosion were established (see Figure 1). The final FE 
models with different predefined mass losses (5 ,10, 20, 
30, 40, 50 %) and same dimensions as the experimental 
samples, were simulated under uniaxial tensile test 
condition to compare them to the experimental data set. 
Again, phenomenological features were calculated, with 
cross-sectional images by PitScan [4]. Relations were 
established between the mechanical integrity and key 
phenomenological corrosion features. 
 
 

RESULTS 
Figure 1 shows examples of three different corrosion  

profiles (from uniform to pitting corrosion) at 50 % mass 
loss. With the implemented adaptations of the numerical 
degradation code, it is possible to control not only the 
occurrence of pitting corrosion, it is also possible to 
control the general pit depth and area. 
Data evaluation shows that the max. cross-sectional area 
loss is independent of the manner of corrosion in 
predicting the maximum specimen strength (σmax) and a 
linear trend is visible. Features like the av. radius loss also 
depend on the profiles. Strain at σmax on the other hand 
strongly depends on the manner of corrosion. Further, a 
set of input parameters can be identified fitting the 
experimental one.  

 
Figure 1 Surface profiles of gauge section of three different 
degradation models at 50 % mass loss.  
 
 

DISCUSSION 
With the Finite Element degradation code, it is possible 
to control the manner of the corrosion in terms of 
localised corrosion formation. Correlations were drawn 
to identify the influence of geometrical features to the 
mechanical response. Furthermore, it is possible to 
identify a set of input parameters of the degradation code 
to achieve similar phenomenological features as well as 
the mechanical integrity of in-vitro tested samples. 
However, further experimental data is necessary to 
establish a well calibrated degradation model.  
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INTRODUCTION 
Bioresorbable stents (BRS) offer a thrilling alternative to 
permanent metal stents that can support injured arteries and 
fully resorb after 2-3 years1, leaving “nothing behind” and 
avoiding late-stage complications2. A poly(L-lactide) (PLLA) 
nanocomposite could respond to current unmet needs in 
(PLLA)-based BRS3: increasing strength to enable thinner 
devices, reducing microstructural heterogeneities, and 
improving radiopacity. However, the capacity to reach these 
objectives is highly dependent on the ability of nanoparticles 
to both disperse and interact with the surrounding 
microstructure. Monitoring these phenomena is currently 
challenging, particularly in the context of industrially relevant 
processing techniques. In this study, the effect of tungsten 
disulphide nanotubes (WS2NTs) on PLLA microstructure was 
investigated after tube extrusion and during tube expansion - 
two of the main steps of a BRS industrial manufacturing 
process. This work improves understanding of the interaction 
between WS2NTs and PLLA and its impact on microstructure 
and mechanical properties. 
 
MATERIALS AND METHODS 
Medical grade PLLA tubes reinforced with 0.5 and 3 wt% of 
WS2NTs were extruded following different processes to 
improve nanotube dispersion. High resolution computed 
tomography (μ-CT) and scanning electron microscopy (SEM) 
were used to perform multiscale dispersion analysis. Thermal 
and morphological properties were determined using 
differential scanning calorimetry (DSC). Extruded preforms 
were expanded with 2 types of equipment. First, radial 
expansions were performed with a custom rig to allow in situ 
collection of small- and wide-angle X-ray scatterings 
(SAXS/WAXS) at a synchrotron facility (Argonne National 
Laboratory) and observe the real-time evolution of 
microstructure during the forming process. Second, biaxial 
expansions with an industrial expander, created tubes with 
varying axial and radial strains (characterised ex situ via 
WAXS). Mechanical properties were measured via tensile 
testing in axial and radial directions.  
 
RESULTS AND DISCUSSION 
While individual, locally well-dispersed nanotubes were 
observed on SEM images, the radiodensity of the tungsten 
element allowed the quantification of agglomerates in larger 
representative volumes using μ-CT (Fig. 1a). This 
complementary information led to the identification of 
0.5wt% and high-shear extrusion as being the conditions to 
optimise the nanotubes’ dispersion (lowest proportion of 
agglomerates). DSC data revealed a strong nucleation effect 
from the nanotubes and an amorphous state of the tube after 
extrusion. The in situ expansion of the tubes revealed the 
interaction between the nanotubes and the PLLA 
microstructure during forming (Fig. 1b) 4. Before expansion 
(t=0s), a strong orientation of the NTs was observed in the 
extrusion direction. Upon expansion, despite the high hoop 

strain, WS2NTs remained aligned in the extrusion direction, 
which may indicate poor mechanical interaction with the 
surrounding polymer matrix. For both in and ex situ expansion 
experiments, the nucleation ability of the nanotubes did 
facilitate crystallization at lower expansion temperature and 
strain. However, WS2NTs did not affect the orientation of 
PLLA crystals, which formed with an orientation factor that 
steadily increased with stretch ratio in each direction. 
Compared to neat PLLA, mechanical improvements (30% and 
20% increase of young’s modulus and tensile strength) were 
observed for low strain tubes due to the higher crystallinity 
induced by the nanotubes but direct reinforcement from the 
WS2NTs was not identified for biaxially strained tubes when 
comparable crystallinity was observed.  

Figure 1 (a) μ-CT inclusion analysis with % of agglomerated NTs 
under various processing conditions (b) Camera images and WAXS 
2D patterns of a PLLA/WS2NT (0.5 wt%) tube at different stages of 
the expansion process with appearance of oriented PLLA peaks. 

This lack of reinforcement, despite the remarkable dispersion 
and nucleation capacity of WS2NTs, is counterintuitive and, 
when combined with the lack of re-orientation observed in the 
real-time in situ crystallography, suggests a lack of bonding 
with the matrix. These results emphasise the role that cutting-
edge, multiscale characterisation techniques must play in 
planning new nanocomposite strategies. 
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INTRODUCTION 
Bioresorbable stents have the potential to restore patency 
to blood vessels while minimising the risk of long-term 
complications [1]. After restoring flow to a blocked 
artery, bioresorbable stents can dissolve, leaving behind 
a blood vessel with restored vascular tone. This can 
provide benefits of increase lumen gain, long-term 
vascular rehabilitation, and long-term healing. Additive 
manufacturing (AM) could offer new design freedom and 
patient-specific solutions, however AM fabrication of 
bioresorbable stents, especially for specific patients, is 
challenging [2]. In recent times, AM-based Fused 
Filament Fabrication (FFF) has gained popularity for 
printing stents by employing a rotating mandrel as a 
printing bed. To fabricate stents, a home-made screw FFF 
device was designed by Wang et al. [3], as well as a 
fourth rotation axis (the mandrel). A stent with a ZPR 
structure was created, and the most influence parameters 
were mandrel movement velocity and extruder rotation 
speed. Another attempt using FFF printing was made to 
print PCL stent on mandrel to print small strut size [4]. 
The printing nozzle of 0.2 µm was used speed of 100 
mm/min and extruding temperature of 70℃. The resulted 
stents shown the fabrication of minimum 250 µm strut 
thickness. However, using standard slicing methodology 
is challenging when generating extrusion profiles with 
strut dimensions at this size scale. In the present study, a 
new method, by eliminating the requirement for a CAD 
model and slicing, based on direct extrusion path 
generation from parametric curves, has been proposed for 
the FFF printing of bioresorbable stents on rotating 
mandrels. A Grasshopper (plugin in Rhinoceros)-based 
visual programming method was adopted for the 
generation of the required shapes of curves for the stent. 
The extrusion profile (gCode) was generated by 
Grasshopper for 3D printing on an FFF multi-axis 
machine of Poly L-lactide acid (PLLA) material.  
 
MATERIALS AND METHODS 
PLLA biodegradable material filament of 1.75 mm 
diameter was purchased from 3D4makers (Netherlands). 
The material was utilized for printing on multi-axis 
additive and subtractive machine (Diabase H-series, 
USA). The printing was performed with 0.15 mm nozzle 
on a rotating mandrel. A generic zig-zag stent geometry 
was chosen for printing in this proof-of-concept study. 
The extruder printing and path planning g-code was 
developed from grasshopper plugin. This plugin gives the 
freedom to design parametric curves and surfaces. The 
length of the stent was kept as per the circumference of 
the stent with diameter 5 mm for optimisation studies. 
However, the length was extended slightly during 
printing to overlap the end joints of the stent for better 
bonding. A single layer of 150 µm was printed with 
different parameters settings such as extrusion 

temperature (195, 207 and 220 ℃), nozzle moving speed 
(100, 300 and 500 mm/min) and extrusion value (30E-6, 
45E-6, and 60E-6). Taguchi L9 design was chosen for 
designing the set of experiments with a set of 9 
experiments. To assess repeatability, experiments were 
replicated three times. Sturt size and flexural properties 
of the samples were studied. Microscopic examination of 
stent geometry was performed and a Llyod tester with 5N 
load cell was chosen for three point bending test to 
measure the flexural strength up to 5 mm of the stent 
extension.  

 
Figure 1: PLLA 3D printed Stent. 
 
RESULTS AND DISCUSSION 
3D printed PLLA stents on the rotating mandrel is shown 
in Figure 1. The printing strategy using grasshopper gave 
tessellation-error-free geometry with nearly uniform 
width of the stents. The direct printing from curves gave 
advantage over missing facet issues in CAD models, 
avoiding common printing issues that arise on cylindrical 
substrates. The stent width and flexural strength shared 
similar trends with change in input parameters. As the 
extrusion temperature and extrusion value increased, the 
width and flexural strength increased with minimum 
value of 226 µm and maximum of 537 µm. However, the 
trend for the nozzle speed values was opposite. The strut 
width decreased with increasing the nozzle speed. 
Correspondingly, flexural strength also decreased. The 
extrusion temperature with nozzle speed were the 
dominating parameters effect the geometry and strength. 
Moreover, further optimization is required to maximise 
strength and minimise strut width. The proposed 
methodology has shown promise in printing complex 
stent shapes without the requirement of a CAD model 
and slicing. 
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INTRODUCTION 
Coronary heart disease (CHD), caused by narrowing of 
the coronary arteries due to plaque build-up is the leading 
cause of death worldwide [1]. Polymeric bioresorbable 
vascular scaffolds (BVS) present a promising alternative 
to current metallic stents which leave treated vessels 
permanently caged. However, due to their reduced 
mechanical properties they require thicker struts which 
causes problems including poor deliverability, injury to 
the vessels and deposition of platelets which can cause 
thrombus formation [2].  
 
The key to solving this problem may lie in understanding 
and tailoring the processing steps of BVS manufacturing. 
Crimping, the process by which the as-cut scaffold is 
radially compressed onto a balloon catheter, is the focus 
of this work. Significant deformation occurs during 
crimping and while it is known that changes in 
morphology and molecular orientation occur, conflicting 
conclusions are drawn with these changes having been 
attributed to both the lasting strength of BVS, and the 
increased localised degradation and premature failure of 
BVS [3,4]. An idealised crimping test rig has been 
developed to look at the crimping process in more detail 
and develop a greater understanding of what exactly 
occurs during this critical process. 
 
MATERIALS AND METHODS 
Crimping was idealised by focusing on an individual 
BVS U-bend. Initially PLLA, PURASORB PL38 
(Corbion, Netherlands) was extruded into 1 mm thick 
sheet. Individual sheets were cut and biaxially stretched, 
based on a design of experiments (DOE) programme, 
emulating the tube expansion process in BVS production. 
Tensile tests were carried out to determine mechanical 
properties of the stretched sheets and U-bend specimens 
were laser cut.  
 
A custom-built test rig, pictured in Figure 1, will be used 
to perform crimping tests on the U-bend specimens. This 
rig can accurately replicate the sub-mm U-bend 
deformation experienced during crimping by 
compressing U-bend specimens between one moving 
grip, with displacement controlled by a motorised linear 
microscope stage (Zaber Technologies, Canada), and a 
stationary grip connected to the load cell. From finite 
element (FE) modelling, sub-Newton loads are expected 
during crimping, therefore a low-capacity load cell has 
been included 
The elevated temperature experienced by the BVS during 
crimping will be replicated using a custom-built heating 
chamber which is insulated and heated by a PID 

controlled cartridge element. A chamber viewport has 
been added to allow for imaging of the deformation 
during crimping providing a novel opportunity not 
currently possible with standard crimping methods. 

 
Figure 1 Idealised crimping test rig with call out diagram 
showing U-bend compression and FE modelling contour plots 
of a U-bend Specimen in a crimped and expanded state. 
 
RESULTS AND DISCUSSION 
Initial results of the crimping trials are comparable with 
FE results on Abaqus, albeit with some variation due to 
factors, such as trial specimen quality, grip slippage and 
zero error, which will be resolved. A DOE testing 
programme is investigating the impact of crimping 
conditions, speed and temperature, and the relationship 
with prior expansion conditions. Beyond the load 
displacement data, this set-up will allow for imaging 
techniques, such as microscopic DIC, to gain a better 
understanding of the strain and deformation that evolves 
during crimping. Beyond crimping the rig will also be 
capable of replicating the deployment of BVS by 
reversing the direction of deformation. The results gained 
from this work will aid with FE modelling of future 
designs, testing of material constitutive models, 
validating FE models, such as those in Figure 1, and 
optimising the processing of future BVS. 
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INTRODUCTION 
Due to the complex pathophysiology of spinal cord injury (SCI) 
and the poor intrinsic healing potential of the damaged cord, 
effective treatments for functional  repair are lacking. Electrical 
stimulation can enhance neural regeneration and there is increasing 
focus on the use of conductive biomaterials to deliver this novel 
therapeutic approach [1]. However, these materials exhibit poor 
processability - making the manufacture of conductive scaffolds 
with the complex geometries necessary for SCI repair a challenging 
proposition. To resolve this issue, it was hypothesized that an 
indirect printing technique using sacrificial moulds modelled on 
high resolution MRIs of spinal cords[2] could be used to produce 
anatomically correct architectures, while addition of a neurotrophic 
biomaterial would enhance axonal growth through the scaffold. As 
part of a 2-step process, a conductive PEDOT:PSS architecture 
mimicking the anatomy of cord axonal tracts was produced and 
then filled with a neurotrophic hyaluronic acid material (HyA)[3]. 
The resulting biphasic scaffold exhibits a complex conductive 
architecture alongside a neurotrophic material for enhancing axonal 
regeneration.  
 
MATERIALS AND METHODS 
PEDOT:PSS and HyA-filler materials were used to coat glass 
coverslips (n=4) and the resulting films were used as a substrate for 
the culture of SH-SY5Y neuronal cells. Following 3 and 7 days of 
culture, respectively, cellular proliferation & morphology were 
analysed using a picogreen assay and immunohistochemistry 
A high resolution MRI data set of the human spinal cord was used 
to produce anatomically correct models of the human spinal cord  
(Fig.1 (A)) [3]. Meshmixer (Auto-desk) was used to produce a 3D 
model of the cervical spinal cord (C3) with manual tracing of 
axonal tracts throughout (Fig 1. (A)). An Ultimaker-2 (Ultimaker, 
NL) was used to 3D-print sacrificial PVA moulds of the axonal 
tract model.  
The PVA moulds were filled with a PEDOT:PSS solution , freeze-
dried and the PVA mould dissolved in diH20. The polymer frame 
scaffolds were then dried & heat treated in a vacuum oven. 
Hydrazide-modified hyaluronic acid gels were prepared through 
crosslinkage of 3mg/ml hyaluronic acid solution using adipic acid 
hydrazide and EDC as previously described [3] and the 
PEDOT:PSS frames were filled with the HyA-filler material. A 
directional freeze drying protocol was then used to produce 
macroporous scaffolds with aligned pores (3). The conductivity of 
the PEDOT architectures was analysed using a sourcemeter 
(Keithley) and the pore structure was analysed using SEM 
microscopy. 
 
RESULTS  
A comparison of the growth-promoting properties of the HyA-filler 
with PEDOT:PSS indicated that cellular proliferation significantly 

increased on the HyA substrates (Fig 1. (B)) & that neurons 
exhibited excellent biocompatibility (C). The conductivity of the 
frame material was indicated to be ~0.26 ±0.7 S/m. Following 
fabrication of biphasic scaffolds, SEM analysis indicated the 
successful production of an aligned pore structure (D) throughout 
the HyA-filled axon tracts. 
 

 
Figure 1. Manufacture of Biphasic PEDOT:PSS/HyA scaffolds for SCI-
repair. (A) 3D modelling and the 2-step manufacturing process (B) 
Neuronal cell proliferation is significantly higher on HyA Filler. (C) F-actin 
labelling of SH-SY5Y neurons on HyA-filler material exhibit dense neurite 
networks (scale bar = 50 μm). (D) SEM of pore structure (*=HyA, 
Arrow=PEDOT:PSS, scale bar=200μm) 
 
DISCUSSION 
The use of indirect printing allowed the production of conductive 
polymer scaffolds with complex anatomically relevant geometries. 
However, the conductance of the biphasic scaffold structure is 
limited by the surface area of the conductive architecture. The 
biphasic nature of the scaffold combines the conductivity of 
PEDOT:PSS with the neurotrophic properties of the HyA-filler and 
overcomes a significant challenge for the application of conductive 
materials for spinal cord injury.  
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INTRODUCTION 
Over 60% of islets transplanted in macrodevices are lost 
immediately post transplantation due to hypoxia from 
inadequate early vascularisation1. Prevascularisation of 
the implant site by spatiotemporally delivering vascular 
endothelial growth factor (VEGF) is a potential solution2, 

3, but VEGF has a half-life of only 50 mins at body 
temperature4. Our approach is to stabilise VEGF by 
electrostatically interacting it with a 
carboxymethylcellulose-sodium alginate (CMC-SA) 
based hydrogel to extend its half-life in vivo. The CMC-
SA based hydrogel with or without VEGF was injected 
into a soft robotic drug delivery (SRDD) system that was 
implanted in a subcutaneous preclinical rodent model. 
The SRDD system was actuated daily to release a 
predetermined amount of VEGF at the implant site. We 
are now determining the effect of controlled delivery of 
VEGF on angiogenesis at the implant site.  
 
MATERIALS AND METHODS 
In vitro release studies were performed using a VEGF 
analogue of the same charge and molecular weight to 
optimise an actuation regime for controlled release of the 
VEGF from the SRDD system. Preclinical protocols 
were carried out in accordance with the Italian Ministry 
of Health (Authorisation number 719/2020-R). SRDD 
systems were filled with CMC-SA based hydrogel 
without VEGF (group 1, N=8) or with VEGF (group 2, 
N=9) and implanted subcutaneously in the dorsal region 
of female Sprague Dawley rats. The actuation catheter of 
the SRDD system was connected to a vascular access 
button implanted at the neck of the rats to facilitate once 
daily actuation by an external system for 7 days – 10 psi, 
5 sec triangular ramp for 10 cycles (treatment time of 10 
mins). At day 7, the rats were euthanised and SRDD 
systems and surrounding tissue were explanted en bloc. 
Samples were processed and stained with CD31 
(neovessel density) and αSMA (vessel maturity and 
stability) for histological analysis of angiogenesis. 
 
RESULTS 
Earlier in vitro release studies using a VEGF analogue 
showed that actuation of the SRDD system achieves a 
controlled release of the VEGF analogue (27.46% 
passive release, 0 cycles vs 68.97% active release, 10 
cycles, ****p<0.0001) (Figure 1a). Preliminary in vivo 

results suggest a trend towards increased abundance and 
length density of CD31+ and αSMA+ neovessels and a 
decrease in radial diffusion distance between CD31+ and 
αSMA+ neovessels in the VEGF treated group compared 
to the no VEGF controls (Figure 1b). 
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Figure 1 (a) 12-hour in vitro cumulative release of VEGF 
analogue from SRDD systems, N=3 per group. (b) in vivo 
angiogenesis at SRDD system/tissue interface (i) blood 
vessels/mm2, (ii) length density (mm2), (iii) radial diffusion 
distance (µm), N=8 no VEGF group, N=9 VEGF group. 
*p<0.05, **p<0.005, ***p<0.005, ****p<0.001. 
 
DISCUSSION 
The SRDD system controlled the release of the VEGF 
analogue in vitro and subsequently appears to have 
controlled the release of VEGF in vivo with the trend 
suggesting an increase in CD31+ and αSMA+ 
neovessels. In agreement with previous work carried out 
by Mooney et al.2 these findings suggest that the 
controlled release of VEGF promotes formation of blood 
vessels and their maturation and stabilisation 
respectively. Further analysis is ongoing, but if 
successful, this approach can be applied to prevascularise 
implant sites for islet transplantation. 
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INTRODUCTION 
The growing clinical demand for electrical stimulation-

based therapies requires the development of conductive 

biomaterials that balance conductivity, biocompatibility, 

and mechanical performance. Traditional conductive 

materials often induce scarring, due to their stiffness and 

poor biocompatibility, presenting challenges to their 

clinical translation. To address these issues, we report the 

development of a pristine graphene-based (pG) 

composite material for central nervous system 

applications, consisting of type I collagen loaded with 60 

wt% pG, yielding conductivities (~1 S/m) necessary for 

efficient electrical stimulation, and with versatile 

processability. 

MATERIALS AND METHODS 
Pristine graphene (60 wt%) and collagen films (CpG) 

were synthesised. Neural cell lines and iPSC-derived 

neurons were seeded on the surface of the composites, 

and the metabolic activity, DNA content, cell 

morphology and release of inflammatory cytokines were 

assessed. Electrical stimulation was applied to mouse 

primary cortical neuron isolates to enhance neurite 

outgrowth and viability. Finally, the CpG composites 

were fabricated into porous 3D scaffolds, microneedle 

arrays, and bioelectronics circuits, using freeze drying, 

dry casting, and 3D printing approaches respectively. 

RESULTS 
Of all composites tested, 60 wt% CpG exhibited 

physiologically relevant conductivities (~1 S/m), and 

robust mechanical properties (~17.8 MPa). To test 

biocompatibility, four neuronal and glial cell types were 

grown on composite films, and exhibited robust growth, 

and glial cells exhibited no change in inflammatory 

markers IL-6, IL-10, or IL-1β, indicating no significant 

neuro-inflammatory response. iPSC-derived neurons 

exhibited typical cellular morphology after 15 days 

growth on the films, indicating the potential of the 

material for long-term implantation. The achieved 

conductivity enabled the efficient delivery of electrical 

stimulation, which was delivered to mouse primary 

cortical neurons on the composite (200mV/mm, 12Hz, 

4h/day, 5 days), enhancing neurite outgrowth, cellular 

viability and morphology compared to collagen controls. 

Finally, we demonstrate the versatility and potential 

applications of the composite using a range of 

conductive, neural-interfacing structures, including 

porous scaffolds with aligned internal pores visible under 

SEM, microneedle arrays (5×5 conical needles, height - 

2.5 mm, 625 μm base diameter, tip diameter - 40-80 μm), 

and 3D-printed working LED circuits for bioelectronics.  

DISCUSSION 
These results show that CpG composites form a versatile 

neurotrophic platform that balances the requirements for 

physiologically relevant conductivity, robust mechanical 

properties, and excellent biocompatibility. The 

mechanical properties of the composite give it an 

advantage over stiffer traditional electrode materials, 

which can cause scarring due to extreme mechanical 

mismatch. The CpG composite supported robust 

neuronal and glial cell growth, with an absence of neuro-

inflammatory response in microglia and astrocytes. In 

addition, it efficiently delivered electrical stimulation, 

which when coupled with these conductive materials 

enhanced neurite outgrowth, viability, and cellular 

morphology. Finally, the versatile processing capabilities 

of the CpG composites various fabrication techniques 

demonstrate its potential as platform for fabrication of 

next-generation neuronal medical devices for neuro-

regenerative and neuro-prosthetic applications. 
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Figure 1 Schematic demonstrating the various properties 
and applications of the produced CpG 60% composites. 
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INTRODUCTION 

Osteocytes comprise 90-95% of cells in the skeletal 

system. These terminally differentiated cells are highly 

dendritic and form a sensory network throughout the 

tissue orchestrating bone remodelling and adaptation to 

physical loading [1]. Despite significant advances in 

osteocyte mechanobiology, such as the identification of 

mechanosensory sites along the cell process (focal 

adhesions) and at the primary cilium, the specific 

molecular components of osteocyte 

mechanotransduction remain poorly understood [2,3]. 

GPR161 is a G-Protein coupled receptor proven vital 

in regulating limb patterning and skeletal morphogenesis 

in a manner dependent on the primary cilium [5]. 

Interestingly, it was recently identified to be 

mechanoresponsive, being required for fluid shear 

mechanotransduction mediated via cAMP signalling in 

MSCs [4]. However, whether GPR161 is expressed or 

utilised by osteocyte is unknown. Therefore, this study 

aimed to investigate the role of GPR161 in osteocyte 

physiology and mechanobiology 

 
MATERIALS AND METHODS 

GPR161 expression in the murine osteocyte-like cell line 

MLO-Y4 was verified at a mRNA and protein level 

utilising RT-qPCR and immunocytochemistry (ICC). 

Colocalisation of GPR161 with mechanosensory sites 

such as the primary cilium (acetylated α-tubulin) as well 

as focal adhesions (vinculin) was determined via ICC 

through ImageJ processing following confocal imaging 

using 63x oil, as well as the LAS X software. Mechanical 

stimulation was provided utilising parallel flow chambers 

to provide fluid shear (as in [4]), with RT-qPCR to 

determine if there was an upregulation of genes known to 

be involved in mechanotransduction, such as COX2, 

OPN, RANKL, and OPG. Knockdown of GPR161 was 

achieved via transfection of siRNA via lipofectamine. 

 
RESULTS 

Initially, we verified that GPR161 is expressed in MLO- 

Y4’s at both a mRNA and protein level. 

Immunocytochemistry staining indicates a specific 

pattern of colocalisation of GPR161 at sites of focal 

adhesions (Fig. 1), but not at the primary cilium. 

Following exposure to fluid shear utilising a custom- 

made parallel flow chamber, an increase in expression of 

COX2 is observed. GPR161 is significantly knocked 

down (p<.0001) at the mRNA level compared to control 

samples following transfection with siRNA. Future work 

will investigate the role of GPR161 in osteocyte fluid 

shear mechanotransduction. 
 

Figure 1 Immunocytochemistry staining of GPR161 co- 

stained with acetylated α-tubulin (A) and vinculin (B). Line tool 

analysis utilizing LAS X software indicates limited 

colocalisation along the primary cilium (C), while there is a 
pattern of intensity along focal adhesions (D). 

 

DISCUSSION 

In this study, GPR161 was shown to be expressed in 

MLO-Y4 osteocyte-like murine cells at both a gene and 

protein level. With the use of immunohistochemistry and 

image analysis, it has been demonstrated that there is a 

pattern of colocalisation with MLO-Y4 focal adhesions, 

while not yet at the primary cilium. The presence of 

GPR161 at a known mechanotransductive site could be 

indicative of its role in osteocyte mechanobiology. Future 

work aims to utilise a custom-made bioreactor, shown to 

mechanically influence these cells, as well as siRNA 

targeting of GPR161 to determine any alterations in the 

mechanosensing behaviour of osteocytes exposed to fluid 

shear. 
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INTRODUCTION 

The neurodegenerative disorder Alzheimer’s Disease 

(AD) is recognized by the World Health Organization as 

a global public health priority. AD is the most common 

form of dementia which is an acquired progressive 

cognitive impairment sufficient to impact on activities of 

daily living and is a major cause of dependence, 

disability, and mortality [1]. There is a growing body of 

evidence suggesting that cerebrospinal fluid (CSF) 

within the brains subarachnoid space (SAS) plays an 

important role in the progression of AD through build-up 

in amyloid-β (A-β) plaques blocking cell barriers [2,3]. 

Accumulation of these plaques in the SAS can alter the 

flow of CSF, - therefore, understanding this flow and the 

SAS structure is important. Between the skull and brain 

there are three layers of tissue known as the meninges 

that cover and protect the brain and spinal cord. From the 

outermost layer to the innermost layer, they are; the dura 

mater, arachnoid mater, and pia mater. The SAS is the 

space that separates the arachnoid mater and pia mater. 

CSF flows through the SAS and acts to cushion the brain.  

 
Figure 1: Layers between the skull and the brain.  

 

There is a barrier of arachnoid cells between the SAS and 

the blood that allows CSF traverse into the venous 

network. If this barrier becomes blocked, CSF flow and 

intracranial pressure (ICP) may be altered. Altering this 

fluid flow and/or ICP modifies how cells in tissue linings 

behave. The identification of effective treatments will 

require a better understanding of the SAS, and the role of 

CSF flow and ICP on the behaviour and health of the 

arachnoid barrier cells, as well as the location and effect 

of build-up of amyloid beta plaques in the SAS. 

 

MATERIALS AND METHODS 

Objective 1 of this study is to culture arachnoid barrier 

cells and examine how these cells respond to a variety of 

CSF and ICP alterations in a bioreactor that can mimic 

healthy and diseased flow conditions. Primary 

leptomeningeal cells will be cultured to form a barrier 

under serum free conditions and barrier formation will be 

confirmed by Trans Endothelial Electrical Resistance 

(TEER). Objective 2 of this study is to mimic the build-

up of A-β plaques in this developed in vitro arachnoid 

barrier model similar to what occurs in AD in order to be 

able to determine the influence of A-β build-up on 

arachnoid barrier cells. Objective 3 will be to develop a 

biomimetic 3D model of the SAS to examine the effect 

of A-β plaque build-up in the SAS. Objective 4; as 

arachnoid cells are directly in contact with the blood, they 

may secrete biomarkers into the blood. Therefore, this 

study will ultimately identify if arachnoid cells secrete a 

mechanosensitive biomarker that can be detected in 

blood that could be used as an indicator of AD.  

 

DISCUSSION  

This investigation combines in vitro bioreactor 

development, cellular mechanobiology, and blood-based 

diagnostics toward the holistic understanding of 

arachnoid barrier cells and their response to A-β induced 

CSF and ICP fluctuations in AD. As little is known about 

CSF flow and the effect of mechanics on arachnoid 

barrier cells arising from CSF and ICP alterations in the 

SAS, this study will demonstrate that the fluid mechanics 

of the CSF and the presence of amyloid-beta in the SAS 

and cell barriers play a role in the progression of AD. 

This project will be the first to characterise the arachnoid 

barrier cells under flow and pressure conditions in vitro 

as well as in a biomimetic model of the SAS. 

Furthermore, this project will be first to identify unique 

and mechanosensitive biomarkers for arachnoid cells 

brought about by Aβ-plaque induced alterations in ICP 

and CSF flow.  
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INTRODUCTION 

Current understanding of bone mechanobiology and 

pathophysiology during the disease of osteoporosis has been 

derived using 2D cell culture, which fails to capture vital 

biomechanical aspects of bone that govern bone biology. We 

recently developed a simplified in vitro 3D postmenopausal 

model of osteocyte differentiation, which revealed changes in 

mineralization and pro-osteoclastogenic paracrine signaling 

by osteocytes during estrogen deficiency [1]. However, 

multicellular approaches are required to more faithfully 

represent the complexity of bone mechanobiology in vivo and 

study the role of cell-cell signaling. 

 Vascularization is a precursor to bone formation 

endochondral ossification, and our previous studies have 

shown that vascular priming can promote mineralization both 

in vitro and in vivo [2,3]. Recent advancements have enabled 

the bioprinting of multiple cell types with varying spatial 

organization and vascular lumens. However, no approach has 

sought to incorporate functional osteoblasts, osteocytes, and 

vascular cells in a 3D bone model. Here, we propose to 

consolidate and further our approaches, to develop advanced 

ex-vivo models that are mimetic of the complex multicellular 

environment (incorporating osteocytes, osteoblasts, and 

vascular cells) within biomaterial matrices. Using this model, 

we will investigate the role of mechanobiological processes in 

bone loss and hyperminerslisation during estrogen deficiency. 

MATERIALS AND METHODS 
Construct Design: 3D constructs (3.8×4×13mm) were 

designed with Autodesk Inverter Professional 2022 to contain 

two longitudinal lumens, each having 800µm diameter. 

Bioprinting: A LumenX (DLP bioprinter, CELLINK, 

Sweden) was used to print constructs using Gelatin 

methacrylate photoink (GelMA, CELLINK; Sweden) and 

PEGDA Start bioink (CELLINK) (Fig 2a). Cell Culture: 

Osteoblasts, monocytes, and human bone marrow 

mesenchymal stem cells (HBMSCs) were isolated from bone, 

blood, and bone marrow samples, respectively, obtained from 

Merlin Park Hospital, Galway. The cells were preconditioned 

with 17β-estradiol for 7 days before being incorporated into 

the constructs. Before bioprinting, human osteoblasts were 

mixed with GelMA at a concentration of 2×106 cells/ml. After 

14 days of bioprinting, HBMSCs and human umbilical cord 

endothelial cells (HUVECs) (Promo cell) were seeded into the 

lumens at 0.5×106 cells/ml. 70 days after bioprinting, 1 mm 

thick layers of gelatin transglutamase containing monocytes 

were layered on top and below the 3D constructs. 

Morphological analysis of 3D constructs: The constructs 

were analysed under Dino-Lite AD7013 microscope to 

observe print fidelity and intact lumen formation. Ongoing 

analysis: Mineralization and protein expression will be 

analysed through Von Kossa and immunostaining of the 

vascularized bone mimetic constructs.  

 

 
Figure 1: (1) Estrogen preconditioning of cells (hOBs, hMNCs, 

hBMSCs and hUVECs). (2) Bioprinting of hOBs encapsulated gels 

(4×3.8×13mm) with two longitudinal lumens (diameter=800µm). (3) 
Seeding of hUVECs and hBMSCs in the lumens. (4) Seeding of 

encapsulated hMNCs on top and bottom of vascularized gels.  

RESULTS 
3D bioprinting of constructs: After many optimizations, the 

constructs of specific dimensions (3.8×4×13mm) and lumens 

(diameter: 800µm) were successfully printed using PEGDA 

bioink (Fig. 2b, c). The bioprinted constructs had two 

longitudinal lumens of 800µm diameter (Fig.2c, d). Cell 

Viability: Our preliminary data indicate that mesenchymal 

stem cells can be successfully 3D bio-printed with adequate 

viability, and that these cells remain viable for up to 70 days.  

 
Figure 2. (a) Lumen X 3D bioprinter. 3D PEGDA construct: (b) 

longitudinal view, (c) apical view (1mm scale bar). (d) Longitudinal 
lumens in the constructs (arrows indicate the lumens). 

DISCUSSION:  
Here we successfully encapsulated human osteoblasts in 

gelatin constructs via 3D bioprinting and seeded human 

umbilical vein derived endothelial cells (HUVECs) and 

human bone marrow mesenchymal stem cells (HBMSCs) into 

predesigned lumens to achieve angiogenesis. The study is 

ongoing, but cell viability is confirmed for up to 70 days. It is 

expected that long-term culture will accent the bone-like 

properties of the 3D construct and present an advanced model 

for studying bone diseases. Ongoing studies will further 

validate the approach to confirm the development of a human 

multicellular (osteoblasts, monocytes, MSCs, and HUVECs) 

bone mimetic ex-vivo model. This 3D bioprinted ex vivo 

model can serve as a model system to study osteoporosis 

pathophysiology [1].  
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INTRODUCTION 
Osteocytes act as mechanosensors and govern biochemical 

signalling and changes in gene expression (RANKL, OPG) 

that regulate osteoclast maturation and resorption. Our recent 

studies have revealed that mechanically stimulated and 

estrogen-deficient osteocytes upregulated RANKL/OPG gene 

expression [1, 2]. Moreover, we have shown increases in 

paracrine regulation of osteoclast differentiation and 

resorption by osteocytes during estrogen deficiency [3]. 

However, these studies were conducted in 2D, whereas in vivo 

osteocytes are embedded within a 3D matrix and experience 

daily mechanical cues. We recently developed a simplified an 

in vitro 3D postmenopausal model of osteocyte 

differentiation, which revealed changes in mineralization and 

pro-osteoclastogenic paracrine signaling by osteocytes during 

estrogen deficiency [4]. However, this model did not 

incorporate osteoclasts, and so how the mechanical 

environment governs osteocyte regulation of 

osteoclastogenesis in estrogen deficiency is not yet fully 

understood. Here we develop an advanced 3D model to 

provide a mechanistic understanding of the role of osteocyte 

mechanobiology in governing osteoclast resorption during 

osteoporosis. The specific objectives are to (1) incorporate a 

3D multicellular (osteocytes, osteoblasts and osteoclasts) 

niche within a suitable matrix, (2) apply exogenous 

mechanical loading to the constructs within a bioreactor 

system and (3) investigate osteoclastogenesis in the mimetic 

constructs under estrogen withdrawal conditions to simulate 

postmenopausal osteoporosis.  

MATERIALS AND METHODS 
OCY454 and MC3T3 cells were pre-treated with 17β-

Estradiol for 14 days before encapsulation in Gelatin-nHA-

mtgase hydrogels and culture in osteogenic media under (1) 

continued estrogen supplementation (E) or (2) estrogen 

withdrawal (EW). Once a mineralized construct developed (21 

days), osteoclast precursors (RAW264.7) encapsulated in 

Gelatin-nHA-mtgase layers were added and cultured for a 

further 14 days. Concurrently, we applied perfusion (~1.2 

mL/min, 1 Hz) and compression (~0.5% strain at 1 Hz) using 

a custom designed combined bioreactor system (VizStim) [5]. 

Static groups served as controls. Constructs were analysed at 

day 3, 7 and 14 to determine the presence of osteoclasts 

(TRAP, H&E) and osteoclastogenic gene expression (CTSK, 

OSCAR). Mineralization was assessed by micro-CT scanning 

(μCT100, Scanco) and osteoblastogenic gene expression 

(BSP2, OPN). 

RESULTS 
Osteoclast differentiation: TRAP positive multinucleated 

cells were identified for all culture conditions by day 14 

(Fig.1A). Estrogen deficient (EW) and mechanically 

stimulated constructs increased expression of OSCAR at day 

7 and CTSK at day 14 (Fig.1B) compared to those under 

continuous estrogen (E). Osteogenic differentiation: Mineral 

deposition was identified in all groups by micro-CT scanning 

(Fig.1C) at day 14. There was a significant reduction in ALP 

activity and calcium content for mechanically stimulated and 

estrogen deficient constructs (EW) at day 7, when compared 

to those cultured under continuous estrogen (E) (Fig.1D).  

 
Figure 1: (A) TRAP and H&E stained constructs at day 14, red arrows 
indicate multinucleated cells, (B) Osteoclastic gene expression, (C) 

Reconstructed micro-CT scans of constructs at day 14, (D) ALP 

activity and Calcium. p < 0.05 relative to estrogen (*), static (#). 

DISCUSSION 
The current study provides an advanced in vitro 3D 

multicellular and mechanically mimetic model of 

postmenopausal osteoporosis. The ability to recapitulate 

osteoclastogenesis and mineralisation was confirmed. The 

model was then applied to study osteocyte regulation of 

osteoclasts under mechanical stimulation and estrogen 

deficiency. We report that during estrogen deficiency 

osteocytes and osteoblasts play a role in directing osteoclast 

differentiation (confirmed by multinucleated TRAP+ cells and 

osteoclastogenic gene expression). The normal suppression of 

osteoclast gene expression by mechanical loading was absent 

under estrogen deficiency. Moreover, mineralisation was 

reduced upon addition of mechanical loading during estrogen 

withdrawal. We propose that factors produced by osteoclasts 

may have inhibited mineralised matrix formation, such as 

Sema4D expressed by osteoclasts, which binds an osteoblast 

receptor and inhibits differentiation [6]. Further studies are 

required to uncover the relative contributions of osteoclasts, 

osteoblasts and osteocytes to bone loss and mineralization 

under estrogen withdrawal and mechanical stimulation.  
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INTRODUCTION 

The leptomeninges, a combined name for the arachnoid 

mater and the pia mater, contain between them a CSF 

filled space, known as the subarachnoid space (SAS). 

The leptomeninges and the SAS, work together to 

provide support and stabilization to the brain. The 

leptomeninges are especially important as they form 

barriers that isolate the CSF and prevent it from 

encountering blood from the dura and/or the brain 

parenchyma. These barriers are formed by tight junctions 

that connect the leptomeningeal cells (LMC) that form 

the meninges. The importance of these cells has only 

recently been acknowledged and may have a link to 

neurodegenerative diseases such as Alzheimer’s disease 

and Parkinson’s disease [1,2]. 

  

To fully understand the importance of the leptomeninges 

and the LMC, the connection between them and CSF 

must be examined due to their proximity. This can help 

understand the roles these cells play due to injuries such 

as TBI which disrupt CSF flow. Thus, this study aims to 

explore the response of these cells by applying different 

flows, imitating the SAS environment in homeostasis and 

in pathophysiological instances. 

 

MATERIALS AND METHODS 

A vial of primary human LMC were obtained from 

Sciencell (SC-1400, USA) which will be the focus of the 

study. These cells will be compared to astrocytes and 

CACO-2 cells to establish a better understanding of their 

response. The type of LMC will be identified using 

immunofluorescence staining and flowcytometry. 

Specific biomarkers have been identified to help 

distinguish the cells found in the obtained primary LMC 

[3]. As the focus of this study is mainly the effect of CSF 

on the LMC, it is of interest that these would be mainly 

arachnoid or pial cells.  

 

A peristaltic pump will be used to apply different flow 

types and flow rates. The cells will be seeded onto a 

microchannel (ibidi Gmbh, Germany) designed to apply 

uniform stress (Figure 1A and 1B). Cellular response and 

morphology will be examined as the main outputs of the 

test (Figure 1C). Five main biomarkers will be analysed 

and interpreted using immunofluorescence and ELISA’s 

to identify the frequency of expression (Figure 1D). The 

data obtained will consist of quantitative protein 

expressions and qualitative morphological descriptions 

of the three cells at different flow rates. The control will 

be the cells in a static environment.  

 

 
Figure 1 (A) Schematic of the microchannel and the flow 

being applied to it. (B) Image of the laminar flow setup. (C) 

Brightfield image of LMC at full confluency (D) 
Immunofluorescence image of LMC staining for phalloidin 

(green) and DAPI (blue). (E) Graphic representation of 

preliminary cell count before and after applying disruptive flow. 
 

DISCUSSION 

We hypothesize that the LMC’s play an important role in 

maintaining a functional CNS. For this study, by 

examining the response of these cells to different CSF 

flows, inspecting the expression of the five proteins of 

interest, and the morphological changes of these cells, a 

trend can be recognized which can reveal the role of these 

cells in relation to the CSF, the CNS and in 

neurodegenerative disease. It is hoped that this research 

will provide information that will aid in understanding 

the neurological environment more in-depth to be able to 

diagnose disease and offer better treatments. 
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INTRODUCTION 
Type-2 (T2) diabetic patients have an increased 

prevalence of bone fracture, despite the fact that bone 

mineral density is higher, but the source of fragility is not 

fully understood [1, 2]. At the cell and matrix levels, it is 

known that a continuous high level of glucose results in 

the formation of Advanced Glycation End product 

(AGE) crosslinks between matrix proteins, which might 

alter bone cell metabolism [3]. Despite this evidence, there 

is no clear understanding on how alteration to the bone 

matrix composition that could result in increased 

fragility. In this study, we tested the hypothesis that 

during type-2 diabetes, the continuous high level of 

glucose alters the bone matrix around cells and ultimately 

changes their activity during the remodelling process.  

MATERIALS AND METHODS 
Animal model: Male ZDF (fa/fa) and lean (+/fa) rats 

were obtained and aged to 12, 26 and 46 weeks old to 

mimic early, established and late stage of T2 diabetes. 

All animal work was carried out under license from the 

Animal Care and Research Ethics Committee of the 

National University of Ireland Galway. After one week 

of acclimatisation (10 weeks old), they were fed with 

high fat diet. After euthanasia, right ulnae and radii were 

dissected and fixed for 3 days in 10% formalin and then 

preserved in Phosphate Buffer Solution (PBS) at 4°C.  

Matrix composition: Bones were demineralised in 0.2 

M EDTA, processed, embedded in wax and sliced at 8 

µm thickness with a microtome. Histology-After 

rehydration, slices were stained with Haematoxylin 

Eosin (HE). Images were obtained with a brightfield 

microscope Olympus BX43. Immunostaining - 

Osteopontin (OPN), Fibronectin, and AGE were labelled 

on rehydrated 8 µm slices of bone. After 1h with a 

blocking/permeabilization solution (0.5% Bovine Serum 

Albumin and 0.2% of Triton-X100 in PBS, antigens were 

retrieved by placing the slides in 10 mM EDTA in a 

steamer for 25 min. Then samples were incubated 

overnight with relevant primary antibody. After three 

washes, samples were incubated for 1 h with the relevant 

secondary antibody in the dark at room temperature. 

Then, nuclei were labelled with DAPI (200 ng/mL). After 

three washes, slides were mounted with Fluoroshield 

mounting media. Fluorescence emission was detected 

using a confocal microscope FV3000 (Olympus) and the 

fluorescence intensity quantified with FIJI (v1.52p). 

Statistics: Two-way ANOVA and Bonferroni post-hoc 

tests were performed, p<0.05 was considered significant.  

RESULTS 
Figure 1 shows ulnae and radii sections stained with HE, 

and for OPN, Fibronectin and AGE crosslinks. In ZDF 

and lean rats, HE showed that bones had small amounts 

of lamellar tissue and a crown of woven bone around the 

marrow cavity at 26 and 46 weeks old, while it was fully 

woven at 12 weeks (data not shown). The fluorescence 

intensity of OPN on images taken at 10X showed no 

difference between ZDF and lean rats at each age. 

However, the presence of fibronectin was increased 

significantly in ZDF rats at 26 weeks compared to their 

lean control of the same age. In all age groups, and in lean 

and ZDF rats, qualitative observation showed that AGEs 

were localised in the crown of woven bone.  

 
Figure 1. OPN (A) and Fibronectin (B) were stained by 
immunofluorescence, imaged with a 10X focus and the 

fluorescence was quantified. OPN (green) and AGE (red) was 

stained in ZDF and lean rats at 26 weeks old which showed a 
circular localization of AGE in both strains of rat (C). 

DISCUSSION 
This study aimed at (1) quantifying the presence of 

matrix component during ageing and in T2 diabetic rats, 

and (2) localizing within the cortical bone those matrix 

proteins and AGE crosslinks. First, lamellar bone was 

present in some cortical bone in both strains from 26 

weeks which corresponding to a mature skeleton when 

bone remodelling is predominant compared to bone 

modelling [4]. Secondly, AGE were localised in woven 

bone that has a less organised matrix compared to 

lamellar. Finally, the presence of fibronectin was 

significantly increased in diabetic rats at 26 weeks, while 

could have implications for the mineralisation process by 

osteoblasts [5]. Here, we provide evidence that bone 

matrix in diabetic rats changes over time including 

fibronectin which might indicate one part of the 

mineralisation bone changes T2 diabetic patients.  
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INTRODUCTION 

The ordered alignment of cells is a key trait in the 

behaviour and functionality of certain engineered tissues 

such as cardiac or aortic tissue [1]. Collagen type I is the 

major component of the ECM of tissues and is commonly 

used as a hydrogel for tissue engineering.  Cells have the  

capability of organize themselves in collagen matrixes 

through deformation of collagen in free-floating gels 

[2,3]. When uniaxial constraint is applied to collagen 

tissue constructs, cardiomyocyte cells are aligned parallel 

to free boundaries as they contract the gel.  When the 

constraint is biaxial, the cells are uniformly and randomly  

distributed [4]. However, all studies that report this 

distribution have employed squared biaxially constraint, 

while the uniaxial constraint usually has a higher aspect 

ratio. Entropic forces drive cellular contact guidance [5], 

and we predicted with computational models and verified 

experimentally that entropic forces can guide a preferred 

orientation for  cell alignment in biaxially constrained 

gels,  depending on the geometry of the gels.  

 

MATERIALS AND METHODS 

 

Tissue engineered constructs were fabricated by 

embedding fibroblasts in collagen gels of different 

concentrations. Gels are subjected to uniaxial and biaxial 

constraints. A range of tissue geometries are considered 

for biaxial constraints, ranging from square geometries to 

elongated rectangular geometries with aspect ratios of 

5:1 and 10:1. Gels are incubated for 72 hours and cell 

distributions are imaged using confocal microscopy. 

Image analysis is performed to uncover probability 

distributions of observables including cell area, cell 

aspect ratio, cell orientation, and nucleus aspect ratio. 

 

RESULTS 

Results for uniaxially constrained gels exhibit highly 

aligned cells, with a highly peaked distribution of cell 

orientations. In contrast, biaxially constrained square gels 

exhibit a bi-modal distribution of cell orientations, with 

weak peaks in the diagonal directions. The distribution of 

cell orientations in biaxially constrained rectangular gels 

with high aspect ratios exhibit a higher probability of cell 

alignment along the long-axis of the gel (Fig 1). Cell 

alignment in biaxially constrained gels is found to be 

strongly dependent on cell density, but is not found to be 

strongly dependent on collagen density. This shows for 

the first time that entropic ordering is a key determinant 

of cell alignment 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure 1 Gel geometry plays an effect in the orientation of 

fibroblasts and their nuclei. Gels under biaxial constraint in 

2mg/ml collagen at initial density of 2.5x106 cells/ml with 
different aspect ratios. Top: Rectangular (AR 10:1). Bottom: 

Squared (AR 1:1).  A) Vertical view of the gels after 72h of cell 

culture. B) Confocal images (stack 8 um) from the centre of the 
gels after cell culture – magnification 10x, scale bar 20 µm. C) 

Histogram of orientation of nuclei. Fibroblasts in gels with 
aspect ratio 10:1 show a peak in the orientation parallel to the 

longest dimension, while fibroblasts in gels with aspect ratio 1:1 

are randomly oriented. 
 

 

DISCUSSION 

This work provides the first demonstration of entropic 

ordering in biaxially constrained gels. The geometry of 

the gels is a key factor to determine anisotropic alignment 

of the cells. This finding has profound implications for 

the design of tissue engineering of a range of tissues, 

including cardiac tissue, cartilage, skin, tendon and 

arterial tissue. In future work, we will analyze if this 

mechanism of alignment is dependent on the plasticity of 

the collagen matrix and on the cell phenotype. 
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INTRODUCTION 

Osteoarthritis (OA) is the most common musculoskeletal 

disease globally, and treatment options are limited to 

either pain management or joint replacement. Post-

traumatic osteoarthritis (PTOA) is a common sub-type of 

the disease, which results from joint trauma such as 

anterior cruciate ligament (ACL) rupture in the knee. 

Furthermore, PTOA has been shown to affect multiple 

joint tissues, including subchondral bone. Osteocytes are 

by far the most numerous cell in all bone types, and are 

now known to have a wide range of functions which 

make them master controllers of much of the tissue’s 

function and activity. Here we report a novel and 

important finding that osteocytes have yet another, as yet 

unrecognised, function which is the primary production 

of the inflammatory cytokine Interleukin-1 (IL-1), via 

the NLRP3 inflammasome, in response to injury/damage. 

Moreover, this damage response was also found to 

display a mechanosensory component, in that 

inflammasome activity can be modulated by mechanical 

stimuli. This suggests a novel mechanism by which 

subchondral bone may be involved in articular cartilage 

degenerative during PTOA, via bone-cartilage crosstalk 

- and this new paradigm also represents an exciting 

potential for novel therapeutic intervention.  

MATERIALS AND METHODS 

Cell Cultures: Primary osteocytes and chondrocytes were 

isolated from murine (C57Bl/6) long bones (1), and 

MLO-Y4s were cultured over a 28-day time-course 

during which gene expression of constitutive and 

damage-response factors were assessed (2). 

Inflammasome/Cytotoxicity Assays: To determine cells’ 

capacity to mount an inflammasome mediated injury 

response, and ultimately to produce IL-1β, LDH 

cytotoxicity assays after 7 days of culture (CytoTox 96, 

Promega, UK., G1780). For this assay cells were treated 

with LPS alone, LPS+ATP or the same combination with 

a novel NLRP3 inhibiter called MCC950 – these assays 

allow evaluation of cell-death by a specific mechanism 

called pyroptosis, and also can indicate whether 

inflammasome activity is specifically mediated by 

NLRP3. Activated IL-1 was measured by ELISA. 

Fluid Flow Shear Stress (FFSS): A commercial IBIDI ® 

fluid flow system was used to deliver either a stimulatory 

(1Pa) or a damaging (3.5Pa) level of FFSS to osteocytes. 

Cells were added at a density of 1.5x103 cells/ml, and 

supernatant media was collected at pre-determined 

timepoints and used in conditioned media experiments 

with chondrocytes.   

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Primary osteocytes are a potent source of the 

inflammatory cytokine IL-1 (A) SOST expression in 

primary and MLO-Y4 cells (B) IL-1 gene expression in both 

cell types. (C) primary osteocyte pyroptosis, and response to 

MCC950 (D) Activated IL-1 production by primary 

osteocytes. (E, F) Primary osteocyte pyroptosis following FFSS 

at 1 and 3.5Pa respectively.  

RESULTS AND DISCUSSION 

Our data show primary osteocytes produce constitutive 

factors in culture, and also produce IL-1 under specific 

conditions (Fig 1 A, B). We also show that this osteocyte-

derived IL-1 is produced by NLRP3-mediated 

inflammasome activity (Fig 1C), and that this results in 

activated IL-1 at protein level. We also show that this 

response can be modulated by mechanical stimulus (in 

this case with a ‘damaging’ level of FFSS, 3.5Pa). 

Chondrocytes exposed to post-flow conditioned media 

adopted a catabolic phenotype (data not shown). 
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INTRODUCTION 

Diabetes is a chronic disease that leads to elevated levels 

of blood glucose (hyperglycemia). A serious 

consequence of diabetes are diabetic foot ulcers (DFUs). 

These are chronic wounds that do not heal due to 

impaired vascularisation and fibrosis as a result of the 

hyperglycemic environment. DFUs do not follow the 

natural healing sequence of typical wounds leading to 

persistent opening and inflammation which results on a 

high risk of infection and amputation. Collagen-based 

scaffolds are biomimetic templates capable of facilitating 

tissue repair and remodelling in DFUs [1]. They can also 

be engineered as reservoirs for the delivery of therapeutic 

molecules such as microRNA (miRNA). MiRNAs are 

small single-stranded and non-coding nucleic acids that 

regulate gene expression. While miRNA offer great 

promise as therapeutics, localised delivery is a challenge 

[2]. Non-viral vectors are non-immunogenic vehicles that 

can facilitate the localised delivery of nucleic acids into 

cells and promote transfection [3]. Based on these 

principles, this project aims to take advantage of the 

benefits offered by collagen-based scaffolds, miRNAs 

and non-viral vectors to develop a functionalised 

collagen-based biomaterial to promote healing and 

closure of DFUs.  
 

MATERIALS AND METHODS 

Initial experiments focus on the development of a vector-

nucleic acid system capable of efficiently transfecting 

cells in 2D. RALA peptide (a cell penetrating cationic 

peptide), chitosan and mesoporous silica nanoparticles 

(MSNs) are three non-viral vectors identified as 

promising for miRNA delivery. Dynamic light scattering 

(DLS) and Transmission Electron Microscopy (TEMwill 

be used to assess size and charge of these vectors as they 

complex miRNA. The optimal vector will be identified 

in 2D transfection studies using human dermal 

fibroblasts. Transfection efficiency will be assessed 

using quantitative PCR and ELISAs, while Live/Dead 

and Alamar Blue assays will determine cytotoxicity.  

 

The optimally identified vector-miRNA system will be 

used to functinalise a bilayered collagen-GAG (CG) 

scaffold previously developed in our lab for wound 

healing. Release kinetics , transfection efficiency and 

cytotoxicity will be further characterised from the CG 

scaffold. Similarly, the on-demand release of pro-

angiogenic and anti-fibrotic genetic cargoes will be 

tailored through the introduction of an alginate hydrogel 

before assessing the efficacy of this system in a 

preclinical model of DFU (Figure 1). 

EXPECTED RESULTS AND DISCUSSION 

Previous studies have shown that the RALA peptide [1] 

and chitosan [4] are efficient delivery vectors for a range 

of different cell types when used on scaffolds in our lab. 

Similarly, there is evidence in literature of successful 

transfection in vivo using MSNs [5]. From our in vitro 

studies we will identify the optimal vector for miRNA 

delivery. The optimal vector system will be used to 

deliver miRNA with known pro-angiogenic and anti-

fibrotic effects. Transfection efficiency will be compared 

with a commercially available control (lipofectamine).  
 

 
Figure 1. Visual representation of planned work of the PhD. 

 
Identification of the optimal pro-angiogenic and anti-

fibrotic gene-delivery systems will then allow 

functionalisation of a CG scaffold. Similar pro-

angiogenic and anti-fibrotic effects are expected 

following release of miRNA from CG scaffolds. 

Incorporation of on-demand release from the CG scaffold 

will be used to facilitate precise delivery of the 

therapeutic cargo. Assessment of the capacity of this 

system to promote wound healing in a pre-clinical model 

of DFU will then establish its potential as a DFU 

therapeutic. 
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INTRODUCTION 

Bone defects can result from congenital malformations, 

tumour resection, trauma, fractures, surgery or from bone 

diseases such as osteoporosis. Currently, the approach 

used to repair large bone defects is bone transplantation 

either from autologous, homologous or heterologous 

sources. These methods can lead to osteoclastic 

resorption and decreased bone mineral density within the 

allograft cortex causing late graft fractures and 

microfracture prevalence [1]. Therefore, despite the 

progress made in the field of bone tissue regeneration, 

bone defect repair remains a major challenge in modern 

medicine that has resulted in an increased burden on both 

healthcare and the economy. 

     Previous studies have identified physical loading as a 

potent regulator of bone anabolism and osteocytes as key 

regulators of bone formation and resorption. Osteocytes 

are mechanosensitive cells that can secrete a distinct 

collection of factors in response to external stimuli. 

These factors, such as extracellular vesicles (EVs), are 

known to enhance osteogenesis and stem cells 

differentiation [2,3].  

     EVs are lipid bilayer-delimited particles released by  

all cells and act as mediators of cell-cell communication. 

They have shown to be able to carry lipids, proteins, 

DNA and RNA. Interestingly, studies have found that 

mechanical stimulation of bone derived cells leads to 

mechanically activated EVs that can load factors to 

mediate osteoblast and stem cell osteogenesis [4]. 

Moreover, mechanically activated bone-derived EVs 

have been showed to carry microRNA (miRNAs) 

involved in bone metabolism and in enhancing bone 

repair and regeneration.   

     Therefore, this study focuses on the analysis of the 

miRNA content of EVs released by MLO-Y4 cells 

cultured in dynamic and static conditions. The main goal 

was to identify and evaluate the expression of relevant 

miRNAs that are mechanically regulated and involved in 

osteogenesis and angiogenesis, as well as 

osteoclastogenesis inhibition. 

MATERIALS AND METHODS 

MLO-Y4 osteocyte like  cells were cultured in α-MEM 

growth medium with 2.5% fetal bovine serum, 2.5% calf 

serum, 1% penicillin/streptomycin and 1% L-glutamine 

during static culture and fluid shear stimulation (orbital 

shaker for 24h), followed by media collection after 24 h.   

The miRNAs expression of both Static EVs and Dynamic  

EVs was analysed and the data were  sorted by species 

(mmu musculus) and by the number of copies detected.  

 

We selected the top 10 miRNAs expressed only in 

dynamic conditions (upregulated) and the top 10 

miRNAs expressed only in static conditions 

(downregulated). The data were displayed sing GraphPad 

Prim.  

RESULTS 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Heat map of differentially expressed miRNAs. 

 

The analysis allowed to identify 4 miRNA of interest, 

expressed in static conditions but not in dynamic 

conditions. They were found to inhibit osteogenesis when 

overexpressed. This suggests that mechanical stimulation 

could modulate miRNA expression. 

DISCUSSION 

We were able to identify 4 miRNAs of interest in terms 

of osteogenic differentiation regulation and understand 

their underlying mechanism. Therefore, further analysis 

and validation will aim to validate the function of the four 

identified miRNAs by looking at their expression and to 

identify other groups of miRNAs expressed in both 

groups.  
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INTRODUCTION 

Lower back pain is a global epidemiological and 

socioeconomic problem affecting up to 80% of people at 

some stage during their life and is believed to be due to 

degeneration of the intervertebral disc (IVD) [1]. Early-

stage disc degeneration begins with a loss of 

glycosaminoglycans (GAGs) from the central part of the 

disc known as the nucleus pulposus (NP). Diminished 

GAG content leads to a loss in the ability to absorb 

compressive loads resulting in reduced disc height and 

can lead to nerve compression and pain [2]. The use of 

microRNAs (miRs) to improve tissue regeneration has 

gained traction as a method of delivering therapeutic 

nucleic acids without the drawbacks of previously 

attempted trials using growth factors, which has 

associated limitations of short half-life and the need for 

repeat injections [3]. This study will examine the potency 

of employing miR-140, miR-149, and miR-221, all 

identified in the literature as having the potential to 

modulate the degradation of the IVD and help stimulate 

rejuvenation of the NP cell phenotype. Non-viral cell 

penetrating peptides (CPPs), including cationic 30 mer 

amphipathic peptide (RALA) and GAG-binding 

enhanced transduction FGF2B-LK15-8R (GET-FLR) [5] 

will be investigated to identify the most efficacious 

delivery vector for miR complexation and transfection of 

NP cells, with Lipofectamine RNAiMAX [6] serving as 

a positive control. The aim of this study is to transfect 

primary rat NP cells using these carrier-miR complexes 

over a period of 14 days to modulate anabolic/catabolic 

gene and protein expression. The extent of modulation in 

primary NP cells will be determined using cell viability 

assays and immunohistochemistry. Optimisation of miR 

concentration to elicit a response will also be performed. 

 

MATERIALS AND METHODS 

Rat NP cells will be isolated from donors following 

euthanasia and digested for 6 hours with collagenase type 

II (1.5mg/ml) and pronase (1mg/ml) and culture 

expanded (passage 3). Carrier-miR complexes will be 

prepared for RALA, GET-FLR, and Lipofectamine 

RNAiMAX for N/P ratios of 10, 5, and 2.72, 

respectively. NP cells will be transfected with respective 

carrier-miR complexes and seeded into well plates at a 

density of 20,000 cells per well. Analysis of cell viability 

and immunohistochemistry will be performed at days 3, 

7, and 14, employing well-established markers of IVD 

degeneration, namely ADAMTS-4, COL2A1, ACAN, 

MMP3 & SOX9.  

 

EXPECTED RESULTS 

It is hypothesised that miR transfection will modulate the 

expression of key NP degeneration and regeneration 

proteins in this 2D model. 

 
Figure 1 Workflow for carrier-miR complexation, 

transfection, and analysis in rat NP cells. Created with 

BioRender.com 

 

DISCUSSION 

This initial study will provide a framework to develop 

high-throughput in vitro experiments, enabling 

comparison of the functionality and potential therapeutic 

capabilities of miRs for NP cell regeneration. This 

foundation will enable the progression to 3D culture 

models, culminating with in vivo studies to better 

elucidate potential strategies of stimulating regeneration 

of resident NP cells in the IVD towards developing 

minimally invasive injectable therapeutics utilising miR 

platform technology. 
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INTRODUCTION 

Type 1 diabetes (T1D) is a global problem affecting 18 

million people [1] and this number is increasing by 3% 

annually [2]. T1D is characterised by autoimmune 

destruction of insulin producing β-cells within pancreatic 

islets and results in the inability to regulate blood glucose 

levels. The transplantation of pancreatic islets has shown 

promise as a treatment for T1D through its potential to 

re-establish natural insulin production. However, success 

is limited by the availability of functional donor 

pancreata. This is due in large part to the high transplant 

loss rate of approximately 60% which is often a 

consequence of transplant delivery, a lack of sufficient 

vascularization and associated cell hypoxia [3]. Recently, 

human induced pluripotent stem cell (iPSC)-derived cell 

lines have been developed which could serve as an 

unlimited source of insulin-producing cells to overcome 

the supply issue. However, native pancreatic islets are a 

cluster of - (glucagon-producing), β- (insulin-

producing), - (somatostatin-producing), - (ghrelin-

producing), and - (pancreatic polypeptide-producing) 

cells with β-cell function and survival highly dependent 

on the cells’ microenvironment and cell–cell interactions 

[2]. Therefore, combining β-cells with glucagon 

producing -cells to produce islet-like organoids which 

more closely mimic their natural counterparts may 

improve and prolong their function and survival [4]. This 

project will seek to combine - and β- human iPSC-

derived cell lines to produce islet-like organoids with 

superior insulin production to serve as an unlimited 

source of treatment for T1D.   

 

MATERIALS AND METHODS 

An optimised manufacturing protocol for the islet-like 

organoids will be developed firstly using INS1E 

pancreatic β-cell line. Islet-like organoids will be formed 

by aggregating these cells using magnetic levitation and 

following previously published protocols [2, 3]. The 

insulin production and viability of the cells within these 

organoids will be investigated. Organoids will be 

evaluated by glucose stimulated insulin secretion (GSIS) 

assay to determine insulin production [2]. DAPI staining 

and terminal deoxynucleotidyl transferase dUTP nick 

end labelling (TUNEL) assay will be used to analyse 

organoid viability. 

When the manufacturing technique has been optimised, 

organoids containing -and β-cells will be compared 

with β-cell-only organoids. Human iPSC derived - [5] 

and - [6] cell lines will be used for this purpose. 

Organoid morphology will be varied in terms of structure 

(-cell core with -cell mantel, mixed), and ratio of - to 

-cells (1:1, 1:3, 1:5). The insulin production and 

viability of the cells within these organoids will be 

investigated as before. Anti-glucagon and insulin 

primary antibodies will be used to confirm the organoid 

structure and number of hormone positive cells.  

 
Figure 1 Workflow diagram for optimization of heterotypic 

islet-like organoid aggregation. 

 

EXPECTED RESULTS AND FUTURE WORK 

An optimised manufacturing protocol for islet-like 

organoids of human origin with superior insulin 

production will be developed. The ideal organoid 

structure and composition will be determined by insulin 

secretion and cell viability assay. Future work will 

include the incorporation of the organoids with a 

hydrogel to prevent transplant cell hypoxia by providing 

an oxygenation gradient until sufficient vasculature can 

be established. 
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INTRODUCTION 

Regeneration of articular cartilage (AC) requires 

engineered grafts that mimic the heterogeneous and 

anisotropic structure and mechanics of the native tissue 
[1]. Despite sustained efforts, engineering biomimetic 

articular cartilage remains challenging. Existing 

regenerative strategies, such as 3D bioprinting, are 

attracting increased interest in the field of cartilage tissue 

engineering (TE). However, these new strategies fail to 

produce in vitro tissues with a similar complexity, 

mechanical properties and physiological functions as 

native cartilage, limiting their clinical use. The problems 

encountered with the use of biomaterials have motivated 

the development of scaffold-free strategies in tissue 

engineering, which exploit the self-organization potential 

of stem cells in a microenvironment through cell-to-cell 

and cell-to-matrix interactions. Clues to using stem cells 

for such TE applications can be identified in tissue 

development, which relies on both the potential of stem 

cells to self-organize as well as the instructions sent from 

the microenvironment to establish the final tissue 

architecture.  

 

Recognising this, engineering a tissue with cellular 

aggregates or spheroids as ‘building blocks’ combined 

with 3D bioprinting for TE can be used to generate tissue 

with different sizes and shapes [2]. By using emerging 

embedding 3D bioprinting strategies that enable high 

resolution deposition of hydrogels, boundary conditions 

(BCs) (Fig. 1A) will be provided to such fusing spheroids 

to produce anisotropic tissue with a programmable 

collagen organization. Here, the spheroids will be used as 

‘building blocks’ and bioprinted into geometrically 

defined structures using co-printed BCs to instruct how 

these spheroids fuse, interact and organise themselves 

into more complex tissue with the aim of recapitulating 

the native collagen architecture (Fig. 1B).  

 

MATERIALS AND METHODS 

 

Human bone marrow derived mesenchymal stem cells 

(MSCs) will be seeded into non-adherent agarose 

microwells at a density of 4,000 cells per microwell, 

followed by centrifugation to facilitate cellular 

aggregation. These aggregates will be allowed to mature 

in the presence of media supplemented with 10 ng/mL of 

transforming growth factor (TGF)-β3 to start MSC 

chondrogenesis. After 2, 4 and 7 days the spheroids will 

be removed from the agarose moulds and the extent of 

chondrogenic differentiation will be assessed using 

histology (alcian blue, picrosirius red stained sections), 

immunohistochemistry (antibodies for collagen type I, II, 

VI and X), and biochemical assays (characterization of 

DNA, hydroxyproline, sGAG and calcium content). For 

qPCR experiments, RNA from the spheroids will be 

extracted and converted in cDNA and the expression of 

collagen type I, II, VI and X and aggrecan will be 

evaluated.  

 

The spheroids at the 3 different time points will be 

combined with a sacrificial 5% oxidised alginate (treated 

with NaIO4) bioink at 3 different densities (50%, 75% or 

90%), loaded into syringes and connected to 22G 

stainless steel needles and 3D bio printed into pre-printed 

alginate moulds containing a 10mm *10 mm* 1 mm 

cavity. The moulds will be maintained in chondrogenic 

media supplemented with TGF-β3. After 6 weeks of 

culture the resultant tissue will be characterised as 

described above.  

 

 
Figure 1  How the spatial position (A) and the degradation 

rate (B) of the BCs provided to fusing spheroids influences the 
structural organization of the tissue. 

 

A minimum of 3 biological replicates (MSCs from 

different donors) will be used, with 3 experimental 

replicates for each biological replicate and triplicate 

measurements for each assay.  

 

DISCUSSION 

Further analysis will be made to evaluate the effects of 

the BCs on the final organization of the bio printed tissue.  
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INTRODUCTION 

Post-traumatic osteoarthritis (PTOA) occurs after a joint 

injury, such as a fracture, cartilage tear or ligament 

damage. Chondrocytes respond to joint injuries by 

releasing inflammatory mediators which drive PTOA. 

Activation of nod-like receptor family protein 3 (NLRP3) 

inflammasome through NF-ĸB signalling induces 

interleukin-1β (IL-1β) secretion and mediates 

inflammatory cell death1. MCC950 is a selective NLRP3 

inflammasome inhibitor and prevents IL-1β secretion2. 

While current pharmacological treatment options for 

PTOA primarily focus on symptomatic pain relief, 

targeting immune mediators instead (e.g., using 

MCC950) may enhance therapeutic outcomes or 

prevent/reverse injury. Here, we hypothesise that a local 

drug delivery device capable of delivering MCC950 in 

the joint space will demonstrate therapeutic efficacy in 

PTOA. 
 

MATERIALS AND METHODS 

MCC950 loaded PLGA nanoparticles (NPs) and 

chitosan-PLGA NPs were fabricated using modified 

double emulsion evaporation technique3. PLGA 75:25 

with molecular weight 66,000-109000 and chitosan low 

molecular weight were employed. MCC950 release was 

measured in PBS (37°C) using High Performance Liquid 

Chromatography. Macrophages were primed with 

lipopolysaccharide (LPS) for 3 hours. Cells were treated 

with MCC950 (50mM) released from NPs for 40 mins 

and then stimulated with ATP for further 45 minutes. 

Cells were tested for cytotoxicity and supernatants were 

assayed for levels of secreted IL-1β by ELISA. To 

explore the crosstalk between inflamed macrophages and 

chondrocytes, supernatants from inflamed macrophages, 

either MCC950 treated or untreated were added to naive 

chondrocytes for 24 hours. Apoptosis in chondrocytes 

was evaluated using flow cytometry.  
 

RESULTS 

Chitosan-PLGA NPs provided sustained release of 

MCC950 for at least 5 days in comparison to PLGA NPs 

alone (Figure 1A). MCC950 inhibited LPS-induced IL-

1β secretion from macrophages (Figure 1B). 

Exogenously added MCC950, including NP-released, 

significantly inhibited pyroptosis. When LPS-induced 

macrophage supernatants were added to chondrocytes, 

their cell viability was severely decreased. When 

MCC950 was added, these effects could be reversed. 

 

Figure 1 A) Release curve for MCC950 and B) Released and 
fresh MCC950 eliminates inflammatory response in 

macrophages following LPS-induction.  

DISCUSSION 

Chitosan-PLGA NPs demonstrating sustained release of 

MCC950 were successfully developed. MCC950 

released from PLGA particles retained its bioactivity and 

inhibited LPS-induced IL-1β secretion from inflamed 

macrophages. At the same time, MCC950 protected 

chondrocytes from the adverse effects of IL-1β secreted 

by inflamed macrophages. Our study highlights the 

potential of MCC950 as a controlled drug delivery 

candidate for targeting IL-1β, which is believed to 

contribute to the pathogenesis of PTOA. Future work will 

test these particles in an in-vivo PTOA model. 
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INTRODUCTION 

New bone formation is desirable in a variety of clinical 

settings. For an efficient bone regeneration, it is expected 

that the vascularization at the lesion site will be restored 

in a functional way. Mesenchymal stem/stromal cells 

derived from bone marrow (bmMSCs) and derived from 

adipose tissue (ASCs, adipose derived stem/stromal 

cells) are considered promising cellular sources for the 

formation of this tissue in vitro. A new approach in the 

field of Tissue Engineering corresponds to use spheroids 

to fabricate biological tissues in vitro and then, to seed 

these spheroids on the surface of scaffolds. Therefore, the 

first aim of the first part of this work was to associate 

ASCs spheroids with a 3D printed poly (lactic 

acid)/carbonate apatite (PLA/CHA) scaffold as a new 

approach to promote bone regeneration. In addition, the 

aim of the second part of this work was to develop a 

functional in vitro construct containing a vascular part, as 

a pre-vascularization approach for bone engineering. 

 

MATERIALS AND METHODS 

Initially, the spheroids were fabricated using the micro-

molded non-adhesive hydrogel wells made of ultrapure 

agarose (Nulty et al., 2021). Spheroids were then seeded 

on the surface of printed polymeric scaffolds and cultured 

for 4 weeks in chondrogenic media. Next, histological, 

biochemical and molecular analysis were carried out. For 

in vivo analysis, the constructs were implanted in critical 

size rat calvaria defects for 6 months and after that period, 

histological analysis were performed.  

 

RESULTS 

Regarding the first aim, initially, ASC spheroids were 

induced to osteogenic differentiation by using a 

hypertrophic media. The hypertrophic induced-ASC 

spheroids, within two weeks, showed high mRNA 

expression of genes related to hypertrophy. When 

submitted to the in vitro fusion process, the hypertrophic 

induced spheroids showed a progressive increase in 

extracellular calcium deposits and high positivity for 

collagen I and osteocalcin. In addition, the fused 

hypertrophic induced ASC spheroids showed the 

formation of crystal-like structures in their interior. Then, 

non-induced and induced ASC spheroids were seeded on 

the surface of PLA/CHA scaffolds in vitro (Fig. 1) and 

next implanted in critical-size rat calvaria bone defect 

model and the formation of new bone tissue in the central 

region of the defect was observed. 

Regarding the second aim, initially, the bmMSCs 

spheroids were induced using a hypertrophic media. 

Then, the fabrication of co-culture vascular spheroids 

was performed in different ratios of HUVECs:bmMSCs. 

Next, the hypertrophic induced spheroids and co-cultured 

vascular spheroids were then seeded in a 3D printed 

bioactive polycaprolactone (PCL) scaffold. The 

constructs showed high fusion capacity, density and 

production of extracellular matrix of functional cartilage.  

 

 
Figure 1: Non-induced and hypertrophic-induced ASC spheroids 

show differences in spheroids cell behavior after seeded on PLA/CHA 

scaffolds. (A-H) Non-induced ASC spheroids seeded on the surface of 

PLA/CHA scaffold. (I-P) Hypertrophic induced-ASC spheroids seeded 

on the surface of PLA/CHA scaffold Scale bars: A - 500µm; B - 100µm; 

C, D - 50µm; E - 100µm; F, G - 200µm; H - 100µm; I - 500µm; J, K - 

50µm; L - 20µm; M, N - 200µm; O - 100µm; P - 50µm.  

 

DISCUSSION 

All Tissue Engineering approaches developed in this 

work were carried out for the biofabrication of bone 

tissue and have potential for translation in the future.   
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INTRODUCTION 

The treatment of critical-sized bone defects remains 

suboptimal and represents an unmet clinical need in the 

field of orthopaedics. Recently, tissue engineering 

approaches have emerged as a potential treatment option 

for bone regeneration1-2. Building on work previously 

carried out by our group3-6, the aim of this work is to 

investigate messenger RNA as a therapeutic tool for 

incorporation into our previously optimised collagen 

scaffolds to form a gene-activated matrix that would be 

capable of promoting the regeneration of bone tissue.   

 

 

MATERIALS AND METHODS 

A range of polymer and lipid-based vectors were 

screened for their ability to encapsulate and condense 

firefly luciferase mRNA. The complexes were 

pharmaceutically characterised before being carried 

forward to transfection studies using rat mesenchymal 

stem cells (MSCs) grown both as 2D monolayer and on 

a 3D collagen-based scaffold. In addition, three different 

types of mRNA – unmodified mRNA (uRNA), modified 

mRNA (modRNA) and self-amplifying mRNA (saRNA) 

were screened to identify a lead mRNA type for tissue 

engineering applications.  

 

RESULTS 

A number of vectors including linear polyethylenimine 

(jetPEI) and lipid-based vectors (e.g. Lipofectamine 

reagents) were shown to be capable of delivering mRNA 

to rMSCs. Out of the three mRNA types screened, 

modified mRNA consistently showed the highest levels 

of protein expression in our cell type with a 1.2-fold and 

5.6-fold increase in protein expression versus uRNA and 

saRNA respectively. Our lead nanoparticles, jetPEI-

modRNA complexes, were also capable of transfecting 

MSCs when delivered on a collagen-nanohydroxyapatite 

scaffold with protein expression peaking around 24 hours 

(~1.3x105 relative light units (RLUs)) and smaller levels 

of protein expression still detectable at 72 hours post-

transfection (~4x104 RLUs). 

 

 

 

 

 

 
 
Figure 1 Development of a mRNA-activated scaffold for bone 

repair.  

 

 

DISCUSSION 

Messenger RNA represents a promising tool for tissue 

engineering applications. In this study we have 

demonstrated high levels of transient protein expression 

in MSCs by delivering mRNA on a collagen-based 

scaffold. Future work for this study will determine the 

osteogenic potential of an mRNA-based scaffold with the 

overall aim of producing an ‘off-the-shelf’ gene-

activated scaffold for bone repair. 
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INTRODUCTION 

Osteoporotic vertebral fragility fractures represent one of 

the most clinically severe consequences of osteoporosis 

(1). While current bone graft substitutes provide stability 

to the fractured region, they are limited in their capacity 

for successful bone regeneration, leaving peripheral 

vertebrae at a significant residual risk of secondary 

fracture (2). Moreover, osteoporotic vertebrae present a 

challenging environment for intervention due to risk of 

severe surgical complications, leakage of liquid-state 

cement implants, excess resorptive activity and reduced 

osteoblast numbers. Therefore, we propose a responsive, 

state transitioning hydrogel that offers the potential to fill 

complex geometries, providing a surrogate extracellular 

matrix promoting cellular interaction and bone 

deposition. 

The aim of this study was to investigate the development 

of a thermoresponsive methylcellulose-collagen 

hydroxyapatite (HAp) hydrogel. Specifically, to 

determine how varying HAp content influences physical 

and morphological properties of the biomaterial, making 

it appropriate for minimally invasive application, in situ 

fixation and biocompatibility. 
 

MATERIALS AND METHODS 

Fabrication: Collagen-HA slurries were mixed with 

methylcellulose (MC) to yield gels of 2.5% w/v MC and 

0.1% w/v collagen with nano or micro HAp (nHAp or 

mHAp) content ranging from 50-200% w/collagen (3). 

The samples were lyophilized then rehydrated in a 5.6% 

w/v β-glycerophosphate solution adjusted to 

physiological pH using HCl. 

Physical Characterisation: Thermoresponsivity was 

assessed by oscillatory temperature sweep (20-40°C, 

1Hz, 0.5% strain) with a 4° cone and plate geometry. Sol-

gel was defined as storage modulus exceeding loss 

modulus (G’>G’’). Freeze dried hydrogels were subject 

to SEM imaging to assess collagen fibril & HAp 

morphology and distribution. 

Biocompatibility: Hydrogels were cultured with 

preosteoblast cell line (MC3T3) in αMEM expansion 

media. dsDNA was quantified over the course of 14 days. 
 

RESULTS 

Inclusion of HAp overall reduced the gelation 

temperature of the formulations (Figure 1A), with the 

mHAp doing so in a concentration dependent manner; yet 

all hydrogel formulations underwent sol-gel transition 

between 21°C and 37°C. SEM imaging of freeze dried 

formulations revealed overall similar architectures with 

the exception of more visible collagen fibrils in the HAp 

containing groups. Degradation analysis (data not 

shown) revealed nHAp 100% and mHAp 200% to be the 

most stable formulations over 28 days under hydrolytic 

conditions. These formulations were studied for 

biocompatibility (Figure 1C) and show that inclusion of 

HAp increased proliferation of MC3T3 cells after 7 days, 

with nHAp showing further, significant proliferative 

activity at day 14 compared to the noHAp formulation. 

 
Figure 1 A) Sol-gel transition temperatures as G’>G’’ B) 

Comparative SEM image of noHAp (left) and nHAp 100% 
(right) C) MC3T3 proliferation indicated by dsDNA quantified 

over 14-day culture with respective formulations. Data plotted 

as mean ±SD, *P<0.05, **P<0.01. 
 

DISCUSSION 

This study shows the successful development of a 

thermoresponsive biomaterial. Specifically, inclusion of 

HAp maintained sol-gel transition temperatures to enable 

room temp injection followed by gelation for in situ 

retention. SEM revealed inclusion of HAp qualitatively 

increased fibrillar collagen exposure however the overall 

architecture remained the same in all formulations.  

Increases in proliferative activity of MC3T3s were 

observed in HAp containing groups. This could be a 

result of HAp presence alone or increased collagen fibrils 

enabling more cellular adhesion. Future work will 

examine whether increased proliferation with nHAp 

formulations translates to increases in osteogenesis. This 

will include studying nHAp formulations for osteogenic 

behavior, as well as investigating potential anabolic 

therapeutic release that could further enhance 

osteogenesis. 
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INTRODUCTION 

Spinal cord injury is one of the most life-altering injuries 

that a person can endure. Due to an age-related reduction 

in regenerative capacity, injured adult spinal cord 

neurons lack the intrinsic ability for robust regrowth and 

are unable to drive their axons through the cystic cavity 

at the injury site. Hence, there is a critical need for a 

therapeutic that will enhance neuronal growth potential 

while physically supporting regrowth following injury. 

Building on successful biometric scaffolds developed in 

our group for peripheral1 and central nervous system2 

repair, hyaluronic acid scaffolds enriched with 

neurotrophic collagen IV (HyA-Col IV) were developed. 

They were assessed for their dual ability to facilitate non-

viral delivery of siRNA targeting an identified potent 

growth-associated pathway in adult axons and to 

trophically support neuronal growth. 

 

 

MATERIALS AND METHODS 

First, to identify a potent growth-associated pathway to 

target, bioinformatic analyses were employed on data 

spanning the developmental timeframe of neurons in the 

spinal cord. Before assessing the ability of the HyA-Col 

IV scaffolds for delivery of siRNA, non-viral vectors 

were assessed for their ability to deliver siRNA to 

neurons. Thereafter, a HyA-Col IV hydrogel was freeze-

dried and crosslinked as per TERG protocols2. The 

resulting scaffolds were loaded with non-viral vectors 

and the temporal release kinetics from the scaffold were 

determined. Finally, to assess the trophic ability of the 

scaffold to support primary culture, cortical neurons were 

harvested from E18 mice and cultured on the scaffolds 

for 10 days and imaged using confocal microscopy.  

 

 

RESULTS 

From the bioinformatic analyses undertaken, genes 

encoding for proteins involved in the mechanistic target 

of rapamycin (mTOR) signalling pathway, a master 

regulator of translation, were enriched in clusters of 

genes associated with early neuronal development. 

Therefore, knockdown of phosphatase and tensin 

homolog (PTEN), a main inhibitor of mTOR, using 

siRNA was determined to be a potent local target to 

promote axonal and neurite growth. Thereafter, a 

fluorescently tagged siRNA was successfully transfected 

into differentiated neurons, first, using a commercial 

viral vector, Lipofectamine3000 and then a novel vector, 

GAG-binding enhanced transduction (GET)3, 

demonstrating successful non-viral delivery of siRNA 

into stable non-dividing neurons. The optimal mass of 

siRNA per cell necessary to functionally knockdown 

PTEN in primary neurons was also determined. Next, the 

release profile of the HyA-Col IV scaffold was 

established with siRNA nanoparticles showing a biphasic 

early burst release followed by a low but sustained 

release from the scaffold. Finally, primary cortical 

neurons cultured on HyA-Col IV scaffolds colonised the 

scaffold and extended thin processes, often 

interconnected over long distances, indicative of 

potential network formation. This demonstrates that the 

3D cellular microenvironment of the HyA-Col IV 

scaffolds can successfully support the growth and 

network formation in primary neurons.  

 

DISCUSSION 
This work successfully demonstrates the functionality of 

the HyA-Col IV scaffolds for their dual ability to deliver 

non-viral nanoparticles complexed with siRNA and to 

support neuronal growth. Since adult neurons typically 

show low uptake of exogenous nanoparticles, non-viral 

vectors successfully transported siRNA into the 

cytoplasm of neurons and interfered with the translation 

of PTEN mRNA. Furthermore, HyA-Col IV scaffolds 

were shown to be an excellent platform for non-viral 

siRNA delivery since nanoparticles were shown to 

biphasically diffuse from the scaffold to transfect 

neighbouring neurons. The soft 3D environment of the 

HyA-Col IV scaffold combined with neurotrophic 

collagen IV has also been shown to enable robust growth 

of primary neurons. Future work will involve delivering 

non-viral vectors complexed with PTEN siRNA from the 

HyA-Col IV scaffold to injured adult neurons to promote 

robust regrowth. 
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INTRODUCTION 

Large skeletal defects which occur due to trauma, tumour 

resection, osteomyelitis, or revision of prosthesis are 

treatable using the current gold standard of autologous 

bone grafts such as vascularized fibular transfer [1-3]. 

However, this procedure has limitations such as limited 

donor tissue, morbidity at the harvest site, and 

microsurgeries required to shape the bone graft to the 

defect area [1]. Synthethic biomaterials have been 

investigated as an alternative to autologous bone grafts 

but they lack adequate vascularization limiting their use 

to small defects [1-3]. The aim of this study is to 

investigate the use of a bicalcium phosphate scaffold 

transplanted with the addition of a vascularized pedicle 

inserted axially in a critical size bone defect and to assess 

its potential for bone regeneration.  

 

 

MATERIALS AND METHODS 

Animal studies were performed at the CIRE platform 

(agreement number: A371754; INRAE, Nouzilly, 

France). 25mm critical size defects were generated in 

eight female sheep and the bone was stabilised using an 

8-hole dynamic compression plate with six screws. The 

critical size defects were implanted with BCP (n=4) or 

BCP + pedicle (n=4) formed from the lateral plantar 

artery. CT was performed in order to assess bone 

regeneration at 1 month, 3 months, and 6 months.. At six 

months the defect area was biopsied and samples were 

processed for histology. Biopsies were stained using 

H&E for general morphology and Masson’s trichrome to 

assess bone maturity. Picrosirius red staining and 

polarised light microscopy was used to assess the 

maturity of the collagen fibres and to assess the 

anisotropy of the collagen using ImageJ. 

immunohistochemistry was performed for osteocalcin.   

 

RESULTS 

CT scoring revealed a significant difference between the 

BCP and the BCP + pedicle group after 3 months (p = 

0.042) and 6 months (p = 0.039) indicating better bone 

formation in the BCP + pedicle group (figure 1). No 

significant differences were found in bone maturity, 

osteocyte number, or osteocalcin expression in 

histological stains. There was a significant difference in 

collagen alignment with native bone being less 

anisotropic in comparison to BCP and BCP + pedicle 

groups (p < 0.001).   

 

 

  
Figure 1 – CT scans of ovine bones in BCP and BCP + pedicle 
groups three months after implantation.  

 

 

DISCUSSION 

This work demonstrates that vascularisation of bicalcium 

phosphate scaffolds by means of the incorporation of a 

vascularized pedicle in situ can enhance the regeneration 

of critical size bone defects in an ovine model. This 

approach may provide an alternative to autologous bone 

grafting which is currently limited by donor site 

morbidity and limited donor bone.  
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INTRODUCTION 

Pancreatic cancer has one of the lowest survival rates of 

all cancers worldwide at only 4-9% [1]. The most 

common form is pancreatic ductal adenocarcinoma 

(PDAC), which is characterised by a particularly dense 

and stiff tumour due to an abundance of crosslinked 

collagenous stroma. It also lacks vasculature. These 

features of low perfusion and high stromal density shield 

the cancer cells from traditional therapy such as 

chemotherapy [2].  

 

Organoids are cell cultures derived and propagated in a 

3D matrix. This allows them to maintain phenotypic 

heterogeneity present in vivo, providing a better mimic of 

the tumour structure and function than other culture 

approaches. Currently organoids are derived in Matrigel, 

a solubilised basement membrane preparation extracted 

from Engelbreth-Holm-Swarm mouse sarcoma. Matrigel 

is not a good representation of the extracellular matrix 

found in PDAC [2]. Other issues associated with 

Matrigel include high batch-to-batch variability in 

composition, and its xenogeneic nature. It is softer than 

tumour tissue and it is difficult to control its physical or 

biochemical properties [3]. Synthetic hydrogels offer 

advantages including control over the growth conditions 

in a xenogeneic-free scenario to better replicate the stiff 

PDAC microenvironment. The aim of this work is to 

generate defined extracellular matrix (ECM) conditions 

using peptide hydrogels which mimic the mechanical 

conditions in the PDAC tumour and stromal 

compartments. 

 

MATERIALS AND METHODS 

Peptide hydrogels are obtained from Manchester 

BIOGEL. Peptide sequence modulates both charge 

(neutral or positive) and mechanical properties of the 

self-assembled peptide filamentous hydrogels while 

concentration provides for further control over 

mechanics. The mechanical properties of peptide 

hydrogels are assessed using rheology. Scanning electron 

microscopy (SEM) is used to assess hydrogel fibril 

morphology. 

 

As patient tissue is scarce, initial optimisation of peptide 

hydrogels is conducted using a metastatic pancreatic 

cancer cell line, SUIT2, and primary human pancreatic 

stellate cells (PSCs) as a cancer associated fibroblast 

source. SUIT2 cells and PSCs are encapsulated into 

peptide hydrogels at 1×106 cells/mL and 500×103 

cells/mL respectively. Cell viability in each condition is 

assessed by imaging calcein AM (2 µM) and ethidium 

homodimer-1 (2 µM) labelled cells using confocal 

microscopy. Cell metabolic activity is assessed using 

alamarBlue.  

 

RESULTS 

Rheology confirmed the mechanical properties of each 

hydrogel with storage moduli ranging from 0.3 to 5 kPa 

depending on peptide sequence. SEM indicated that fibril 

organisation varied substantially based on peptide 

sequence (Fig. 1A-C). Live-dead staining of pancreatic 

stellate cells did not indicate a difference in viability 

based on peptide (Fig. 1D). However, metabolic activity 

assessed at day 3 indicated that PSCs proliferate most in 

peptide 2 hydrogels (data not shown). 

 

 
Figure 1 A-C SEM images of peptide hydrogels. Scale bar 10 
µm. D: PSC viability at day 3 of culture in peptide hydrogels. 

Mean ± s.e.m., n = 4. 

 

DISCUSSION 

Results to date indicate that both cancer cell and PSCs 

can be cultured successfully in peptide hydrogels without 

any ECM addition. Future work will assess the role of 

matrix stiffness and the incorporation of ECM in cell 

proliferation and phenotype. It will likely be necessary to 

incorporate ECM or ECM-mimicking peptide sequences 

in order to successfully derive patient organoids. 
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INTRODUCTION 

Prostate cancer (PC) is one of the leading causes of 

cancer-related death in men worldwide. In the early 

stages of advanced PC, cancer cells undergo epithelial-

to- mesenchymal transition (EMT), a process whereby 

epithelial cells lose their cell-cell adhesion, gain 

migratory and invasive characteristics, and travel through 

the blood vessels to invade new tissue, leading to 

metastasis1. Approximately 90.1% of those who die with 

PC have bone metastases2. Studies suggest that 

combining Docetaxel with hormone therapy helps in 

reducing PC progression and spread but ultimately only 

prolongs the length of survival. As a result, there is a 

major unmet need to develop alternative treatments.  

The extracellular matrix (ECM) of prostate tissue 

contains various constituents, including chondroitin 

sulfate (CS) and hyaluronic acid (HyA), which are 

significantly increased in metastatic PC and may be of 

interest for further investigation3. This project aims to 

develop three-dimensional (3D) porous collagen/CS 

(Col/CS) and Col/HyA scaffolds suitable for studying in 

vitro PC EMT and as a platform to test and develop 

treatments for PC. 

 

MATERIALS AND METHODS 

Three Col/CS scaffold compositions containing 0.5 

weight/volume (w/v) collagen and 0.05, 0.55, and 1.05 

w/v CS were prepared. Additionally, two Col/HyA 

scaffold compositions containing 0.5 w/v collagen and 

0.05 and 1.05 w/v HyA using freeze-dryer technique4. 

These scaffolds were subjected to rigorous 

characterisation, including mechanical testing, SEM, 

pore size analysis, and porosity measurements. To 

determine the impact of CS and HyA on PC EMT 

processes and metastasis growth, osteolytic PC-3 and 

osteoplastic LNCaP PC cells were cultured on all 

scaffolds for biochemical evaluations, such as metabolic 

activity, DNA quantitation, and Live/Dead cell viability 

assays. Additionally, EMT cytokines expression was 

examined on the scaffolds using Cytokine Array kit to 

determine the impact of increasing CS and HyA 

concentrations on EMT cytokines expression. 

 

RESULTS 

Overall, the highly porous scaffolds were successfully 

developed. The stiffness significantly increased after 

EDAC cross-linking for Col/CS low and high, and 

Col/HyA low but all scaffold compositions were less stiff 

than PC tumours. All the scaffolds swelled at a high rate 

and remained stable and free of deformity. All scaffolds 

supported PC-3 and LNCaP cell growth and 

proliferation, with the Col/CS high scaffolds showing the 

highest metabolic activity and proliferation on day 7. The 

live/dead images showed only minimal dead cells and the 

amount of living cells appeared higher in the Col/CS high 

and Col/HyA scaffolds than the other scaffolds. All 

scaffolds expressed cytokines associated with EMT 

processes, and Col/CS high scaffolds had the highest 

signal intensity of ENA-78, IL-6, IL-8, Angiogenin, and 

VEGF cytokines among the scaffold types assessed. 

 

Figure 1 Compressive stiffness of each scaffold type 

following cross-linking with DHT and EDAC. EDAC cross-
linking significantly increased stiffness in both high and low 

Col/CS, and Col/HyA low scaffolds. For Col/CS medium and 

Col/HyA high, no significant difference was seen following 
EDAC. n=3, *P < 0.05, **P=<0.0.  

 

DISCUSSION 

Mechanical testing showed that the stiffness of the 

collagen-based scaffolds could be enhanced by cross-

linking to a level close the stiffness of prostate tissue (3.8 

 1.8 kPa)5, therefore being suitable to model the 

microenvironment of PC. Moreover, culturing PC cells 

on the scaffolds influences cytokine expression.  

Initial findings demonstrate the scaffolds can be used as 

an in vitro platform for studying PC EMT processes and 

drug testing. 
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INTRODUCTION 
3D bioprinting is a promising approach for repair of cartilage 
tissue after damage due to injury or disease. However, the 
current design of 3D bioprinted scaf- folds suffers from two 
major drawbacks: (1) lack of biocompatibility and cell 
viability, (2) lack of geomet- ric accuracy. These drawbacks 
could be overcome by optimisation of the bioprinting 
parameters. Parame- ter choice can be affected by different 
factors such as rheological properties of bioinks, needle size 
and tem- perature. Ruberu et al. [1] used a Bayesian optimisa- 
tion (BO) method to accelerate printability optimisation of a 
range of concentrations of gelatin methacryloyl (GelMA). 
The BO framework showed great potential for applications 
with other bioinks. Other studies, such as Jin et al. [2], used 
Deep Neural Networks to uncover anomalies in 3D bioprinted 
scaffolds and the effect of printing parameters on printing 
quality. Our aim is to develop different bioinks formulations 
and to apply a machine learning approach to optimise the 
printing pa- rameters for a given bioink. 
 
MATERIALS AND METHODS 
Three different hydrogels were developed using the fol- 
lowing biomaterials: type I collagen (Col), alginate (SA) and 
hyaluronic acid (HA). The first composi- tion combined SA 
(4% (w/v), high viscosity) and HA acid (1% (w/v)) to achieve 
the desired viscosity. The SA/HA solution was homogenised 
for 24 h at 4-8ºC. The crosslinking of the printed scaffolds was 
performed using 100 mM calcuim chloride (100 mM CaCl2 
for 15 min) and the degradation time was fast (4 days), 
compared to a previously reported [3] where the degra- dation 
time was reported to be (4 weeks). To im- prove the gelation 
and to slow down the degradation rate, different crosslinking 
times (in a range of 1-24 h) and different concentrations of 
calcium chloride (200 mM,300 mM) were investigated. The 
highest values (24 h and 300 mM) were retained as a clear 
improve- ment in gelation and degradation time (7 days) was 
ob- served. calcium carbonate, calcium dehydrate and cal- 
cium sulphate were also considered as crosslinkers and the 
degradation time was significantly high. For the second 
hydrogel (SA/HA/Col) a concentration of 4 % (w/v) SA, 0.8 
% (w/v) HA and 0.4 % (w/v) Col were used. Different 
crosslinking material were used for a period of 24 h (tannic 
acid (degradation (1 day)), cal- cium chloride (degradation (7 
days)). For the third hy- drogel (SA-Col) Calcium chloride 
with different con- centrations (100 mM, 200 mM and 300 
mM) was used. The optimal degradation rate was obtained 
using the highest concentration (300mM for 24 h). 
Furthermore, a DoE study was performed to obtain optimal 
print- ing parameters and check the reliability of the factors 
selected, the optimised responses generated from this study 
and future studies will be used as training/testing data for our 
machine learning model.Finally to inves- tigate the effect of 
temperature on the printing process and to collect additional 

data for our model a printhead temperature control was built 
(Figure 1). 
 
RESULTS 

 
Figure 1: DoE results showing influence of A) hydrogel composition 
and B) nozzle size on print pressure. C) printhead circuit. 

 
CONCLUSION 
In summary, three different hydrogels have been suc- 
cessfully fabricated. Rheological and chemical testing to 
demonstrate the hydrogels suitability for bioprinting is 
currently on going. The DoE study identified the op- timal 
hydrogel composition to be (SA-HA-COL) and optimal 
nozzle diameter to be (25 G). Furthermore, ma- chine learning 
approach will be taken to complete the DoE study, by 
optimising the printing parameters for a given hydrogel and 
assessing the quality of the printed scaffolds. 
 
REFERENCES 
[1] Kalani Ruberu et al. In: Applied Materials Today (2021), 

p. 100914. 
[2] Zeqing Jin et al. In: ACS Biomaterials Science & 

Engineering (). 
[3] Cristina Antich et al. In: Acta Biomaterialia (2020), pp. 

114–123. 
 
ACKNOWLEDGEMENTS 
This work was partially conducted with the financial support 
of the Science Foundation Ireland Centre for Research 
Training in Artificial Intelligence under Grant No. 
18/CRT/6223. 

 

90



 

Bioengineering in Ireland27, May 20th-21st, 2022 

INTRODUCTION 
Tissue engineering aims to regenerate functional tissues by 
combining highly porous scaffold biomaterials with cells from the 
body and mechanobiological cues. In this context, the combination 
of textile technology, offering a wide range of structural design 
versatility and scalability to large volumes of production, and 
bioabsorbable polymers, able to support new tissue formation and 
become replaced over time [1] at a predictable rate, has the 
potential to fulfil the complex requirements of optimal bone 
scaffold manufacturing. In this work, MC3T3-E1 pre-osteoblast 
cell line and human bone marrow mesenchymal stem cells (hMSC-
BM) are cultured in vitro on novel bioabsorbable polylactide (PLA) 
and poly-4-hydroxybutyrate (P4HB) 3D textile scaffolds, to 
explore their osteogenic potential. 
 
MATERIALS AND METHODS 
Warp-knitted spacer fabric scaffolds were manufactured using 
commercially available PLA and P4HB yarns. Each textile featured 
two cover areas made of multifilament yarns interconnected by a 
monofilament pile yarn (Figure 1A). Textile sheets, with thickness 
of  
1-1.2 mm, porosity of 80-85% and Young’s modulus of 16.1 ± 4.4 
kPa (PLA) and 27.5 ± 3.5 kPa (P4HB), were sterilized by Ethylene 
Oxide. Prior to seeding, scaffolds were cut with a 6 mm diameter 
sterile punch and prepared following [2]. MC3T3-E1 cells were 
expanded in basal media as in [3] (using 1% 
penicillin/streptomycin instead), seeded at passage 22 on scaffolds 
in 96-well plates at a cell density of 104 cells/scaffold, and cultured 
in basal media for 12 days. The same process was repeated using 
hMSC-BM which were expanded in basal media and plated at 
passage 5 on scaffolds at a cell density of 104 cells/scaffold, and of 
1500 cells/well for 2D controls. Textiles and control group with 
MSCs were cultured for 24 h in basal media, and then treated with 
osteogenic supplements as in [4] for 14 days. DAPI fluorescent 
nuclei staining was performed at different time points on all 
scaffolds. MSCs cells metabolic activity was measured using 
AlamarBlue assay at day 1, 4, 7 and 14. Alkaline Phosphatase 
(ALP) activity of MSCs was measured from media at day 1, 7 and 
14 and calcium production was qualitatively assessed using 
Alizarin Red Staining at day 14. A one-way ANOVA followed by 
pair-wise comparison with Tukey’s test was performed using 
Minitab (level of significance p < 0.05).  
 
RESULTS 
Preliminary results show that MC3T3-E1 cells attached and 
proliferated on both PLA and P4HB scaffolds between day 1 and 
12, (Figure 1B, i-ii, MC3T3-E1s on P4HB scaffolds). MSC 
attachment on both PLA and P4HB textiles was also confirmed by 
DAPI staining, with a higher cell density observed on multifilament 
yarns (Figure 1B, iii-iv, MSCs on PLA scaffolds). AlamarBlue 
reduction confirms that MSCs are metabolically active during the 

14 days of culture, with no difference between PLA and P4HB 
scaffolds at day 14 (Figure 1C). Alizarin Red (Figure 1D) and ALP 
results suggest that MSCs differentiation at day 14 is at an early 
stage on both scaffolds and 2D control. 
 

 
 
Figure 1 A. μCT image of warp-knitted spacer fabric. B. MC3T3-E1 on 
P4HB textile at day 1 and 12. hMSC on PLA textile at day 1 and 7. Scale 
bar is 500 μm long. Mono and Multi: monofilament and multifilament 
yarns. C. Metabolic activity of hMSCs on scaffolds and 2D control. *, p < 
0.05; **, p < 0.01. D. Alizarin Red Staining on MSCs in 2D control and 
PLA scaffolds at day 14. Scale bar is 200 μm long.  
 
DISCUSSION 
These preliminary and encouraging results show that both textiles 
show good cytocompatibility and a suitable 3D structure for MSCs 
cell infiltration and growth. PLA and P4HB warp-knitted spacer 
fabric scaffolds merit further exploration for bone tissue 
regeneration, studying how bulk and surface changes during 
degradation affect cell behaviour and osteogenesis. 
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INTRODUCTION 
Significant interest has been growing in the use of 
bioabsorbable composite materials to address the 
relatively low mechanical properties and slow 
degradation times associated with bioabsorbable 
polymers and the rapid degradation associated with 
bioabsorbable metals (Yang et. al 2018). Here, the 
production and characterisation of a bioabsorbable 
composite material is presented. PLDL7038 was 
microextruded in combination with PEG to improve 
processability, and Mg (WE43) particles (4% volume) as 
a reinforcement material before being pelletised. The 
pellets were then introduced into a 3devo precision 
extruder to manufacture filaments of 2.85 mm in 
diameter, compatible with an Ultimaker S5 FDM 3D 
printer. 
 
MATERIALS AND METHODS 
Specimens with different geometries and orientations 
were manufactured from the PLDL/Mg composites as 
well as from the unreinforced PLDL/PEG. They were 
subjected to a detailed mechanical characterisation by 
means of tensile and compression tests to assess the 
effect of the metallic particles on the stiffness, strength 
and ductility.  
 
Degradation tests were performed in Phosphate Buffer 
Solution and the corrosion rate as well as the corrosion 
mechanisms were analysed. Cytocompatibility testing in 
the form of direct and indirect contact assays were 
performed with MC3T3-E1 pre-osteoblast cells and 
showed that the materials remained biocompatible 
throughout their processing steps. 
 
Porous scaffolds with different lattice geometry were 
manufactured by FDM and subjected to similar 
mechanical, and biological characterization to assess 
their potential for orthopaedic applications. 
 
RESULTS AND DISCUSSION 
The mechanical properties of the composite were not 
significantly improved through the addition of Mg 
particles, however the function of the particles was to 
improve the individual degradation times of the polymer 
and the Mg particles. It was found that the addition of 
metallic particles could be used to tailor the degradation 
rate of the composite samples. Cytocompatibility testing 

in the form of indirect and direct contact assays showed 
the composite material to be cytocompatible, and 
interestingly appeared to show a sterilisation effect 
through the 3D printing process.  
 
CONCLUSION 
This study provides a great insight into composite 
materials in additive manufacturing and provides an 
excellent comparison between the addition of Mg 
particles and bare PLDL. 
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INTRODUCTION 
Osteoarthritis (OA) is a degenerative joint disease that 
affects over 240 million people worldwide with one-third 
of the population over 65 years of age displaying 
evidence of knee OA [1][2]. The current treatments such 
as osteochondral allografts, autografts, and other surgical 
interventions provide short-term benefits and have 
drawbacks. Repair of the damaged cartilage tissue using 
tissue engineering where the regeneration of the tissue is 
achieved after the implantation of a desired cell-enriched 
scaffolding matrix at the damaged site has been one of 
the most promising directions to alleviate OA. Despite 
significant advances, to date, scientists have failed to 
regenerate functional cartilage tissue with the required 
structural and biomechanical properties.  
 
Aim - To fabricate a reinforced cell-laden 
PLGA/Alginate composite constructs and evaluate their 
performance through in vitro regenerative studies. 
 
MATERIALS AND METHODS 
• A scaffold of PLGA (8mm*8mm*3mm) was 3D 

printed using a Bioscaffolder (GeSiM, Germany) 
with a fiber diameter of 320µm and fibre spacing of 
1.7mm with a double offset design  

• Human bone marrow derived mesenchymal stem 
cells (BMSCs) were obtained and expanded in low-
glucose Dulbecco’s Modified Eagle Medium 
supplemented with 10% foetal bovine serum, 
GlutaMaxTM-I, and Gentamicin reagent. All cells 
were maintained at 5% CO2 and BMSCs were used 
at passage 4 

• Sodium alginate powder was sterilized in UV light 
for 30 minutes and dissolved in culture medium.  

• Cultured BMSCs were suspended at a density of 
1.5*105 cells/mL in 6% alginate solution at a 50:50 
ratio.  

• The cell suspension was cast in the pores of the 
scaffold and the scaffold was immersed in 102 mM 
CaCl2 for 10 min to crosslink the alginate. The 
scaffolds were placed in a 24-well plate containing 
a chondrogenic medium for 10 days 

• The reinforced composite scaffolds were 
characterized for their structural features, porosity, 
and compressive properties using an unconfined 
stress relaxation test. 

• The cell morphology and cell viability of the 
BMSCs were observed using DAPI staining and 
Live/dead cell staining respectively 

 
 
 

RESULTS AND DISCUSSION 
The 3D printing produced scaffolds with good accuracy. 
The cross-sectional view of the scaffolds exhibits good 
layer adhesion with minimal overhangs showcasing 
optimum printing parameters. The Live/dead staining 
revealed cells to have adhered to the Aginate hydrogel 
and was viable after 10 days of culture. A low red 
fluorescence depicted a low volume of dead cells in the 
scaffold. The cell viability was supported by DAPI 
staining where an intact cell morphology was revealed.  
A porosity of 86% was obtained from the liquid 
displacement method. A compressive modulus of 5.5±1 
MPa, equilibrium modulus of 3.58±1 MPa, and dynamic 
modulus of 20.81±1 MPa revealed comparable properties 
with the native cartilage having a porosity of 90%, 
compressive modulus of 0.8-2MPa, equilibrium modulus 
of 0.5-0.9MPa, and dynamic modulus of 5-40MPa [3]. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Reinforced composite PLGA/alginate scaffold (a) 
optical microscope (b) SEM image of top view (c) SEM image 
of the cross-sectional view (a) Live/dead staining on the scaffold 
(b) DAPI staining on the scaffold (c) DAPI staining in a pore of 
the scaffold 
 
CONCLUSION 
This project has demonstrated the capability of producing 
bioresorbable composite scaffolds using 3D printing. 
Composite scaffolds with mechanical properties that are 
comparable with those of the native cartilage and 
supporting cell culture have been produced. Further work 
will be conducted in in-vitro studies, altering the scaffold 
architecture, degradation studies on the scaffold, and 
biomechanical stimulation using bioreactors. 
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INTRODUCTION 
Mechanical strength is an important consideration in the 
design of biomaterial platforms for bone regeneration in 
load bearing defects. Hydrogels with in situ gelation 
properties are attractive biomaterials for minimally 
invasive tissue engineering applications. This is due to 
their ability to transition from liquid state to solid at 
physiologically temperatures, and suitability for 
administration via injection1. Whilst hydrogels provide 
an ideal platform for tissue regeneration in terms of 
biocompatibility, biodegradability and handling 
properties, their mechanical and structural properties 
often deem them unsuitable for bone2-3. The aim of this 
study was to formulate a chitosan-collagen (CS-COL) 
hydrogel, reinforced with carboxylated single wall 
carbon nano-tubes (SWCNTs) to develop mechanically 
robust hydrogels for load-bearing applications. 

 
MATERIALS AND METHODS 

Hydrogel systems comprising of chitosan/collagen 
polymeric matrix reinforced with SWCNT were prepared 
by mixing acid solubilized chitosan with Type I collagen 
and different concentrations (0, 0.5, 1, 3 and 5 wt/v%) of 
SWNT in presence of β-glycerophosphate (β-GP), a 
gelling agent at pH~7.4. Thermoresponsive behaviour of 
the prepared hydrogels was confirmed by using rheology 
technique. Porous behaviour and change in structural 
properties with SWCNT was assessed by using different 
physiochemical techniques including X-ray Diffraction, 
Fourier Transform Infra-Red Spectroscopy, Scanning 
and Transmission Electron Microscopy. Quantitative 
analysis of mechanical strength was performed on Zwick 
Roell Materials Testing machine with 5N load. Effect of 
SWCNT on thermal behaviour of hydrogels was 
evaluated via Thermal Gravimetric Analysis (TGA), in 
vitro weight loss and mineralization was performed in 
phosphate buffer saline (PBS) and simulated body fluid 
(SBF) at physiological conditions respectively. To 
determine the compatibility of the prepared hydrogel 
systems for bone tissue engineering, osteoblast cell line 
MC3T3-E1 was used. In vitro cell cytotoxicity and 
proliferation was analyzed by using Lactate 
dehydrogenase activity (LDH) and Pico Green assay 
respectively. 
 
RESULTS & DISCUSSION 
All formulations were thermoresponsive and injectable in 
nature as confirmed by rheology analysis. It was 
speculated that addition of SWCNT led to porous 
structure (Figure 1), significantly increased mechanical 

strength from kPa to mPa (63% increase), high 
interconnectivity (85±0.5%) and crosslink density. The 
weight loss analysis indicated that the weight loss ratio 
can be varied by changing the concentrations of chitosan, 
collagen and SWCNTs. Physiochemical characterization 
results confirmed the presence of SWCNT at the 
expected diameter (0.85–1.30 nm) with strong molecular 
interactions between polymeric matrix (+ve zeta 
potential) and SWCNTs (-ve zeta potential) which led to 
the formation of more aligned and crystalline network 
with lower zeta potential values (Figure 1). Results 
demonstrate that β-GP and temperature are the two most 
important driving factors for the transformation of 
hydrogels from solution to solid gel at physiological 
conditions. Hydrogels showed the presence of 
hydroxyapatite layer on the surface of the samples even 
after 1 day of incubation in SBF, which indicates the 
biocompatible nature of the prepared hydrogels. This was 
further demonstrated by an absence of cytotoxicity and 
increased cell proliferation over 7 day culture period. For 
the first time, our results showed that β-GP and 
temperature are important for gelation at physiological 
conditions and the reinforcement of CS-COL hydrogels 
with SWCNT significantly change the structural 
morphology to more porous and aligned network which 
leads to high crystallinity and ultimate increased the 
mechanical strength from kPa to mPa which is closer to 
mechanical strength of the bone. So, these hydrogels are 
suitable for application as mechanically robust and 
injectable biomaterials in bone tissue engineering 
especially in load bearing area. 

 
Figure 1 Thermoresponsive behaviour of hydrogels at 37°C 
with SEM and TEM images shows the porous and aligned 
polymeric network 
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INTRODUCTION 
Complex bone fractures are considered a global public 
health issue [1]. In 2019 there were 178 million of new 
bone fractures, which was 34% higher than in 1990 [2]. 
Calcium phosphate cements have been used widely as 
bone void filler. However, they lack of biomechanical 
integrity and potential for minimally invasive delivery 
(i.e. poor injectability). Phosphoserine [3] a relatively 
simple molecule combined with alpha-tricalcium 
phosphate (alpha-TCP) can lead produce a bioadhesive 
with unique characteristics (e.g. handling and mechanical 
properties). This study aims to develop a bioresorbable 
and biomimetic bone adhesive, comprised of alpha-TCP, 
phosphoserine and deionised (DI) water, with bone 
regenerative properties (Fig.1a). Specifically, a 
phosphoserine-modified calcium phosphate cement (PM-
CPC) will be developed using a Design of Experiment 
(DoE) approach, which during the initial phase provides 
suitable rheological, setting and mechanical properties 
for bone repair applications. 
 
MATERIALS AND METHODS 
The alpha-TCP powder was prepared by mixing calcium 
phosphate (CaHPO4) and calcium carbonate (CaCO3) at 
a 3:2 molar ratio (both from Sigma Aldrich, Ireland) [4]. 
The physicochemical properties of the alpha-TCP 
powder were characterised in terms of particle size (laser 
diffraction particle analysis), morphology (SEM), phase 
purity (XRD) and chemical composition (FTIR). Alpha- 
TCP and phosphoserine (Flamma, Italy) at different 
percentage (10, 25, 40 wt.%) were combined with DI 
water at liquid:powder ratio (LPR) of 0.2, 0.35 and 0.5 
mL/g. The rheological and setting characteristics, as well 
as the mechanical properties (i.e. compression and 
adhesive) were measured, analysed and optimised 
through DoE analysis. A validation study of the handling 
and mechanical properties was completed for the optimal 
composition for DoE analysis. 
 
RESULTS 
XRD refinement and FTIR analysis confirmed a phase 
purity of 99.9% for the alpha-TCP. The particle size of 
the alpha-TCP powder decreased as a function of number 
of attrition cycles (Fig.1b) with a D50 of 5.4±1.25 μm 
following 15 attrition cycles. SEM analysis (Fig.1c) 
demonstrated the alpha-TCP powder was non-spherical 
in morphology and also demonstrated a negative 
correlation (R² = 0.90) between the particle size and 
attrition cycle number. The particle size significantly (p- 
value<0.0001) influenced the rheological, setting and 
static mechanical properties of the PM-CPC, which 

agrees with previous studies [3,4]. Setting times and 
compressive properties provided a strong 
interrelationship. A ten-fold increase in the powder 
volume used did not affect the rheological, setting or 
mechanical properties (Fig. 1d). 

 

 
Figure 1: (a) Overview of PM-CPC adhesive technology, (b) 
Particle size and (c) SEM as function of particle attrition and (d) 
setting and mechanical properties of optimal PM-CPC. 
 
DISCUSSION 
An optimal formulation for PM-CPC was developed 
using a DoE approach. The rheological, setting and 
mechanical properties were not impacted by a ten-fold 
increase in the powder volume used to prepare the PM- 
CPC. The important role that particle size of the alpha- 
TCP powder plays on the setting properties was 
highlighted from this study. Measured mechanical 
properties (compression and adhesive) were within 
required clinical range [5]. These findings offer the 
potential to tailor the quantity of the proposed bone 
adhesive for the treatment of bone fractures. Future work 
will focus on optimising the minimally invasive mixing 
and delivery of the PM-CPC and also the in vitro and in 
vivo biocompatibility. 
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INTRODUCTION 

Articular cartilage facilitates the frictionless movement 

of synovial joints, however, due to its avascular and 

aneural nature, it has limited ability to self-repair. Current 

treatment options for cartilage defects elicit variable 

results – an issue that the field of tissue engineering has 

aimed to address; however, the inability to mirror the 

complexity of native tissue has hindered progress thus far 
1, 2. Fortunately, the advent of 3D printing has provided a 

potential solution. 3D printed (3DP) scaffolds, fabricated 

using biomaterials native to articular cartilage, can be 

designed to mimic the composition of articular cartilage. 

These biomaterial inks can also be functionalised with 

cells, bioactive factors and/or gene therapeutics to form 

biomimetic ‘bioinks’, capable of repairing cartilage 3-5. 

 

The overarching aim of this study is to develop a novel 

3DP scaffold composed of biomaterials native to human 

articular cartilage, such as collagen and hyaluronic acid, 

which can also be functionalised with mesenchymal stem 

cells (MSCs) to promote regeneration of the native tissue.  

 

MATERIALS AND METHODS 

To this end, 35mg/mL neutralised collagen type I (COL-

I) was mixed in a 1:1 ratio with increasing concentrations 

of methacrylated hyaluronic acid (MeHA) to formulate 

four respective bioinks. The printability of each bioink 

was first assessed, and three formulations were carried 

forward to 3D print 10mm x 2mm circular mesh 

scaffolds. The mechanical properties, macro-pore size 

and swelling properties of the scaffolds were then 

determined. Two suitable formulations were selected and 

functionalised with rat MSCs, and the cell viability of the 

MSCs within 3DP cell-laden scaffolds was determined 

over 7 days. An optimal bioink formulation was then 

selected and functionalised with rat MSCs at three 

respective cell densities. The production of articular 

cartilage matrix components within these cell-laden 3DP 

scaffolds was assessed following 21 days culture in TGF-

β containing or TGF-β-free media. 

 

RESULTS AND DISCUSSION 

Three bioink formulations were found to have desirable 

3DP properties and were carried forward for further 

analysis. Subsequent studies showed that there was no 

significant in difference in the mechanical properties or 

macro-pore size of scaffolds 3DP with each bioink. 

However, 3DP scaffolds with a higher concentration of 

MeHA did have a higher mass swelling ratio. 3DP 

scaffolds containing the lowest MeHA concentration 

were excluded from subsequent studies as they couldn’t 

withstand physical manipulation. 

 

Cell viability studies with the remaining two bioink 

formulations showed that 3DP scaffolds containing the 

highest MeHA concentration facilitated greater levels of 

cell proliferation. This optimal bioink formulation was 

also shown to facilitate deposition of articular cartilage- 

specific matrix components in 3DP scaffolds in a cell 

density-dependent manner. Future work will include 

improving the mechanical properties of the 3DP scaffold 

by co-printing with a polymer, and gene-activation of the 

bioink to further enhance its chondrogenic potential. 

 

 
Figure 1 Cell viability in 3DP cell-laden (a) COL-I only, (b) 

COL-I + 0.5% MeHA and (c) COL-I + 0.75% MeHA scaffolds 
up to 7 days post-printing. 

 

CONCLUSION 

In this study, a biomimetic collagen and hyaluronic acid-

based bioink with favourable 3D printing and 

physiochemical properties was successfully developed. 

Scaffolds 3DP using this bioink facilitated proliferation 

of MSCs and deposition of new articular cartilage matrix. 
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INTRODUCTION 

The foreign body response (FBR) is one of the main 

factors to cause implant failure. So far, common ways for 

FBR diagnosis still rely on invasive biopsy so as to 

perform further histological staining (e.g. hematoxylin & 

eosin and Masson trichrome stains). In this study, a non-

invasive method, Raman microspectroscopy, was 

utilized to investigate the FBR induced by two types of 

synthetic subcutaneous implants, polyvinylidene fluoride 

(PVDF) & thermoplastic polyurethane (TPU)-

chronoFlex. Extracellular matrix (ECM) proteins in the 

fibrotic capsule including collagens I and III, as well as 

alpha-smooth muscle actin, can be identified through true 

component analysis (TCA) of Raman spectra. The 

alignment of collagens is comparable with second 

harmonic generation (SHG) signals as well as other 

staining approaches. Moreover, principal component 

analysis (PCA) of Raman spectral data revealed 

differences in collagen I (Col I) between fibrotic and 

connective tissues. This study demonstrates an efficient 

way to investigate the fibrotic capsule around medical 

implants. 
 

MATERIALS AND METHODS 

Immunofluorescence staining 

Skin tissues with device implants underwent 

deparaffinization, antigen retrieval and goat blocking. 

The samples were then stained for α-SMA, Col I, Col 

III and DAPI. 

Raman microspectroscopy  

The ECM reference spectra were acquired via IF 

staining sections. Those spectra were utilized to define 

the fibrotic capsule. Then, PCA was applied to Col I 

spectra. 
 

RESULTS 

Movat pentachrome staining showed the morphology of 

the fibrous capsular areas. (Fig.1A) PCA can 

differentiate the characteristics based on Col I spectra 

between the connective tissue and fibrotic tissue. 

(Fig.1B) Raman images identified the distribution 

patterns of specific ECM proteins. Those patterns are 

consistent to IF staining and the collagen alignment is 

verified by SHG signals. (Fig.1C) 
Figure 1. Determination of fibrotic capsule via representative 

methods. (A) Movat pentachrome staining (B) PC-3 loading 

scores of Col I Raman spectra in different types of tissues (C) 
images of the fibrotic capsule acquired by IF staining, SHG and 

Raman microspectroscopy. Blue: Nuclei; green, Col I; yellow, 

Col III; white, SHG. Scale bars equal to 20 µm. 
 

DISCUSSION 

Raman microspectroscopy was demonstrated to offer an 

understanding of the FBR caused by the polymers. By 

using PCA, differences in amide I, amide III, 

phenylalanine and hydroxyproline were identified based 

on the Raman spectra, indicating secondary structural 

differences in Col I. These differences were undetectable 

via traditional histological stains. The promising 

approach provides a non-invasive way to characterize the 

ECM of the fibrotic capsule, which can be utilized for 

future application in medical device assessment. 
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INTRODUCTION 

Polylactide (PLA) and polycaprolactone (PCL) are 

biodegradable polymers, approved by US Food and 

Drugs Administration for medical purposes1.  

Textile structures, which can cover very wide ranges of 

degradation times, mechanical properties as well as the 

porosity, can be manufactured from these materials. As a 

result, they can be used in different biomedical 

applications associated with tissue regeneration, 

including bone, cartilage, ligaments, and skin. This 

investigation was aimed to assess the mechanical 

properties and biocompatibility of composites 

manufactured with PLA/PCL woven textiles 

consolidated by compression molding. 

 

MATERIALS AND METHODS 

Commingled yarns of high and low melting temperature 

PLA (PLAHM-PLALM) were weaved to produce a PLA-

PLA dry fabrics. Laminates following the [0]n stacking 

sequence were hot-pressed at 155℃ with 2 MPa for 10 

minutes. The same procedure was used to manufacture 

PLA-PCL materials in which PLA-PCL commingled 

yarns were mixed in a ratio of 1 to 3 to produce the woven 

fabric. To obtain the PLA-PCL composite panels, the 

later fabric was hot-pressed at 110℃ with 2MPa and for 

10 minutes. The melting point Tm and the glass transition 

temperature Tg were evaluated for PLA-PLA and PLA-

PCL yarns by differential scanning calorimetry (DSC). 

The results were used to optimize the consolidation 

pressure and temperature cycle parameters used for the 

composite panels.  

 

The porosity of the consolidated textiles was analysed by 

tomography inspections. Regarding the mechanical 

behaviour, uniaxial tensile tests were carried out 

following the guidelines presented in ISO/DIS52-4 and 

ISO 13934-1 standards. For biocompatibility evaluation, 

indirect (use of extracts) were carried out with pre-

osteoblast MC3T3 cells following the ISO 10993-5 and 

10993-12 standards. 
 

RESULTS AND DISCUSSION 

The PLA-PLA and PLA-PCL dry woven fabrics 

presented an interconnected structure with a porosity of 
around 35 %. The PLA-PLA consolidated composite did 

not show relevant values of porosity; on the other hand, 

PLA-PCL composites had a highly porous structure 

because the quantity of PCL, that resulted to be the 

matrix, was not enough to wet the reinforcement (PLA). 

In terms of mechanical performance, the results obtained 

can be seen in the table I. 

 
Table 1  Mechanical performance of the performed 

structures. 

Materials 
Ultimate 

strength (MPa) 

Young 

modulus (GPa) 

PLA-PLA 

composite 
30.9 4.1 

PLA-PLA 

weave 
16.8 0.31 

PLA-PCL 

composite 
17.3 1.3 

PLA-PCL 

weave 
19.1 0.13 

 
Concerning the cytotoxicity of PLA-PLA, the composite 

was biocompatible, a percentage of viability of 71%; the 

other composite, PLA-PCL, had the mitochondrial 

activity of 84% after the two dilutions (25% of the 

extract). The dry wovens, PLA-PLA and PLA-PCL, were 

subjected to the same cytotoxicity tests and presented 

76% (25% of the extract) and 83% (12,5% of the extract) 

mitochondrial activity. Such differences can be endorsed 

to the higher surface area ratio of the dry textiles 

compared with the consolidated composites.  

 

CONCLUSIONS 
 

This study demonstrates that it is possible to tailor the 

properties of the materials by altering the manufacturing 

process parameters. By tuning the materials properties, it 

is possible to use them in a wider range of biomedical 

applications.  
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INTRODUCTION 

Silk is a natural polymer composed of fibroin fibre-based 

proteins and sericin, which acts as a glue for the fibres. 

Silk fibroin is biocompatible and biodegradable [1], with 

the material undergoing enzymatic degradation in vivo, 

mediated by enzymes such as protease XIV, α-

chymotrypsin and collagenase. Despite its potential 

applications, theoretical models describing the 

degradation kinetics of silk fibroin are not yet available, 

thus limiting the potential use of fibroin devices. The 

objective of this study is to develop and implement a 

physically based model framework to describe the 

enzymatic degradation kinetics of silk fibroin. 

 

MATERIALS AND METHODS 

The degradation model by Niu and Pan [2], which was 

originally developed for PLLA, was used as a reference 

to capture enzymatic degradation process of silk fibroin. 

This model was extended to enable calculation of enzyme 

diffusion following Fick’s second law and of the 

concentration of chain scissions (RS) considering a 

Michaelis and Menten approach for enzymatic kinetics. 

The model is described by,      

dRS

dt
=

Cenz

Cenz0
Ce0(1 − Xc0) (1 − α(

RS

Ce0
)
β
) ∗

(
Rmax

KM+Ce0(1−α(
RS
Ce0

)
β
)
)    

where Cenz is the enzymatic concentration, D is the 

diffusivity coefficient, Cenz0 is the environmental 

enzymatic concentration, Ce0 is the concentration of 

cleavage sites, Rmax and KM are the Michaelis and 

Menten parameters and α and β are material parameters. 

The model was implemented within Matlab on a unit cell 

geometry (Figure 1 A) and model parameters were 

identified to enable prediction of experimental results 

from in vitro and in vivo data [3].  

 

RESULTS 

Figure 1 B-C shows the comparison between the 

experimental mass loss evolution in vitro and in vivo [3] 

and the computational prediction. In both cases, mass 

loss was initially limited to the regions directly exposed 

to enzymes followed by the degradation of the inner parts 

once the enzymes diffuse in the fibroin structure. It was 

found that the degradation behaviour was highly 

influenced by the ratio between amorphous and 

crystalline domains.  

  
Figure 1 Geometry of the unit cell (A) and experimental and 
computational mass loss in vitro (B) and in vivo (C). 

 

DISCUSSION 

This study presented a physically based modelling 

framework for to capture the degradation behaviour of 

silk fibroin. The predicted model results showed good 

correlation with experimental observations. Future work 

will focus on further calibration of model parameters 

through experimentation, with particular focus on the 

relative contribution of amorphous and crystalline 

domains on model results.  
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INTRODUCTION 

Competitive swimming is one of the most demanding 

sports in terms of physicality, technicality and mentality, 

meaning that fine margins of improvement are essential. 

In recent years there have been more attempts made to 

understand the intricacies of the techniques associated 

with each discipline of swimming. 

 

Original methods of technical analysis were largely 

based on personal opinion. Modern methods, such as 

motion capture and computational fluid dynamics, aim to 

find optimum technique using mathematical principles 

for verification. In modern competitive swimming, there 

are a range of body types, each with individual 

propulsion, drag and turbulence profiles. The importance 

of understanding how these profiles vary between each 

athlete are imperative in ensuring the most efficient 

technique for each individual athlete. 

 

This project aims to use OpenFOAM to accurately 

predict propulsion, drag and turbulence estimates 

experienced during swimming while considering how 

multi-phase flow features of turbulence can affect these 

forces. This will include investigation of major turbulent 

flow features produced on the head, hands and feet of an 

animated swimming model. This will also include 

investigating the propulsion, drag and turbulence features 

associated with diving entry and complex turning 

sequences of a swimmer. 

 

METHODS 

Propulsion, drag and turbulence analysis will be 

conducted using OpenFOAM in conjunction with a high 

performance computer. Results will be made visible in 

ParaView. An existing animated model of a swimmer in 

motion will be used for the analysis. [1] The immersed 

boundary method (IBM) will simplify the process of 

complicated humanistic mesh deformations, thus 

reducing processing power and computational time 

required. [2] Traditional moving mesh analysis is not 

applicable in this project as highly skewed cells and cell 

overlap are likely to lead to failed simulations. 

 

The implementation of turbulence models in multi-phase 

simulations will aid investigation as to how characteristic 

turbulent flow features impact the existing forces. The 

consideration of transient conditions allows for more 

realistic analysis of propulsion, drag and turbulence over 

time, when compared to steady state results. 

 

 
Figure 1 Animated Model of Swimmer in 3D Studio Max [1] 

 

EXPECTED RESULTS 

The results obtained will include propulsive force and 

drag data experienced at incremental time points of each 

stroke, dive and turn or transition. Other results will 

include the turbulent flow features developed as well as 

their locations and impact on the force data obtained. 

 

DISCUSSION 

Simulation predictions will be compared to empirical 

data obtained from previous similar experiments to 

validate the models. 

 

It is expected that propulsive forces will be greatest on 

the main propulsive surfaces, such as the hands, during 

motion. Drag will be greatest on areas of the body that 

venture outside the main body line or areas with large 

amounts of associated turbulence and turbulent features, 

such as the head, hand and feet.  It is anticipated that there 

will be error in the impact of turbulence on the interaction 

forces of swimming. This is due to the modelling 

assumptions of the method of turbulence modelling that 

will be chosen. 

 

Achieving accurate simulation of swimming forces in 

this project will be a stepping-stone toward the longer 

term aim of optimising the individual techniques of 

athletes with varying height, build and body shape, likely 

aided by the use of image recognition and motion 

capture.  
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INTRODUCTION 

Mitral valve (MV) disease is the most prevalent form of heart valve 

disease globally. Calcification can form around the MV annulus and is 

usually categorized as mitral annular calcification (MAC). Severe 

calcification has a significant impact on the MV and consequently on the 

heart by stiffening its tissue and reducing its mobility and leads to blood 

backflow (mitral regurgitation) and constriction of blood path through 

the mitral valve (mitral stenosis), which eventually lead to heart failure.  

Review of cardiac simulators revealed that in relation to valvular 

treatment strategies, the primary focus of studies to date has been on 

valve hemodynamic competency and representative physiological left 

ventricular contraction [1-3]. Lack of large animal models of valvular 

disease and also lack of benchtop cardiac models with dynamic annulus 

that would account for significant contraction in physiological 

pathological states are a big obstacle in simulating and studying mitral 

calcification [4]. This PhD project aims to develop repeatable silicone 

models, both physical and computational, of the MV with dynamic 

annulus in healthy and diseased states to quantify the effects of 

calcification presence, volume, and distribution on MV dynamics, tissue 

deformation, and flow relations. 
 

MATERIALS AND METHODS 

An idealized 3D MV geometry was created in SolidWorks using healthy 

human MV measurements [3,4,5] for meshing and solution in the FEA 

software Abaqus (Dassault Systemes, USA). The MV geometry was 

discretised into 982 triangular shell elements with thickness of 1 mm. 

An isotropic 5th order reduced polynomial material model was applied 

to each leaflet based on experimental radial testing data of human MV 

tissue [3]. Primary marginal chordae were defined in form of spring 

elements with a stiffness coefficient of 1.6 N/mm. Material model and 

anatomical parameters, i.e. number and rest lengths of chordae were 

changed from 74 to 24 and by shifting the papillary muscle post 

positions downwards from 18 mm to 25 mm away from the annulus 

plane respectively to investigate their effects on MV motion. For 

boundary conditions, mitral annulus and papillary muscle posts were 

fixed. Physiological load was applied to the leaflets in form of 

transvalvular pressure waveform ranging from -8 to 120 mmHg 

throughout the cardiac cycle (Fig 1b). This idealized model would be 

further used as a baseline and control model and compared with and 

complemented by the anatomically informed MV models reconstructed 

from micro-CT imaging data of ovine hearts.  

A pulsatile flow rig was designed and manufactured to test the fabricated 

physical MV model subject to physiological conditions (Fig 1a). The 

physical MV model fabrication and the pulsatile flow rig will enhance 

recent works of other researchers by adding both dynamicity of MV 

annulus and also repeatability to the models by virtue of the silicon 

mitral valve setup. 
 

RESULTS 

MV FEA simulation results showed swift valve closure with coaptation 

lengths within normal range (4.9 ± 3.8 mm). Bulging was observed in 

both leaflets during peak systole. Leaflet stress distribution was highly 

non-uniform and complex, with higher values near coaptation zone and 

bulging area. 

 
Figure 1 (a) Pulsatile flow rig design in SolidWorks along with the machined 
parts and linear motor system for physical MV testing; (b) MV meshed geometry 

along with load and boundary conditions in Abaqus FEA simulation; (c) Top and 

side view max. principal stress plots of MV leaflets at the beginning of systole 
(1) and peak systole (2); (d) Displacement plot of the leaflets with anteroposterior 

mid-plane cut-view and coaptation length measurement (red arrow) during peak 

systole. 
 
 

DISCUSSION 

Comparison between results of different FEA models showed that both 

leaflet material and chordae lengths have significant effects on 

coaptation length and leaflet bulging. Increased chordae lengths in 

particular reduced leaflet bulging to a high extent, especially in the 

anterior leaflet. Excessive leaflet bulging was observed, which can be 

due to annulus and papillary muscle posts being fixed and lack of 

secondary chordae. Average stresses and displacements were close in all 

models, except for the model with fewer chordae which had increased 

chordae stresses. The models presented will be further developed to 

replicate the silicone experimental setup. Comparisons between human 

and mock silicone predictions, along with experimental silicone 

validation will assist in advancing medical device development and 

testing, interventional training, and procedure planning and 

demonstration in the future. 
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INTRODUCTION 

Trabecular bone consists of interconnected plates 

and rods whose microarchitecture is optimized for load-

bearing capacity 1. To produce biomimetic scaffold 

structures, a range of idealized units cell geometries, such 

as open-cell foam 2 or hexagonal columnar structure 3, 

have been proposed. While these idealized structures 

may adequately represent certain features of bone micro-

architecture, they fail to capture more intricate 

topological features. To produce biomimetic scaffolds of 

trabecular bone, this study proposes three mathematical 

algorithms producing digital models of trabecular bone. 

 

MATERIALS AND METHODS 

The three algorithms were developed and 

implemented within the MATLAB-based Gibbon 

toolbox 4; (i) a Gyroid structure was built using periodic 

unit-cells which create iso-surfaces boundaries for the 

solid/void sections; (ii) a Spinodoid 5 stochastic 

microstructure was derived from the phase-separation 

process using Gaussian random field and is generated by 

superimposing standing sinusoidal waves of fixed 

wavelength and amplitude, but random direction and 

phases; (iii) a Dual-Lattice structure was built on 

Delaunay triangulation of tetrahedron elements and 

thickening struts with desired thickness values. 

Sensitivity analysis was performed to determine the 

appropriate representative volume element (RVE) size 

and resolution. Using image processing tools 6, 

morphometric and topological indices were evaluated, 

quantitatively describing structures, and compared to 

porcine bone, as the reference structures (Figure 1). 

Finally, finite element analysis on the optimized 

structures as well as bone samples was applied, and their 

mechanical responses were analyzed to see the effect of 

dynamic morphological and topological parameters.  

 

RESULTS 

Comparison between studied morphometric and 

topological parameters, as well as elastic mechanical 

behavior, is shown in Table 1. It was found that bone 

volume fraction (BV/TV), trabecular thickness (Tb.Th.), 

trabecular separation (Tb.Sp.), and degree of anisotropy 

(DA) are reproduced close to the reference values. 

Despite this, the predicted mechanical properties along 

the primary loading direction of each structure (E33) are 

lower than the reference bone. This arises from 

differences in other parameters, whereby higher 

connectivity density (Conn.D.), higher ellipsoid factors 

(EF), and lower SMI values were found in the digital 

models. It was found that both the Gyroid and Dual-

Lattice performed better than the Spinodoid in 

reproducing SMI and bone-specific surface area 

(BS/BV), while the Spinodoid better predicted EF. 

 

 
Figure 1 Three mathematically generated structures, a) 

gyroid, b) spinodoid, d) dual-lattice, besides a d) realistic 

trabecular bone sample. 
 

 
Table 1 Morphometric, topological parameters and 

mechanical behavior of bone, and mathematically generated 

structures. 

 

DISCUSSION 

This work presents three efficient numerical 

techniques to develop trabecular bone-like structures. 

Regular periodic lattices, as well as a stochastic 

microstructure, are highly versatile and can capture many 

of the morphometric and topological parameters of 

trabecular bone tissue, as well as simulate their 

anisotropic elastic behavior. These techniques have 

potential applications for as candidate biomimetic 

scaffolds for bone tissue engineering and further our 

understanding of trabecular bone biomechanics.  
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INTRODUCTION 
 

Thrombus (blood clot) fragmentation during endovascular stroke 
treatment, such as mechanical thrombectomy, leads to downstream 

emboli, resulting in poor clinical outcomes. We have previously shown 
that mode I rupture resistance of blood clot are significantly depends on 

the clot composition 1. This study aims to characterise the mode II 

rupture resistance of blood clots. It is the first mixed-mode fracture 
characterisation of blood clots and are of key importance for 

development of next-generation thrombectomy devices and clinical 

strategies. 

 

of clot fragmentation in thrombectomy, a major risk during endovascular 
treatment of AIS. Fracture toughness is observed to significantly 

increase with increasing fibrin content, i.e. RBC-rich clots are more 
prone to tear during loading compared to the fibrin-rich clots. This 
observation is consistent with the published clinical data which report 
high RBC-content clots in patients with multiple secondary embolism 

resulting from periprocedural thrombus 3. 

 

MATERIALS AND METHODS 

Blood clot analogues have been fabricated from citrated whole blood 

using an established method 2. Citrated whole blood was used to form 
platelet-contracted blood clots within 5 hours of blood collection from 

the donor animals. Uncontracted blood clots have also been fabricated 

using platelet-poor plasma. Four different physiologically relevant clot 

analogues types were fabricated from blood mixtures with 5%, and 20% 

haematocrit (H). Compact tension fracture test (Figure 1A) and lap shear 

test (Figure 1B) have been performed to characterise mode I and mode 

II rupture resistance of blood clots. 
We also develop a predictive finite element model for blood clot 
fragmentation, using cohesive zone modelling approach and constitutive 

model that we developed in our pervious study 1. 
 

RESULTS 

The results of fracture tests for platelet-contracted and uncontracted clot 

analogues are presented in Figure 1. In general, it is observed that the 

clot with higher fibrin content are stiffer than the clot with lower fibrin 

content, both in compact tension fracture test (Figure 1A) and lap shear 

test (Figure 1B). The force-displacement curves of both tests exhibit an 

initial non-linear stiffening followed by stable crack propagation with an 

approximately constant force, and final rupture. The maximum force is 

significantly higher with increasing fibrin content (decreasing 

haematocrit). Rupture resistance in mode II fracture is observed to be an 

order of magnitude higher than mode I implying that blood clots are 

more prone to fragment in mode I than mode II. This finding has a key 

importance for design of the next-generation devices for endovascular 

treatment of stroke patients. Clot contraction is found to have a 

significant influence on the results of in both compact tension fracture 

test and lab shear test. This highlight the key role of platelet on fracture 

properties of blood clot, in addition to the key contribution of fibrin 

fibres. 
Finite element cohesive zone modelling of clot fracture experiments 

show that fibrin fibres become highly aligned in the direction 
perpendicular to crack propagation, providing a significant toughening 
mechanism. 

 
 
 
 
 
 
Figure 1 Results of compact tension fracture test (A) and lap shear test (B) for 
contracted and uncontracted clot analogues fabricated from 5% and 20% 

haematocrit (H) blood mixture. 
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DISCUSSION 
 

This study provides the first characterization of the composition-

dependent mixed-mode fracture toughness (rupture resistance) of blood 

clot analogues. The results of which are highly relevant for assessment 
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INTRODUCTION 
Cardiovascular diseases are the leading cause of death 

worldwide, with atherosclerosis accounting for up to 30% of 

strokes in the event of a plaque rupture [1-2]. Studies show 

that plaques characterised by a rich lipid core and thin fibrous 

cap are at higher risk of rupture due to their mechanical 

properties [3]. However, the current plaque rupture risk 

criterion, percentage stenosis, does not take the atherosclerotic 

plaque mechanical properties into account. Therefore, there is 

a clear need for improved clinical indicators of plaque 

integrity, and hence vulnerability. Ultrasound imaging is a 

possible tool to non-invasively measure the mechanical 

integrity of plaques and some preliminary studies have used 

poly-vinyl alcohol cryogel (PVA-c) based hydrogels as an 

arterial tissue surrogate [4]. Thus, this work aims to establish 

a robust pressure inflation methodology, both experimentally 

and computationally, to non-destructively establish the 

mechanical properties of PVA-c phantoms using ultrasound 

imaging. 
 

MATERIALS AND METHODS 
Six tubular shaped PVA-c phantoms (n=6) were fabricated 

and subjected to various numbers of controlled freeze thaw 

cycles (FTC) to crosslink the polymer. Pressure inflation tests 

were carried out using a PID controlled syringe pump where 

the PVA-c phantoms were pressurised from 0 to 150 mmHg 

in 10 mmHg increments. Ultrasound B-mode scans were 

acquired for each pressure step and measurements of diameter 

changes were obtained (Fig.1a). The experimentally obtained 

pressure diameter curve was then matched by fitting a 

nonlinear, incompressible Neo-Hookean model. The objective 

function minimised the sum of squared difference (SSD) 

between the experimental and computational diameters, where 

the shear modulus C was the optimised parameter. 

 

RESULTS 
Ultrasound B-mode images accurately captured diameter 

changes of the PVA-c phantoms when inflated (Fig.1a). Finite 

element (FE) models of the mechanically inflated phantoms 

were generated (Fig.1b) and the computational pressure 

diameter curves were fitted to the experimental curves, 

allowing for the material parameter estimation of the tested 

PVA-c samples. For a sample that underwent four FTC, a 

shear modulus of 19.38 kPa was obtained (Fig.1c). The SSD 

between the experimental and computational data was 

1.78x10-5. 

 

 
Figure 1: (A) Pressure inflation set up and B-mode images of inflated PVA-c 
phantom and (B) FE simulation and (C) experimental and computational 

pressure-diameter curves. 

DISCUSSION 
This work developed and validated a robust experimental and 

computational workflow by combining inflation testing and 

ultrasound imaging of PVA-c. Future work will translate this 

framework to harvested atherosclerotic plaques. Combined with 

the established inverse FE method, mechanical properties will 

be inferred and have the potential to provide better insights on 

plaque vulnerability. 
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INTRODUCTION 

Bone is a naturally occurring composite material whose 

constituent phases are hierarchically organised to provide 

a highly optimised structure that exhibits high stiffness 

and excellent resistance to fracture. Mineralized 

Collagen Fibrils (MCFs) are the main building blocks of 

bone in the nanoscale level of its hierarchical structure 

[1]. Collagen fibrils and Hydroxyapatite minerals are the 

main constituents of MCFs. The specific arrangement of 

collagen molecules in the fibril provides the high and low 

collagen density regions with axial periodicity of 67 nm 

which are called overlap and gap regions, respectively. 

Gradual mineralization of the microfibril which is 

thought to start in the gap region leads to the formation 

of MCFs. 

Despite the wide acknowledge of the MCF role in the 

bone structural stability, the effect of mineral distribution 

on the MCF mechanical properties is not known yet. The 

current study develops a Coarse-Grained Molecular 

Dynamics (CGMD) framework to study the mineral 

distribution effect on the structural role of MCFs in bone. 

 

MATERIALS AND METHODS 

In this study, the mechanical properties of MCFs with 

different mineral distributions is investigated through 

CGMD simulations. The protein databank (pdb) code of 

3HR2 which is the structure experimentally resolved by 

Orgel et al., is utilized as the initial structure for the 

collagen molecule [2]. A python code is used to distribute 

the CG beads at uniform distances on the collagen 

molecule axis according to the forcefield developed in 

the Buehler research group [3]. The collagen molecules 

are arranged using the symmetry parameters defined in 

the pdb file to build a collagen microfibril with 10 nm 

radius and the length of 335 nm (figure-1.a). The whole 

gap region of the MCF is filled with minerals, while 

different lengths of the overlap regions are mineralized in 

different simulations to study the effect of mineral 

distribution  on the mechanical properties of MCFs. The 

mineral percentage in all the simulations is 35%. The 

external strain rate is 2.5 ∗ 10−6 1 𝑠⁄  which is small 

enough to avoid the length effect according to the 

simulation results. LAMMPS software package is used 

for all the simulations.  

 

RESULTS AND DISCUSSION 

The simulation results for uniaxial tension tests of MCFs 

with varying overlap mineralization region lengths is 

shown in Figure 1b. Increasing the length of the 

mineralization region, the simulation results show a drop 

in the Ultimate Tensile Strength (UTS) value. Analysing 

the simulation snapshots illustrates more gradual 

breaking of the collagen molecules for higher 

mineralization region lengths as the underlying reason 

for relaxation of the collagen stress and also decreased 

external stress. Also, an increase in the fracture strain is 

observed for higher mineralization length owing to 

increased residual strain in the MCF. The stress 

distribution in the collagen and mineral beads depicts 

higher residual stresses for higher overlap mineralization. 

The larger residual stress brings about higher Young 

modulus for the samples having larger mineralization 

region.    

 
 

 
Figure 1 a) The mineralized collagen fibril simulated in the 
current study. b) The mechanical properties of MCFs with 

different overlap mineralization region lengths. 

 

CONCLUSIONS 

This study demonstrated that the mineral distribution 

inside the mineralized collagen microfibril have a 

significant effect on its mechanical properties. Also, the 

underlying molecular details of the observed trend in the 

mechanical properties were discovered. The information 

gathered from the current study can be utilized in the 

design of better bone implants. Also, the CGMD 

framework developed in the current study will be used in 

a future study to investigate the role of bone extrafibrillar 

matrix in the MCF mechanical properties. 
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INTRODUCTION 

Unlike conventional transdermal drug delivery systems 

and hypodermic needles, microneedle (MN) transdermal 

delivery can enhance cargo retention in the skin and 

improves immune cell activation [1]. Therefore, in the 

case of pandemic outbreaks, MN patches can potentially 

be used for minimally invasive and self-administered 

vaccines to solve distribution challenges in low resource 

settings and cold chain logistics. However, since the mid-

1990’s, when MNs were first introduced for therapeutic 

delivery, MN designs often fall short of their specified 

performance when tested in vivo, resulting in the 

impediment of MN clinical translation. We hypothesise 

that this is due to an incomplete understanding of the 

biomechanics of microneedle penetration into skin. 

Hence, the current study aims to create optimal 

computational and experimental methods of assessing 

therapeutic-coated MN patch designs by evaluating 

parametrically designed 3D-printed solid MN patches’ 

functional performance in transdermal drug delivery. 

MATERIALS AND METHODS 

Finite element models were created in 

ABAQUS/EXPLICIT  (Abaqus 2018, Dassault Systems 

Simulia Corp., Providence, RI, USA)) and solved on the 

Kay ICHEC supercomputer (Irish Centre for High-End 

Computing). Solid MN arrays, designed by the UCD 

Medical Device Design group [2], are chosen as the base 

design for future experimental validation. Parameters, 

such as needle-to-needle distance (from 0.156 mm to 

1.75 mm) were modelled to assess the impact of MN 

inter-spacing on MN penetration efficiency (PE), key to 

their functional performance in vivo.  

The substrate was modelled as a 3D hyperelastic, 

anisotropic pre-stressed multi-layered material, since 2D 

models would not capture the anisotropic nature of skin 

and cannot accurately reflect skin pretension. The stiff, 

isotropic stratum corneum was modelled using the Neo-

Hookean model, while the dermis was modelled with the 

Gasser-Ogden-Holzapfel (GOH) model. Meanwhile, a 

Von Mises stress criterion coupled with element deletion 

was employed to simulate the failure of skin during the 

insertion process and was implemented with the user 

subroutine ‘VUSDFLD’. The optimal material properties 

were obtained from experimental work published in the 

literature [3-5]. 

This model is currently being adapted to assess drug 

diffusion from coated MNs. Corresponding preliminary 

experimental validation techniques have focused on 

optimal methods of coating microneedles with a high-

degree of control over model-drug loading. 

RESULTS 

The current computational study illustrated that the 

sparse arrays can obtain higher PE, while dense arrays 

may require more initial penetration force to break 

stratum corneum and obtain a significant lower PE. The 

corresponding visualisation is shown in Fig. 1. Our 

simulations also show that the level of skin tension 

affects both the microneedle penetration force and PE, 

and quantify how adjacent microneedles impact the 

overall performance of the microneedle patch [6]. 

 
Figure 1 Visualisation of strain distribution at ultimate 
penetration for MN arrays with varying pitches. 

DISCUSSION 
It is difficult to visualise in vivo microneedle insertion in 

real time through experimental techniques. The current 

study developed a state-of-the-art FE model which can 

elucidate the mechanics of microneedle insertion to a 

degree which has not been previously possible. In 

addition, we are using dipping coating technology to 

produce the drug-coated 3D printed stainless steel 

microneedle patches by CNC machine (Stepcraft 420, 

Stepcraft GmbH, Iserlohn, Germany) and using Franz 

cells assays to quantify drug analogue absorption in ex 

vivo human skin. The values of permeability coefficient 

and diffusion coefficient will validate the multiphysics 

model also under development. 
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INTRODUCTION 

Bone is a composite material constitutes mainly of 

hydroxyapatite (HA) mineral, collagen and non-

collagenous proteins. Lamellar bone, a  fundamental 

structural unit of bone, consists of mineralised collagen 

fibrils (MCF) embedded in the extra-fibrillar matrix. 

Several studies have been carried out to investigate the 

failure behaviour of lamellar bone by using the cohesive 

zone model (CZM). However, in the CZM, the crack can 

only propagate along the cohesive mesh boundaries 

which lead to a specific mesh dependence. Furthermore, 

numerical implementation of CZM is quite complex. 

This study applied a novel thermodynamically-consistent 

phase field approach for failure analysis of bone which 

facilitates simulating crack initiation, propagation, 

merging and branching. This method is an attractive 

approach that, in contrast to CZM, is not dependent on 

the configuration of mesh [1].  

 

MATERIALS AND METHODS 

Using the finite element method, a micromechanical 

model for lamellar bone was developed, which 

considered a non-uniform arrangement of MCFs, 

embedded within a crystalline extrafibrillar matrix 

consisting of HA minerals and NCPs. The Phase-field 

model takes two distinct values of 𝜙 = 1 and 𝜙 = 0 

representing broken and intact matters, respectively, and 

relies on the stationary Ginzburg-Landau equation for 

crack propagation [1]: 

0 = − (
𝐺𝑐𝑙𝑐

8𝑌2
) ∇2𝜙 +

𝑑𝐼(𝜙)

𝑑𝜙
𝜓 +

𝐺𝑐

2𝑙𝑐

̇ 𝑑𝑓(𝜙)

𝑑𝜙
 

(1) 

where Gc and lc are fracture thoughness and specific 

length which are material properties, ψ is strain energy 

and Y ≔ ∫ √fdϕ
1

0
 is a number that can be evaluated. 

f(ϕ) ≔ ϕ2(3 − 2ϕ) and I(ϕ) ≔ (1 − ϕ2)(1 + 2ϕ −
2ϕe(1−N)/20 describes the crack interpolation and 

degradation functions, respectively. Interestingly, this 

approach can be applicable to a range from semi-

cohesive fracture (N = 0)  to brittle fracture (N = 20) 

[1]. To assess bone failure behaviour, the phase field 

model was implemented in the Abaqus finite element 

software through UMAT subroutine by taking advantage 

of heat transfer analogy. Furthermore, two-dimensional 

single-edge notch geometry as well as a representative 

volume element of lamellar bone were created to assess 

bone thoughness and strength at ultrastructural level. 

Both geometries were constitutes of circular MCFs 

(VfMCF = 50%, EMCF, νMCF, and EMCF
p

 [2]) embedded in 

a matrix of granular minerals (EHA = 114 GPa, νHA =
0.27 [3]) enclosed by NCP interface (tNCP  =  1.5 nm, 

ENCP = 0.6 GPa, νNCP = 0.35, GC
NCP = 0.2 N/m, and 

SNCP = 64 MPa [4,5]). This approach postulate N =  20 

to simulate a semi-cohesive fracture for NCPs and 

conducted a parameter study to predict differences in 

lamellar bone properties in terms of thickness of (tNCP) 

and volume fraction of MCFs (VfMCF). 
 

RESULTS AND DISCUSSION 

In Figure 1, the mechanical response of both pre-cracked 

geometry and RVE of lamellar bone are shown, where 

ultimate strength and toughness of bone increases both 

with higher MCFs volume fraction (VfMCF) and at thicker 

NCP interface layer (tNCP). Results also indicate the 

elastic modulus of lamellar bone decreases with 

increasing MCFs volume fraction (VfMCF) which is in 

line with previous studies [5]. MCFs acted as barriers to 

crack propagation, which makes lamellar bone exhibits 

plastic behavior at higher VfMCF. This study suggest the 

organic matter of bone has substantial effect on post-

yield behaviour of lamellar bone. 
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Figure 1 Mechanical response of (a) pre-cracked geometry 

and (b) RVE of lamellar bone. 
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INTRODUCTION 

To date, patient specific finite element models of the left 

ventricle fail to apply appropriate boundary conditions to 

capture the key physics of the cardiac cycle. In the 

literature there are two main approaches; (i) the 

application of a pressure boundary condition (Dabiri et 

al., 2019), and (ii) the application of a displacement 

boundary condition (Veress et al., 2011) to the 

myocardial wall. Not accounting for the interaction of the 

heart wall and blood volume is a critical omission of the 

physics of the system. In reality, both pressure and 

volume are outputs of the model, due to the active 

contractility acting against the blood volume as valves 

open and close. In this study we highlight the importance 

of considering the ventricular blood volume in capturing 

the key physics of the cardiac cycle. We begin by 

building a patient specific finite element model of the left 

ventricle directly from triplanar CINE ECHO scan data, 

using a custom-built framework generated using 

MATLAB & GIBBON (Moerman et al., 2018). We 

model both the ventricular myocardium and the 

ventricular blood volume using continuum elements. We 

simulate an Inferior Vena Cava Occlusion (IVCO) 

experiment, and also highlight the effects of including 

non-linear aortic compliance on the pressure-volume 

relationship of the ventricle. 

 

MATERIALS AND METHODS 

Capturing 2-Ch, 3-Ch and 4-Ch ECHO planes results in 

three image datasets each separated by 60⁰ (Figure 1(a)). 

The end diastolic frames in each of the datasets is used 

for mesh generation. The boundary of the inner 

ventricular wall is defined in each image which results in 

three splines, which meet at the apex and define the three-

dimensional internal morphology of the ventricle. The 

internal surface mesh is then offset to form the solid 

ventricular wall mesh. The space enclosed by the 

myocardial wall is also meshed using C3D8 elements as 

the blood volume. For the ventricular myocardium we 

employ a rule of mixtures approach developed previously 

for arteries (Concannon et al., 2021) where each 

component of the wall undergoes the same strain, but the 

stresses are additive, and the sum of constituent densities 

equals unity. For the blood volume we employ a 

Windkessel formulation (eq. 1) during ejection that 

solves for both pressure and volume, while a standard 

volumetric formulation with high bulk modulus is used 

in both isovolumetric contraction and relaxation phases. 

         𝑃 = 𝑃𝑡 + (
−𝑅𝐹𝑑𝑉𝑒 − 𝑃𝑡𝑑𝑡

𝑅𝐶 + 0.5𝑑𝑡
) (eq. 1) 

RESULTS 

Figure 1(a) shows the framework for the generation of a 

patient specific finite element model directly from CINE 

ECHO scans. Transmurally varying fibre directions are 

included based on the local surface normal of each 

element (b). The active contractility waveform of the 

cardiomyocytes is prescribed according to (c – top). The 

resulting pressure-volume (PV) loop is shown in (c – 

bottom) for a range of applied filling pressures. IVCO 

experiments are used to reduce preload and assess load 

independent contractility measures (Black et al., 2009). 

Simulations capture the Frank-Starling effect with a 

decreased end diastolic volume resulting in a decreased 

stroke volume. We also incorporate non-linear aortic 

compliance into the constitutive formulation based on 

our previous 4D Flow MRI measurements (Concannon et 

al., 2020), which capture key features of experimental PV 

loops generated by Garcia et al., (2018). 

 
Figure 1: Framework for CINE ECHO derived patient specific 

finite element model simulations of the cardiac cycle. 

 

DISCUSSION 

A framework is developed for simulating cardiac cycles 

in a patient specific left ventricle model. We highlight the 

importance of including the interaction of the ventricle 

and blood models in capturing the key physics of the 

system and demonstrate the capability of the model in 

predicting the Frank Starling effect.  
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INTRODUCTION 

Treatment of lower jaw (mandible) trauma in the angle region is 

an important topic in oral and maxillofacial surgery [1]. To 

date biomechanical analyses and clinical studies have failed to 

clarify whether less-rigid (one-miniplate) or more-rigid (two miniplate) 

fixation is the best technique for surgical repair. While some ex 

vivo loading studies have shown that one-miniplate fixation 

is biomechanically stable [2], others have shown the reverse [3]. 

These inconsistencies arise due to methodological constraints and 

the use of model animals not appropriate for research on human 

masticatory mechanics [1]. We have previously shown that rhesus 

macaques likely make an excellent animal model for maxillofacial 

trauma research because they chew and swallow like humans [4, 5]. 

Using macaques as model animals we have previously tested 

the impact of fixation rigidity on angle fracture fixation. We 

showed that less rigid (one miniplate) fixation and contralateral 

chewing behaviours (chewing on the side opposite to the fracture) 

during rehabilitation generate abnormal strain environments that 

could inhibit bone healing [6]. However, morphological differences 

between macaques and humans warrant further investigation to 

ensure that these findings are translational. Thus, the aim of this 

study was to compare the biomechanical behaviour of the human 

and macaque mandibles pre and post angle fracture and fixation 

using finite element analysis (FEA). We hypothesize that in both 

species two miniplate fixation results in greater degrees of 

interfragmentary displacement, greater magnitudes of bone implant 

interface strain and strains closer to the healthy control than one 

miniplate fixation. 

 
MATERIALS AND METHODS 

This study involved creating a series of static finite element (FE) 

models of unilateral chewing in the human mandible pre-and post-

angle fracture fixation to compare against existing published FE 

models of the macaque mandible [4, 6]. The geometry of the 

human mandible was captured from a post-surgery maxillofacial CT 

scan. The patient was a single adult male who presented with 

mandibular angle fracture which was surgically repaired with one 

miniplate fixation. The 3D anatomy of cortical bone, trabecular 

bone, teeth, and implanted hardware were segmented in Mimics 

v21.0 (Materialise, Belgium). This initial model was used to create 

two additional model variants: a healthy control; and a two miniplate 

variant. Fixation hardware was modelled as titanium alloy with 

locking screws. 

 

All FE models were imported into Abaqus (Dassault Systèmes, 

France), and were assigned material properties, boundary conditions 
and muscle forces to simulate ipsilateral (same side as the fracture) and 

contralateral one-sided chewing. Analysis included a comparison of 
global and bone-implant interface strain and deformation regimes 

and post-fixation interfragmentary displacement between human and 
macaque models. 

RESULTS 

We found similar strain and deformation regimes in the chewing and 

non-chewing mandible between the macaque and human models. 

Differences in healthy strain regimes between species were the greatest 

at the mandibular symphysis. In both species, two miniplate fixation 

better approximated healthy bone strains than one miniplate fixation. In 

addition, in both humans and macaques chewing on the opposite side to 

the fracture exacerbated bone strains near the fracture hardware and 

increased the degree of movement between fracture segments (Figure1). 

 
Figure 1: Percentage 

change in interfragmentary 

distance (IFD) between 

nodes across the fracture 

plane in macaque (A)and 

human (B) models. FE 

simulated chewing ipsi-

and contralateral to a 

mandibular angle fracture, 

repaired with one ortwo 

miniplate fixation. Warm 

and cold colours show 

areas with high (gap 

widening) and low (gap 

shortening) IFD 

respectively. 

 
DISCUSSION 

Our findings strengthen 

the case for more rigid 

two     miniplate fixation 

over less rigid one-plate 

fixation in the treatment 

of isolated mandibular 
angle fractures. They also 

established that due to the 

high degree of similarity 

in pre-and post-fixation 

bone strain between 

models, rhesus macaques 

are an excellent animal 

model     for     biomedical 
research into mandibular 

fixation. 
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INTRODUCTION 

Inaccurate femoral implant placement in total hip 

arthroplasty is a risk factor associated with limb length 

discrepancy, increased dislocation risk, reduced range of 

motion, high impingement risk and accelerated 

component wear1. Numerous techniques have been 

proposed to assess implanted stem version 

postoperatively. Computed tomography and X-ray 

stereo-photogrammetry can be used to reconstruct 3D 

geometries from which version can be measured2, whilst 

modified Budin radiographs have been proposed as a 

nonstandard radiograph tailored to version prediction3. 

Weber et al. proposed a method to assess version from 

standard postoperative antero-posterior (AP) radiographs 

via trigonometric processing of the neck-shaft angle 

(NSA)1. Whilst there is undoubtable benefit to assessing 

version based on standard images, the technique is 

sensitive to variable femur flexion and stem tilt. A 

technique to assess femoral implant version from 

standard AP radiographs in a manner robust to variable 

flexion was targeted to address this limitation in current 

techniques.  

 

MATERIALS AND METHODS 

A machine learning approach was utilised to predict 

version from a simulated training dataset. A femoral 

implant surface mesh (CORAIL, DePuy Synthes Inc., 

USA,) was imported to MATLAB and known external 

rotations (version) and flexions (tilt) applied before 

simulating an AP X-ray projection. At each instance, 

errors in abduction and translations in all three 

dimensions were sampled from a Gaussian distribution 

and applied to the femoral implant. Measurement of 

radiographic features was automated to enable rapid 

measurements for each of the 7,803 instances simulated. 

These features, at known versions and with variable tilts, 

were used to train a Gaussian process regression (GPR) 

model using the MATLAB Statistics and Machine 

Learning Toolbox (Mathworks Inc., USA). A second 

computational dataset, also 7,803 instances, was used to 

perform initial model validation.  

 

An experimental X-ray study was performed to validate 

the model (Figure 1). A femoral implant was mounted to 

a camera tripod ball head (BEIKE, China; 82 model – 

BK-03). A dual-axis inclinometer (DXL360/S V2, 

ShenZhen Cycwiss Technology Co., Ltd) was used to 

position the femoral implant at known orientations, 

varying version, and tilt in 5° increments between 0° and 

40°. AP radiographs of the implant were then taken using 

a digital X-ray machine (Siemens Healthineers, 

Germany; model – 96 Multix™ Select DR) with a focus-

to-film distance of 1.15 m. Extreme instances of high 

combined rotations could not be replicated with the 

gimbal setup, resulting in a measured range of 0-40° 

rotation up to 15° flexion, 0-30° rotation at 20° flexion, 

0-25° rotation at 25° flexion, 0-20° rotation at 30° 

flexion, 0-15° rotation at 35° flexion and 0° rotation at 

40° flexion.   

 

RESULTS AND DISCUSSION 

Computational validation demonstrated an RMSE = 

2.05° (R2 = 0.98) for the GPR model compared to RMSE 

= 7.84° (R2 = 0.89) when utilising the predictor proposed 

by Weber1 on the same dataset. A similar comparison 

was produced when utilising the experimental 

radiographs, RMSE = 2.64° (R2 = 0.98) compared to 

RMSE = 5.69° (R2 = 0.85) (Figure 1). 

 
Figure 1 Left, Gimbal X-ray. Centre, GPR version prediction 

versus true, 5° error line. Right, Weber version prediction versus 

true, 5° error line.  

 

The key benefit of the proposed measure of femoral 

implant version compared to the Weber method is that it 

is robust to variable flexion, shown by improved 

accuracy on both simulated and measured datasets 

including stems with varied flexion. It is also less 

sensitive to NSA at low versions. Similarities include that 

it does not differentiate anteversion from retroversion 

and it assesses implant version relative to the 

radiographic plane, which, in practice, is a combination 

of implant placement and leg positioning. The proposed 

technique requires more prior knowledge of the femoral 

implant being investigated, with the exact modular 

combination needed rather than just NSA in the 

comparative technique. This work demonstrates that 

while resulting errors in estimating version can be 

mitigated through machine learning models, a rigorous 

radiographic procedure is still required to minimise the 

impact of leg rotation on measured version.  
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INTRODUCTION 

Islet encapsulation is one of the most promising 

treatments for Type 1 Diabetes (T1D) disease. However, 

the foreign body response (FBR) to implanted 

encapsulation devices often generates a capsule 

formation surrounding the device leading to reduced 

oxygen supply, diffusion limitations, islet necrosis and 

ultimately implant failure1. 

Strain, fluid agitation, and shear stress have been shown 

to influence the adhesion and proliferation of cells 2,3. It 

was shown that perturbing the cellular activity and the 

fluid flow can interfere with the progression of the FBR 

to an implanted dynamic soft reservoir device4. 

Modulating the immune-cell activity by altered strain, 

fluid agitation and shear stress could represent an 

innovative approach to modulate the FBR to islet loaded 

macroencapsulation devices.  

We propose the prototyping of a fully programmed 

wearable pump system to actuate a soft 

robotic macroencapsulation device (DSR), in order to 

ameliorate the FBR following implantation. We aim to 

develop a wearable actuating system with comparable 

capabilities of a currently used laboratory system, which 

includes a more complex configuration of a vacuum 

pump, compressor and micro-controller device. In a 

wider perspective, we also aim to control the wearable 

pumping system in real-time, depending on simultaneous 

strain measurements at the biotic/abiotic interface with 

the fibrotic tissue.  

 

MATERIALS AND METHODS 

The actuating system was designed using a compact 

Peristaltic Pump, which actuation is controlled through 

Arduino IDE programming software, Arduino-

compatible processor and motor board modules. The 

flow rate of the Peristaltic Pump, thus the strain generated 

in the functional membrane of the soft robotic device, can 

be modulated by controlling the amplitude and duration 

of voltage provided to the pump, allowing tunable 

actuations over time. 

To compare the new developed system capabilities with 

our current actuating laboratory system, the strain 

produced at the functional membrane of the medical 

device, was measured through a strain sensor prototype 

integrated onto the external membrane surface of the 

dynamic soft reservoir. The reservoir devices were 

fabricated using Thermoplastic polyurethane (TPU) 

following a standard procedure4.  

A 3.2×1.57 strain gauge was attached on the functional 

membrane of the reservoir device and connected to a 

strain gauge Arduino-compatible module (Electrow). 

Matlab was used to process the collected signals from the 

module and translate them into strain measurements (%) 

of the functional membrane.  

 

RESULTS 

Preliminary results have shown the possibility to 

modulate in real-time maximum strain and strain rate, by 

programming the pump and regulating the voltage 

provided (Fig.1). The strain measurements performed on 

the functional membrane of the soft robotic device 

revealed the capability of the pump system to reach 

comparable strain levels to a more complex laboratory 

system (Fig.1 and 2). 

 

 

 

 

 

 
 

 

Figure 1 Strain measurements performed on DSR actuated by 
the wearable pump at different voltages. 

 

Figure 2 Max strain 
measurements over 

the DSR actuated 

using the laboratory 
pump set up at 

defined pressures.  

 

DISCUSSION 

Previous studies have shown that cellular activity and 

fluid flow perturbation can interfere with the progression 

of the fibrotic capsule formation4 and therefore 

potentially be used to modulate the FBR to an implanted 

medical device. In this study we have developed and 

tested a prototype wearable pump system to control real 

time mechanical strain applied to the peri-implant tissue 

of a macroencapsulation device, in order to ameliorate 

the FBR.  
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INTRODUCTION 
The current COVID19 pandemic demands high quality 

face masks to prevent infection by blocking airborne 

aerosolised viral particles. However, given the tight fit, 

masks apply pressure to the soft tissue which results in 

tissue deformation. When these pressure are sustained 

for long periods they become uncomfortable or painful, 

and in severe cases can cause tissue ulceration. To avoid 

discomfort and tissue injury mask designs need further 

optimisation, especially for medical staff and intensive 

care patients who often have to wear masks for a long 

duration of time. This study presents a framework for 

automated mask design and tissue load evaluation. 
 

MATERIALS AND METHODS 
Using the GIBBON toolbox [1] an open source 

framework was created for the automated design and 

finite element based evaluation of face masks. The steps 

of the framework are illustrated in figure 1. The input is 

a face scan (A) and the location of a set of landmarks 

(B). The landmarks are next used to define a spline 

contour which is ray-traced to the face to form the basis 

of the mask outline (C). A compliant mask rim, 

featuring rounded edges, is then created (D). Next the 

load induced by the mask, as it is worn with a particular 

tightness, is evaluated using finite element analysis (E). 

For finite element analysis [2] the soft tissue is 

modelled as a homogeneous and isotropic layer of solid 

elements (6 mm thick). The compliant rim and the tissue 

are here meshed using 4-noded tetrahedral elements. 

The constitutive behaviour of the soft tissue and the 

complaint mask rim is defined using the following 

coupled hyperelastic strain energy density formulation 

(a 2nd order Ogden form, see also [3]) : 

(1) 
 

Where are the principal stretches, the 

volume ratio, and , and are material parameters. 

The framework is evaluated for two public domain face 
geometries: Michelangelo’s David and Nefertiti. 

 

RESULTS 
Preliminary analysis shows that the framework design 

parameterisation and FEA model formulation process is 

general enough to work for both the broad face shape of 

the David statue (figure 1 A-F) and the sharper featured 

and slender shape of the Nefertiti statue (figure 1 G). 
 

DISCUSSION 
This paper presents a novel framework for automated 

face mask design and load evaluation. Future work will 
focus automated design topology optimisation, to 

minimise tissue discomfort and injury, as well as the 
expansion to other mask types, including non-patient 

specific commercially available masks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 The face mask design framework 
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INTRODUCTION 

In the past five years, results of several clinical trials of 

microwave breast imaging have been published 

worldwide (Moloney, 2020), including commercial 

interest. However, in the context of larger trials with 

more diverse patient populations, accounting for 

interpatient variability in system and algorithm design is 

becoming increasingly important. Previous work has 

shown that interpatient variabilities can impair the 

detection and performance of imaging algorithms 

(Lavoie, 2016). 

Fundamentally, microwave imaging operates by 

transmitting microwave energy into the breast and 

processing the reflections to create an image. Microwave 

energy is reflected from areas of high dielectric contrast, 

such as the skin-breast interior interface and between 

healthy breast tissues and cancerous tissues. 

The skin-breast interior reflection can be orders of 

magnitude larger than reflections from the interior 

structures, and often needs to be removed. Many methods 

have been proposed which typically exploit both the 

similarity of the skin reflection between neighbouring 

channels and the dissimilarity of the reflections from the 

interior between neighbouring channels. In particular, 

rotational artefact removal has been used in the largest 

radar-based imaging trials to date, however, few 

theoretical or fundamental analyses of the core 

assumptions about similarity have been presented. 

Furthermore, the impact on the tumour responses and the 

resultant image quality have not been examined. 

 

MATERIALS AND METHODS 

In this work, a simplified analytical model of the 

microwave breast imaging scenario is used to assess the 

impact of rotational artefact removal on the resultant 

image quality. Using the Born approximation, the 

scattered field is calculated for antenna positions in a 

circular array for a tumour represented by a point 

scatterer moving between the center of the array to the 

edge. Standard, open-source Delay-and-Sum imaging 

algorithm is used to reconstruct images both with and 

without rotational artefact removal. 

 

RESULTS 

The relative amplitudes of the images with and without 

rotational subtraction are shown in Figure 1, for three 

tumour positions one quarter of the way between the 

centre of the array and the edge, one half and three 

quarters respectively. Two trends can be observed: 

• firstly, no obvious optimal angle exists which 

preserves the amplitude of the artefact-

removed image compared to the base image for 

all tumour positions. 

 

 
Figure 1 Relative amplitudes of images reconstructed with 
and without rotational artefact removal of a simplified breast 

model. Depending on the rotational angle, the amplitude of the 

rotationally subtracted image can vary substantially, and the 
optimal angle of rotation varies with the tumour position. 

 

• secondly, as expected, tumours closer to the 

centre of the array require much larger angles 

of rotation, as the similarity of the tumour 

signals close to the axis of rotation is high. 

 

DISCUSSION 

These results suggest that in light of continuing clinical 

testing of microwave breast imaging systems, identifying 

and accounting for variability in properties and for shape, 

size and composition of the breast may be an important 

stage in the design of future systems. In particular, the 

fundamental assumptions of many microwave breast 

imaging algorithms need to be further examined in light 

of larger and more diverse populations and known 

interpatient variability in the populations of interest. 

These results show, that even in simplified imaging 

scenarios, commonly used algorithms such as rotational 

artefact removal can have a substantial impact on the 

image quality and that an optimal and patient invariant 

set of imaging parameters may not exist. 
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INTRODUCTION 

Heart Failure with Preserved Ejection Fraction (HFpEF) 

is one of two main types of Heart Failure (HF). It is 

characterised by Left Ventricular ejection fraction 

(LVEF) of ≥ 50% [1]. HFpEF makes up approximately 

50% of the HF population [2], a number that is expected 

to rise in the coming decades [3]. This is despite the 

estimated economic burden associated with HFpEF of 

$53.1 Billion in the United States by 2030 [4]. 

 

There is a clinical need for a robust testbed to develop 

technologies for the treatment of HFpEF. Previous 

designs of mock circulatory loops (MCLs) have utilised 

single pneumatic chambers [5], piston actuated ex-vivo 

hearts [6], and external drive motors [7]. The requirement 

for a robust in vitro testbed necessitates a dynamic two-

chambered MCL which can be altered to limit diastolic 

filling of the left ventricle while maintaining a functional 

cardiac cycle. No in-vitro testbed has been developed that 

can both mimic the cardiac cycle and features two 

independently controlled cardiac chambers. 

 

This work aims to present two new bench top MCLs 

which can mimic both healthy cardiac function and 

HFpEF conditions through the limiting of the diastolic 

relaxation.  

 

MATERIALS AND METHODS 

Two new MCLs are presented featuring: i) cylindrical 

PVC chambers and ii) soft silicone chambers which are 

anatomically analogous to the native heart. Both MCLs 

function according to the block diagram shown in Figure 

1. Compressed air is delivered at 120 mm Hg to each 

chamber via an electro-pneumatic regulator and each 

chamber is independently vented using a solenoid 

operated valve. Venting the pressure from a chamber 

causes an inflow of blood for that chamber and 

repressurising the chamber cause the ejection of that 

blood. A series of non-return valves function as 

analogues for the equivalent valves in-vivo and ensures 

unidirectional flow. HFpEF was simulated by limiting 

the amount of time that the left ventricle was vented for 

during the cardiac cycle from 350 ms to 150 ms. 

 

Pressure was measured using 24PCBFA6G gauge 

pressure sensors (Honeywell International Inc., USA), 

one sensor for each cardiac chamber. Chamber volume 

was determined indirectly using Doppler ultrasound. 

Custom code was developed in MATLAB (Mathworks, 

USA) to analyse the recorded Doppler spectra. The 

cumulative volume was determined using numerical 

trapezoidal integration on the volumetric flow rate. By 

comparing the cumulative volumes entering and leaving 

each cardiac chamber, the instantaneous volume could be 

determined. 

 
Figure 1 A schematic diagram of the MCL apparatus. 

 

RESULTS 

We show that both MCLs are capable of simulating the 

onset of HFpEF with a sustained increase in diastolic 

pressure of 22.03% and a sustained decrease in end 

diastolic volume of 14.24%. 

 

DISCUSSION 

The MCLs presented in this work are capable of 

simulating healthy heart function and can mimic varying 

severity of HFpEF. Both MCLs feature two chambers 

which can be independently controlled using a single 

pneumatic pressure source. They represent a key step 

forward in the development of a testbed for HFpEF 

treatments as well as having potential for the simulation 

of other cardiac conditions. 
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INTRODUCTION 

Paediatric congenital heart disease cases such as aortic 

coarctation present with a wide range of anatomies and 

conditions that are often unique and complex [1-2]. This, 

paired with a relatively small patient cohort and 

challenges related to medical device approval, results in 

little financial incentive in the development of specific 

devices designed for children [3]. Consequently, there is 

a high prevalence of off-label stent use for treatment of 

coarctation [4] and even cases of device modification by 

clinicians before use, clearly supporting a clinical need 

for devices optimized for this patient cohort. The 

increased use of medical imaging modalities and the 

development of additive manufacturing (AM) methods, 

such as selective laser melting (SLM), may enable the 

manufacture of patient specific paediatric stents. There 

are geometric limitations when designing for AM, 

however, whereby a given structure must be self-

supporting [5]. Chemical etching (CE) has the potential 

to be used as a post-processing technique to overcome 

these constraints through material removal and increase 

the surface quality of AM devices. 

 

The objective of this study is to assess the feasibility of 

CE as a post-processing technique for AM stents 

produced from titanium and nitinol and to overcome the 

limitations of AM design. The feasibility is evaluated 

through characterizing the geometric and mechanical 

properties of closed and open cell stents using 

computational and experimental methods before and 

after chemical etching. 

 

MATERIALS AND METHODS 

Design and Manufacture 

The initial stents were designed according to the 

geometric constraints for AM, as outlined in [5], leading 

to a closed cell self-supporting structure. Additionally, an 

open cell design was conceptualized with thinner 

supports to be removed through CE – this design being 

much closer to typical commercial stents.  

A Realizer SLM 50 was used to 3D print the devices 

using Ti6Al4V and NiTi powder. A scan and hatch 

printing strategy was employed, whereby a continuous 

laser path was used to construct the outer boundary and a 

parallel hatching path for the internal structure. 

 

Chemical Etching (CE) 

Chemical etching was used as a post-processing 

technique to thin the stent struts and improve the surface 

quality whilst also removing support structures for the 

open cell design. A combination of hydrofluoric acid 

(HF) to etch the material, and nitric acid (HNO3) to 

inhibit hydrogen embrittlement was used. 

 

Geometric and Surface Roughness Characterization 

Stereoscopic microscopy was used to measure stent 

dimensions before and after CE. A combination of white light 

interferometry (WLI) and scanning electron microscopy 

(SEM) was used to assess the stent surface roughness. 

 

Mechanical Characterization 

Parallel plate crush testing was used to evaluate the radial 

strength of the stents. This experimental data was then used 

to inform inverse finite element (FE) models of the stents pre- 

and post- etching to evaluate the material properties of the as-

print and etched stents. 

 

RESULTS 

Chemical etching resulted in a notable reduction in strut size, 

surface roughness, radial stiffness, and successful removal of 

the supporting struts, see Fig. 1. 

 

 
Fig. 1 Stent designs and SEM images of CE results. (a.) Closed 
cell self-supporting design. (b.) Open cell design concept.          

(c.) SEM images of titanium stent before and after CE 

 

DISCUSSION 

The results of this study demonstrate the feasibility of CE as a 

post processing technique in the manufacture of AM stents, 

enabling the fabrication of stents with surface finishes, 

dimensions and radial stiffnesses close to those of commercial 

stents. Removing support structures with CE also enables 

greater flexibility in AM stent design, allowing for open cell 

structures to be realized. 
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INTRODUCTION 

Braided stents are widely used in peripheral 

intervention thanks to their superior flexibility and 

major conformability to the anatomic shape of the 

lesion compared to laser cut devices. Bioresorbable 

stents have the potential to overcome the drawbacks 

that are still associated with permanent metallic 

devices, as they may avoid late-stage issues still 

associated with the latter. This study systematically 

investigates the influence of the most relevant 

braiding parameters on the mechanical properties 

of the newly developed bioresorbable braided 

stents.  
 

MATERIALS AND METHODS 

A total of sixteen poly-L-lactic acid (PLLA) stent 

configurations were manufactured in-house using a 

horizontal braiding machine. The braiding angle 

(α=45°, 30° and 20°), the filament diameter (d=100 

µm and 150 µm), the stent diameter (D=5 mm, 4 

mm and 2.5 mm) the number of filaments (n=24 

and 48), and the associated braiding patterns (1:1-1 

(24), 2:2-1 (48a) and 1:1-2 (48b)), were varied. The 

influence of each braiding parameter on the radial, 

longitudinal and bending behaviour of the stents 

was investigated by means of a radial compression 

test, a parallel plate test and a three-point bending 

test, respectively. The radial compression 

behaviour was also compared to the one of a Nitinol 

(NiTi) stent [1] with the same geometrical features 

as the 5/45/100/24 (“D/𝛼/d/n”) PLLA stent. 
 

RESULTS AND DISCUSSION 

The stents having a lower braiding angle, a higher 

filament diameter or a higher number of filaments 

not only showed a better performance compared to 

the 5/45/100/24 PLLA stent for the three test 

performed, but they also had comparable 

mechanical properties to the NiTi device [1] 

(Figure 1). This study provides a comprehensive 

overview of the achievable mechanical properties 

of newly-developed bioresorbable wire braided 

stents. The results suggest that they could have 

similar functional performance to existing metallic 

devices by appropriately tailoring the braided 

properties.  

 

Figure 1 PLLA vs. NiTi stent radial behavior (top), and the 

stents which showed the highest mechanical properties (bottom). 
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INTRODUCTION 

Peripheral Artery Disease (PAD) occurs due to 

development of atherosclerotic plaque that results in the 

reduction of blood flow in femoral and popliteal arteries. 

While endovascular interventions have been widely used 

for the treatment of PAD, it has been reported that a 

significant proportion of patients require secondary 

interventions due to complications such as in-stent 

restenosis and late stent thrombosis. Stent placement 

causes arterial injury and alteration to local 

haemodynamics giving rise to complex biological 

processes at  cellular level. Stent design has a huge 

impact on the blood flow field developed around the stent 

struts and thereby its interaction with arterial cells. 

Therefore, there is a need for cellular level understanding 

to assess and optimize the performance of novel stent 

designs. In-vitro cell culture models using silicone 

pseudovessels have helped in developing an 

understanding of specific cellular response post stent 

deployment. However, to date these models have only 

investigated cell responses (up to 24 hours) post stent 

deployment and are  unable to fully elucidate endothelial 

cell healing process and cell coverage of the stent struts 

over time which has been linked to the development of 

in-stent restenosis. Thus, the objective of this study is to 

design a computationally informed perfusion bioreactor 

capable of culturing pseudovessels, closely mimicking 

physiological conditions found in-vivo and allowing 

analysis of cellular response over 1 and 4 days’ time 

points. 

 

MATERIALS AND METHODS 

Bioreactor design and assessment through CFD:  

designed bioreactor delivers average flow rate 150 

mL/min, pressure 80/120 mmHg and mean wall shear 

stress 0.1 Pa found in native human peripheral arteries. 

Assembled bioreactor design was optimised through 

CFD study to ensure laminar flow conditions in 

pseudovessel and minimise impact of disturbances inlet 

to the pseudovessel. 

Experimental groups: Straight unstented pseudovessels 

(HUVECS coated silicone tubes) and straight stented 

subjected to physiological flow were compared to 

straight unstented and straight stented under static 

conditions as controls (n=3 per experimental group)  

Cell number and morphology: haemotoxylin and eosin 

stained images were analysed in ImageJ  

Cell viability: cell viability was assessed using alamar 

blue assay for each time point. 

 

RESULTS AND DISCUSSION 

 
Figure 1 24 hours of biomechanical stimulation in the designed 

bioreactor. A) H&E stained unstented flow pseudovessel B) H&E stained 

stented flow pseudovessel (C) percentage reduction in alamar blue. P & 

F corresponds to direction of pressure and flow. Error bar represents mean 

± S.D. * p<0.05, ** p<0.01. 

 

After 24 hours of biomechanical stimulation, a 1.5-2 fold 

increase in cell number was found in flow groups 

compared to the static controls. This shows that the 

absence of haemodynamic forces results in lower 

endothelial cell proliferation. The stented groups showed 

a significantly lower cell number (p<0.05) in comparison 

to the unstented groups. Similarly, the percentage 

reduction in alamar blue (Fig. 1C) suggested lower 

metabolic activity in stented groups compared to 

unstented groups. Our results are in agreement with 

literature findings [1] and in-vivo events where stent 

deployment causes endothelial cell denudation and 

dysfunction (Fig.1A-B). Thus, as a proof of concept, it is 

demonstrated that the designed bioreactor is capable of 

evaluating functional performance of varied stent designs 

providing conditions comparable to native human 

peripheral arteries for 24 hours time point. Ongoing work 

involves evaluating endothelial cell morphology local to 

the stent struts, metabolic activity and nitric oxide release 

for day 4 time point. 
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INTRODUCTION 

Coarctation of the aorta (CoA) is a congenital disease 

characterised by a narrowing in a portion of the aorta that 

effects 6 in every 10,000 births in the US [1]. 

Endovascular stenting is a common treatment option for 

CoA in children and adults, however, patients are at high 

risk of hypertension long-term [2]. Endovascular stents 

for CoA treatment are typically used off-label and are 

therefore not designed for either aortic applications or for 

implanting in paediatric arterial tissue, resulting in 

suboptimal care for young patients. 

 

This study presents a computational analysis of a patient-

specific stenting procedure to treat CoA, and investigates 

the effect of stent design to indicate a more optimal 

patient-specific intervention treatment. 

 

MATERIALS AND METHODS 

The clinical procedure was replicated computationally 

using Abaqus/Explicit, whereby balloon-expansion of an 

IntraStent biliary stent (Medtronic, MN, USA) was used 

to treat a coarcted aorta.  

Patient specific arterial geometries were reconstructed 

from clinically acquired CT images of a young 

adolescent patient pre- and post-stenting. The arterial 

tissue was described with an isotropic, hyperelastic and 

incompressible material model [3].  

The IntraStent was drawn in Abaqus using dimensions 

from microscope images. It was modelled with 

biomedical grade 316L stainless steel, described with an 

elastic-plastic material model [4]. 

The stent delivery system consisted of a balloon and 

two deformable cylindrical surfaces representing the 

guidewire and sheath. The balloon was modelled with a 

corrugated cross-sectional profile with 40 folds and 

tapered at the extremities [5].  

Computational Setup The stenting procedure was 

simulated in four steps. First, the stent was crimped to 

8Fr. Next, the balloon and crimped stent were deformed 

to the vessel centerline by applying displacement 

boundary conditions to each node of the crimper and the 

guidewire via a custom-made Matlab script. In the third 

step, the crimper was removed, allowing stent expansion. 

Finally, the balloon was inflated by applying an internal 

pressure of 8 atm to the inner surface of the balloon, in 

accordance with clinical guidelines. General contact 

using a penalty contact method and friction coefficient of 

0.2 was defined between all contacting surfaces. Results 

were compared to lumen cross-sectional area in the 

clinical post-stented geometry. To better match clinical 

results and paediatric aorta, the compliance of the healthy 

adult arterial tissue was increased. This computational 

framework then enabled an investigation into stent 

design, where the stent was modified by reducing the 

number of interconnecting struts and stent length, and 

changing the stent material properties.  

 

RESULTS 

The developed computational model accurately captures 

lumen gain following a patient-specific stenting 

procedure, as demonstrated in Fig 1 (b) and (c).  Further, 

results demonstrate that stent design and material 

properties can be modified to reduce arterial stresses 

while maintaining the required lumen gain (Fig 1(d)). 

 

 
 
Fig 1 (a) Balloon expansion of an IntraStent into a patient-
specific artery. (b) Post-stented arterial geometry from the 

computational model and (c) from clinical CT scan. (d) Shows 

that reducing stent length results in lower arterial stress. 

 

DISCUSSION 

This study demonstrates the feasibility of implementing 

a patient-specific stenting computational model to enable 

more informed clinical decisions. Stent design 

modifications that reduce the level of arterial stress 

without compromising lumen gain are presented. This 

work highlights the benefits of patient-specific finite 

element analysis for treatment planning.  
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INTRODUCTION 

Three-dimensional (3D) bioprinting is a fast-emerging 

technology for cardiac tissue engineering. The 

progression towards 3D fabricated bioactive materials on 

the micro-scale has created the means to produce 

bioengineered cardiac tissue with increasing native-like 

structure and function [1]. Research continues into 

enhancing this biomimicry to better represent key aspects 

of the ‘real human heart’ for cardiac repair and 

regeneration, and to study cardiac events and diseases.  

 

This project aims to further utilise the tuneable attributes 

of 3D fabrication technology to better develop both the 

physico-chemical and biological properties of these 

micro-scale structures that will in turn enhance their 

bioactivity and biomimicry. This will be achieved by 

fabricating and assembling various synthetic 

biomaterials, (i) an electroactive polymer-based 3D 

printed support system, to offer structural integrity and 

electron propagation potential, (ii) a 3D anisotropic 

structure of an electroactive polymer-based structure 

with appropriate pore size to mimic cardiac tissue and to 

aid cardiac cell growth and signalling and, (iii) a cross-

linked hydrophilic polymer to support the cardiac cells 

both mechanically and biologically in their 3D 

environment. The assembled device will be electrically 

stimulated to model a cardiac waveform or event of 

interest such as, normal and abnormal 

electrocardiography intervals.  

 

MATERIALS AND METHODS 

An Allevi 2 3D Bioplotter (Allevi Inc., PA, USA), with 

melt extrusion capability, is employed to 3D fabricate the 

components within the cardiac device, (i) a polymer-

based ‘outer component’ of polycaprolactone (PCL) and 

an optimal concentration of graphene (G) (0-6% w/w G 

has been assessed), (ii) an ‘extracellular matrix 

mimicking’ 3D anisotropic structure of PCL+G and (iii) 

an ‘inner component’ of a HL-1 cardiac cell laden 

hydrophilic polymer of hydroxypropyl cellulose (HPC). 

The biomaterials will be aseptically 3D fabricated, 

assembled and maintained in a humidified incubator at 

37 °C, 5% CO2/95% air. Cell response to electrical 

stimulation will be monitored using an in vitro cell 

viability testing method. Physico-chemical 

characterisation of individual components will include 

X-ray Photoelectron Spectroscopy (XPS), Scanning 

Electron Microscopy (SEM), wettability testing and 

Raman Spectroscopy.  

 

RESULTS AND DISCUSSION 

To date, a panel of PCL+G (0-6% w/w G) scaffolds have 

been 3D fabricated to assess the optimal concentration of 

G for electroactivity and physico-chemically 

characterised by electrochemical testing, wettability 

testing, XPS and Raman Spectroscopy. Figure 1 

demonstrates the results from the electrochemical and 

wettability testing.  

Figure 1 Physico-chemical data for 3D fabricated PCL+G 
scaffolds (0-6% w/w G). (a) Nyquist Plots for PCL+0G (extreme 

left), PCL+0.75G (top left), PCL+1.5G (top right), PCL+3G 

(bottom left) and PCL+6G (bottom right) (b) Water contact 
angle (°) for PCL+0, 0.75, 1.5, 3 & 6G (left to right, 

respectively). Errors bars represent mean +/- standard deviation.  

 

Figure 1a demonstrates the Nyquist Plots for the PCL+G 

scaffolds. The charge transfer potential significantly 

increases (and impedance decreases) with increasing G 

concentration implying better electroactivity. Figure 1b 

demonstrates that the PCL+G scaffolds become less 

hydrophobic on increasing G concentration. These data 

suggest advancing the use of PCL+3G or PCL+6G within 

the device. Further data collection from physico-

chemical and biological characterisation will confirm this 

prior to completing the fabrication and characterisation 

of the cell-laden hydrogel and the device as a whole. 
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INTRODUCTION 
Aortic stenosis develops from the build-up of calcium deposits on 

the aortic valve, which can be treated with a transcatheter aortic 

valve replacement (TAVR). Intermediate-risk patients have a 2% 

chance of a stroke occurring post-TAVR [1, 2] and it has been 

proposed that plaque cavitation may lead to ischaemic stroke post-

TAVR. A previous study reported that cavitation occurs at tissue 

stresses greater than 5/6E (where is the Young’s Modulus) [3]. 

However, it is unknown whether catheter delivery forces arising 

during TAVR induce such stresses on the calcified plaques. In-vitro 

testing methods are used to determine catheter reaction forces 

during tracking, but these approaches are not standardized and 

commonly incorporate Delrin tubing to represent the arterial wall, 

which cannot capture the influence of soft tissue and plaques. In-

silico approaches can enable investigation of the role of catheter 

stiffness, geometry, and design for catheter tracking forces but to 

date, these have not yet adequately considered the role of the 

biomechanical environment presented by the aortic wall on these 

forces and stresses and the risk of plaque cavitation. The objectives 

of this study are to (1) develop and validate an in-silico model to 

replicate catheter tracking in an idealized aorta anatomy and then 

apply this model to (2) investigate the influence of wall stiffnesses 

and boundary conditions on catheter tracking forces, and (3) further 

develop the model to incorporate idealized plaques and determine 

if stresses induced during tracking leads to plaque cavitation. 
 

MATERIALS AND METHODS 
A Finite Element (FE) model (Fig. 1B) simulating catheter tracking 

in a 3D idealized aortic arch model was developed using the 

commercial FE Abaqus/Explicit solver (DS SIMULIA). This 

validated model is created to compare reaction forces between an 

in-vitro Delrin model (Fig. 1A) and an in-silico model that employs 

arterial wall mechanical behaviour. All materials were assumed to 

be linear elastic and isotropic in terms of finite deformation stress 

and strain measures. The aorta’s Young’s modulus was varied to 

represent healthy (1-2 MPa) and diseased (5 MPa) aortic tissue 

properties and compared to Delrin (2,300 MPa). The catheter had a 

regionally varying Young’s modulus (100-450 MPa). Idealized 

calcified plaques were created along the aorta wall (Fig. 1D) in 

regions where reaction forces were highest during tracking in the 

validated model. These calcifications had a Young’s modulus of 10 

GPa [4]. An 8-node hexahedral, reduced integration, hourglass 

control mesh was implemented for all components with a mesh 

density of ~250,000. The aorta was fixed in the y-direction and 

pinned in all directions at proximal and distal ends. A 140mm 

displacement (z-direction) was applied to the catheter base to 

simulate tracking around the arch. Surface-to-surface contact was 

implemented between catheter and aorta wall with a coefficient of 

friction of 0.05 and employing ‘hard’ contact behaviour.  
 

RESULTS 
The predicted RF peak forces (Fig 1.C) in the rigid validation 

model align well with RF peak forces obtained during in-vitro 

testing (22N vs. 20N). The soft/unconstrained model (1-5 MPa) 

exhibited an average lower reaction force (7-9N) versus the in-vitro 

(12N) and rigid in-silico model (11.5N). This variance is 

highlighted again with peak forces differing between the soft (13-

17N) and stiff (22 N) models. Von Mises stresses experienced in 

the plaques (Fig. 1D) rose to 7.3MPa during tracking, a 10-fold 

increase on the plaque-free soft/unconstrained model (0.65 MPa).  

 
Figure 1: (A) Temporal change of catheter tracking in-vitro and (B) in-

silico environments (C) RF predictions for the rigid model (green) v in-vitro 

(black) results with RF predictions for varied moduli (1-5N) in the 
soft/unconstrained model (yellow-blue-red) (D) Idealized calcified plaques 

and contour plots of von Mises stresses (MPa) during tracking. 
 

 

DISCUSSION 
This study examined and validated catheter tracking force 

predictions from a rigid in-silico model with in-vitro testing. Once 

validated, the mechanical conditions of an arterial environment 

were simulated and compared with the rigid and in-vitro models. 

The predictions highlight a decrease in RF experienced in the 

soft/unconstrained model in comparison to the rigid and in-vitro 

models. This highlights an over-prediction of catheter RF by in-

vitro catheter testing when compared to both healthy (1-2 MPa) and 

a stiff, heavily diseased aortic arch (5N). A correction factor of 0.8x 

could be applied to in-vitro data to represent diseased tissue more 

closely. The idealized plaques incorporated into this study induce a 

10-fold increase in von Mises stress during tracking. The stresses 

experienced in this idealized model are significantly below the 

threshold stress for cavitation, 5/6E (7.3 MPa vs. 8.3̇ GPa), 

however, plaque shape and morphology play a key role in plaque 

vulnerability so future work will include patient-specific anatomies 

to predict plaque cavitation risk post-TAVR.  
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INTRODUCTION 

Controlled delivery of bioactive agents from regenerative 

scaffolds is an important aspect of tissue engineering 

since it can guide cellular activities during regeneration. 

In rencet times, 3D printing has shown great promise in 

this area and allows for incorporation of particulate 

carriers within the microstructure in a well-controlled 

architecture and environment.  

In this study, we aimed to fabricate architecturally 

accurate tissue-mimicking PCL scaffolds for 

osteogenesis of human adipose derived stem/stromal 

cells (hASCs) using 3D printing technology. 

Furthermore, this system was designed to have an 

inherent particulate controlled delivery system to respond 

to spatiotemporal cues (such as BMP2 and VEGF) in the 

local tissue microenvironment. Biochemical and 

immunofluorescence assays, evaluated by Confocal 

Laser Scanning Microscopy (CLSM), were the primary 

output measures of this work.  

 

MATERIALS AND METHODS 

First, a 3D model with accurate micro-architectural 

features, was created and used in conjunction with a 3D 

bioprinter (Envisiontec GmbH, Germany) to create PCL 

constructs. The system consisted of two inter-connected 

print-heads. The first of these was for PCL, and could 

provide a mechanically stable framework, and the other 

was capable of delivering an alginate bioink (Sigma, 

Germany), which has low mechanical stiffness but was 

well suited to transport of BMP-2 and VEGF growth 

factors. Pellet PCL particles were melted by increasing 

the head temperature to 130°C degrees, then the molten 

polymer was extruded in filaments through the printer 

nozzle and deposited in the predetermined 3D structure. 

The other head of the printer was loaded with sodium 

alginate (2%, w/v) which carried growth factor doped 

PCL nanoparticles which were then co-printed along 

with PCL fibers. At the post-printing stage, alginate 

fibers were cross-linked by CaCl2 spraying. Hybrid 

scaffolds were sterilized via 70% ethanol immersion and 

UV-C radiation prior to cell-seeding (with hASCs). Cell 

seeded scaffolds were cultured for 21 days in standard 

culture conditions. In addition, nano/microcapsules were 

produced from poly(ɛ-caprolactone) (PCL) (Perstorp 

AB, Sweden), by double emulsion/solvent evaporation 

technique [1] and were used to encapsulate BMP-2 and 

VEGF biomolecules. 

 

RESULTS 

Results of immunofluorescence staining suggested that 

angiogenic activities were predominant in the central 

section while osteogenic activities dominated in the rest 

of the scaffold, and these activities were successfully 

induced by delivery of growth factor cues (Figure 1).  

 
Figure 1 – 3D CLSM images taken from the same scaffold that 

was delivered dual growth factors on day 21 under (a) and (c) 5x 

magnification (Scale bar = 200µm), (b) and (d)under 100x 
magnification (Scale bar = 50µm) Channels: red: anti-

osteopontin, green: anti-CD31, blue: DAPI  

CONCLUSION 

In this study, 3D printing was used for fabrication of 

specific microarchitecture for mimicking bone tissue 

microstructure. Results of in vitro studies showed that 

hASCs successfully proliferated within the scaffolds. In 

addition they showed positive immunostaining for 

sonctitutive factors. We also used ALP quantification to 

validate osteogenic induction (data not shown). In 

conclusion, this work presents a simple, yet novel, 

procedure which would generate vascularized bone 

constructs. 

References 

Yilgor P (et al.), Biomaterials, 30(21): 3551-3559, 2009 

3D BIOPRINTING OF HYBRID BONE GRAFTS WITH AN INHERENT CONTROLLED DELIVERY 

SYSTEM 

Goker, M1, Huri, PY2, Kennedy, OD1 
1 Royal College of Surgeons in Ireland (RCSI), Department of Anatomy and Regenerative 

Medicine, Dublin, Ireland 
2 Ankara University, Department of Biomedical Engineering, Ankara, Turkey 

 
email: mericgoker21@rcsi.ie 

 

124



 

Bioengineering in Ireland27, May 20th-21st, 2022 

INTRODUCTION 

Both the UK and Ireland have ageing populations, 

creating new and significant health challenges. One such 

problem is osteoporosis, characterised as the weakening 

of bone due to the lowering of bone density. Over 400 

million people, over 50, are at risk of fragility fractures 

worldwide and this number is set to double by 2040. In 

the majority of defects the bone can heal on its own, 

given time, however in 10% of cases bone injury can 

result in critical-sized defects, requiring a therapeutic aid 

for healing [1, 2].  

 

At present, the ‘gold standard’ for treatment of critical-

sized defects are autologous bone grafts. However, 

limitations including limited material, donor site 

morbidity and an extra surgical site mean new treatments 

are needed. One possible solution are synthetic, 

bioresorbable scaffolds that aim to provide temporary 

mechanical stability, promote bone growth and resorb 

into the body leaving behind a regenerated defect.  

 

To achieve this composite materials are necessary, and a 

common method is incorporating ceramic fillers within a 

polymer matrix. Although this can improve mechanical 

properties and bioactivity this is inconsistent. This may 

be due to varying particle shape, size, distribution and/or 

other factors [3]. This research aims to investigate 

various mixing methods for PLA and β-tricalcium 

phosphate (β-TCP) and evaluate the particle dispersion, 

mechanical and thermal properties.  

  

MATERIALS AND METHODS 

β-TCP powders were fabricated using an aqueous 

precipitation method [4]. Calcium nitrate tetrahydrate, 

Alfa Aesar 99.0-103.0%, was mixed with ammonium 

phosphate dibasic, Premier Scientific 98%, in exact 

quantities to yield a Ca/P ratio of 1.5. Following 

precipitation, the mix was ripened, vacuum filtrated, 

dried and calcified at 1000degC for >15hrs.  

The as-synthesised β-TCP powders were milled in a 

planetary ball mill and characterised using SEM, XRD, 

and FTIR. 

 

To obtain mixed powders/films fabricated 20wt% β-TCP 

powders were mixed with PLA, Corbion, using four 

different methods. A small ball mill, ultrasonicator, 

planetary ball mill, and small freezer mill were used. 

Mixed powders were imaged using SEM.  

 

The as-synthesised composites were printed into filament 

strands using an extrusion based printer, GeSim 

bioscaffolder, and characterised using SEM, DSC, tensile 

testing and AFM.   

 

   RESULTS 

SEM images  

(a)                                                 (b) 

 

  

 
 

     (c) 

   

 

 

 

 

 

 

    

   (d)                             (e)                              (f)  

     

 

 

Figure 1 (a) FTIR results of synthesized β-TCP (b) SEM 

image of β-TCP (c) XRD results of β-TCP (d), (e), (f) SEM 

images of PLA-TCP (d) planetary ball milling. (e) ultrasonicator 

(f) small ball mill 

 

Further results to follow.  

DISCUSSION 

Results from this study have established the successful 

fabrication of β-TCP powders and PLA-TCP composite 

material. Early investigation highlights homogeneity of 

filler within the PLA matrix in all methods examined 

using SEM imaging.  

Rietveld refinement of XRD data shows the presence of 

characteristic phases of β-TCP and shows a ratio Ca/P of 

1.5 has been achieved. This is supported by FTIR results 

that have characteristic β-TCP peaks at around 947, 974 

and 1120. Although there is a small amount of calcium 

pyrophosphate which is shown in both FTIR and XRD.  

 

Further testing aims to establish the effect of using 

different mixing methods on the thermal properties 

including % crystallinity and glass transition. As well as 

composite and filler/polymer interface mechanical 

properties using tensile testing and AFM respectively. 
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INTRODUCTION 

Cardiovascular diseases are the primary cause of death 

globally [1]. Bioresorbable vascular scaffolds were 

developed to overcome the limitations that metallic stents 

present due to their permanence. They act as a temporary 

scaffold for 6-12 months, providing radial strength to 

prevent vessel recoil and time for remodelling of the 

artery, and are fully resorbed within 3 years, leaving 

behind a healthy vessel [2, 3]. Poly-(l-lactic acid)(PLLA) 

is the preferred material choice, but with a tensile 

modulus lower than metal the polymeric stents need to be 

~2x as thick to achieve similar structural stiffness, 

hindering deployment and disrupting blood flow [3, 4]. 

Herein, a thinner scaffold would be an exciting prospect.  

One route to improving the mechanical properties of 

PLLA is by adding small amounts of nanofillers to create 

a polymer nanocomposite. The conditions for stretch 

blow moulding for tube expansion of PLLA 

cardiovascular scaffolds must be carefully selected and 

controlled, as the resulting microstructure will influence 

the material's response during the subsequent crimping 

and deployment steps. 

MATERIALS AND METHODS 
Nanofillers were screened and compared, with 

cytotoxicity and biocompatibility being important 

factors. The most promising candidates were tungsten 

disulfide inorganic nanotubes (INT-WS2) and boron 

nitride nanosheets (BNNS), both showing potential to 

reinforce a PLA matrix at low loading.  

Uniaxial test methods are deficient in replicating the 

unique response to rapid biaxial deformation typically 

experienced during tube formation. As such, a custom 

biaxial stretcher[5] (Fig 1a) was used to stretch sheets 

from which uniaxial tensile samples were punched to 

determine the elastic modulus and yield stress following 

biaxial stretching.  

INT-WS2 (0.5wt%) and BNNS (1wt%)  were mixed with 

PLLA to create nanocomposites by compression 

moulding and extrusion, respectively. The biaxial 

stretcher was used to complete simultaneous equibiaxial 

stretches of each material according to a design of 

experiments (DOE) programme to determine the impact 

of strain rate, temperature, stretch ratio, and stretch 

sequence on the neat PLLA. Uniaxial tensile testing was 

completed on tensile specimens cut from biaxially 

stretched sheets; results shown in Fig. 1c.  

 

 
Figure 1 QUB biaxial stretching rig (a), preliminary tensile 

testing data of neat PLLA and nanocomposites (b), SEM of 

PLLA/INT-WS2(0.5wt%) (c) 
 

RESULTS AND DISCUSSION 

Preliminary tensile testing showed no improvement in 

the Young’s modulus of the nanocomposites compared 

to neat PLLA. This gives rise to questions about 

dispersion of the nanoparticles within the matrix and 

interaction between the matrix and the filler. The 

unstretched and stretched material are being 

characterised using XRD, tensile testing and DSC to 

analyse the effect of processing on PLLA properties 

while AFM, SEM (Fig 1b) and μ-CT analysis are 

determining the interaction between the polymer and the 

filler and dispersion of the filler. With results gained from 

this work further iterations of processing will take place 

and the nanocomposite sheets will undergo a similar 

DOE to determine their effect on behaviour. 
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INTRODUCTION 

Organ-on-chip technology (OOC) seeks to introduce 

more realistic models of organ function for reliable as-

sessment of the physiological responses of the body to 

drug compounds and toxins. [1]. Current OOCs often use 

commercial porous polymeric membranes as a barrier 

membrane for cell culture which is a limitation due to the 

poor replication of the physiological architecture. Base-

ment membrane (BM) is the core structure of most bar-

rier tissues such as lung, liver, and intestine which con-

sists of intertwined fibres (diameter of ~77 μm), pores 

(diameter of ~ 3 μm), and elevations (~190 μm) and pos-

sesses low Young’s modulus of 2-5 MPa with less than 

12% linear strain [2-3]. Electrospinning is capable of pro-

ducing membranes that have the potential to replicate the 

fibrillated architecture of the basement membrane. This 

study aims to develop a construct to physically mimic the 

lung basement membrane, utilising the electrospinning 

technique, and comprised of Poly(ε-caprolactone) -

Poly(lactic-co-glycolic acid) (PCL-PLGA). Topograph-

ical, physical and mechanical characteristics of the mem-

branes will be optimized using solvent screening and Re-

sponse Surface Methodology (RSM) to closely replicate 

the naturally occurring basement membrane. 
 

MATERIALS AND METHODS 

Separately prepared PCL (6, 8, 12wt.%) and PLGA (8, 

10, 14wt.%) solutions in three common solvents includ-

ing Hexafluoro-2-propanol (HFIP), Dichloromethane 

(DCM): Dimethylformamide (DMF) (1:1 v:v), and Tet-

rahydrofuran (THF)-DMF (7:3 v:v) were mixed (1:1 v:v) 

to prepare three mixture solutions for electrospinning 

(All materials from Sigma Aldrich). The mixtures were 

electrospun under processing parameters including a 

flow rate of 0.15 ml/h, a distance of 12 cm and voltage of 

12 kV. Initially, the resultant fibrous membranes were 

characterized in terms of physical and mechanical prop-

erties. Subsequently, Response Surface Methodology 

(RSM) based on a three-level, four-variable Box-

Behnken design (BBD), was considered for modelling 

the dependence of four responses (average fibre diame-

ter, Young’s modulus, ultimate stress and strain at break) 

on the process parameters including PCL and PLGA con-

centrations, flow rate and the working distance. 
 

RESULTS & DISCUSSION 

Morphological investigation showed the significant ef-
fect of the solvent system on the microstructure of the re-
sultant membranes. HFIP led to the most uniform defect- 

free fibres with the lowest average diameter, pore size, 

and highest porosity. It also appeared to show the lowest 

Young’s modulus and ultimate tensile stress (Fig.1-a,b). 

Therefore, HFIP was selected as the electrospinning sol-

vent for further studies. Moreover, the most suitable elec-

trospinning parameters were identified to fabricate hy-

brid nanofibrous PCL-PLGA membranes with the small-

est fibres diameter, lowest Young’s modulus, highest 

strength and ductility based on the RSM optimization 

study and the model was validated using a confirmation 

experiment (Fig.1-c,d) 
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Figure 1: Young’s modulus (a), UTS (b) of the membranes us-
ing various solvent systems; RSM confirmation experiment: 
SEM image (c), and the stress-strain curve (d) of the optimized 

membrane 

 

CONCLUSION & FUTURE PERSPECTIVES 

This study firstly emphasises the significant role of the 

solvent system on the physical and mechanical properties 

of the fibrous constructs. Secondly, a mathematical ap-

proach was used for efficient optimization of the process 

in terms of the most significant parameters that affect the 

membrane properties. These findings offer the potential 

to tailor the physical and mechanical properties of PCL-

PLGA membranes for OOC applications. 
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INTRODUCTION 
Spinal cord injury (SCI) results in damage to axons, the 

electroconductive processes of neurons, potentially 

resulting in paralysis Recovery is inhibited by poor 

regrowth rates of injured axons. As neural cells are 

electroactive, electrical stimulation (ES) presents a 

promising method of promoting axonal regrowth when 

applied in conjunction with biomimetic implantable 

electroconductive (EC) biomaterials1. To enable precise, 

efficient delivery of ES to regrowing motor and sensory 

axons, it is essential to have precise control  of the 

geometry of the scaffolds. EC polymers hold promise but 

as thermosetting materials they are difficult to develop 

into complex, 3D structures, and this manufacturing 

barrier must be overcome to develop scaffolds with 

precise, controllable architectures for SCI repair. 
 

This work focused on producing EC, 3D-printed scaffolds 

by coating 3D-printed polycaprolactone (PCL) with 

polypyrrole (PPy) to produce a biocompatible EC 

PPy/PCL scaffold.  
 

MATERIALS AND METHODS 
An Allevi 2 extrusion 3D printer was used to print 3D 

PCL scaffolds consisting of multiple interlocking ‘axon’ 

channels (Fig. 1A). PPy was polymerised in situ about the 

scaffolds to form an EC coating, as per protocol 

developed by Olvera et al.2 The electroconductivity of the 

PPy coating was measured on coated PCL membranes via 

the 4-point method. Film surface morphology and coating 

thickness were assessed by SEM microscopy. 

Biocompatibility was determined by seeding neurons 

(SH-SY5Y line) directly on PPy coated PCL films and 

grown for 3 days and measuring metabolic activity and 

total cellular DNA. Neurite outgrowth and cell 

proliferation were assessed in SH-SY5Y neurons grown 

for 7 days on the coated films. Neurons were 

immunostained for beta-III tubulin, counterstained with 

DAPI for nuclei and imaged using a Nikon 90i fluorescent 

microscope, and cell number and neurite outgrowth were 

assessed from images. 
 

RESULTS 
A successful method was developed to evenly coat 

complex 3D-printed structures with a biocompatible, EC 

layer of PPy. Images of PPy-coated PCL scaffolds are 

shown in Fig. 1A. SEM images of coated films (Fig. 1B) 

show the PPy forms a network of particles over the PCL 

surface. The conductivity of the PPy coating was 

measured as 15 ± 5 S/m, rendering the scaffold 

electroconductive for biological applications. Cultures of 

SH-SY5Y neurons on coated 2D PPy and PPy/PCL films 

showed the biocompatibility of the material. Both the 

metabolic rate and total cellular DNA increased 

significantly (p<0.05) in both groups between day 1 and 

3, with no significant difference in either metric between 

neurons on PPy/PCL and PCL, showing that the PPy coating 

maintains the biological compatibility of the underlying 

PCL, and provides a suitable substrate for the proliferation 

of neural cells. Cells cultured on both films for 7 days 

exhibited robust neurite outgrowth with no significant 

difference in either cell number or neurite length between 

groups, further confirming robust neuronal viability.  
 

DISCUSSION 
This study describes the production of biocompatible, 3D 

EC scaffolds with complex architectures for SCI repair. By 

coating 3D-printable PCL with EC PPy, the issue of 

processing EC polymers is avoided, allowing printing of 

structures with precise, controlled geometries and porosities 

before coating them with PPy to optimise their properties. 

These scaffolds are produced via a simple two-step process, 

comprising traditional extrusion printing and in situ 

polymerisation, without requiring complex fabrication 

methods. The conductivity of the PPy coating is more than 

30 times higher than that of the central nervous system grey 

matter, and 8 times higher than that of cerebrospinal fluid, 

potentially allowing for efficient direction of electrical 

stimulation.3 Taken together, the biocompatibility results 

indicate that PPy/PCL is biocompatible, supports neuronal 

growth and is a suitable substrate for the growth of spinal 

cord neurons. Ongoing work will determine the ability of the 

EC scaffold to enhance the efficacy of ES to further promote 

growth and extension of neurites, by providing a more 

efficient path for stimulatory electrical currents. 
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INTRODUCTION 

 Spinal cord injury (SCI) is a devastating condition 

that disrupts both sensory and motor function, with very 

limited prospects of functional recovery. Electrical 

stimulation (ES) has become a common clinical remedy 

to lessen the impact of SCI-induced pain after injury. 

However, regeneration-focused lesion site 

electrostimulation has not had clinical translation yet, 

despite promising evidence of directing axonal growth 

and encouraging cord repair. Furthermore, neural 

interfaces still face challenges over long implantation 

times due to delamination, insufficient water barrier 

properties and inflammatory responses. MXenes, a novel 

class of 2D electroconductive layered materials, possess 

unique properties for developing ES systems that can 

wrap around the injured cord to deliver charge safely and 

efficiently. 

Here we outline the development of high-resolution 

aerosol jet 3D printing (AJP) of a neural interface cuff 

with highly conductive MXene (Ti3C2TX) electrodes, 

protected and insulated by a polytetrafluoroethylene 

(PTFE) structure. 

 

MATERIALS AND METHODS 

 MXene films were produced using doctor blade, 

vacuum-assisted and AJP-printing to assess the effect of 

fabrication methods on their physical properties and 

biocompatibility. Conductivity, hydrophilicity and 

mechanical properties from the films were also 

evaluated. 

To assess biocompatibility, NSC-34 mouse motor 

neurons were seeded on MXene films to study the 

morphology influence onto the cells over 3 days and their 

morphology, proliferation and metabolic rate were 

studied. 

A carrier PTFE substrate was printed from a commercial 

ink using an Optomec AJP-300 3D printer, followed by 

the 3D printing of the MXene circuit and the sintering of 

the device at 360⁰C under non-oxidizing argon 

atmosphere. 

 

RESULT AND DISCUSSION 

 Results showed that all MXene films were 

biocompatible, supporting neuron cell viability via 

similar proliferation and metabolism rate to tissue culture 

polystyrene controls. However, neurons grown on AJP-

printed films displayed enhanced neuronal neurite 

outgrowth and cell morphology (Figure 1), possibly due 

to their enhanced conductivity (∼12000 S/cm) and higher 

hydrophilicity (35⁰) compared to filtered and doctor 

blade films. Top and cross-section SEM images of the 

MXene/PTFE printed films showed conformal 

deposition of MXenes onto the printed PTFE substrate 

(Figure 1), facilitated by the surfactant-induced 

hydrophilicity of the PTFE commercial ink. After 

sintering at 360⁰C, the PTFE nanoparticles coalesced, 

effectively binding the printed MXenes onto its 

hydrophobic surface. During the thermal treatment, the 

surfactant and remaining moisture from the PTFE ink 

evaporated, switching the behaviour of the PTFE surface 

from hydrophilic (41⁰) to hydrophobic (125⁰) (p<0.0001). 

 
Figure 1. Immunostained NSC-34 mouse motor neurons with 
cytoskeletal stain (Phalloidin) and nuclear stain (DAPI) seeded 

on an Aerosol jet printed (AJP) film (left). Cross-section of the 

MXene neural interface prototype, highlighting the conformal 
deposition of a thin coating of MXenes on top of sintered PTFE 

at 360⁰C. Inset shows magnified image of the printed MXenes 

(right). 

 

CONCLUSION 

Direct adhesion of 3D printed MXenes after PTFE 

sintering postulates as a facile method to construct 

bespoke neural electrode implants for stimulation of the 

injured spinal cord, while limiting abiotic and biotic 

faults. 
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INTRODUCTION 

The use of ceramic biomaterials and scaffolds for 

alveolar bone regeneration or preservation is a reliable 

treatment option compared to autologous bone which 

involves considerable pain, and donor site morbidity. 

Improving scaffold design for optimal osseointegration 

can be achieved by optimizing local geometry, surface 

roughness and material composition at the micron scale. 

In this study, we report and describe the development of 

a computational model describing neotissue formation 

and its use in dental biomaterial design.  

 

 

MATERIALS AND METHODS 

A previously published model describing neotissue 

growth in 3D scaffolds [1] formed the basis of this study. 

The level-set method was used to simulate the 

advancement of neotissue formation inside the 3D 

scaffold. In a first step, curvature-based growth was 

tested in simple prismatic scaffolds that were 

manufactured using additive manufacturing in different 

calcium phosphate materials (Hydroxyapatite, Tri-

calcium phosphate and Biphasic calcium phosphate).  

 

Then two designs were selected for use in an in vivo pre-

clinical study: the first was a lattice structure with square 

struts (orthogonal lattice) while the second was a gyroid 

structure with intrinsic curvature. Standard BioOss was 

used as a control. In each group scaffolds were implanted 

under a CaP shell on the calvaria of Sprague Dawley rats. 

Scaffolds were harvested at 2 and 8-week timepoints 

(n=10 / condition / time point), and evaluated for 

microstructure using nanoCT, and for morphology using 

standard histology.  

 

 

RESULTS 

Using the curvature-based model, we ran a large in silico 

screening experiment to determine optimal properties of 

our 3D scaffolds which subsequently were tested in vivo. 

The data from these studies showed significant bone 

formation in all experimental cases (Fig 1). Orthogonal 

lattices and BioOss controls resulted in significantly 

reduced levels of bone formation, up to 7% of the free 

volume in the scaffold, but for the gyroid structure the 

amount of bone formation was significantly higher, up to 

an average of 15%. Furthermore, the gyroid scaffold was 

unique in that the distribution of bone formation was 

significantly greater around and throughout the construct, 

including the region close to the external shell.    

 

 

 
 

Figure 1 Regenerated bone tissue in (A) Bio-Oss, (B) 

Orthogonal, (C) Gyroid scaffolds as observed through nanoCT 

(left panels) and histological sections (middle panels). 

Quantitative changes in bone formation over time in each group 
(right panel). 

 

DISCUSSION 

We developed a computational model in this study which 

was used to design geometries for 3D printed CaP-based 

scaffolds for bone repair and regeneration. In vivo testing 

of these scaffolds showed a significant increase in the 

extent of bone formation in the model-based design 

(gyroid) over the clinical standard (BioOss) or a classical 

3D printed geometry (orthogonal lattice). This result, 

clearly shows the added value of in silico tools in the 

design of novel biomaterial structures.  
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INTRODUCTION 
The treatment of severe bone infection (osteomyelitis) is 

often ineffective due to impaired vasculature at the 

infection site, bacterial resistance, and the formation of 

‘dead space’ following debridement1. Highly porous 

collagen-hydroxyapatite (CHA) scaffolds developed in 

our lab have shown clinical success in bone healing and 

have demonstrated in vitro antibacterial properties when 

combined with metal-based antimicrobial (MBA) doped-

bioactive glass1,2,3. Although, these materials are limited 

to the treatment of small defects due to the reduced 

mechanical properties. The aim of this study is to develop 

a biomaterial to deliver non-antibiotic antimicrobials 

while providing ideal structural and bioactive support for 

bone regeneration in large, infected bone defects. 

 

MATERIALS AND METHODS 
Collagen hydroxyapatite (CHA) scaffolds were 

reinforced using a 3D printed framework, the 

compressive modulus and porosity of the reinforced-

CHA scaffolds was determined, and SEM imaging was 

used to access the microarchitecture. A range of MBA-

doped hydroxyapatite (MBA-HA) concentrations were 

fabricated and characterised (formulations not disclosed 

due to IP restrictions), then blended within the collagen 

slurry prior to freeze drying to fabricate reinforced 

collagen-MBA-HA scaffolds (C-MBA-HA). Various 

concentrations of MBAs doping, as well as their 

concentration within the collagen scaffold were 

evaluated for cytotoxicity and osteogenesis using MSCs, 

and for antibacterial capacity against staphylococcus 

aureus (s. aureus) in vitro. 

 

RESULTS 
The resultant reinforced scaffolds had significantly 

enhanced mechanical properties to that of a level similar 

to trabecular bone (p > 0.0001), while maintaining the 

high porosity (>80%) and interconnected porous 

microarchitecture of the non-reinforced scaffolds 

(Fig.1A). The concentration of MBA doped within the 

hydroxyapatite matrix, as well as the concentration of 

hydroxyapatite within the scaffolds were optimised. In 

terms of osteogenesis, the MBA containing scaffolds 

showed equivalent calcium deposition to the control 

scaffolds after 28 days in vitro (Fig. 1B), which was 

confirmed with alizarin red staining. Most importantly, 

the C-MBA-HA scaffolds demonstrated a 50% reduction 

of s. aureus viability (Fig 1C) (p > 0.001), as well as the 

production of a visible zone of inhibition on an s. aureus 

agar plate after 24 hours.  

DISCUSSION 
The composition of these CHA scaffolds with 

proven bone regeneration potential were 

successfully altered using MBA-doped HA and 

reinforced with a 3D printed framework to resulting 

in a three-fold increase in mechanical properties. 

The new scaffolds possessed significant 

antimicrobial capacity while maintaining the high 

porosity and pro-osteogenic potential of the non-

reinforced scaffolds thus demonstrating their 

potential as a novel treatment for bone infection. 
 

 
Figure 1 (A) SEM images of reinforced and non-reinforced 

CHA and C-MBA-HA scaffolds, (B) Calcium deposition over 
28 days, (C) s. aureus viability after 24 hours. * p< 0.05, 

**p<0.01, ***p<0.001 
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INTRODUCTION 

Pancreatic islet transplantation aims to reverse type 1 

diabetes by restoring the cellular production of insulin. 

Post-transplantation islet survival is inherently limited by 

the lack of suitable support matrix and insufficient 

oxygen supply (hypoxia), which is aggravated when 

using macroencapsulation devices.1 Graft failure can be 

overcome by cell encapsulation in highly oxygenated 

functionalized biomaterials, like Oxygel, which are able 

to provide O2 and extracellular matrix (ECM) support.  
 

For the optimal performance of this technology, O2 

payload, release kinetics and their interaction with cells 

need to be characterized. Estimation of the O2 lifetime 

after cell encapsulation would be critical for the design 

of oxygenated hydrogel loaded macroencapsulation 

devices aimed to increase graft survival. 
 

MATERIALS AND METHODS 

Oxygel was formulated by the shear mixing of 

Hyaluronic acid hydrogel with a Perfluorodecalin/lipoid 

nanoemulsion and oxygenated by flushing O2 

simultaneously to gel infusion using a customized set-up. 

Mechanical properties were characterized by Rheometry. 

Post-oxygenation O2 levels of Oxygel and controls were 

monitored by microinvasive needle-type oxygen 

microsensors (n=3). Oxygen diffusion coefficient (Dv) 

was estimated by the experimental fitting of O2 release 

profiles to a Fickian diffusion model.2 Oxygen durability 

predictions were performed using a non-diffusion-

controlled model that considers gel formulation and cell 

metabolism features. Different diabetes-relevant cell 

lines were modelled using experimentally recorded 

(Seahorse analyzer) and/or bibliographic oxygen 

consumption rate (OCR) values.  
 

For model validation INS-1E cells were encapsulated in 

oxygenated oxygel within a custom macroencapsulation 

device and O2 was monitored (n=4). Experimental O2 

stabilization times were compared with modelled O2 

lifetimes for each cell density. Cell viability after 

encapsulation was determined by Live/Dead staining. 
 

RESULTS 

Oxygel was formulated as a shear-thinning hydrogel with 

a prolonged shelf-stability. High post-oxygenation O2 

tension was achieved in Oxygel and PFD emulsion (65-

85 % O2 saturation). Acellular oxygel released O2 for 90 

h until stabilization at atmospheric levels, presenting a 

14.5-times smaller Dv in Oxygel than in PBS. 
 

The effect of cell consumption in the O2 levels after 

encapsulation of INS-1E at 0.5 x 106 and 1 x 106 cells/mL 

was demonstrated, showing rapid O2 stabilization times 

upon cell density increase (Figure 1a). Correlations 

between the estimated O2 lifetime and the experimentally 

found O2 stabilization times were found (Figure 1b), 

showing non-significant differences (p> 0.05) between 

the model predictions and experimental results. Cells 

remained viable (> 75%) after encapsulation in Oxygel. 
 

 
Figure 1 (a) O2 profiles of oxygenated oxygel containing 1 x 

106 INS-1E/mL, 0.5 x 106 INS-1E/mL, no cells, and non-

oxygenated gel (n = 4). (b) Comparison of model predicted O2 

lifetime and experimentally stabilization times of cell containing 
Oxygel (n=4); ns (p > 0.05), *p < 0.05, ***p < 0.001.  
 

DISCUSSION 

Oxygel was developed as an ECM-based injectable 

hydrogel with high O2 loading capacity aimed to enhance 

cell survival in macroencapsulation devices. The high O2 

payload and slow diffusion ability (explained by the 

multiple diffusional barriers present in oxygel) are 

beneficial as a high O2 payload will be readily available 

for cell consumption for prolonged times.  
 

Oxygen consumption was found as the driving factor for 

O2 lifetime within the implant. Predictions of the O2 

lifetime in cell containing oxygel were correlated with 

experimental data, demonstrating the potential impact of 

oxygen levels, cell density and OCR for the graft success. 

This model could be applied to any oxygenated 

biomaterial used as a cell scaffold, with a particular focus 

on those intended for implantation, assisting in the 

progress of medical device design and optimization. 

Further analysis could assess viability and functionality 

of other diabetes relevant cell lines within this system. 
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INTRODUCTION 

With more than 2.2 million bone grafting procedures 

performed annually worldwide, defect reparation is 

rapidly becoming one of the most common procedures in 

bone regenerative medicine 1.  

The persistent levels of post-procedure infection 2, donor 

site complications 3 and limited grafting material for 

autograft procedures highlight that an engineered “off-

the-shelf” solution would transform the treatment of bone 

defects. Such tissue engineered (TE) scaffolds must 

match the physio-mechanical requirements that are 

exhibited by bone; however, these properties are often 

compromised in order to meet other structural demands. 

Through deposition of a mechanically robust thin film, it 

is possible to tailor mechanical properties without 

sacrificing porosity. Polyethylenimine (PEI), Polyacrylic 

acid (PAA) and Montmorillinite (NC) have been 

previously utilized to create coatings to tailor mechanical 

properties 4. However, the cytotoxicity of PEI is 

potentially a limiting factor for its use in creating a 

functionalised coating. This work will investigate the 

substitution of NC into other exponentially growing 

layer-by-layer systems for applications in TE scaffold 

modification. 

 
MATERIALS AND METHODS 

Glass microscope slides were prepared by washing in 1 

M of NaOH, rinsed with 18.2 MΩ deionised water and 

masked with scotch tape. 1 wt.% of PEI, PAA and 

Poly(diallyl dimethylammonium chloride) (PDDA), and 

0.5 wt.% of powder NC were prepared in deionised 

water. The pH of PAA and PDDA were adjusted from ~2 

to 8 and ~6 to 4, respectively, with the addition of 1 M of 

NaOH; the pH of PEI and NC were left unadjusted. 

Samples assembled with PDDA were subjected to PEI 

solution for 30 seconds before coating to maximise 

adhesion of the first layer. Polymer-clay nanocomposite 

coatings were then assembled in a sequence of 

(PEI/PAA/PEI/NC)n and PEI- (PDDA/PAA/PDDA/NC)n 

systems where n is the number of quad layers (QL) 

deposited. 

 

RESULTS 

(PEI/PAA/PEI/NC)n and PEI- (PDDA/PAA/PDDA/NC)n 

coatings were examined using Scanning Electron 

Microscopy (SEM), Energy Dispersive X-ray (EDX), 

Stylus Profilometry and Atomic Force Microscopy 

(AFM). Results suggest that both coatings exhibit similar 

thicknesses, growth regime and coating conformity. 

 
Figure 1 a) Schematic diagram of LbL process and b) mean 
coating thickness of (PEI/PAA/PEI/NC)n vs PEI- 

(PDDA/PAA/PDDA/NC)n coatings as a function of deposited 

quadlayers.  

 

DISCUSSION 

The incorporation of NC into exponentially growing 

layers of PDDA and PAA was successfully 

demonstrated. The use of PDDA reportedly reduces the 

limiting cytotoxic properties presented by PEI 5. This can 

be explained by the quaternary amine groups in PDDA 

compared to the primary amine groups that are present in 

PEI. It is also suggested that the use of natural polymers, 

such as Chitosan and Alginate, in such systems would 

eliminate any cytotoxic properties of the coating. 
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INTRODUCTION 

The use of in situ forming hydrogels presents a minimally 

invasive technique for sustained local drug delivery. We 

have synthesised a thermo-responsive N-

isopropylacrylamide (NIPAAm) hydrogel grafted onto a 

Chitosan (Cs) backbone designed to degrade over 8 

weeks. Chitosan is biocompatible, biodegradable, and 

has a structure similar to that of native extracellular 

matrix (1). Furthermore, this hydrogel has been loaded 

with RALA nanoparticles containing hydroxyapatite 

(HA). HA is commonly used in fracture repair but has 

limited bioavailability. Our patented RALA peptide 

forms nanoscale particles encapsulating HA to allow its 

cellular entry and increase its bioavailability. The aim of 

this study was to synthesise Cs-g-PNIPAAm hydrogel 

loaded with RALA-HA nanoparticles (NP) for bone 

regeneration in vitro and in vivo.  

MATERIALS AND METHODS 

NIPAAm, 75-85% deacetylated Cs, APS, TEMED were 

purchased from Sigma-Aldrich, UK. Cs-grafted-

PNIPAAm with 10% and 30% of Cs (in relation to 

NIPAAm) were synthesised by free radical 

polymerisation: NIPAAm was added to Cs in acetic acid 

and purged with nitrogen, followed by addition of 

initiator APS and accelerator TEMED. Copolymer was 

dialysed and recovered by freeze-drying. NPs were 

formulated via electrostatic attraction by incubating 

negatively charged HA with the positively charged 

RALA peptide for 30 min (2). Viability of NCTC-929 

cells was determined via MTS assay. Additionally, 

calcium and LDH production in MSC cells was 

measured. 10%Cs copolymer ± RALA/HA NP (420 

μg/mL) was incubated in MEM media for 48 h. Cells 

were treated with residual product and extracts from 

HDPE sheet 10% DMSO were used as negative and 

positive control. Copolymer was analysed via Scanning 

Electron Microscopy (SEM). Eight weeks in vitro 

degradation rate was measured in 0 and 3 mg/ml 

lysozyme-containing PBS at 37°C using an orbital 

shaker. In vivo degradation profile in C57 BL/6J female 

mice (n=3) was characterised up to 8 weeks following 

subcutaneous injection of 200 µl of hydrogel. 

RALA/pEGFP-N1 DNA NPs release profile from 

copolymers was evaluated over 21-day period in double 

distilled water (DDW) and DNA content was quantified 

via Quant-iT™ Picogreen assay (Life Technologies, 

UK). Percentage DNA release was measured in 

correlation with a standard curve. The ability of this 

treatment to facilitate bone regeneration was also 

assessed using a calvarial model with critical size 

unilateral defect (7 mm diameter, 1.5 mm depth). 

RESULTS  
No cytotoxic effects from the hydrogel were observed in 

NCTC-929s (Fig. 1a), with viability of cells treated with 

residues from pure hydrogel and NPs containing samples 

higher than untreated controls: 105.2%, 113.6%, 

respectively after 72 h. 10%Cs formed a highly 

connected and meshed network (Fig 1b).  Pores observed 

in the pristine hydrogel appeared to be uniform with an 

average diameter of 0.48 m ± 0.09. The micro-range 

pores visible in the pure hydrogel sheets were not present 

when NPs were added. At 21 days 30%Cs-g-PNIPAAm 

was capable of delivering a higher percentage of 

RALA/pDNA NPs (34.7%) compared to 10%Cs (25.2%, 

Fig. 1c). Additionally, hydrogel degradation was studied 

to develop an in vitro-in vivo correlation (Fig. 1d). Eight 

weeks post injection 82.7% ± 4.4% of the hydrogel 

degraded in vivo. Incorporating 3 mg/mL of lysozyme 

concentration to the PBS solution increased the 

degradation rate in vitro from 13.3 ± 2% to 79.3% ± 

17.98% at 8 weeks, matching the in vivo rate. 

 
Figure 1 (a) Cell viability of 10%Cs-g-PNIPAAm ± 

RALA/HA NPs (b) Exemplary SEM image of lyophilised 

10%Cs copolymer (left) and polymer with RALA HA NPs 

(right) (c) NPs release profiles from 10% and 30%Cs-g-

PNIPAAm; (d) In vitro and in vivo correlation studies for 

degradation of 10%Cs-g-PNIPAAm. 

DISCUSSION 
The positive effect of copolymer on cell proliferation was 

attributed to high degree deacetylation of Cs (3). Using 

PBS-containing lysozyme enabled simulation of the in vivo 

degradation process. The NPs entrapped in the hydrogel 

matrix showed sustainable delivery released over three 

weeks by a combination of diffusion 

and degradation mechanisms.  
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INTRODUCTION 

Osteoporotic fractures are a major issue with nine million 

fragility fractures occurring per year worldwide [1]. 

Fixation of such fractures is essential and current devices 

are not fit for purpose. Clinically, strontium (Sr) in the 

form of strontium ranelate has been previously used 

systemically as an osteoporotic treatment and but has 

been withdrawn from the market due to an increased risk 

of side-effects [2, 3]. However, there is growing evidence 

that the incorporation of strontium into an injectable 

calcium phosphate cement can increase bone formation 

and osteogenic gene expression [4]. However, such 

cements can only be used as void fillers, not as long bone 

fixation devices. Conversely, bioresorbable devices have 

seen significant clinical success in fracture fixation and 

are emerging as a viable replacement for metallic 

devices.  Over the past 10 years, ebeam irradiation has 

emerged as an efficient and reliable technique to induce 

predicable polymer degradation and our previous 

research has demonstrated its potential in controlling the 

release of incorporated bioactive agents [5]. In this study, 

we aim to investigate the potential of using ebeam 

irradiation to trigger controlled release of Sr from 

bioresorbable polymer devices.  

 

MATERIALS AND METHODS 

The PLGA-SrCO3 devices were fabricated using a hot-

melt extrusion process in which SrCO3 particles were 

thoroughly mixed with the PLGA at concentrations of 1, 

5 and 10 wt% and extruded into filaments with a diameter 

of 1.50 mm. After extrusion, the filaments were subjected 

to ebeam irradiation on both sides with a surface delivery 

dose of 500 kGy. The samples were then immersed in 

PBS buffer at 37 ° C for up to 24 weeks and their 

degradation properties were investigated in terms of 

chemical composition, Sr release profile and mechanical 

durability. 

 

RESULTS 

The pH of the media containing non-irradiated PLGA-

SrCO3 remained stable in the initial 20 weeks while that 

containing irradiated samples experienced a gradual 

decline (Fig. 1a). In comparison, the neat PLGA devices 

degraded faster and the ebeam irradiation preferentially 

accelerated the decomposition of glycolic components at 

the sample surface (Fig. 1b). Sr release was boosted after 

irradiation and the total amount of Sr released from the 

irradiated samples was about 20 times higher than that 

from the equivalent control in the initial 8 weeks (Fig. 

1c). A higher SrCO3 content led to increased mechanical 

durability in the PBS buffer, and the ebeam irradiation 

resulted in an accelerated loss in mechanical integrity 

(Fig. 1d). 

 

 
Figure 1 (a) pH of the media as a function of degradation time; 

(b) ) [−COO−]/[−C−C(H)] ratios of the C 1s species of PLGA 

as a function of degradation time; (c) Sr release profile; (d) Shear 
modulus as a function of degradation time. 

 

DISCUSSION 

The presence of SrCO3 effectively retarded the 

autocatalytic polymer degradation by promptly 

neutralising the acidic by-products. Generally, near-

surface ebeam irradiation can induce polymer 

degradation in a surface-to-core manner. In this study, the 

ebeam-triggered surface erosion was found to be initiated 

by the accelerated decomposition of glycolic components 

due to their less hydrophobic nature. This resulted in an 

enhanced and predictable Sr release and prevented the 

burst Sr release at the final stage. The mechanical 

stability of the device in PBS buffer was also remarkably 

improved due to the buffering action of the SrCO3, and 

the ebeam-induced mechanical degradation may be 

beneficial to the load transfer during the bone healing 

process. 
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INTRODUCTION 
Bone remodelling, adaptation, and repair requires 

coordinated action of multiple cell types. Current 

treatments for bone diseases (osteoporosis) and bone 

defects are associated with significant limitations. For 

example, drugs and/or materials are designed to target 

specific cell types, while cell-based therapies are multi-

targeted but are limited by poor cell retention/viability. 

The impact of cell therapies is largely mediated by 

secreted factors upon implantation. Hence, an alternative 

approach to treat skeletal pathologies, may be to harness 

the secretome of cells in-vitro for utilisation in-vivo.  

     Mechanical loading of bone cells has been shown to 

optimize the regenerative capacities of the secretome. It 

is known that osteocytes sense mechanical loading and 

coordinate bone formation accordingly [1]. These cells 

secrete factors that trigger other cells (such as osteoblasts 

and MSCs), endothelial cells, and osteoclasts to adjust 

their behaviour [2]. Specifically, conditioned media 

derived from osteocytes has been shown to stimulate 

osteogenesis [3], which is enhanced following dynamic 

conditions [4]. Therefore, the aim of this study is to 

examine how the mechanical stimulation of the osteocyte 

affects the regenerative potential of the secretome, by 

analysing the effect of the secretome on the osteogenic 

potential of MSCs. 
 

MATERIALS AND METHODS 
Oscillating Fluid Flow Mechanical Stimulation and 

Media Collection: MLO-Y4 osteocyte-like cells were 

seeded on glass slides at 1.16 x 104 cells/cm2 and cultured 

for 48 h prior to mechanical stimulation, with a treatment 

of serum starvation media placed 12 h before mechanical 

stimulation. The cells were subject to oscillating fluid 

shear stress of 1Pa at a frequency of 1Hz, using a custom-

made parallel plate flow bioreactor. Following 2hr of 

mechanical stimulation, media containing EV-depleted 

serum was added to the slides. The cells were cultured 

for further 24 h and the conditioned media was collected. 

Effect of conditioned media on MSC osteogenesis: 

hMSCs were seeded at 6500 cells/cm2 and cultured for 

24 h prior to treatment of 72 h with static or flow 

conditioned media. Subsequently, the cells were treated 

with osteogenic media for an additional 14 days. Cells 

were lysed and intracellular alkaline phosphatase (ALP) 

activity was obtained and normalised to DNA content 

that was measured via the Quant-iT PicoGreen dsDNA 

Assay Kit. Calcium content was measured and quantified 

by staining the cells with Alizarin Red Stain.  

RESULTS  
Focusing on intracellular ALP activity, there is a 

significant increase in the flow group compared to the α-

MEM media control group. While there is also an 

increase in the static group, this is not significant when 

compared to the media controls (Figure 1A). Calcium 

deposition follows a similar trend, with a non-significant 

increase in the static group and a significant increase in 

the flow group compared to the DMEM media control 

(Figure 1B,C). 

 
Figure 1 Characterisation of the effect of osteocyte 

conditioned media on MSC osteogenesis. (A, B) Alkaline 

phosphatase activity and Alizarin red quantification (C) Alizarin 
red stain. *p<0.05 (scale bar: 200 μm). 
 

DISCUSSION  
Given that there is an increase in both ALP and calcium, 

it can be inferred that mechanically stimulated osteocytes 

produce conditioned media that enhances osteogenesis in 

MSCs. This indicates that the factors being released by 

the cells following mechanical stimulation are likely 

responsible for these changes in osteogenesis. These 

findings highlight the therapeutic potential of 

components in the conditioned media that may be 

harnessed for the treatment of osteoporosis and bone 

defects. Future work will focus on analysing the 

conditioned media of other cell types in dynamic 

conditions, as well as isolating the factors (such as 

extracellular vesicles) in the media that contribute to the 

regenerative capacities of the secretome.  
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INTRODUCTION 

Currently, pancreatic ductal adenocarcinoma (PDAC) is 

the 4th most frequent cause of cancer related deaths and 

is predicted to worsen due to the lack of effective 

diagnostic and therapeutic interventions [1]. 

Organisation and composition of the extracellular matrix 

(ECM) dictates physical and chemical properties of the 

tumour microenvironment and can be sensed via 

mechanosignalling, which influences tumour and stromal 

cell behaviour, thus affecting tumour progression. 

 
protein expression was confirmed using an in-cell 

western blot and a 2.06 ± 0.103-fold decrease in Sdc4 was 

observed. Wound healing assays reveal that knockdown 

of Sdc4 significantly impedes SUIT2 cancer cell 

migration over 12 h compared to cells treated with non-

targeting control siRNA (Fig. 1). 
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Syndecan-4 (Sdc4) is a transmembrane proteoglycan 

involved in mechanosignalling, regulating pathways to 

orchestrate spatial and temporal responses [2]. 

Overexpression of Sdc4 has been associated with 

numerous cancers, including PDAC [3]. The precise 

mechanisms behind Sdc4 and PDAC progression remain 

unknown, however, signalling has been associated with 

tumour metastasis, angiogenesis and chemoresistance. 

This study aims to assess the role of Sdc4 in PDAC cell 

motility. 
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MATERIALS AND METHODS 

As it is unknown whether Sdc4 acts via cancer cells or 

stromal cells, both metastatic pancreatic cancer cell line 

SUIT2-007 and primary human pancreatic stellate cells 

(PSCs; ScienCell) are used in experiments. Sdc4 

expression is knocked down in both cell lines using 

SMARTpool siRNA (Horizon Discovery). siRNA 

mediated knockdown of Sdc4 is assessed at gene level 

via quantitative polymerase chain reaction (qPCR) and at 

protein level using in cell western blot. siRNA treated 

cells are plated within silicone culture inserts (ibidi) on 

fibronectin coated (5 µg/cm2) glass bottomed petri dishes 

to obtain a confluent monolayer. 48 h post siRNA 

treatment, the insert is removed, leaving a cell free gap 

across which cell migration is assessed from phase 

contrast images collected every 3 hours. Serum addition 

is reduced to 1% for the migration assay to minimise 

proliferation effects on gap closure. Statistical analysis 

conducted in Minitab with data presented as mean ± 

s.e.m.. 

 

RESULTS 

qPCR indicated a 10.73-fold decrease in Sdc4 gene 

expression at 48 h post transfection in SUIT2 cells. 

Translation of this gene knockdown to a change in 

Figure 1: Gap closure represented as decreasing gap area 

for SUIT2 cells treated with non-targeting and Sdc4 

targeting siRNA. Representative data shows mean 

±SEM, *p<0.05, ** p<0.01, ***p<0.001. 
 

DISCUSSION 

These results indicate that Sdc4, which is upregulated in 

PDAC, is associated with cancer cell motility which may 

impact tumour invasiveness and metastasis. In order to 

evaluate the importance of Sdc4 in the tumour stroma, 

ongoing experiments will investigate these findings in 

PSCs. Immunofluorescence staining to visualise focal 

adhesions in underway, while traction force microscopy 

will determine the effects of Sdc4 on cell contractility. 

 

These data are consistent with the hypothesis that Sdc4 

plays a role in pancreatic cancer progression. Ongoing 

experiments will determine how this impacts matrix 

remodelling relevant to tumour progression. 
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INTRODUCTION 

Cancer progression is fundamentally rooted in 

mechanics; tumour growth and cell invasion are highly 

dependent on the stiffness and organization of the 

surrounding matrix, adhesion, and active cell mechanics 

(1). However, the mechanisms by which local tumour 

cell mechano-responsiveness guide macro-scale growth 

remain unclear. In this study, we extend the physically 

motivated agent-based modelling platform PhysiCell (2) 

to investigate such force-sensitive tumour growth.  

 

MATERIALS AND METHODS 

PhysiCell simulates the behaviour of discrete cells, 

implementing key cell-scale processes such as cellular 

volume changes, division, and mechanical interactions, 

to predict the emergence of tissue-scale behaviour (2). 

The position of each cell 𝒙𝑖 is updated based on its 

current velocity 𝒗𝑖, which depends on the forces acting 

upon it such that: 

 

𝒗𝑖 = ∑ (𝒗𝑖𝑗
𝑐𝑐𝑎 − 𝒗𝑖𝑗

𝑐𝑐𝑟)

𝑗∈𝑁(𝑖)

− 𝒗𝑖
𝑚𝑎𝑡 − 𝒗𝑖

𝑚𝑜𝑡 , 

 

where 𝒗𝑖𝑗
𝑐𝑐𝑎, 𝒗𝑖𝑗

𝑐𝑐𝑟, 𝒗𝑖
𝑚𝑎𝑡, and 𝒗𝑖

𝑚𝑜𝑡 are velocities induced 

by cell-cell adhesion, cell-cell repulsion, mechanical 

interactions with the surrounding matrix, and intrinsic 

cell motility, respectively. We adapted this framework to 

explore the influence of osmotically-regulated cell size 

and mechanosensitive adhesion on proliferation and 

associated tissue growth. 

 

RESULTS 

Simulations suggest that the increase in tumour size over 

time depends on cell-cell adhesion strength, whereby 

increased adhesion strength reduces tumour growth due 

to higher cell confinement and pressure (Fig 1A). As the 

tumour develops, growth-induced deformation increases 

the pressure acting on individual cells. The model 

predicts that the mean cell cytosolic pressure reduces at a 

low adhesion strength (Fig 1B) and that cells at the 

tumour core are more likely to experience high stress, in 

agreement with experimental findings from excised 

tumours (3). 

 

 
Figure 1 (A) Progression of tumour growth and cell pressure 

over time depends on cell-cell adhesion strength; (B) Cellular 
cytosolic pressure increases with increased adhesion strength. 

 

DISCUSSION 

Simulation of tumour growth using agent-based 

modelling can provide unique insight into how discrete 

cell-cell chemo-mechanical interactions drive macro-

scale tissue behaviour. In this study, we identified how 

tumour growth and spatial distributions in cell stress are 

influenced by cellular adhesion strength. Future work 

will explore how mechanosensitive feedback between 

cell size (4), stiffness, and adhesion governs proliferation 

and matrix invasion.  
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INTRODUCTION 
Breast cancer metastases, which are present in over 90% of 

patients who succumb to the disease, most often occur in bone 

[1]. While treatments have improved mortality rates, 

metastases, especially in bone, are incurable and less 

responsive to treatment [2]. Bone metastasis has been 

described as a ‘vicious cycle’ in which cancer cells stimulate 

bone resorption releasing biomolecules that enhance cancer 

cell proliferation and bone destruction in a positive feedback 

loop. Recently, CXCL5 and its receptor CXCR2 have been 

found to influence breast cancer metastasis to bone [2]. 

CXCL5 is expressed by osteoblasts, and this expression 

induces increased metastatic behavior in breast cancer. 

However, it has not been demonstrated what role osteocytes, 

bone’s master regulators, play in regulating CXCL5 or if 

CXCL5/CXCR2 expression is modulated by mechanical 

stimuli [3]. We have previously constructed a 3D in vitro 

model of osteoblasts and osteocytes in gelatin constructs to 

study estrogen withdrawal in bone [4]. This model has been 

adapted to study how secreted factors from osteocytes and 

osteoblasts modulate 4T1 breast cancer cell proliferation, and 

specifically to investigate the contribution of CXCL5/CXCR2 

axis and the role of matrix stiffness in directing bone and 

breast cancer cell behavior. 

The specific objectives of this study are to (1) determine 

whether bone cell secreted CXCL5 affects breast cancer cell 

proliferation through the CXCR2 axis and (2) determine 

whether osteocytes modulate CXCL5 secretion and if this 

effect is governed by matrix stiffness. 

  

MATERIALS AND METHODS 
OCY454, MC3T3-E1, and 4T1 cells were cultured in standard 

media before encapsulation in gelatin-nHA-mTGase 

hydrogels at a concentration of 2x106 cells/mL. Constructs 

were cultured in media with SB225002 treatment or untreated 

for 7 days. The CXCR2 antagonist SB225002 was dosed daily 

at a 100 nM concentration to each construct in the treatment 

groups. Four groups of constructs were fabricated: a triculture 

group with OCY454, MC3T3-E1, and 4T1 cell layers; a 

coculture group with OCY454 and 4T1 cell layers, a coculture 

group with MC3T3-E1 and 4T1 cell layers, and a monoculture 

group with a 4T1 cell layer. Constructs were created at 0.3% 

or 0.8% mTGase g-1 gelatin, leading to stiffnesses of 1 kPa and 

3 kPa, respectively, see Figure 1A. Constructs were analysed 

at day 3 and 7 to determine cancer cell proliferation, 

migration, and gene expression. Confocal microscopy was 

used to image constructs stained with markers of cell 

proliferation (DAPI, Ki67, and PKH26) at days 3 and 7. 

PKH26 staining was performed on day 0 of the experiment 

only on the 4T1 cells. qRT-PCR for markers for bone 

metastasis, pro-osteoclastogenic response, and osteoblastic 

bone formation (CXCL5, OPN, PTHrP, RANKL, OPG, and 

SOST) was performed on day 3 samples.  

RESULTS 
The gelatin-nHA-mTGase constructs were successfully 

fabricated (Figure 1B). PCR analysis of CXCL5, SOST, 

RANKL, OPG, OPN, PTHrP was performed on day 3 

samples. PKH26 (red) staining of the gelatin-nHA-mTGase 

constructs indicated the migration of cancer cells into 

osteoblast or osteocyte layers of the constructs after 3 and 7 

days (Figure 1 C, D). Ki67 staining uncovered how the 

SB225002 drug altered proliferation of the 4T1 cells, and if 

proliferation was further affected by the presence of 

osteocytes.  

 
Figure 1: (A) Experimental design including breast cancer cell and 

bone cell co-cultures within gelatin-nHA-mTGase constructs, at two 

different stiffnesses, with and without the CXCR2 antagonist drug. 
(B) Successful fabrication of the hydrogel. Confocal microscopy 

images at day 7 for (C) MC3T3-E1 and 4T1 construct and (D) OCY-

454, MC3T3-E1, and 4T1 constructs. Staining is confirmed for DAPI 
(blue), Ki67 (green), and PKH26 (red) staining in both groups. White 

arrows indicate tumor spheroid formation.  

 

DISCUSSION 
This study provides an in vitro 3D model of breast cancer 

metastasis to bone. It is the first study to investigate the role 

of osteocytes on CXCL5/CXCR2 mediated breast cancer 

proliferation. Preliminary images show successful staining of 

all cell types, tumor spheroid formation, as well as distinct 

layers of bone and cancer cells.  
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INTRODUCTION 

Neuroprosthetic electrode implants have been under 

investigation for decades and have been proven to be safe 

and efficacious as therapeutic devices for multiple 

diseases of the central nervous system (CNS) including 

Parkinson’s and Alzheimer’s disease1. 

However, studies indicate that, in situ, neuronal 

recording and charge deliverance decrease with time in 

implanted electrode systems. This loss of function can be 

mainly attributed to a chronic inflammatory reaction 

resulting from the mechanical shear stress experienced 

during the micromotions of the neuroelectrode. 

This mechanical trauma results in an adverse tissue 

response characterized by glial scar formation and 

electrode encapsulation2, causing the signal strength to 

decrease and adjacent neurons to move away from the 

electrode as a result of the surrounding region of gliosis. 

In this study, we aim to develop a model using fluid shear 

stress on neural cell populations to reproduce gliosis in 

vitro. 

 

MATERIALS AND METHODS 

A finite element model reproducing wall shear stress at 

the interface electrode/extracellular space/brain tissue 

was developed using ANSYS 2021. 

The predicted level of shear stress equal to 0.1Pa was 

applied to ventral mesencephalic (VM) mixed primary 

cells using a parallel-plate flow chamber system during 

either 4 or 6h and cells were then kept in culture for 14 

days before further analysis. Neuron and glial cell 

number, morphology, gene and protein expression were 

quantified through image analysis and the use of gene 

and protein arrays. 

Subsequently, platinum/iridium electrodes (Pt/Ir) were 

inserted and maintained in the subthalamic nucleus of 

adult rats for a total of 8 weeks and 

immunohistochemistry was performed on the brains to 

compare in vitro and in vivo glial scar features. 

Finally, GsMTx4 and Yoda1, PIEZO1 inhibitor and 

activator, respectively, were used to attempt to rescue the 

gliosis state of the VM cell culture.  

 

RESULTS AND DISCUSSION 

Our data have shown that the applied 0.1Pa oscillatory 

fluid flow shear stress leads to the development of a glial 

scar in vitro, through astrocytosis and astrogliosis (Fig 

1A), while negatively impacting the neuronal number 

and network coverage.  

Moreover, we observed in the reactive astrocytes of the 

shear flow stimulated culture, a significant increase of the 

mechanosensitive ion channel PIEZO1 (Fig1B). Data 

which was further confirmed in our in vivo model, where 

glial scar-associated reactive astrocytes displayed also an 

increased expression of PIEZO1 (Fig 1D). Thus, the 

developed in vitro model was capable of reproducing the 

well-establish hallmarks of a glial scar in vivo (Fig. 1C). 

Finally, we use the PIEZO1 chemical agonist, Yoda1, 

which was able to inhibit the development of a gliosis 

phenotype after shear stress stimulation of the VM 

culture. 

 

 
Figure 1 Reactive astrocyte displays an increased GFAP and 

PIEZO1 expression in both the glial scar in vitro and in vivo 

models. 

 

CONCLUSION 

In this work we sucessfully developed an in vitro model 

using parallel flow shear stress, mimicking damages at 

the interface neuroelectrode/brain tissue and allowing 

better comprehension of the glial scarring process. 

This model will certainly be a precious tool for future 

researchers developing anti-inflammatory and anti-

gliosis biomaterial approaches. 
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INTRODUCTION 
Bone fracture healing is a complex, highly regulated 

process with consecutive and closely linked phases of 

inflammation, repair, and remodelling. Current strategies 

for bone regeneration target the later repair and 

remodelling phases with plate fixation and autologous 

bone grafts representing the “gold standard”. However, 

these treatments can elicit an unfavourable immune 

response and offer poor osseointegration 1.  

     Given the failure of current approaches, an alternative 

strategy may be to target the earlier inflammation phase, 

mediated in part by infiltrating macrophages. A potent 

regulator of bone repair is physical loading, i.e. 

interfragmentary movement, yet the role of mechanics in 

mediating the inflammation phase is poorly understood. 

It has been reported that macrophages are sensitive to 

loading, where high magnitude strains activate a M1-like 

inflammatory phenotype while low magnitude leads to 

M2-like regenerative phenotype 2. This is consistent with 

high loads inhibiting bone repair, while low loads 

enhance bone regeneration.  

      Therefore, in this study we examine the potency of 

two mechanotherapeutics (drug A and B) which could 

potentially direct macrophages into an anti-inflammatory 

M2 phenotype via mimicking a low load environment or 

alternatively blocking mechanotransduction in an 

inflammatory ‘high’ load environment, establishing a 

regenerative setting for bone healing. 
 

MATERIALS AND METHODS 
Human blood monocyte-derived macrophage (hMφ) 

isolation: Peripheral blood mononuclear cells (PBMCs) 

were isolated by density gradient centrifugation from 

buffy coats from anonymous human healthy donors. 

CD14+ cells were positively selected using anti-CD14 

magnetic beads. Cells were cultured at 1 × 10^6 cells/ml 

for 6 days in macrophage medium. Macrophages were 

differentiated by adding M-CSF (50 ng/ml) to the 

cultures on days 0 and 3. 

Cell Treatment: To evaluate the potency of drug A, hMφ 

were first cultured with M-CSF (20ng/mL) for 24 hours 

on day 6 and then washed with PBS and treated with 

0.1uM, 10uM, 50uM and 100uM of drug A in 

macrophage media for 24 hours on day 7. To evaluate the 

potency of drug B, hMφ were first cultured with LPS 

(100ng/mL), IFN-ϒ (20ng/mL) and M-CSF (20ng/mL) 

to promote M1 differentiation for 24 hours on day 6. The 

cells were washed and treated with 10nM, 50nM, 100nM 

and 500nM of drug B in macrophage media for 24 hours 

on day 7. Macrophage conditioned media was collected 

at the end of both experiments and kept frozen at -20C. 

Cytokine expression: Cytokine concentrations of IL-10 

(M2 cytokine) were quantified in macrophage 

conditioned media by ELISA. 
 

RESULTS 

 
Figure 1 IL-10 cytokine expression levels.  IL-10 expression 

was evaluated following 24-hour incubation with drug A (A) 

and drug B (B). Statistical differences were assessed using one-

way ANOVA on a n=4 per condition, ****p<0.0001. 

 

Drug A is designed to mimic the impact of loading. 

ELISA results demonstrate a significant 4-fold increase 

of IL-10 expression following treatment with 0.1µM of 

Drug A when compared to vehicle control indicating a 

shift to an M2 phenotype. However, this effect is lost 

with increasing concentration. Drug B is designed to 

block high loading known to induce an inflammatory 

response. Treatments with drug B showed similar levels 

of Il-10 to M1 controls with a 4 to 5-fold increase in the 

cytokine expression compared to M0 controls.  
 

DISCUSSION 
Preliminary studies suggest that modulation of the early 

immune environment can be achieved with newly 

identified mechanotherapeutics. Upon examining the 

performance of both drugs, drug A was shown to promote 

IL-10 secretion to the greatest degree, whilst IL-10 

increase observed with drug B was largely supported by 

LPS differentiation. Future work will aim to support this 

analysis with gene expression and to explore the impact 

of loading magnitude on macrophage phenotype. 
 

REFERENCES 
1 Schlickewei, C.W. (et al.), Current and Future Concepts 

for the Treatment of Impaired Fracture Healing. Int J Mol 

Sci, 20(22), 2019. 
2 Ballotta, V. (et al.), Strain-dependent modulation of 

macrophage polarization within scaffolds, Biomaterials, 

35(18): p. 4919-28, 2014.  

 

IDENTIFICATION OF MECHANOTHERAPEUTICS TO MODULATE THE IMMUNE ENVIRONMENT FOR 

BONE REPAIR  

Petrousek, S.1,2, Kelly, D. J.1,2,3, Hoey, D. A.1,2,3 

1Trinity Centre for Biomedical Engineering, Trinity Biomedical Sciences Institute, Trinity College 
Dublin, Ireland, 2Advanced Materials and Bioengineering Research Centre (AMBER), Ireland, 

3Department of Mechanical, Manufacturing, and Biomedical Engineering, School of Engineering, 
Trinity College Dublin, Ireland 

email: petrouss@tcd.ie 

142



 

Bioengineering in Ireland27, May 20th-21st, 2022 

INTRODUCTION 
Extensive experimental evidence characterising cell 

cytoskeletal morphology suggests that stress fibres (SFs) are 

highly aligned and elongated. Such alignment appears to be 

independent of the cell spread shape, with isotropically or 

irregularly spread cells exhibiting preferential SF alignment 

(e.g. Fig. 1d [1]). Recent computational models of cell 

spreading implement a deterministic framework for prediction 

of SF distributions [2,3]. However, such deterministic 

frameworks are not capable of predicting the nematic ordering 

of highly aligned SFs within the cell. Nematic ordering of 

populations of high aspect ratio cells, spread on narrow 

adhesive strips, has recently been investigated [4]. However, 

subcellular nematic ordering of the actin cytoskeleton has not 

previously been investigated. Here, we propose a 

thermodynamically based framework for cytoskeletal 

distributions. We use nested sampling to determine minimum 

free energy conditions, and demonstrate that nematic ordering 

of SFs is driven by entropy maximisation.   

MATERIALS AND METHODS 
The Gibbs free energy of any cytoskeletal distribution is found 

as: 

�̂�𝑇𝑜𝑡 = �̂�𝐹𝐴 + �̂�𝐶𝑜𝑙 − 𝑇�̂�𝑁𝑒𝑚,                    (1)  

where �̂�𝐹𝐴 represents free energy associated with forming 

focal adhesions on the cell surface, �̂�𝐶𝑜𝑙 represents free energy 

associated with cell surface collagen recruitment, �̂�𝑃 acts as a 

penalising term, and �̂�𝑁𝑒𝑚 is entropy associated with nematic 

ordering of sarcomeres within SFs. Free energy associated 

with the formation of focal adhesions is calculated as, 

 �̂�FA = 𝐶𝐿 (
𝜇𝐿

𝑘𝐵𝑇
+ ln (

𝜃𝐿

1−𝜃𝐿
)) (𝐴𝐶 + ∑ 𝐴𝜂𝑖).         (2) 

Where 𝐶𝐿 is concentration of recruited low affinity surface 

integrins, 𝑏 is cell thickness, 𝜇𝐿 is enthalpy of low affinity 

integrins, 𝐴𝐶  is cell spread area,  𝐴𝜂𝑖 is contact area of SF “𝑖” 

with the cell surface, and 𝜃𝐿  is a ratio of recruited low affinity 

integrins to binding locations, whose computation is 

influenced by McEvoy et al. [2] focal adhesion constitutive 

models, 

(
1− 𝜃𝐿

𝜃𝐿
)

CL/𝐶𝐻

(
𝜃𝐻

1− 𝜃𝐻
) = exp (−

μH−
CL
CH

 μL+Φ−FΔ

𝑘𝐵𝑇
).       (3)  

Here 𝐶𝐻 is concentration of high affinity integrins, found 

through a mass balance equation, 𝜃𝐻 is a ratio of recruited high 

affinity integrins to binding locations, μH is enthalpy of high 

affinity integrins, Φ is strain energy, and FΔ is work energy, 

associated with ligand stretch. 

Free energy associated with collagen recruitment is computed 

as; �̂�𝐶𝑜𝑙 =
1

𝑘𝐵𝑇

𝜎2

2𝜅𝐶𝑜𝑙𝐶𝐶𝑜𝑙

∑ 𝐴𝜂𝑖 ,  where 𝜎 represents the active 

contractile stress of a SF,  𝜅𝐶𝑜𝑙 is elastic collagen stiffness, and 

𝐶𝐶𝑜𝑙 is the concentration of collagen fibrils. The nematic 

entropic contribution of sarcomere distributions are then 

calculated: 

�̂�𝑁𝑃(�̅�) = − 𝑙𝑛 (
𝑁𝐵0/𝜌
𝑁𝐵/𝜌

) + 𝑙𝑛 (
𝑍𝑙𝑜𝑐

𝑁𝐵
) + 𝑙𝑛 (

𝑍𝑥𝑦𝜙𝐿/�̅�

𝑍𝑙𝑜𝑐/�̅�
).    (4) 

Where 𝑁𝐵0 refers to the number of potentially recruited 

sarcomeres, wheras 𝑁𝐵 refers to those actually recruited, and  

𝜂𝑖 refers to the number of sarcomeres recruited in parallel, 𝜌 

represents a bundling density of sarcomeres, 𝑍𝑙𝑜𝑐 refers to the 

number of formation sites within a cell assembly, 𝑍𝑥𝑦𝜙𝐿 

represents the number of potential formation sites within a cell 

assembly, and �̅� refers to the number of sarcomeres formed in 

parallel. We implemented this model within a cellular 

geometry, within which SFs generate. SF morphology is 

characterised using a probability distribution which enforces 

sarcomere concentration in parallel, and a point of radiation, 

from which SFs tend to form from. Our random sampling 

schema predict minimum free energy/ maximum likelihood 

conditions for a range of cytoskeletal distributions. 

RESULTS 
Results shown in Fig. 1 display predicted mean distributions 

of SF alignment states, as computed through random sampling. 

In a triangular cell spread, nematic entropy increases as SF 

length and alignment increases, seen when fibres radiate from 

a cell apex. In a randomly spread cell fibres tend to radiate 

from some point exterior to the cell to prevent potential 

overlapping SFs.                

   
Figure 1:  The relationship between SF alignment and energy for a 
spread cell, (a) Cytoskeletal fibre distribution [5], (b) Predicted fibre 

orientation by a single radiation point at triangular cell apex, (c) Actin 

cytoskeleton self-organisation into linear arrays [6], (b) Predicted 
fibre orientation by a single radiation point. 

DISCUSSION 
Our developed framework suggests that high alignment of 

SFs, as observed experimentally [1], is driven by entropy 

maximisation, resulting in nematic cytoskeleton ordering. 

Results suggest that this phenomena is relatively independent 

of cell spreading, as observed experimentally [4]. Further 

advances plan for this model to be implemented within a 

nested sampling schema, to iteratively determine cytoskeletal 

distributions of increasing likelihoods. The results of this study 

have significant implications for control of cell spreading and 

contractility when seeded on tissue engineered substrates/ 

ECMs. 
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INTRODUCTION: Treatment options for triple-

negative breast cancer (TNBC) are limited to 

chemotherapy (1). Current 2D cancer models fail to 

accurately model the tumour microenvironment of breast 

cancer. This highlights the need for the development of a 

representative in vitro 3D model, in which to study 

TNBC behaviour and identify new treatment targets. 

Alterations to extracellular matrix composition have been 

shown to play a role in the epithelial-mesenchymal 

transition (EMT) and breast cancer progression (2). This 

project aims to develop a collagen-based scaffold model 

composed of matrix components of breast tissue 

including hyaluronic acid (HyA) and chondroitin 

sulphate (CS), both elevated in tumours, to investigate 

their role in the EMT process, within TNBC. 

MATERIALS AND METHODS: Collagen-based 

slurries comprised of varying concentrations of HyA or 

CS were freeze-dried and crosslinked using previously 

optimised protocols in the lab (3). Scaffold 

characterisation was performed using SEM, porosity, and 

mechanical testing. AlamarBlue and dsDNA assays were 

performed to assess the metabolic activity and growth of 

TNBC cell lines, MDA-MB-231 and MDA-MB-436 in 

comparison to normal breast epithelial cell line MCF10a. 

H&E staining was carried out to assess the migratory 

ability of MDA-MB-231 in 3D. A cytokine array was 

carried out to assess the effect of culturing breast 

epithelial cells, MCF10a, and TNBC cells, MDA-MB-

231, on collagen-based scaffolds with varying HyA and 

CS concentrations. qPCR was performed to determine 

the expression levels of E-cadherin and EMT marker 

vimentin in TNBC cells on collagen-based scaffolds with 

varying concentrations of HyA and CS.  

RESULTS: All collagen-based scaffolds had a 

uniform pore distribution and a porosity of over 99%. 

The scaffolds had an average stiffness of 1kPa and are 

therefore within the stiffness range of cancerous breast 

tissue (1kPa-4kPa). Each scaffold type supported the cell 

viability and proliferation of each cell line. TNBC cells 

were more metabolically active on CHyA scaffolds than 

CCS scaffolds and TNBC cells proliferated at a faster 

rate than normal breast epithelial cells. Each scaffold 

type supported the migration of MDA-MB-231 cells. 

Change in HyA or CS concentration altered the 

expression of pro-inflammatory cytokines. An increase 

in HyA resulted in an increase of pro-inflammatory 

cytokine expression and an increase in CS resulted in a 

decrease in pro-inflammatory cytokines in MDA-MB-

231 cells.  

 
Figure 1 Cytokine expression profile of breast epithelial cells 

MCF10a and TNBC cells MDA-MB-231 in response to changes 
in HyA and CS concentration in ECM. (a) Cytokine expression 

profile of MCF10a cells on collagen-HyA scaffolds. (b) 

Cytokine expression profile of MCF10a cells on collagen-CS 
scaffolds. (c) Cytokine expression profile of MDA-MB-231 

cells on collagen-HyA scaffolds. (d) Cytokine expression profile 

of MDA-MB-231 cells on collagen-CS scaffolds. 
 

DISCUSSION: Collagen-based scaffolds composed 

of varying ECM components have been developed. 

Altering the mechanical stiffness of the collagen-based 

scaffolds within a range that represents cancerous breast 

tissue is achievable. Each scaffold is highly porous and 

supports cell viability and proliferation. Varying 

concentrations of HyA and CS alters the cytokine 

expression profile of MCF10a and MDA-MB-231 cells, 

highlighting the effect of changes to the ECM 

composition on cancer progression. This finding will be 

further investigated in future studies.  The collagen-based 

scaffolds have the potential to mimic the ECM of breast 

tissue and have the capacity to be used as 3D models for 

breast cancer research.  

REFERENCES: 
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INTRODUCTION 

Recent advancements in cell-based therapies aim to 

regenerate the intervertebral disc (IVD) through matrix 

deposition and restoration of disc height [1]. Many 

studies have failed to consider the distinct 

microenvironment of the IVD which plays a key role in 

the function and survival of the cells [2, 3]. As this 

microenvironment is specific to each individual, it 

undoubtably impacts clinical outcomes. 

The aim of this work is to elucidate the effects of 

different nutrient microenvironments and to ultimately 

design and tailor cell therapies to optimise outcomes on 

an individual basis. The microenvironment of the human 

IVD will be profiled assessing oxygen, glucose and pH 

levels as well as quantities of both regenerative and 

inflammatory cytokines. Through in silico modelling and 

predictive screening the number of cells delivered could 

be optimised such that the microenvironment of the IVD 

is not exacerbated resulting in cell death. As a first step 

towards this goal, we aim to generate multiple oxygen 

microenvironments across a single 24 well plate, in 

which the response of IVD cells can be assessed. 

Clinically relevant oxygen concentrations ranging from 

1-10% will be modelled and experimentally validated 

using nucleus pulposus and annulus fibrosus derived 

cells. 

MATERIALS AND METHODS 

In silico modelling was performed using COMSOL 
5.6 multiphysics software to assess the diffusion of 

oxygen within a 24 well plate. The 24 well plate was 

modelled to contain inserts with inner cylindrical 

columns of varying diameters (Figure 1 b) to alter the 

surface area exposed to the oxygen within the incubator 

(11% oxygen). Each column of 4 wells within the plate 

was taken as a group, with 6 groups in total. The volume 

of media is kept constant in each well (1235 µl) to 

minimise differences between glucose and lactate 

gradients. This results in a range of media heights within 

the cylindrical channels, altering the length of the 

diffusion paths in each group (Figure 1 g). This in turn 

alters the oxygen gradients within each group. 

Oxygen concentration was the primary focus, with 

coupled modelling also performed for glucose and lactate 

levels to ensure they remained relatively stable. 

Modelling was based on a dilute species transport, with 

initial concentrations of 11% oxygen, 5.5mM glucose 

and 1.4mM lactate. Cellular reactions were assigned to 

hydrogel discs of 6mm diameter and 2 mm height at a 

cell density of 4 million cells/ml. Analysis was 

performed for 7 days with probes used to monitor the 

average concentration of each species. 

RESULTS 

Results of the in-silico modelling are outlined in figure 1. 

Concentrations of oxygen were obtained between 1 – 10 

% with a plateau observed after 2 days. The maximum 

reduction in glucose concentration at 0.45mM occurred 

in the lowest oxygen well. Similarly, this well had the 

greatest increase in lactate at 0.9mM. 
 

Figure 1 Effect of well geometry on concentration of oxygen, 

glucose and lactate. a) Isometric view of plate. b) XY plane 
highlighting plate geometry. c) Contour plot of oxygen 

concentrations (1, 2, 4, 6, 8, 10% from left to right). d)–f) Graph 

of oxygen, glucose and lactate concentrations respectively. g) 

Plate geometry and resulting oxygen concentrations. 

DISCUSSION & FUTURE WORK 

The in-silico modelling predicts a range of oxygen 

microenvironments can be achieved on a single 24 well 

plate. However, further experimental validation is 

required. This will be performed using a Presens SDR 

SensorDish reader to monitor the oxygen concentrations 

in the well over a 7-day period. It is envisaged that this 

validation will enable us to analyse the effect of multiple 

microenvironments on the behaviour of IVD cells in 

parallel. 
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INTRODUCTION 

Traditional treatments to non-union bone fractures, such 

as bone grafts, experience limited success due to limited 

quantity of available bone. While stem cell therapies 

offer promise, they are restricted by cost, low 

engraftment, and high potency variability between 

donors. Lately, interest has been given to stem cell-

derived extracellular vesicles (EVs) for therapeutic use 

due to their regenerative, anti-apoptotic, and immune 

modulating capacity. A major hurdle facing EV therapies 

is the ability to scale up EV production for clinical 

application. The aim of this study is to investigate the 

impact culturing cells in a bioreactor with high transfer 

of nutrients, high quantities of cells, and a 3D 

environment has on EV production number. Tests were 

conducted in vitro with murine bone-marrow derived 

stromal cell precursors, D1 ORL UVAs (D1s), and EVs 

obtained from the same. A hollow fibre bioreactor 

simulating the high surface area and gas exchange 

properties of a capillary system was used to seed 

approximately 6x107 cells in a single system. Cells 

proliferated in this system and EVs were collected from 

the extra-capillary space at regular intervals. 

 

MATERIALS AND METHODS 

D1s (CRL-12424 ATCC, Manassas, USA) were cultured 

in Dulbecco’s Modified Eagle’s Medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS) 

(Sigma Aldrich, Burlington, USA) and 1% Penicillin-

Streptomycin (Penstrep) (P4333, Sigma Aldrich) at 37°C 

and 5% CO2 with 95% relative humidity until 80-90% 

confluent. Cells were then spun down and transported to 

the bioreactor which had been previously primed with 

fibronectin (to enhance cell attachment) and complete 

DMEM, as shown in Figure 1a. Approximately 6x107 

D1s were seeded into the FibreCell (KDBIO S.A.S., 

Berstett, France) 20 mL cartridge according to the 

manufacturer’s instructions. The bioreactor was placed 

into an incubator (37°C, 5% CO2, and 95% relative 

humidity). For the first week, complete DMEM was run 

through the system and glucose measurements were 

taken every 24 hours, starting 24 hours after seeding, to 

ensure cellular viability and monitor proliferation. 

Additionally, fresh media was placed into the system 

approximately twice per week, depending on the glucose 

readings. After one week, serum-free, chemically defined 

media (CDM-HD, KDBIO S.A.S., Berstett, France) was 

circulated through the system and conditioned media 

containing EVs was removed every other day from the 

cell-containing extra-capillary space. The conditioned 

media was either processed for EV isolation or frozen 

immediately after collection to examine the possibility of 

isolating EVs from previously frozen conditioned media 

(CM). CM was cleared of debris via serial fixed-angle 

rotor centrifugation at 4°C at 300 rcf for 10 minutes then 

at 1,000 rcf for 10 minutes, the resulting pellets being 

discarded. The supernatant was spun once more under 

these conditions at 5,000 x g for 60 minutes using 

Amicon-15 100 kDa filters (Merck-Sigma Aldrich, 

Burlington, USA) to concentrate the EVs. The resulting 

ultrafiltrate was then purified through size-exclusion 

chromatography (Izon, Christchurch, New Zealand). EV 

fractions were analysed for particle #/mL via 

nanoparticle tracking analysis (Malvern Panalytical, 

Worcestershire, UK).  

 

RESULTS 

 
Figure 1 a.) FibreCell set-up, primed with complete d-MEM. 
b.) D1 Glucose Consumption during first week after seeding. 

 

Although 6x107 cells were seeded into the FibreCell, the 

glucose readings suggest that the cells are proliferating 

throughout the first two weeks after being seeded into the 

bioreactor as glucose consumption steadily rises, shown 

in Figure 1b. This indicates increased metabolic activity 

and therefore increased numbers of cells. In previous 

work, it was found that culturing D1s in 10 T175 flasks 

results in 5x108 cells, however EV harvest may only be 

completed once. In the bioreactor, EV harvests from a 

similar number of cells can be conducted every other day 

for 4 weeks. This is the first study to culture D1s in the 

FibreCell bioreactor. EV retention from frozen and non-

frozen CM will be compared. 

 

DISCUSSION 

Increasing glucose consumption validates D1 viability in 

the 3D culture environment. Based on previous work 

using human MSCs in the FibreCell bioreactor along 

with this promising metabolic data, it is expected that 

between 109 and 1011 EVs will be harvested every other 

day [1]. This has the potential to yield 2x1010 to 2x1012 

EVs in 4 weeks. This would allow for clinically relevant 

quantities of EVs to be harvested, producing larger 

quantities than the traditional flask method. 
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INTRODUCTION 

The architecture of the extracellular matrix (ECM) for 

articular cartilage (AC) and the meniscus is critical to 

their function, as they develop specific architectures 

uniquely honed to their biomechanical function. Damage 

to these tissues causes functional deficit and often 

initiates highly debilitating osteoarthritis (OA)1, which 

has led to the development of tissue engineering 

strategies working toward functional regeneration. 

Present strategies are however unable to produce in vitro, 

structurally complex tissues that mimic the biomimetic 

collagen architecture, mechanical properties, and 

physiological function of native tissue2. Therefore, novel 

approaches are necessary. 

 

This project will aim to develop a novel bioprinting 

platform that leverages the inherent capacity of 

progenitor cells, encapsulated in rapidly degrading, 

alginate bioinks at the very onset of condensation to self-

organise into complex tissues; guided by spatially and 

temporally defined boundary conditions (BCs) (slowly 

degrading alginate bioinks) with tuned degradation rates, 

to produce structurally anisotropic and mechanically 

functional musculoskeletal tissues with preferential 

collagen alignment.  

 

MATERIALS AND METHODS 

Human bone marrow mesenchymal stem cells (MSCs) 

will be encapsulated in rapidly degrading bioinks, with 

the volume of the cell-containing bioinks (8mm3), and 

the total number of cells it contains (20, 40 or 60 million 

cells/ml) remaining constant, whilst the shape of the 

external, slowly degrading BCs will be varied. The aspect 

ratio of BCs will be altered to vary the shape of the 

construct (Fig. 1A) in order to identify a printed construct 

shape that promotes the development of preferentially 

aligned cartilaginous tissue.  

 

The constructs will be maintained in chondrogenic 

culture for 6 weeks, and the final scaffold will be assessed 

histologically, biochemically via immunohistochemistry, 

and via assays. qPCR will also be carried out. The spatial 

organisation of the collagen network will be assessed 

using polarised light microscopy. High resolution 

imaging of the collagen network will be undertaken using 

Helium-ion microscopy using previously established 

methods.  

 

Temporal changes in the physical boundaries provided to 

self-organising tissues have also been theorised to 

influence the spatial organisation of their developing 

collagen network. Using the optimal BC composition and 

cellular density, this will be achieved by spatially 

printing either (1) different oxidised alginate bioinks with 

pre-defined rates of degradation (days, to weeks), or (2) 

using alginate modified with matrix metalloproteinase 

(MMP)-sensitive peptide to temporally control the 

location of the BCs provided to the developing tissue 

(Fig. 1C), promoting cartilaginous tissue development 

with a preferential, unidirectional collagen alignment. 

 

Using the optimised BC composition, cellular density 

and degradation mechanism, arrays of alginate BCs will 

be 3D printed with a pre-defined geometry to promote 

development of anisotropic soft tissue with pre-defined 

shape and size (Fig. 1D). These constructs will be 

maintained in chondrogenic culture for 6 weeks, after 

which any residual alginate BCs will be removed using 

sodium citrate and the final scaffold-free tissue will be 

histologically, biochemically, and mechanically 

assessed. 

 

 
Figure 1 MSCs in rapidly degrading bioinks will be confined 
to different shapes (A), (B) by printed boundary walls. The 

spatial, temporal position and degradation rate of these boundary 

walls will be altered over time. 
 

DISCUSSION 
From this work, further analysis will be undertaken to 

evaluate the success of the constructs in guiding self-

organisation of MSCs in engineering anisotropic tissues. 
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INTRODUCTION 

In vitro models of articular cartilage tissue are lacking in 

spite of their significant applications in drug testing. 

Human articular cartilage progenitors (hACPs) have 

shown the capacity to produce extracellular matrix 

(ECM) rich in type II collagen, without histological signs 

of calcification [1].  In this study, we fabricated hACP 

derived micro-spheroids (S) as a high-throughput 

system for either drug screening or biofabrication 

applications. Chondrogenesis in this system was 

compared to standard pellet culture. 

 

MATERIALS AND METHODS 

Cells were expanded in ACP expansion media containing 

5 ng/mL of FGF-2 and 1 ng/mL of TGF1 under 

physioxia conditions (5% O2) until passage 3 [2]. Pellets 

were fabricated by centrifuging 2.5  105 cells at 300  g 

for 5 min in polypropylene tubes. S were formed in 

custom made agarose moulds containing 401 microwells 

by seeding 4  103 cells/microwell and centrifuging at 

800  g for 5 min repeated twice [3]. Cultures were 

maintained in chondrogenic differentiation media 

(CDM-) supplemented with 10 ng/mL of TGF3 

(CDM+) for 21 days in physioxia conditions. Media was 

changed twice per week. Total DNA, sulphated 

glycosaminoglycans (sGAG) and collagen were 

quantified using Hoechst, 1,9-dimethylmethylene blue 

and 4-(dimethylamino)benzaldehyde assays 

respectively. One-way ANOVA was performed to 

identify statistical differences between the pellet and S 

groups.   

 
RESULTS AND DISCUSSION 

TGF stimulation was required to promote robust 

extracellular matrix deposition by hACPs, regardless of 

the culture system employed. After 21 days of in vitro 

culture, standard pellets and S generated from hACPs 

produced 9.0 ± 0.5 g/g and 2.1 ± 0.1 g/g of 

sGAG/DNA and 20.4 ± 3.6 g/g and 11.6 ± 3.2 g/g 

of collagen/DNA respectively (Fig. 1). sGAG synthesis 

by hACPs in pellet culture is comparable to reported 

values in the literature for human mesenchymal stem 

cells (hMSCs), while collagen synthesis is higher than 

that of hMSCs [4], confirming the potential of hACPs for 

cartilage tissue engineering applications. Higher levels of 

sGAG and collagen synthesis were observed in standard 

pellet culture compared to the S systems. The S 

systems appeared to support the generation of a more 

collagen-rich cartilage tissue.  

 
Figure 1 Characterization of hACP pellets and S ECM 

production after 21 days of chondro-differentiation. (A) Total 

DNA, sGAG and collagen amounts, (B) sGAG and collagen 

amounts normalized to DNA and (C) collagen amounts 

normalized to sGAG. Data are represented as the mean  

standard deviation. n=3. ****p < 0.0001, *p < 0.1, ns: not 

significant.   

 

CONCLUSION 

The distinct differences observed in standard pellet 

culture and in the S system would suggest that the initial 

number of hACPs in a condensation plays a key role in 

determining the phenotype of the resulting tissue. In the 

future, the effect of S cell numbers on ECM production 

and phenotype will be investigated in more detail. 

Phenotypically distinct hACP S will be used as a testing 

platform of anti-microRNA therapy for cartilage repair.  
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INTRODUCTION 
Cardiovascular disease is one of the major causes of 

death in the world [1]. Synthetic vascular grafts (SVG) 

and autograft vessels are the current treatment modalities. 

SVGs are ineffective for vessels with a diameter lower 

than 6 mm  due to compliance mismatch [2]. Autograft 

remains the gold standard but have limitations in supply 

and anatomical variability. An alternative solution is via 

tissue engineered vascular grafts (TEVG) [2][3] which 

aim to match the mechanical and biological properties of 

native vessels [3].  

      Melt electrospinning writing (MEW) is a recently 

developed fabrication method that allows for the layer by 

layer assembly of micron diameter fibres, allowing for a 

highly controlled fibre architecture in three dimensions 

overcoming the limitations of classic electrospun grafts 

[4]. This highly organised architecture can be tuned to 

mimic the collagen fibre orientations found in the native 

vessel wall [3], providing both mechanical and biological 

regenerative cues. Therefore, the aim of this project is the 

development of a VG able to overcome current 

limitations of compliance mismatch and poor 

endothelialisation causing clot formation. 
 

EXPERIMENTAL METHODS 
This work is co-funded by an industry partner. Therefore, 

specific experimental details cannot be disclosed.  

     A custom-made MEW printer was used to direct the 

deposition of polymeric micron-scale fibres in a 

bioinspired direction. Different aspect ratios were 

investigated in planar conformation to better tune 

mechanical behaviour, cell alignment and matrix 

deposition, which was then translated into a tubular 

conformation, through the use of a rotating mandrel.     

     To build on the bioinspired MEW framework, MEW 

scaffolds were infiltrated with a lyophilised fibrinogen 

sponge, which was further functionalised with heparin to 

act as an anticoagulant to prevent clotting. This hybrid 

construct was further wrapped in an electrospun elastic 

PLCL sheath to seal the graft.    

     Scanning electron microscopy (SEM) was used to 

investigate morphological characteristics. Pore size, 

porosity and degradation rate of the fibrinogen was also 

assessed for different crosslinking agents. Ring tensile 

test was used to investigate the mechanical properties of 

the grafts and compare them to those of a native porcine 

tissue. Biological evaluation of cell behaviour and extra-

cellular matrix (ECM) production were performed to 

identify the best aspect ratio. Hemocompatibility and 

endothelialisation assay was also performed to validate 

the use of this off-the-shelf vascular graft.  
 

RESULTS AND DISCUSSION  
Our data demonstrates a preferential alignment of cell as 

well as ECM deposition along the major diagonal of the 

graft. The presence of fibrinogen enhanced cell seeding 

efficiency and ECM production while not effecting 

alignment and orientation. Mechanical data reported a 

response that resembles the typical J-shape of native 

tissue. The addition of a highly elastic layer of 

electrospun PLCL allowed for a higher resistance in 

deformation and recovery, additionally, the permeability 

was improved. The successful implementation of heparin 

into the sponges allowed for a reduction of platelet 

adhesion that combined with a non-haemolytic behaviour 

demonstrate the suitability of this graft for vascular 

system application in contact with blood.  

     Thus, this bio-hybrid multi-layered graft represents a 

novel off-the-shelf solution to overcome current 

limitations of TEVG. Future work will assess the 

vascular graft in an in vivo model of rat’s abdominal 

aorta substitution. 

 
Figure 1– A) schematic of process fabrication. B) SEM images 

of biohybrid graft. C) Mechanical response (ii) to ring test (i). 
D) Polarized light image after 28 days (i) and quantification of 

collagen orientation (ii).  
      

CONCLUSIONS  
We successfully tuned tubular scaffold architecture, 

demonstrating high control and versatility. The proposed 

mimetic bio-hybrid scaffold was identified as the ideal 

candidate to recapitulate mechanical properties, 

anatomical fibre orientation and ECM deposition of 

native vessel. Moreover, implementation of heparin 

demonstrates it suitability in an environment in contact 

with blood.  
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INTRODUCTION 
Mechano-inflammatory processes are central to the 

pathogenesis and progression of osteoarthritis (OA). 

Recent evidence of crosstalk between key 

mechanosignalling and inflammatory mediators 

indicates targeting mechanosignalling has the potential to 

attenuate catabolic phenotypes in OA chondrocytes1. 

Connexin-43 (Cx43) is significantly upregulated in OA 

and is implicated in cell responses to proinflammatory 

stimuli and interacts with key mechanosensory proteins,2. 

Therefore, we aimed to determine the effect of Cx43 

knockdown on chondrocyte anabolic/ catabolic 

responses to biochemical and mechanical stimuli. Next, 

we developed an siRNA-activated scaffold by 

functionalising chondrogenic collagen I-hyaluronic acid 

(Col-HyA) scaffolds previously developed by our 

laboratory3 with a glycosaminoglycan-binding, cell 

penetrating peptide (GET)4. We then used this siRNA-

activated scaffold system to investigate Cx43 knockdown 

in chondrocyte responses to catabolic compressive 

loading and proinflammatory cytokine stimulation. 

MATERIALS AND METHODS 
Healthy and OA articular chondrocytes (H-hACs and 

OA-hACs) were cultured in 2D and in 3D in Col-HyA 

scaffolds. Cx43-mediated responses to IL-1β (5 ng ml-1) 

and anabolic and catabolic loading regimes 

(compression) were investigated through siRNA 

knockdown of Cx43. siRNA complexation with the 

GET-peptide4 was optimised. In 2D, chondrocyte 

responses to IL-1β were determined with and without 

Cx43 knockdown (qRT-PCR, western blot). For siRNA-

activated scaffolds, GET-Cx43 siRNA was incorporated 

into Col-HyA scaffolds and knockdown efficiency 

confirmed. The effect of Cx43 knockdown in 

chondrocyte responses to IL-1β was assessed over 28 

days. SiRNA-activated scaffold cultures were 

compressed with anabolic (0.5 Hz, 10 % stain, 6 hours/ 

day) and catabolic (5 Hz, 20 % strain, 6 hours/ day) 

regimes and responses assessed. 

RESULTS 
Proinflammatory cytokine stimulation of H-hACs and 

OA-hACs increased catabolic and decreased anabolic 

gene and protein expression (Fig 1A). OA-hACs 

displayed greater activation of proinflammatory 

signalling (phospho-NF-κB) with cytokine stimulation 

than H-hACs. GET-Cx43 siRNA knocked down Cx43 

with high efficiency in culture at the gene and protein 

level (p<0.001). Cx43 knockdown decreased catabolic 

responses to IL-1β in both H-hACs and OA-hACs, and. 

was linked to increased nuclear YAP (p<0.001) and 

decreased nuclear p65 (p<0.001), indicating decreased 

activation of NF-κB. GET-Cx43 siRNA was successfully 

loaded into Col-HyA scaffolds and knockdown of Cx43 

was effective (p<0.01) (Fig 1B). Over 28 days 

chondrogenic culture, H-hACs and OA-hACs increased 

sGAG production in siRNA-activated scaffolds in the 

presence of IL-1β or catabolic loading regimes. 

Histological staining and western blot demonstrated 

improved type II collagen, decreased type X collagen, 

and increased concentrations of proteoglycans in siRNA-

activated scaffolds. 

Figure 1 (A) Attenuation of IL-1B effects on anabolic and 
catabolic gene expression with siRNA (B) knockdown Cx43 

scaffold mediated knockdown (C) Safranin-O/ Fast Green 

staining of scaffold glycosaminoglycan content after 28 days. 

 

DISCUSSION 
This study highlights links between Cx43-mediated 

signalling and chondrocyte responses to 

proinflammatory cytokines and catabolic loading 

associated with OA. Furthermore, protein level 

interactions with YAP and NF-κB indicate Cx43 is an 

attractive target to modulate mechano-inflammatory 

signalling and promote regeneration. The developed 

siRNA-activated scaffolds were effective for non-viral 

delivery of therapeutic nucleic acid in vitro while 

providing a regenerative framework for rapid cartilage 

ECM deposition. Using this platform Cx43-siRNA 

knockdown was found to decrease cell sensitivity to OA-

related proinflammatory signalling and catabolic loading 

while simultaneously promoting anabolic cell 

phenotypes. The development of an siRNA-activated 

scaffold delivery system for the knockdown of anti-

chondrogenic factors in OA potentially offers a new 

paradigm for biomaterial mediated cartilage repair. 
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INTRODUCTION 

Critical limb ischaemia (CLI) results from blockage of 

blood flow to a limb. Six months following diagnosis of 

CLI, 20% of patients will have died and 35% will require 

amputation1. The mortality rate following amputation for 

CLI is 40% in the first two years. A further 17% of 

patients will suffer complications requiring 

reamputation1. It is clear that new therapies for CLI, 

which reduce the need for amputation by improving limb 

perfusion, are required.  

 

Previously, a thermoresponsive chitosan/β-

glycerophosphate hydrogel has been identified, which 

can provide sustained release of the angiogenic molecule 

desferrioxamine (DFO) for up to seven days in vitro2. 

This hydrogel, can flow through a needle and syringe for 

delivery, prior to forming a gel at body temperature, 

facilitating minimally invasive delivery.  

 

The aim of this study was to test this chitosan/β-

glycerophosphate hydrogel with or without DFO in a 

mouse model of hindlimb ischaemia to determine if 

therapeutic angiogenesis would occur, improving blood 

supply to the ischaemic limb. 

 

MATERIALS AND METHODS 

The mouse hind limb ischaemia study was performed on 

male Balb/C mice. Ischaemia was initiated by ligation of 

the common femoral artery of one leg. Laser Doppler 

imaging was used to ensure ischaemia had developed. 

Mice were split into three groups of 8 mice per group. 

The control group received no treatment, the chitosan/β-

glycerophosphate group were treated with 300 µl of 

chitosan/β-glycerophosphate hydrogel (2% w/w 

chitosan, 7% w/w β-glycerophosphate), the chitosan/β-

glycerophosphate + DFO group were treated with 300 µl 

chitosan/β-glycerophosphate containing 100 µM DFO. 

Laser Doppler imaging was performed at 0, 7, 14, 21 and 

28 days, with blood flow in the ligated (ischaemic) limb 

compared to that in the limb which had not undergone 

femoral artery ligation. At the end of the study thigh and 

calf muscles of both hind limbs on each mouse were 

dissected out and preserved for histology. CD31 staining 

was performed to identify endothelial cells and capillary 

density was calculated for the thigh and calf of each 

mouse.  

 

RESULTS 

 

 

 
     
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

As shown in Figure 1, perfusion at day 28 was 

significantly improved following treatment with 

chitosan/β-glycerophosphate alone compared to the 

control group. Treatment with chitosan/β-

glycerophosphate loaded with 100 µM DFO also 

significantly improved limb perfusion at day 28 

compared to no treatment (p<0.05). CD31 staining of the 

thigh and calf of the ligated limbs revealed that both 

chitosan/β-glycerophosphate and chitosan/β-

glycerophosphate + 100 µM DFO significantly increased 

the mean vessel number in both the calf and the thigh of 

treated mice compared to control mice (p<0.001). 

Furthermore, chitosan/β-glycerophosphate + 100 µM 

DFO significantly increased the mean vessel number in 

the calf compared to treatment with chitosan/β-

glycerophosphate alone (p<0.001). 

 

DISCUSSION 

The thermoresponsive chitosan/β-glycerophosphate 

hydrogel significantly improved blood flow and vessel 

number in the ischaemic limb compared to no treatment. 

Addition of the angiogenic DFO, further increased the 

mean vessel number identified on histology. This pre-

clinical study indicates this hydrogel as a suitable 

delivery vehicle for use in the treatment of CLI. 
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(A) (B) 

Figure 1 Laser Doppler images from (A) control mice (no 

treatment), (B) mice treated with chitosan/β-
glycerophosphate, 28 days following vessel ligation. Return 

of blood flow is significantly better in (B) than in the control 

group. 
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INTRODUCTION 

A major determinant of downstream tissue remodelling 

post biomaterial implantation is the early innate immune 

response, in particular that mediated by different 

macrophage phenotypes, which can predict success or 

failure of implant integration and tissue remodelling (1). 

While several studies have demonstrated that M2 

macrophages drive pro-healing responses and M1 

macrophages are associated with inferior healing, 

macrophage polarization is much more complex than this 

M1/M2 dichotomy. Furthermore, while it has been 

demonstrated that some extracellular matrix (ECM) 

derived scaffolds, commonly used for tissue regenerative 

strategies, can promote an M2-like host response (2), the 

differential effect of ECMs derived from musculoskeletal 

tissues upon human macrophage phenotype, still remains 

largely unknown. Moreover, the contribution of distinct 

ECM-induced macrophage phenotypes to downstream 

tissue repair has yet not been elucidated. Therefore, the 

overall aim of this study is to elucidate the macrophage 

and MSC response to various musculoskeletal ECMs. 

 

METHODOLOGY 

Growth plate (GP), articular cartilage (AC) or ligament 

(LG) ECM were harvested from 3 month old female pigs.  

Primary human macrophages were treated with 

solubilised GP, AC and LG ECM and macrophage 

phenotyping was performed using flow cytometry, 

qPCR, Immunocytochemistry and ELISAs. ECM 

scaffolds were fabricated as previously described (3) and 

implanted into a rat femoral defect model for in vivo 

immune profiling. Flow cytometry and 

immunofluorescent staining was used to determine the 

proportions immune cell populations and macrophage 

phenotype in the bone tissue. H&E and 

immunofluorescent staining was utilised to assess 

vascularization. 

 

RESULTS 

The present study demonstrates that macrophages 

exposed to AC-ECM adopt an M2-like phenotype, unlike 

GP ECM, which display a hybrid M1-M2 phenotype 

(Fig.1 A). Furthermore, these ECMs can direct the 

differentiation of stem cell progenitors towards the 

phenotype of their source tissue, whereby AC-ECM 

promotes chondrogenic and GP-ECM promotes 

osteogenic differentiation respectively (data no shown). 

In vivo characterization of immune cell subsets 

demonstrate that GP-ECM promote CD45+ leukocyte 

and CD3+ T cell infiltration accompanied by elevated 

levels of IFN and IL-17 (Fig.1 B & C) Moreover, AC-

ECM scaffolds drive an M2 macrophage phenotype 

(CX3CR1+) while GP-ECM scaffolds promote a hybrid 

M1-M2 phenotype (CX3CR1+/CCR2+) (Fig. 1 D), 

vascularization and vessel maturation (Fig. 1 E & F). 

 

 
 

Figure 1 (A) qPCR of M1 (CXCL9/10) & M2 (MRC1/CCL13) 

markers. (B-F) In vivo analysis 1week post scaffold implantation. 

(B) Flow cytometric analysis of  CD45+ immune cells and CD3+ T 

cells. (C) Measurement of circulating IFN and IL-17 in serum by 

ELISA. (D) Flow cytometric analysis and percentage of CCR2+| & 

CX3CR1+ macrophages at defect site (E) H&E staining of defect site 

and vWF/αSMA dual immunofluorescent staining and (F) vessel 

quantification at defect site 1 week post implantation.  

 

DISCUSSION 

Taken together, this work demonstrates that the source 

tissue of ECM scaffolds plays a key role in the behaviour 

of both macrophages and stem cell progenitors, whereby 

they can direct the cellular differentiation and enhance 

growth factors essential for the regeneration of their 

source tissue. This work also demonstrates the 

importance of the complex phenotypes inherent to 

macrophages and highlights the need for a more thorough 

characterization of this immune cell subset post-

biomaterial implantation. Such an understanding will 

inform the development of next generation immune 

modulating biomaterials and therapeutics for tissue and 

organ regeneration.   
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INTRODUCTION 

Spinal cord injury (SCI) is characterised by a fibroglial 

scar (FGS) formed at the lesion site by reactive astrocytes 

and meningeal fibroblasts. While the scar tissue serves to 

restrict damaging inflammation to the injury site, it 

remains a potent inhibitory barrier for regenerative 

biomaterial-based interventions. Simply removing the 

FGS exacerbates degeneration and increases lesion size1. 

In this study we employed TERG-based expertise in 

scaffold fabrication2 and tissue modelling3 to fabricate 

3D scaffolds composed of cord native hyaluronic acid 

(HyA) functionalised with collagen IV (CollIV). This 

work aimed to use human astrocytes and meningeal cells 

to develop a novel and anatomically-relevant in-vitro 

scaffold model of the SCI-induced FGS. This model will 

be used to investigate novel RNAi-based approaches to 

destabilize the scar and promote axonal regrowth as well 

as diffusion of therapeutics out of biomaterial implants.  

MATERIALS AND METHODS 

HyA and HyA:ColIV scaffolds were fabricated using 

freeze-drying techniques and cross-linked with EDAC4. 

Human astrocytes, and meningeal cells (ScienCell, USA) 

were seeded individually on HyA-only and HyA: ColIV-

functionalised scaffolds (250,000 cells/scaffold) and 

cultured for 7 days. For co-cultures, each cell type was 

seeded at 250,000 cells/scaffold 3 days apart and cultured 

for further 7 days. Injury assays were carried out by 

adding IL-1α, TNFα, C1q pro-inflammatory cytokines, 

and TGFβ, both associated with SCI, in media for 24hrs. 

Cells were labelled using Phalloidin and DAPI and 

immunostained for Connexin43 (rabbit anti-Cx43, 

Sigma-Aldrich) and then imaged using confocal 

microscopy. 

RESULTS 

The physico-mechanical properties of the HyA-only and 

HyA:ColIV scaffolds were compared. We confirmed that 

collagen IV- functionalized scaffolds retained a porous 

and longitudinally aligned microarchitecture, and a low 

Young’s modulus (<1kPa) that mimic the characteristics 

of the native spinal cord. Few and poorly distributed cells 

with a round morphology, indicative of poor health were 

seen across HyA-only scaffolds. By contrast, each cell 

type cultured on HyA:CollIV- functionalized scaffolds 

was more numerous and evenly spread across the 

scaffold and exhibited longer cellular processes (Fig. 1). 

Astro:meningeal co-cultures were then established in 

HyA:ColIV scaffolds. The interaction between the two 

apposing cell types induced changes in expression of 

fibronectin, collagen IV and laminin - ECM proteins 

associated with the interaction between both cell types.  

 

 
Figure 1 Astrocytes (top row) and meningeal cells (bottom row) 

cultured on hyaluronic acid (HyA)-only and collagen IV-functionalized 

HyA (HyA+Col IV) scaffolds. Phalloidin (green) highlights the 

cytoskeleton, while DAPI (blue) highlights cell nuclei. 

The established astro:meningeal cell co-cultures on  

HyA:ColIV scaffolds were then subjected to 

inflammatory injury paradigms to induce FGS formation 

in-vitro. A combination of IL-1α, TNFα, C1q, and TGFβ 

cytokines increased cell proliferation, aggregation, and 

expression of scar-associated junctional protein 

Connexin43. 

DISCUSSION 

The present work outlines the development of a novel 3D 

scaffold scar model that will be used as a high-throughput 

platform for testing silencing RNA-based therapeutics. 

By using the naturally-occurring ColIV ECM to 

functionalize HyA scaffolds, cells grew readily and 

apposed in the scaffolds, and by administering 

inflammatory cytokines, a scar formation was initiated by 

astrocytes and meningeal cells. The deliverables of this 

work will not only advance SCI repair approaches but 

will also have implications for a wider range of CNS 

disorders where scarring remains an obstacle to 

therapeutic intervention and reparative strategies. 
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INTRODUCTION 

Inflammation is a driving factor in osteoarthritis (OA), 

where an increase in pro-inflammatory cytokine 

expression triggers activation of the NFκB signalling 

pathway, which contributes to cartilage destruction, 

upregulation of catabolic mediators and the creation of a 

highly inflammatory microenvironment. Together, these 

factors form a major barrier to regenerative medicine 

applications [1, 2]. To date, a safe and efficient approach 

to selectively silencing “anti-chondrogenic” mediators, 

whilst enabling functional tissue regeneration remains 

elusive. Gene therapy, particularly the use of small 

interfering (si)RNA, offers a method of silencing the 

expression of specific mRNA sequences and their 

downstream protein production. We thus propose that 

coupling a pro-chondrogenic collagen-hyaluronic acid 

(CHyA) scaffold [3] with non-viral nanoparticle-

mediated delivery of siRNA may enable spatiotemporal 

and targeted silencing of the NFκB signalling pathway in 

target cells, facilitating enhanced tissue regeneration [4].  

 

MATERIALS AND METHODS 

SiRNA nanoparticles were formed using a 

glycosaminoglycan enhanced transduction (GET) [5] 

cell-penetrating peptide. An extensive analysis of 

physicochemical characteristics and encapsulation 

efficiency of each formulation was determined. Delivery 

of therapeutic siRNA targeting the NFκB dimer was 

assessed using qRT-PCR. Following optimization, 

candidate formulations were incorporated into freeze-

dried, porous, CHyA scaffolds. Scaffold architecture and 

particle retention was assessed using SEM and a release 

assay. Scaffold-mediated cellular uptake and transfection 

efficiency was investigated and the immunomodulation 

of MSCs cultured on siRNA-activated scaffolds in the 

presence of a pro-inflammatory cytokine interleukin 1β 

(IL1β) was assessed. The ability of the siRNA-activated 

scaffolds to support chondrogenic differentiation of 

MSCs was investigated in a 21-day culture system (+/- 

IL1β) with functional cartilage tissue assessed. 

 

RESULTS 

Optimised GET-siRNA formulations resulted in 

nanoparticles of favourable size (146.0 ± 23.63 nm), zeta 

potential (32.32 ± 5.5 mV) and encapsulation efficiency 

(87.8 ± 0.1 %). In vitro (2D) screening demonstrated 

highly efficient knockdown with peak knockdown 

observed at Day 3. Silencing of the NFκB signalling 

pathway conferred immunomodulation and protection 

against the anti-inflammatory effects of IL1β, attenuating 

downstream anti-chondrogenic and catabolic gene 

expression. Incorporation of nanoparticles into a CHyA 

scaffold resulted in the development of a highly porous, 

siRNA-activated scaffold. Culturing of MSCs on 3D 

siRNA-scaffolds facilitated targeted knockdown and 

subsequent silencing of the NFκB signalling pathway at 

Day 3 (75.2 ± 15.68% knockdown) and Day 7 (40% ± 

17.8% knockdown) with a concomitant reduction in the 

expression of downstream “anti-chondrogenic” 

mediators. Furthermore, siRNA-scaffolds facilitated 

chondrogenic differentiation of MSCs with no negative 

effects of NFκB silencing on cartilage matrix production 

after 21 days culture. 

 
Figure 1: (A) SEM imaging depicts GET-siRNA nanoparticles 
incorporated within CHyA scaffold architecture (Scale bar = 100 

nm) enabling retention of nanoparticles overtime compared to 

naked siRNA–loaded scaffolds. (B) PCR analysis demonstrated 
efficient knockdown of the p65/RelA subunit of the NFκB 

signalling pathway (+/- IL1β) and attenuation of downstream 

anti-chondrogenic mediators. 
 

DISCUSSION 

The CHyA scaffold system provides a structural support 

for enhanced chondrogenesis of MSCs in a 3D 

environment. Incorporation of siRNA nanoparticles 

provides cells with an initial protection against the anti-

chondrogenic effects of pro-inflammatory cytokines, 

representative of those experienced in vivo. Targeted 

silencing results in the attenuation of the downstream 

production of catabolic mediators and pro-inflammatory 

cytokines highlighting the potential use for these 

scaffolds for the treatment of OA.  
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INTRODUCTION 

3D printed Polycaprolactone (PCL) lattice structures are 

one of most common elements of tissue engineering 

scaffolds. PCL’s biocompatibility, bioresorption profile 

and thermoplasticity inform its frequent selection. 

However, the structural fidelity of PCL lattice scaffold is 

often not to a standard that would be expected in a 

biomanufactured product. The variability in strut 

deposition could impact on scaffold mechanical 

performance, perfusion and bioresorption. These 

scaffolds are typically fabricated via fused filament 

fabrication without any support or sacrificial material. 

We hypothesis that the environmental temperature has a 

significant influence on the repeatability of printing 

orthogonal lattice PCL structures.  

MATERIALS AND METHODS 

Scaffolds were fabricated using polycaprolactone by 

fused filament fabrication within a regulated enclosure 

under normal temperature and pressure (NTP 15°C - 

20°C) under standard ambient temperature and pressure 

(SATP: 25°-30°C). 

 

RESULTS 

Scaffold architectures fabricated at NTP consistently 

presented less geometric deviation from the original 

CAD model than those scaffolds fabricated at SATP. 

Echoed in the mechanical performance evaluation, the 

NTP group performed with greater consistency and less 

deviation in Young’s modulus and ultimate compressive 

strength. Optical profilometry revealed less undulation in 

the surface topography of individual polymer struts from 

the NTP group in comparison to the SATP group.  

 

This publication was developed with the financial 
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Figure 1 Comparison of (a) the original CAD model with PCL 

scaffolds printed at a 0.13mm layer height under (b) NTP (15-

20°C) and (c) SATP (20-25°C) conditions. The consequence of 

(d) slumping in scaffolds fabricated under SATP conditions and 
(e) the sub-optimal gap formation between nozzle tip and 

component. 

 
 

DISCUSSION 

As PCL-based additively manufactured bioscaffolds 

transition from the lab bench towards clinical products, 

these results identified the environmental temperature as 

under-reported key parameter in maximizing scaffold 

structural fidelity and consequently, it’s mechanical 

performance. 
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INTRODUCTION 

Additive manufacturing approaches have the potential to 

address a number of major challenges in the field of 

meniscus tissue engineering (TE), in particular the 

development of anatomically defined grafts with a spatial 

architecture and composition mimetic of the native 

tissue. Here, we report a novel method to engineer 

organized soft tissues, with a collagen architecture and 

mechanical behaviour similar to native meniscus. We 

compared the capacity of two direct material writing 

techniques, specifically fused deposition modelling 

(FDM) and melt electrowriting (MEW), to generate 

guiding structures for cells that are deposited using inkjet 

bioprinting. We hypothesised that by fabricating 

polymeric scaffolds with specific architectures it is 

possible to control collagen fibre organization and the 

mechanical behaviour of the engineered 

fibrocartilaginous tissue, thereby better recapitulating the 

native meniscal tissue 

 

MATERIALS AND METHODS 

FDM and MEW were employed to fabricate 

polycaprolactone (PCL) scaffolds with various defined 

geometric architectures. Furthermore, large volume 

MEW scaffolds with micro-fibrous features were 

fabricated to replicate the complex wedge-shaped macro-

architecture of the human meniscus. A custom alginate 

based bioink was developed and inkjet bioprinting was 

used for the dispensing of cell-laden bioinks into 

scaffolds. After inkjetting, the cells were cultured in 

presence of TGF-β3 to induce chondrogenesis. 

Mechanical testing was conducted to determine the 

compressive and tensile properties of the engineered 

tissues. 

 

RESULTS 

First, we assessed the suitability of the developed bioink 

for cartilaginous TE applications, finding that its rapid 

degradation allows cells to condense and begin the 

process of generating new tissue while exhibiting high 

levels of cell viability. The multicellular aggregates 

which formed within the defined boundaries provided by 

the PCL fibres generate a neo-tissue where the 

organization is determined by the architecture of the 

scaffold. Both FDM and MEW fibrous architectures 

facilitated the formation of anisotropic collagen networks 

resembling those of the native meniscus. However, PCL 

scaffolds fabricated using FDM displayed mechanical 

properties that are unsuitable for meniscus replacement, 

as they are too stiff in compression. By using MEW as a 

fabrication technique, the mechanical strength of the 

engineered tissues after 5 weeks of in vitro culture was 

similar to the native tissue. After demonstrating the 

benefit of using MEW to create scaffolds for meniscus 

regeneration, we fabricated larger (5 mm height) 

scaffolds replicating the shape of the meniscus. The pore 

architecture of these large scaffolds remained open even 

at the highest sections, enabling the bioprinting of cells 

and facilitating tissue growth throughout the entire 

scaled-up construct. 

 

DISCUSSION 

In the present work, we have successfully developed a 

biofabrication approach that allows precise control over 

the orientation of the deposited collagen tissue. By using 

MEW as a fabrication technology we could better mimic 

not only the collagen network architecture but also 

engineer tissues with similar anisotropic mechanical 

behaviour. We have also succeeded in the fabrication of 

large volume MEW scaffolds of up to 5 mm height with 

well-defined micro-fibrous and macro-architectural 

features. This work demonstrates the potential of 

integrating MEW and bioprinting to engineer structurally 

organised soft tissues. 
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14.00 

Welcome – Inis Mor Ballroom  – Chair: Laoise McNamara 
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 Engineers Ireland Biomedical Research Medal 
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15.00 
15.45 
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16.15 - 
18.15 

Biomaterials 1 Biomechanics 1  Medical devices 1 
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