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ANZORS 24th Annual Scientific Meeting 

President’s Welcome 

For one last time, it is my pleasure to welcome you to this year’s annual ANZORS conference. This 

year we have the pleasure of visiting Perth and the University of Western Australia, which has a long 

history of producing outstanding basic and translational research in the area of orthopaedics. I extend 

a warm welcome our visitors from interstate and overseas to the conference and I look forward to 

engaging with you throughout the conference. Once again, we are able to offer awards and travel 

grants thanks to the support of our sponsors. 

ANZORS was last in Perth in 2012 and it is quite fitting that we return here in the same year that two 

of our long standing executive committee members from WA stand down after years of service. I 

suppose it is also fitting that rather than allow them to ease down as they end their tenure, we have 

asked them to organise this conference. I would like to extend my thanks to Associate Professor 

Nathan Pavlos and Professor Jiake Xu for all their hard work this year in preparing for this conference 

and their years of service to ANZORS. 

I am happy to see that the scientific program is a multidisciplinary mix of basic, translational and 

applied research. It is this mix that helps to set ANZORS apart from other societies. As the research 

funding landscape appears to be in constant flux, one thing is quite clear: we must work on big 

problems in multidisciplinary teams. This is what we do well at ANZORS. I hope that orthopaedic 

research starts to receive the funding it deserves when the burden of musculoskeletal disease is so 

high. It is our job as scientists and researchers to petition government for a more equitable split of 

research funding. I encourage you to do this and I encourage you to engage ANZORS where 

appropriate. 

The end of this conference will mark the end of my tenure as the President of ANZORS. Over the past 

three years we have grown as a society, strengthened our relationship with the AOA and engaged 

further with the International Combined Orthopaedic Research Societies. These are achievements I 

am proud of, but I acknowledge that there is still work to be done and I look forward to working with 

the new President of ANZORS, Egon Perilli, over the next three years.  

Please engage with wonderful the science on show over the next three days and enjoy the social 

elements of the conference program.  

Dominic Thewlis 

President, Australian & New Zealand Orthopaedic Research Society 

NHMRC R.D Wright Fellow and Associate Professor 

The University of Adelaide 
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ANZORS 24th Annual Scientific Meeting 

Committee Members 

President  

A/Prof Dominic Thewlis 

Secretary  

Dr Egon Perilli 

Treasurer  

A/Prof Nathan Pavlos 

Immediate Past President 

W/Prof Jiake Xu 

NHMRC R.D. Wright Fellow and 

Associate Professor, Centre for 

Orthopaedic & Trauma Research, The 

University of Adelaide 

Senior Lecturer in Bioengineering, The 

Medical Device Research Institute, 

College of Science and Engineering, 

Flinders University, Adelaide

Head of the Cellular Orthopaedics 

Laboratory, Centre for Orthopaedic 

Research, School of Surgery,  

The University of Western Australia

Head of Molecular Laboratory,  

School of Pathology and  

Laboratory Medicine, 

The University of Western Australia
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Organising Committee 

A/Prof Dominic Thewlis 
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A/Prof Nathan Pavlos 

W/Prof Jiake Xu 

Page | 7



Scientific Committee 
(alphabetical surname order) 

Dr David Ackland The University of Melbourne 
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Prof Gerald Atkins The University of Adelaide 

A/Prof Thor Besier The University of Auckland 
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Prof David Findlay The University of Adelaide 

Dr Jiao Jiao Li The University of Sydney 

Dr Rachel Li Australian National University 

Dr ZuFu Lu The University of Sydney 

Dr Saulo Martelli Flinders University 

Dr David Musson The University of Auckland 

Dr Elyse Passmore The University of Melbourne 

A/Prof Nathan Pavlos The University of Western Australia 

Dr Egon Perilli Flinders University 

Prof Peter Pivonka Queensland University of Technology 

Dr Bryant Roberts The University of Sheffield, UK 

Dr Melissa Ryan The University of Sheffield, UK 
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A/Prof Dominic Thewlis The University of Adelaide 

Dr Jennifer Tickner The University of Western Australia 

Prof Cory Xian University of South Australia 

W/Prof Jiake Xu The University of Western Australia 
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ANZORS 24th Annual Scientific Meeting 

Travel Grant Recipients 
(alphabetical surname order) 

ANZORS is proud to support its early career researchers. This year we have awarded 26 travel 

grants. This represents a significant reinvestment of our funds to support the dissemination of 

quality orthopaedic research. 

First Name Surname 

Rami MA Al-Dirini 

Dhara Amin 

Jasvir Bahl 

Joseph Cadman 

Yuan Chai 

Sarah Ellis 

Catherine Galvin 

Mohammadhossein Hassanshahi 

Dawei Huang 

Zihui Li 

Jiao Jiao Li 

Saeed Miramini 

Young Jung No 

Dermot O'Rourke 

Marco Palanca 

Sophie Rapagna 

Dale Robinson 

Iman Roohani 

Mukesh Soni 

Yu-Wen Su 

Megan Thomas 

Jetske Viveen 

Ashley Ray Wilson-Smith 

Sophia Zhao 

Yinghong Zhou 

Hamed Ziaeipoor 

Institution 

Flinders University, Australia  

Flinders University, Australia 

University of South Australia, Australia 

Macquarie University, Australia 

Australian National University, Australia 

Australian National University, Australia 

University of Canberra, Australia 

University of South Australia, Australia 

The Canberra Hospital, ACT Health, Australia 

The University of Melbourne, Australia

The University of Sydney, Australia

The University of Melbourne, Australia

The University of Sydney, Australia

Flinders University, Australia 

University of Bologna, Italy 

Flinders University, Australia 

The University of Melbourne, Australia

The University of New South Wales, Australia

The University of Melbourne, Australia 

University of South Australia, Australia 

The University of Melbourne, Australia

Flinders Medical Centre, Australia 

Prince of Wales Hospital, UNSW, Australia 

The University of Melbourne, Australia

Queensland University of Technology, Australia 

Flinders University, Australia 
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ANZORS 24th Annual Scientific Meeting 

Keynote Speakers 

Prof Jian Q. (Jerry) Feng 

Assistant Dean for Research and Professor, Department of Biomedical Sciences, Texas A&M University 

College of Dentistry, Dallas, Texas, USA.  

 Dr. Jerry Feng was trained as a physician in China, and he obtained his PhD 

from the University of Connecticut. His postdoctoral fellowship training took 

place at the University of Michigan and the University of Texas Health Science 

Center, San Antonio. Currently Dr. Feng is a full professor with tenure at the 

Texas A&M College of Dentistry. His primary duty is Research and Scholar 

activity. His expertise and background include bone, cartilage and tooth research 

using both animal models (loss of function, gain of function, and mutation), and 

patient samples (such as osteoporosis, osteoarthritis and periodontitis), as well 

as the in vitro molecular research. He currently holds three R01s (two as PIs and 

one as Co-I). Dr. Feng has published 172 journal articles, 13 book chapters, 2 

proceedings, and 6 gene sequences in his career, including ones appearing in 

Science, Nature Medicine, Nature Genetics, and PNAS. Based on Google 

Scholar, his citation indices are 19177 (All), 10840 (5 years) based on 

https://scholar.google.com/citations?user=0MJI52gAAAAJ&hl=en. A recent publication from Dr. Feng’s lab 

entitled “Chondrocytes Directly Transform into Bone Cells in Mandible Condyle Growth” was selected as 

the cover page of Journal of Dental Research (the foremost journal in Dentistry) 2015.  

Specifically, Dr. Feng’s published works made seminal contributions to our knowledge in: 

1. Demonstration of the endocrine function of Osteocytes (secrete FGF23 and regulation of Pi homeostasis);

2. Discovery of a new disease, autosomal recessive hypophosphatemic rickets due to DMP1 mutations;

3. Demonstration of the key role of periodontal ligament (PDL) progenitor cells in alveolar bone formation

(i.e., alveolar bone is mainly formed by progenitor cells in PDL), which explain why pulling out of teeth

leading to alveolar bone loss;

4. Identification of the single ossification center in TMJ condylar ramus formation, in contrast to two

ossification centers in long bone formation; and demonstrate that chondrocytes directly transformed into

bone cells.

Dr. Feng’s ongoing works has made pivotal contributions to our knowledge in Bone Developmental Biology, 

and osteoporosis:  

5. For over many decades, osteoblasts are considered as the cells building bone. His lab recently demonstrated

that It is the osteocyte, but not the osteoblast, that builds mineralized bone;

6. For a long time, it is widely believed that an imbalance of osteoblasts and osteoclasts leads to development

of Osteoporosis. His recent work revealed that osteocytes play a dual role in bone remodeling; and that a

defect in osteocyte structure and function results in osteoporosis;

7. Identification of the 3rd types of bone beyond endochondral bone and intramembranous bone;

8. Discovering the direct contribution of tendon/ligament in joint growth (this work will be presented in this

meeting)
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Prof Dietmar Hutmacher, PhD MBA FAHMS 

Director ARC Centre in Additive Biomanufacturing; Chair in Regenerative Medicine, Institute of 

Health and Biomedical Innovation, Queensland University of Technology (QUT), Brisbane, Australia

I am a biomedical engineer, an educator, an inventor, and a creator of new 

intellectual property opportunities. I direct the Centre for Regenerative 

Medicine and the Australian Research Council (ARC) Training Centre in 

Additive Biomanufacturing at Queensland University of Technology 

(QUT), a multidisciplinary team of researchers including engineers, cell 

biologists, polymer chemists, clinicians, and veterinary surgeons. I am an 

internationally recognized leader in the fields of biomaterials, tissue 

engineering & regenerative medicine. My fundamental research work that 

has unraveled the underlying mechanisms of scaffold design and fabrication 

via 3D printing. I translated a bone tissue engineering concept from the 

laboratory through to clinical application involving in vitro experiments, in 

vivo preclinical animal studies and ultimately clinical trials. My highly‐

interdisciplinary and ground‐breaking research conducted in the 

establishment and characterization of preclinical animal models has been globally acknowledged. My 

research efforts have resulted in traditional scientific/academic outputs as well as pivotal commercialization 

outcomes. My efforts have resulted in a publication record of more than 300 journal articles with an 

aggregated citation record of more than 28,000 citations and an h‐index of 78 in Scopus. I am an inventor 

on more than 20 patents and a co‐founder of the spin off companies Osteopore International, Progensis, 

BellaSeno GmbH, Vaccine Solutions, GELOMICS and Biofabrication Design Solutions. 

Prof David Little MBBS FRACS(Orth) PhD

Head, Orthopaedic Research, Department of Orthopaedics, Conjoint Professor, Paediatrics and Child 

Health, University of Sydney, NSW, Australia. The Children’s Hospital at Westmead, NSW, Australia 

Prof Little graduated MBBS from the University of Sydney in 1986. He 

received his FRACS(Orth) in 1995 and undertook further training at the 

Shriners Hospital for Children in Portland, OR, USA and Texas Scottish 

Rite Hospital for Children in Dallas TX, USA. 

Prof Little is a clinician-scientist in Orthopaedics. In 1999 he opened a basic 

research group with a focus on bone repair and regeneration. This resulted 

in completion of his PhD in distraction osteogenesis in 2004. Prof Little was 

selected as the 2002 ABC Travelling Fellow touring the US and Canada 

with colleagues from UK, NZ and Sth Africa. In 2005 and 2010 he won the 

Basic Science Paper Award for the Outstanding Paper at Paediatric 

Orthopaedic Society of North America.  

Prof Little has an interest in hip and reconstructive surgery, hip blood flow 

monitoring and avascular necrosis. He is well known for his research into possible use of biologic agents to 

assist the treatment of children’s Orthopaedic conditions. Prof Little has over 150 publications in the 

orthopaedic literature on bone repair as well as clinically related topics in Paediatric Orthopaedics. He 

remains in active clinical practice as a Senior Staff Specialist specialising in hip surgery and trauma, as well 

as continuing his research interest as Head of Orthopaedic Research and Biotechnology. A recent focus has 

been implant design and assessment. 

Prof Little was awarded a prestigious National Health and Medical Research Council (NHMRC) Practitioner 

Fellowship in 2013 and again in 2017. 

Interests: Paediatric Hip Surgery, Osteogenesis Imperfecta, Bone Repair, Perthes Disease and Osteonecrosis 
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Prof John Antoniou, MD, FRCSC, PhD, FIOR 

Research Director, Division of Orthopaedic Surgery, Department of Surgery, McGill University, Montreal, 

Canada  

Dr. John Antoniou is an orthopaedic surgeon at the Jewish General Hospital 

(Montreal) and the Research Director of the Orthopaedic Research Laboratory at 

the Lady Davis Institute. He is a tenured Professor of Surgery and Research 

Director of the Division of Orthopaedic Surgery of McGill University’s residency 

program (Montreal). 

Dr. Antoniou specializes in adult joint reconstruction and alternative treatments for 

patients suffering from osteoarthritis. During his orthopaedic residency training, he 

pursued a PhD in Experimental Surgery focusing on the biochemistry and 

molecular biology of the musculoskeletal system. He is a Fellow of the Royal 

College of Physicians and Surgeons of Canada, a Fellow Member of the American 

Association of Hip and Knee Surgeons and an active member of Hip Society. 

Dr. Antoniou’s research focuses on the clinical and basic science investigation of 

aging and degeneration of the musculoskeletal system. He is the first orthopaedic surgeon to receive the 

‘Chercheur National’ award of the Fonds de Recherche du Québec- Santé (FRQS). His clinical interests 

include the evaluation and management of adult hip and knee reconstruction issues while his fundamental 

research uncovered biological repair strategies for degenerating intervertebral discs and cartilage with 

particular interest on peptides with growth factor-like properties, scaffolds and mesenchymal stem cells 

therapies. His work has won several prestigious awards such as Berton Rahn Prize Award in 2010 

(Switzerland), Best NASS 2013 Paper and winner of the AmorChem Knock-Out™ event in 2015. 

Dr. Antoniou was invited to present his work in over 200 international conferences, workshops symposiums 

and courses, and over 500 abstracts were presented at national and international meetings. He published and 

co-authored over 170 original articles in peer-reviewed journals. 

Dr. Antoniou has recently served as the president of the Canadian Orthopaedic Research Society. He is the 

co-chair of the ORS’s International Combined Orthopaedic Research Society and the COA’s President for 

the year 2018–2019. 

Dr Jennifer Tickner, PhD, Research Fellow 

School of Biomedical Sciences, The University of Western Australia, Perth, Australia

Jennifer Tickner was born and raised in Perth, Western Australia. She completed 

her undergraduate degree in Biochemistry and Microbiology at the University of 

Western Australia, graduating with first class honours in Microbiology. She then 

moved to the United Kingdom where she undertook her PhD in the laboratory of 

Professor Timothy Arnett at University College London. Her PhD focused on the 

effects of oxygen tension on bone cell function. She then completed post-doctoral 

placements at UCL and the University of Surrey before returning to Perth in 2010 

to take up a position at the University of Western Australia. She has been working 

in the Cell Signaling Laboratory in the School of Biomedical Sciences for the past 

7 years on a range of projects aimed at identifying novel regulators of bone 

homeostasis. She has been the successful recipient of over $1 million in shared 

grant funding and has published over 40 original research papers.   
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Venue 

Harry Perkins Institute (Perkins North), 

(McCusker Auditorium, ground floor, left hand side when entering from main doors), 6 Verdun 

St, 6009 Nedlands WA, Perth, Australia 

Google map 

Wi-Fi Access: eduroam Wi-Fi network is active (select eduroam) 
Username: your usual institution email address 
Password: your usual institution email password 
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Day 1 (Friday October 05) – McCusker Auditorium, ground floor, Harry 

Perkins Institute (Perkins North), 6 Verdun St, Nedlands WA  

08:00-08:30 Coffee and registration 

08:30-08:45 President’s welcome: A/Prof Dominic Thewlis 

08:45-09:15 

Keynote: Prof Jerry Feng, Texas A&M University College of Dentistry, Dallas, Texas, USA 

“A Novel Role of Tendon/Ligament in Joint Formation: A challenge to the current dogma” 

09:15-10:15 First name Surname Abstract title 

Podium 1 

Session chair: 

Dr Jiao Jiao Li 

Tao Wang SPARC-mediated mechanotransduction in tendon homeostasis 

Bruce Gardiner Understanding Achilles tendon remodeling following underuse and overuse 

Yu-Wen Su 
Osteoblast derived-neurotrophin-3 induces cartilage removal proteases and osteoclast-mediated function 

at injured growth plate in rats 

Rema Oliver 
Evaluation of comparative soft tissue response to bone void fillers with antibiotics in a rabbit 

intramuscular model 

Benjamin Mullin 
Gene expression study in human osteoclasts identifies regulatory roles for bone mineral density GWAS 

variants 

10:15-10:55 Morning coffee & tea 

10:55-12:07 First name Surname Abstract title 

Podium 2 

Session chair: 

Dr Tania Crotti 

Kai Chen Pseurotin a, potentially a novel alternative treatment for osteoporosis 

Mohammadh

ossein 

Hassansha

hi 

Potency of Icariin in attenuating methotrexate chemotherapy-induced bone marrow micro-vascular 

damage and bone loss in rats   

Ziyi Wang Novel functions for paraspeckle in RANKL-induced osteoclastogenesis 

Qiang Guo Identification of an endolysosomal transporter critical for osteoclast function during bone remodelling 

Qian Tang 
Roles of CXCL12 induction in apoptotic skeletal cells in the development of bone growth defects 

following dexamethasone therapy: a potential novel therapeutic target 

Vedran Lovric Demineralized bone fibers as a grafting option for spinal fusion 

12:07-13:20 Lunch & poster viewing (poster viewing will take place between 12:30-13:20) 

13:20-13:50 

Session chair: 

Prof David Haynes

Keynote: Prof Dietmar Hutmacher, Queensland University of Technology, Brisbane, Australia 

“Humanization of Mice via Multiple Tissue Engineering Platform Technologies” 

13:50-14:50 First name Surname Abstract title 

Podium 3 

Session chair: 

Prof David 

Findlay 

Peilin Chen 
Fabrication of a silver nanoparticle-coated collagen membrane with contained antibacterial and anti-

inflammatory activities 

Iman Roohani 3D-printing of bioceramic bone scaffolds at room temperature 

Jiao Jiao Li 
Evaluating baghdadite scaffolds as synthetic bone substitutes in sheep: Analysis of material-tissue 

interactions 

Nicholas J Gunn Developing a cell line model of osteocyte infection 

Xingdi Wang Development of a novel antimicrobial allograft bone material: preliminary results 

14:50-15:30 Afternoon coffee & tea and poster viewing 

15:30-16:42 First name Surname Abstract title 

Podium 4 

Session chair: 

Dr Rami Al-

Dirini 

Saulo Martelli Bone tissue deformation and fracture in the human femur under physiological loading configuration 

Diana Perriman A comparison between osteoarthritic and asymptomatic knees using statistical shape modelling 

Joseph Cadman 
A new cannulated compression clamp for short bone fractures: a biomechanical comparison to the lag 

screw technique 

Sophia Zhao 
The influence of glenohumeral joint lateralisation on muscle leverage after reverse total shoulder 

arthroplasty 

Michael P Russo Investigation of the combinations of loading and facet joint contributions to Lumbar Disc Herniation 

Dhara Amin Analysis of internal disc strains during simulation of repetitive lifting motions 

Session chair: 

Prof Jiake Xu 

Session sponsor: 

University of 
Western Australia 



18:00- 
Young Investigators Pub-dinner  

Strictly Masters/PhD students only; free meal; must have indicated attendance 

during registration at Little Way (v/gf available), 161 Broadway, Nedlands, WA; 

30 min walk from Conference Venue Map: googlemap 
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Day 2 (Saturday October 06) – McCusker Auditorium, ground floor, Harry 

Perkins Institute (Perkins North), 6 Verdun St, Nedlands WA  

08:00-08:15 Coffee & tea 

08:15-09:15 First name Surname Abstract title  

David Findlay ECR 

Award Final, 

Session chairs:  

Dr Claudia Di Bella, 

Prof Hala Zreiqat 

Saeed Miramini How to estimate the friction coefficient of articular cartilages using in-vivo imaging of the joints? 

Marco Palanca 
Body anthropometry and local bone microarchitecture may improve determining hip fracture risk beyond 

DXA 

Zihui Li Facilitating reproducible longitudinal microCT imaging of the mouse knee using a novel holder 

Junjie Gao Endoplasmic reticulum mediates mitochondrial transfer in the osteocyte dendritic network 

Jiao Jiao Li Understanding the mechanisms of chronic joint disease and developing a cure 

09:15-09:45 

Session chair: 

Prof Ming Hao Zheng 

Keynote: Prof David Little, The University of Sydney, Sydney, Australia 

“Pharmacologic Interventions in Genetic Bone Disease” 

9:45-10:15 Morning coffee & tea 

10:15-11:15 First name Surname Abstract title  

PhD Award Final, 

Session chairs: 

Prof Dietmar 

Hutmacher, 

A/Prof John Costi 

Minhao Gao Glucocorticoid induces MKP1 mediated mitochondrial dysfunction in osteocytes 

Jacob Kenny Identification of genes regulating osteoarthritis development using a mouse phenotype library 

Megan Thomas Response of articular cartilage and subchondral bone to a focal loss of joint surface congruity 

Sophie Rapagna 
Cartilage thickness and subchondral bone microarchitecture in varus- and valgus-aligned osteoarthritic 
tibiae: comparison with controls 

Hamed Ziaeipoor Rapid prediction of femoral strain using a novel computational model 

11:15-12:15 

ANZORS AGM 

All delegates welcome (and encouraged) to attend 

12:30-17:00 

Half day Networking Event.  
(bus transport provided; return back in Perth by 17:00) 

Pickup: at 12:30 pm, in front of Conference Venue (6 Verdun St Nedlands, WA) 

Sandalford wines, Swan Valley, WA. 

19:00- 

Conference Dinner in the city, includes Awards Announcements

Restaurant New Golden Century, 269 James St., North Bridge, WA. Map: googlemap 
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Day 3 (Sunday October 07) – McCusker Auditorium, ground floor, Harry 

Perkins Institute (Perkins North), 6 Verdun St, Nedlands WA  

08:15-08:45 Coffee & tea 

08:45-9:45 First name Surname Abstract title 

Podium 5 

Session chair:  

Dr Jennifer Tickner 

Yinghong Zhou RANKL-induced M1-like macrophages are actively involved in bone formation 

Chao Wang Antioxidant enzyme PRDX1 mediates osteoclastogenesis via suppressing ROS production 

Heng Qiu 
New insights into the role of Methionine 199 in the function of Receptor Activator of Nuclear 

Factor Kappa-B Ligand (RANKL) and bone homeostasis 

Vincent Kuek 
NPNT is expressed by osteoblasts and mediates angiogenesis via the activation of extracellular 

signal-regulated kinase 

Young Jung No Bioactive synthetic fibre-hydrogel composites designed for tendon and ligament prostheses 

9:45-10:15 

Session chair: 

Prof Bruce Gardiner 

Keynote: Prof John Antoniou, McGill University, Montréal, Canada 

“Short link N acts as a disease modifying osteoarthritis drug” 

10:15-10:55 Morning coffee & tea 

10:55-12:07 First name Surname Abstract title 

Podium 6 

Session chair: 

Prof Jerry Feng 

Catherine Galvin 
Healthy ageing does not change knee kinematics. A medical-imaging cross-sectional observation 

study 

Danè Dabirrahmani Fluoroscopic analysis & clinical outcomes of medially stabilised knees 

Sophie Rapagna 
Quantification of bone microarchitecture damage in human femoral press-fit implantation using 

HR-pQCT and digital volume correlation 

Stuart Millar 
Development and evaluation of a coordinate system for complex tibial plateau fractures using a 

geometric shape fitting approach 

Diana Perriman Weighing in: does size matter in knee kinematics? 

Dhara Amin 
Multiaxial lumbar intervertebral disc mechanics are altered after simulated repetitive lifting 

movements 

12:07-13:20 Lunch & poster viewing (poster viewing will take place between 12:30-13:20) 

13:20-13:50 

Session chair: 

Dr Yu-Wen Su 

Keynote: Dr Jennifer Tickner, The University of Western Australia, Perth, Australia 

“Investigating the role of the bone microenvironment in paediatric acute lymphoblastic leukaemia (ALL)” 

13:50-14:50 First name Surname Abstract title 

Podium 7 

Session chair: 

Prof John Antoniou 

David Haynes 
Epigenetic regulation of human mesenchymal stem cells by inhibition of Histone Deacetylase 5 

stimulates osteoblast development and bone formation in vitro 

Yongxian Li 
Icariin increases bone mass in ovariectomized rats with osteoporotic fracture via regulating 

Notch1 and OPG/RANK/RANKL system 

Lianzhi Chen 
The influence of body mass index on microstructural and pathological changes in osteochondral 

unit of osteoarthritic tibia plateaus 

Mukai 
Chimutengwen

de-Gordon 

A prospective study of bone marrow-derived stem cell transplantation for the treatment of 

osteochondral defects of the knee 

Stuart Millar Do current classification systems for tibial plateau fracture describe what we really see? 

14:50-15:30 Afternoon coffee & tea and poster viewing 

15:30-16:06 First name Surname Abstract title 

Podium 8 

Session chair: 

Dr Diana Perriman 

Jasvir Bahl 
Reconstruction of the hip joint centre location using statistical shape models compared to 

functional and regression methods and its effect on muscle moment arms 

Mukesh Soni The use of feedback and video engagement on exercise performance during pedaling 

Dermot O’Rourke 
Parametric computational study of the effect of different AORI defect types on primary stability 

of sleeved revision tibial tray with and without stem 

16:06-16:15 Judging panel discussion, inaugural “Translational Research Award” 

16:15-16:20 Announcement of “Translational Research Award” 

16:20-16:30 President’s closing address



POSTERS on Day 1 (Friday October 05) – Foyer, ground floor, Harry Perkins 

Institute (Perkins North), 6 Verdun St, Nedlands WA 

POSTERS on Day 3 (Sunday October 07) – Foyer, ground floor, Harry Perkins 

Institute (Perkins North), 6 Verdun St, Nedlands WA 

12:30-13:20 Lunch break 

14:50-15:30 Afternoon break 

Poster # First name Surname Abstract title 

1 Yuan Chai Laser polished fused deposition poly-lactic acid objects for personalized orthopaedic application 

2 Ashley Ray Wilson-Smith Ongoing validation of the HALO© Digital Goniometer and VALD© Humantrak System 

3 Marco Palanca The size of simulated lytic vertebral metastases affects the in vitro strain distribution 

4 Rami MA Al-Dirini Micromechanics of the human proximal femur during physical activity 

5 Dawei Huang Radiographic analysis of implant position and articular subsidence in tibial plateau fractures 

6 XiaoJun Chen 
Association of reduced sclerostin expression with collapse process in patients with 
osteonecrosis of the femoral head 

7 Jetske Viveen Three-dimensional micro-architecture of the proximal ulna 

8 Dale Robinson 
Load response of an osseointegrated prosthesis for the treatment of unilateral transfemoral 
amputation 

9 Yue Ding 
The mechanism of RIPK3/NLRP3 pathway in aseptic loosening caused by wear particles-
induced macrophage activation in vitro 
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A NOVEL ROLE OF TENDON/LIGAMENT IN JOINT GROWTH: A CHALLENGE TO THE CURRENT DOGMA  
Jian (Jerry) Q. Feng 

Texas A&M University College of Dentistry, Department of Biomedical Sciences, Dallas, Tx. USA 

email: jfeng@tamhsc.edu 

The skeleton, containing cartilage and bone, is the largest 

organ in the body, and is susceptible to a various diseases and 

conditions including genetic disorders, bone trauma and 

fracture, bone cancers, and osteoarthritis. However, our 

understanding of skeletal biology in the following fundamental 

areas are limited: 1) Cartilage and bone have been considered 

to be exclusively formed by their own cells; 2) The sole 

function of tendon and ligament (two extremely similar, tough, 

fibrous connective tissues, which are simply described as 

tendon in this proposal) has been presumed to be limited to 

transmitting muscle forces to control body movement and 

stabilize joints; 3) Loss of bone mass in astronauts due to space 

flight or gain of bone mass due to exercise are thought to be 

indirect effects of altered mechanical loading by muscle; 4) 

Evolutionally, we do not know whether tendon/ligament 

contributes to skeleton formation; and 5) Clinically, cartilage 

trauma or diseases (such as osteoarthritis) cannot be repaired by 

their own cells. Common procedures for restoration of joint 

function are knee or hip replacement with metal prostheses. 

Moreover, in large bone trauma cases (such as war casualties, 

car accidents, or removing bone tumors) patients’ bodies cannot 

provide enough bone graft for repair.  

Therefore, there is an urgent need to explore unfathomable 

secret of skeleton biology and search for novel ways to 

significantly improve treatments for skeletal damage and 

disease using multi-disciplinary state-of-the-art techniques. 

In last a few years, our lab has made a series of progresses 

in addressing the above issues. Our pilot studies showed that 

tendon/ligament play a key role in joint expansion from a 

carrot-like structure to a mushroom-shape during normal 

development. In the cellular structure, these cells firstly 

transdifferentiate into dendritic cells followed by forming 

cartilage cells and then bony like cells.  

The immunohistochemistry data revealed a gradual change 

in expressions of extracellular matrix proteins from 

tendon/ligament markers (periostin and vimentin) to a mixture 

of cartilage and bone markers (SOX 9, Aggrecan, COL X, 

RUNX2 and COL 1) with low levels of osteocyte markers 

(DMP1 and SOST).  

In the genetic regulation studies, we found that 

tendon/ligament formed joint is greatly different from growth 

plate formation. For example, postnatal deletion of Ihh by either 

Gli 1CreERT2 or Aggrecan CreERT2 lead to a lack of growth plate 

and short limbs but a great expansion of knee joint.  

Finally, we tested a robust role of tendon in repairing 

damaged joint in mice.  Our preliminary study showed “a new 

knee” formed in three weeks in a mouse after the femur head 

removed.  

In conclusion, the current study will likely induce major 

paradigm shifts in skeletal biology and future joint repair 

treatment. 
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INTRODUCTION 
Secreted protein acidic and rich in cysteine (SPARC) is a 
matricellular collagen-binding glycoprotein that modulates the 
interaction of cells with the extracellular matrix (ECM) through 
its regulation of cell adhesion and matrix assembly. SPARC is 
widely expressed in bone and tendon[1], however, its role in 
tendon development remains unknown. Although mechanical 
loading plays an essential role in both tendon development and 
degradation, the underlying mechanism of how tendons sense 
and response to mechanical loading remains largely unknown. 
This study aims to investigate the involvement of SPARC in 
tendon mechanobiology, development and maturation. 

METHODS 
SPARC-deficient mice were used in the present study. Tendon 
development at different stage were examined. Treadmill 
training and BOTOX injection were performed to generate 
overloading and underloading model in Achilles tendon. Whole 
exon sequencing of SPARC was performed to investigate the 
gene variants of patient suffered from complete rotator cuff 
tears.  Histology, micro-CT, RT-qPCR, immunohistochemistry, 
mechanical testing and Western blot were used for examination. 

RESULTS AND DISCUSSION 
Adult mice with SPARC deficiency exhibited hypoplastic 
tendons in load-bearing zone including patellar, flexor and 
Achille tendon, whereas no significant difference were seen in 
tail tendons. By investigating tendon maturation in different 
stages, we found that hypoplastic tendons developed at 
postnatal 3 weeks when the mice became actively mobile. 
Therefore, we suspect that SPARC might plays an important 
role in regulated tendon mechanobiology then maturation. Thus, 
we established an Achille tendon overloading model by using 
uphill treadmill training. The results confirmed that increased 
loading led to reduced Achilles tendon size and eventually 
caused tendon rupture in SPARC-/- mice, whereas no 
abnormality was seen in WT mice after training. Further 
investigation on whether paralyzing the hindlimb of SPARC-/- 
mice using BOTOX from postnatal 2 weeks to 5 weeks would 
delay the hypoplastic tendon development was performed. We 
found that increased patellar tendon thickness was shown in 
SPARC-/- mice by reducing mechanical loading, whereas 
opposite effect was seen in WT mice. The in vitro experiments 

on primary tendon derived stem cells demonstrated that 
mechanical loading induced SPARC production and AKT/S6K 
signalling activation. Deletion of SPACR disrupted this 
pathway and reduced collagen type I production, which 
suggested that mechanical loading was harmful to tendon 
homeostasis without SPARC. Finally, 41 patients with 
complete rotator cuff tear and 49 healthy people were recruited, 
and whole exon sequencing on SPARC genes were performed. 
Interestingly, a novel variant of c.388G>T was identified in 
19.5% (8/41) of patients which led to a missense mutation of 
p.Cys130Gln, whereas none was found in healthy cohort.
Cys95 and Cys130 form a disulfide bond within the FS domain,
the missense mutation results in the disruption of the disulfide
bond formation (Figure 1). It would most likely impair the
SPARC function and/or stability.

Figure 1:  The missense mutation results in the disruption of a 
disulfide bond between a C95 and C130 in SPARC. 

CONCLUSIONS 
Our study has identified SPARC as an essential “checkpoint” in 
tendon mechanobiology. It mediates mechano-induced type I 
collagen production in tendons via the AKT/S6K signaling axis. 
Intriguingly, a higher prevalence of a SPARC mutation was 
found in patients who suffered from a rotator cuff tear. It may 
in future be used as a potential genetic marker to identify 
individuals with an increased genetic risk for developing tendon 
injuries. Further, we provide an additional piece to the complex 
machinery transducing the mechanobiological stimuli required 
to induce or maintain anabolic or reduce catabolic activities in 
tendon cells.  

REFERENCES 
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INTRODUCTION 

A normal Achilles tendon stores and releases potential strain 

energy during the gait cycle [1, 2]. This strain energy cycling 

reduces muscular work and improves the economy of 

locomotion. Elastic deformation of the Achilles tendon also 

uncouples limb length change from changes in muscle length, 

enabling the muscle fibres to operate at more favorable lengths 

and velocities [3]. How this tendon tissue remodelling occurs is 

the subject of this study. 

In particular, while we know why tendon adapts, we do not 

know how tendon adapts. Compared to our knowledge of bone 

tissue physiology [4, 5], our knowledge of tendon tissue 

physiology is primitive  [6]. Tendon tissue is often described 

simply as a ‘dense connecting fibrous tissue’ between two 

(more interesting) dynamic tissues, bone and muscle. But we 

know that tendon must adapt too. 

To this end, we present a model for tendon adaption, based on 

known biology of collagen turnover. We show that the model 

has explanatory value in reproducing experimental findings not 

well-understood.   

METHODS 

We have developed a model of tendon adaption based on the 

hypothesis that collagen fibres are continually damaged and 

then repaired [7]. It is known that without repair the tissue 

quickly degrades [8]. However we have proposed that without 

tissue damage the tissue cannot remodel or adapt. That is, we 

propose that both damage and repair are essential processes 

required for a healthy tendon.  

To test this proposal for tendon remodelling we have developed 

several computational models of tendon tissue [7, 9]. Tendon is 

modelled as large collection (100,000) of linear elastic ‘strings’ 

with a distribution of lengths. These strings represent the 

collagen fibres found in Achilles tendon. Due to the distribution 

of fibre lengths, as the tendon is stretched with muscle 

contraction, shorter fibres are loaded before longer fibres. This 

gives the tendon its nonlinear force-extension characteristic. 

Different distributions lead to different stiffness and different 

stored energy for the same extension.   

A probabilistic damage model is applied to individual fibres 

based on their mechanical strain (tends to affect short fibres 

more) and proteolytic damage (tends to affect longer fibres 

more). Likewise a probabilistic repair model is introduced such 

that proteolytically damaged fibres are repaired shorter, 

whereas mechanically damaged fibres are repaired longer, on 

average. This tendon remodelling model is then placed in a 

lower limb gait model and ‘put through’ simulated tendon use 

(exercise) to study tissue remodeling and adaption over a ~12 

month period. Further, this multiscale model has now been 

adapted to include information from the cell scale, to help 

understand the tenocyte’s mechanical environment and how 

this informs the cell’s synthesis characteristics. All 

computational modelling was performed within MATLAB.  

RESULTS AND DISCUSSION 

Key findings of this work are:  

 Tendon model predicts tendon remodeling that ‘finds’

the optimal minimal metabolic cost of a tendon in a

given musculo-tendon unit and activity.

 Predicted rates of collagen turnover consistent with

experiment estimates.

 Under use and over use changes in extracellular

matrix (collagen, glycoaminoglycans) and key

proteins (TGFβ, IL-1β, MMPs, ADAMTS-5).

CONCLUSIONS 

A model of Achilles tendon remodeling and adaption that is 

based on a mechanistic (causal) understanding of processes 

known to occur in tendon tissue is presented. The model should 

serve as an organizing basis for understanding how tendon is 

maintained or alternatively adapts to a changing use.    
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1Yu-Wen Su, 2Shek-Man Chim, 2Lin Zhou, 1Mohammadhossein Hassanshahi, 1Rosa Chung, 3Bruce K Foster, 1Xin-Fu Zhou, 
2Jiake Xu, 1Cory J Xian 

1 School of Pharmacy and Medical Sciences, University of South Australia, Adelaide, SA 
2School of Pathology and Laboratory Medicine, University of Western Australia, WA 

3Department of Orthopaedic Surgery, Flinders Medical Centre, Bedford Park, SA 
Email: Yu-Wen.Su@unisa.edu.au  

INTRODUCTION 

Faulty bony repair causes dysrepair of injured growth plate 

cartilage and bone growth defects in children; however, the 

underlying mechanisms are unclear. Recently, we observed the 

prominent induction of neurotrophin-3 (NT-3) and its important 

roles as an osteogenic and angiogenic factor promoting the 

bony repair [1]. The current study investigated roles and action 

mechanisms of injury site-derived NT-3 in regulating injury site 

remodelling.  

METHODS 

Using in vitro cell models and a rat proximal tibial growth plate 

drill-hole injury repair model [1], we investigated potential 

functions and action mechanisms of NT-3 in osteoclast 

formation, activity, and bone remodelling in the growth plate 

injury site. NT-3 protein (rhNT-3) or anti-NT-3 treatment 

effects on osteoclast presence, expression of resorptive 

enzymes and remodelling were examined in a rat tibial growth 

plate drill-hole injury bony repair model. rhNT-3 or conditioned 

media from rat bone marrow stromal cell (rBMSC) osteogenic 

cultures were examined for their abilities in promoting 

osteoclast formation and resorptive activity in rat bone marrow 

cells or osteoclast precursor RAW264.7 cells. NT-3 was also 

examined in activation of NF-B or NFATC1 and of TrkC 

downstream kinases Erk1/2 and Akt during osteoclast 

formation in RAW264.7 or bone marrow cells. Effects of rhNT-

3 treatment were also examined on expression of osteoclasto-

genesis-regulatory molecules in rBMSC osteogenic culture and 

in growth plate injury site.  

RESULTS AND DISCUSSION 

In a rat tibial growth plate drill-hole injury repair model, NT-3 

was expressed prominently in osteoblasts at the injury site. 

Recombinant NT-3 (rhNT-3) systemic treatment enhanced, but 

NT-3 immunoneutralization attenuated, expression of cartilage-

removal proteases (MMP-9 and MMP-13), presence of bone-

resorbing osteoclasts and expression of osteoclast protease 

cathepsin K, and remodelling at the injury site. NT-3 was also 

highly induced in cultured mineralizing rat bone marrow 

stromal cells, and the conditioned medium augmented 

osteoclast formation and resorptive activity, an ability that was 

blocked by presence of anti-NT-3 antibody. Moreover, NT-3 

and receptor TrkC were induced during osteoclastogenesis, and 

rhNT-3 treatment rapidly activated TrkC downstream kinases 

Erk1/2 and Akt in differentiating osteoclasts although rhNT-3 

alone did not affect activation of osteoclastogenic transcription 

factors NF-κB or NFAT. Furthermore, rhNT-3 treatment 

increased, but NT-3 neutralization reduced, expression of 

osteoclastogenic cytokines (RANKL, TNF-, and IL-1) in 

mineralizing osteoblasts and in growth plate injury site. 

CONCLUSIONS 

Injury site osteoblast-derived NT-3 is important in promoting 

growth plate injury site remodelling, as it induces cartilage 

proteases for cartilage removal and augments 

osteoclastogenesis and resorption both directly (involving 

activing Erk1/2 and Akt in differentiating osteoclasts) and 

indirectly (inducing osteoclastogenic signals in osteoblasts). 
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EVALUATION OF COMPARATIVE SOFT TISSUE RESPONSE TO BONE VOID FILLERS WITH ANTIBIOTICS IN 
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INTRODUCTION 
Management of osseous and soft tissue dead space can be a 
significant challenge in the clinical setting. Calcium sulfate and 
calcium phosphate-based biomaterials are increasingly being 
used as alternatives to Polymethylmethacrylate (PMMA) for 
release of antibiotics [1-2] in particular to fill dead space 
following surgical debridement in the management of infection. 
The purpose of this study was to observe the in vivo absorption 
characteristics and tissue response of three commercially 
available calcium sulfate-based materials combined with 
gentamicin based on a previously reported soft tissue animal 
model [3] where the materials were implanted into 4 non-
adjacent intramuscular sites in adult rabbits. 
METHODS 
Three commercially available materials were used (Table 1). 
Following institutional approval, 18 New Zealand White 
rabbits (n=6 per material), received two implant sites each side 
of the spine, in non-adjacent intramuscular sites above the 
spine. The intramuscular plane between the multifidus and 
longissimus muscles was retracted, a 1cmx2cm void created 
and filled with 5 beads (1cc). All incisions were closed with 
suture. Post-operative radiographs were immediately taken.  
Peripheral blood was taken pre-operatively, 1, 6, 12 and 24 
hours following surgery and prior to sacrifice to determine 
serum systemic gentamicin levels and cytokine levels for IL-
1β, IL-6 and TNF-α. Rabbits were sacrificed at time 0, days 1, 
7, 21, 42 and 63. Endpoints included radiography, micro 
computed tomography, gentamicin levels in residual materials 
and histology.  
RESULTS AND DISCUSSION 
Systemic levels of gentamicin were only detected between 1 
and 24 hours for all groups with maximum at 6 hours.  
Inflammatory marker IL-1β was detected in all animals at each 
time point including those in the RCS group where no further 
material remained. IL-6 was only detected up to and including 
the 12 hour time point in all groups. Radiography and micro-
computed tomography demonstrated that RCS had the most 
rapid absorption profile by day 7 (Figure 1) and almost 
complete absorption by day 21. CSHA and CSCC absorbed 
slower and were detectable within all implant sites at day 63.  

Table 1: Materials Tested

Figure 1: Representative RCS radiographs demonstrating bead 
absorption. 
At 24 hours, all beads revealed the presence of detectable 
gentamicin. At 7 days gentamicin was detected for CSHA and 
RCS only and none was detected for CSHA (and CSCC) beads 
at the later time points.  There was no residual RCS at day 21 
for gentamicin analysis. 
Histology revealed a subtle inflammatory response for all 
materials at the host interface versus time consisting of 
lymphocytes and the occasional multinucleated cell that 
resolved with time for all materials. CSHA and CSCC 
represented a slower absorption profile with complete 
resorption not achieved by day 63 (Figure 2).  

Figure 2: Histology (H&E) at day 63. The materials are 
labelled with a star.  
CONCLUSIONS 
The animal model used in this study provided a robust means 
to evaluate intramuscular implantation of calcium sulfate 
materials in a pre-clinical setting. In this model, calcium sulfate 
materials loaded with gentamicin are effective in resolving a 
surgically created dead space without eliciting any adverse host 
response. 
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Material Commercial Name Manufacturer 
Recrystallized Calcium sulfate (RCS) Stimulan Rapid Cure Biocomposites Ltd. UK 
60% Calcium sulfate, 40% Hydroxyapatite (CSHA) Cerament G BoneSupport AB, Sweden 
72% Calcium sulfate, 18% Calcium carbonate, 9% Hydrogenated Triglyceride 
(CSCC) 

Herafil Beads G Heraeus Medical GmbH 
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INTRODUCTION 

Osteoporosis is a complex disease with a strong genetic 

component. Genome-wide association studies (GWAS) have 

been very successful at identifying genetic variants associated 

with bone parameters. A recently published study documented 

the results of the largest GWAS for bone mineral density 

(BMD) performed to date (n=142,487) [1], identifying 307 

conditionally independent single-nucleotide polymorphisms 

(SNPs) as associated with estimated BMD (eBMD) at the 

genome-wide significance level. The vast majority of these 

variants are non-coding SNPs. Expression quantitative trait 

locus (eQTL) studies using disease-specific cell types have 

increasingly been integrated with the results from GWAS to 

identify genes through which associations are likely mediated. 

METHODS 

We generated a unique human osteoclast-specific eQTL dataset 

using cells differentiated in vitro from 158 female participants. 

Peripheral blood mononuclear cells were isolated from whole 

blood samples obtained from each patient, then differentiated 

into osteoclasts in vitro using established protocols [2]. 

Quantitation of gene expression was performed on RNA 

harvested from the cells by RNA-Seq. Genomic DNA obtained 

from each patient was genotyped using a commercial 

genotyping array, with imputation performed using the 

Haplotype Reference Consortium r1.1 reference panel. The 

FastQTL software package was used to analyse the data and 

identify eQTL associations. This data resource was then used to 

characterise the 307 recently identified BMD GWAS SNPs for 

association with expression of nearby genes (+/- 500 kb). 

RESULTS AND DISCUSSION 
After correction for multiple testing, 24 variants were found to 

be significantly associated with the expression of 32 genes in 

the osteoclast-like cells. Bioinformatics analysis suggested that 

these variants and those in strong linkage disequilibrium with 

them are enriched in regulatory regions. Several of the eQTL 

associations identified are relevant to genes that present 

strongly as having a role in bone, particularly IQGAP1, 

CYP19A1 (aromatase), CTNNB1 and COL6A3. Supporting 

evidence for many of the associations was obtained from 

publicly available eQTL datasets. We have also generated 

strong evidence for the presence of a regulatory region on 

chromosome 15q21.2 relevant to both the GLDN and CYP19A1 

genes (Figure 1). 

Figure 1: Regional association plots generated for eQTL 

association results from this study for the (A) GLDN gene and 

(B) CYP19A1 gene. The location of an association signal for

expression of both genes is indicated by the red box.

CONCLUSIONS 

In conclusion, we have generated a unique osteoclast-specific 

eQTL resource and have used this to identify 32 eQTL 

associations for recently identified BMD GWAS loci, which 

should inform functional studies of osteoclast biology.  
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INTRODUCTION 

The maintenance of bone homeostasis is achieved by the 

delicate balance between osteoblastic bone formation and 

osteoclastic bone resorption. Estrogen deficiency-induced bone 

loss, due to enhanced osteoclast activity, plays an essential role 

on osteoporosis in postmenopausal women (1). Bone fragility 

fractures resulting from osteoporosis are often associated with 

life-threatening mortality and morbidity, and massive economic 

cost to both individuals and society (2). 

Novel and alternative treatments of osteoporosis are still needed 

today. Herein, we proposed that Pseurotin A (Pse), a bioactive 

secondary metabolite originally isolated from Aspergillus 

fumigatus (3), is capable of preventing the development of 

osteoporosis in ovariectomized (OVX) mice via scavenging 

reactive oxygen species (ROS). 

METHODS 

Eighteen C57BL/6 mice were randomly divided into three 

groups: sham group, OVX group, and OVX + Pse (5 mg/kg) 

group. Bilateral ovariectomy was carried out to induce 

osteoporosis for the mice in OVX group and OVX+Pse group, 

a sham procedure in which the ovaries were only exteriorized 

but not resected was performed for the mice in sham group. 

ROS production in vivo was detected by injecting 

dihydroethidium (DHE) intravenously 18h before killing as 

previously described with modifications (4). After sacrifice, the 

femurs were collected for micro-computed tomography (μCT) 

analyses, followed by histological analyses including H&E 

staining, TRAP activity staining and fluorescence detection 

under confocal microscopy. 

In-vitro analyses were then performed to evaluate Pse’s effects 

on receptor activator of nuclear factor-κB (RANKL)-induced 

osteoclast formation and resorptive activity. The expression of 

osteoclast-specific genes and osteoclast-related pathways were 

examined by qPCR and western blot, respectively. RANKL-

induced intracellular ROS production was also evaluated under 

confocal microscopy using 2',7'-dichlorodihydrofluorescein 

diacetate (H2DCFDA) probe. 

RESULTS AND DISCUSSION 

μCT showed that Pse effectively maintained the bone mass in 

OVX mice (Figure 1 left) and ROS production was significantly 

inhibited (Figure 1 right), which was accompanied by decreased 

numbers of osteoclasts on the bone surface.  Mechanistically, 

Pse was demonstrated to suppress the formation and function of 

osteoclasts via interfering with the mitogen-activated protein 

kinases (ERK, p38, and JNK) and NF-κB pathways. 

Furthermore, Pse also attenuated RANKL-induced intracellular 

ROS production does-dependently in vitro.  

Sham   OVX    OVX+Pse    Sham    OVX    OVX+Pse  

Figure 1:  Pse prevent OVX-induced bone loss (left) via 

scavenging ROS production (right) in vivo. The red 

fluorescence indicates the ROS signal in the bone 

microenvironment. 

CONCLUSIONS 

Our findings demonstrated for the first time, to our knowledge, 

that Pse may be a novel alternative therapy for osteoclast-

related bone diseases such as osteoporosis by acting as a ROS 
scavenger. 
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INTRODUCTION 

Bone marrow micro-vascular system is composed of sinusoids 

which are mono-layered with sinusoidal endothelial cells 

(SECs). Bone marrow sinusoidal endothelium plays a key role 

in orchestrating various physiological functions including bone 

formation and bone remodelling. Previous preclinical and 

clinical studies have shown that cancer chemotherapy can cause 

bone marrow sinusoidal damage. However, studies on the 

effect(s) of methotrexate (MTX), which is an anti-metabolite 

commonly used to treat solid tumours and paediatric cancers, 

on bone marrow micro-vascular system are inadequate. In 

addition, as both clinical and preclinical studies have previously 

demonstrated the significant bone loss following MTX 

treatment, which currently lacks preventative therapies, 

therapeutic strategies are urgently needed by which both MTX-

induced bone marrow micro-vascular damage and MTX-

induced bone loss can be reduced/prevented.  Icariin, an herbal 

flavonoid, has been widely shown to be beneficial for treating 

many diseases including osteoporosis and cardiovascular 

dysfunction. This study sought to investigate the preventive 

effects of icariin during and following MTX treatment in rats.  

METHODS 

In one study, groups of young adult rats were treated with 5 

daily MTX injections (0.75 mg/kg), the effects of MTX on bone 

marrow micro-vasculature were examined in a time course 

(days 3, 6, 9, 11, 14, and 21 after the first injection). In another 

study, groups of young adult rats were treated with 5 daily MTX 

injections (0.75 mg/kg) with and without icariin oral 

supplementation (50 mg/kg) till day 9 after the first MTX 

injection. Histological analyses (H&E and IHC) on bone 

marrow blood vessel alterations/damages were conducted on 

left tibia. qRT-PCR assays were also conducted to examine 

changes in expression of angiogenesis-related genes in the 

bone. Additionally, in vitro studies were performed to 

investigate the viability, proliferation, tube formation ability, 

and nitric oxide production of primary sinusoidal endothelial 

cells with or without treatment with MTX and/or icariin. 

RESULTS AND DISCUSSION 

Our histological analyses showed that the diameters of bone 

marrow sinusoids in MTX alone-treated group were 

significantly enlarged accompanied by apoptosis induction in 

bone marrow sinusoidal endothelial cells compared to the 

normal control. Our in vitro studies also revealed that MTX is 

cytotoxic for cultured sinusoidal endothelial cells and can 

induce apoptosis, associated with upregulation of expression 

ratio of Bax and Bcl-2 genes and Bax/Bcl-2 expression ratio. 

Furthermore, it was shown that MTX can negatively affect 

proliferation of cultured sinusoidal endothelial cells and also 

inhibit their abilities of migration and formation of micro-vessel 

like tubes.  

In the second study, histological analyses revealed a significant 

reduction in the bone volume/tissue volume fraction (%) and 

trabecular number in the metaphysis trabecular bone of MTX 

treated rats, but no significant changes in trabecular thickness 

and trabecular spacing. However, the bone volume/tissue 

volume (%) and trabecular number were found to be 

significantly higher in MTX + icariin-treated rats than those of 

MTX alone-treated rats. Gene expression analyses showed that 

icariin treatment maintained expression of osteogenesis-related 

genes but suppressed the induction of adipogenesis-related 

genes in bones of MTX–treated rats. In addition, icariin 

treatment attenuated MTX-induced dilation of bone marrow 

sinusoids and upregulated expression of endothelial cell marker 

CD31 in the metaphysis bone of icariin + MTX-treated rats. 

Furthermore, in vitro studies suggest that icariin treatment can 

potentially enhance the survival of cultured rat sinusoidal 

endothelial cells against cytotoxic effect of MTX and promote 

their migration and tube formation abilities, which is associated 

with enhanced production of nitric oxide. 

CONCLUSIONS 

The results of this study suggest that icariin may have potency 

to reduce MTX-induced bone marrow sinusoidal endothelial 

cell damage and MTX-induced bone loss. Therefore, icariin 

may possess a potency to prevent bone loss and maintain 

angiogenesis in bone marrow during/following MTX treatment. 
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INTRODUCTION 

Skeletal remodelling is critical to maintaining the structure 

and integrity of the bone. It is widely recognised that 

imbalances between osteoclast and osteoblast function results 

in bone diseases including osteoporosis, osteopetrosis and 

osteolysis. Therefore, understanding the cell signalling events 

during the formation of osteoclasts and osteoblasts is critical 

to determine the pathogenesis and discover novel treatments 

for these bone diseases. HnRNPK is a RNA/DNA binding 

protein. Mutation of hnRNPK gene in humans results in 

skeletal abnormalities, intellectual disabilities and facial 

dysmorphism, indicating a potential role of hnRNPK in 

skeletal development. [1] Previous studies have shown that 

hnRNPK is essential for RANKL-induced osteoclastogenesis 

using RAW264.7 cells [2]. Paraspeckles, a sub-nuclear 

particle, require hnRNPK for their synthesis. Knockdown of 

hnRNPK blocks osteoclast formation, suggesting the potential 

involvement of paraspeckles in osteoclastogenesis [3]. In this 

study the role of paraspeckles in RANKL-induced 

osteoclastogenesis was studied.  

METHODS 

Paraspeckle gene expression in osteoclasts was analysed 

using micro-array data and real-time qPCR. Osteoclast 

formation from bone marrow macrophages (BMM) was 

induced by stimulation with RANKL and M-CSF. Confocal 

microscopy was used to visualise paraspeckles in the cells 

during osteoclast formation.  

RESULTS AND DISCUSSION 

It was found that the expression of the paraspeckle proteins, 

including hnRNPK, was constant and stable upon RANKL 

stimulation of BMM. However, transcription of the key 

component of paraspeckles, NEAT1 lncRNA, was increased. 

Both isoforms of the NEAT1 lncRNA were found to increase 

on Day 3 of RANKL induction in mouse BMMs, however, 

there was a decrease of transcription of the short isoform 

NEAT1_1 on Day 5 of RANKL stimulation. This observation 

was further confirmed by fluorescence in situ hybridisation, 

indicating an increase of paraspeckle number. To confirm the 

NEAT1 lncRNA observed was forming paraspeckles, 

confocal microscopy with an antibody against another 

important component of paraspeckles, NONO, was performed. 

It was seen that the expression of NONO protein was 

increased on day 3 following RANKL induction. However, 

with the RANKL stimulation, NONO was found to migrate 

away from the NEAT1 lncRNA and relocalise from the 

nucleus to the cytoplasm. 

Figure 1:  Number of paraspeckles per cell increased 

dramatically on Day 3 and Day 5 of RANKL stimulation. 

CONCLUSIONS 

We have found that paraspeckle formation increases during 

osteoclast formation, accompanied by the increased 

expression of the lncRNA component of paraspeckles NEAT1. 

Interestingly, expression of the protein components of 

paraspeckles was unchanged; however, RANKL stimulation 

resulted in translocation of the paraspeckle protein NONO to 

the cytoplasm. Further studies are required to determine the 

function of paraspeckle protein cytoplasmic translocation in 

the regulation of osteoclastogenesis. 
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INTRODUCTION 
During bone resorption the vectorial secretion of protons, ions 
and solutes by osteoclasts is dependent on the polarized 
expression of endolysosomal transporters and channels at the 
bone-apposed ruffled border membrane.  While proton-
pumping V-ATPases and chloride channels are fundamental 
requisites for extracellular acidification and the maintenance 
of electroneutrality, very little is known about the contribution 
of secondary active transporter systems.  
Solute carrier (SLC) proteins are widely recognised as 
essential transporters for ion, molecule and other solute 
exchange across membrane-bound organelles1. To date, more 
than 30 SLC transporters have been assigned to late-
endosomes and lysosomes, many implicated in human health 
and disease2. However, there remain endo-lysosomal transport 
systems for which the molecular identity is obscure, and, 
conversely ‘orphan’ transporters with unresolved 
physiological relevance. 
Here, we identify the SLC37 transporter family member 
Slc37a2 as a novel endolysosomal transporter critical to 
osteoclast bone resorption function during physiological bone 
remodelling. 

METHODS AND RESULTS  
Slc37a2 was identified during a quantitative (iTRAQ-based) 
proteomic screen of differentially expressed proteins during 
osteoclast differentiation. By combining quantitative PCR, 
immunostaining and RNA interference studies (shRNA) we 
show that Slc37a2 is robustly expressed in osteoclasts, 
localizes to the ruffled border and is required for bone 
resorption in vitro.  
Moreover, mice lacking Slc37a2 (Slc37a2KO) exhibit an 
intermediate form of osteopetrosis attributable to osteoclast 
dysfunction.  Accordingly, micro-CT and 3-point bending 
testing reveal that bones from Slc37a2KO mice exhibit 
profoundly elevated trabecular bone mass, increased 
mechanical strength and are protected against oestrogen-
deprived bone loss.  

Using a series of histological, biochemical and cell biological 
approaches, we show that although the number of osteoclasts 
is expanded in Slc37a2KO mice, their resorptive capacity is 
significantly diminished, owing to disturbances in the 
maturation of the ruffled border membrane.  
Live imaging confirmed the altered resorptive behaviors of 
Slc37a2KO osteoclasts. Further, we demonstrate that the 
Slc37a2 transporter localizes to a previously unappreciated 
network of dynamic tubular endolysosomes in osteoclasts.  
Consistent with this localization, Slc37a2KO osteoclasts exhibit 
reduced expression of endolysosomal proteins at the ruffled 
border membrane, abnormal membrane turnover and reduced 
secretion of cathepsin K. 

DISCUSSION AND CONCLUSIONS 
Our findings unmask Slc37a2 as a novel osteoclast 
endolysosomal transporter that is indispensable for bone 
resorptive function during physiological bone remodelling.  
We propose that Slc37a2 maintains homeostatic regulation of 
the ruffled border membrane during bone resorption, in part, 
by controlling the integrity of a dynamic endolysosomal 
network. To our knowledge, this is the first ascribed 
physiological function of Slc37a2. 
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INTRODUCTION 

Intensifying use of glucocorticoid therapy is evident to cause 

severe bone growth defects in the long term. Although the 

underlying mechanism remain largely unclear, it is suggested to 

be associated with altered regulation of the cells residing in the 

growth plate cartilage (where the hypertrophic chondrocytes are 

responsible for establishment of calcified cartilage scaffold for 

future bone formation) and in bone microenvironment (where 

calcified cartilage is resorbed by chondroclasts at the growth 

plate/metaphysis transitional zone, and bone modelling and 

bone remodelling in the metaphysis bone are carried out by 

bone-forming osteoblasts and bone-resorptive osteoclasts) (1). 

Dexamethasone (Dex) is most commonly used in childhood 

oncology and known to cause severe bone defects; however, the 

underlying mechanisms for Dex-induced disruptions to steady-

state skeletal cellular homeostasis still require further 

investigation.  

While recent studies have suggested roles of skeletal apoptosis 

in the enhanced osteoclastic recruitment and local bone loss, 

whether it is so in the growing bone following Dex treatment 

needs to be established and the associated crosstalk signal(s) is 

yet to be defined. Since a subset of chemokines (e.g. CXCL12) 

has been shown to participate in multiple skeletal cell regulation 

pathways and play crucial roles in the coordination of 

trafficking, differentiation, activity and apoptosis of skeletal 

cells (2), it was hypothesized in the current study that 

chondrocyte/osteocyte apoptosis following Dex treatment 

could trigger the increased expression of chemokine(s), which 

in turn stimulates chondroclast/osteoclast recruitment and 

formation, resulting in the cartilage/bone loss. 

METHODS 

Dex treatment models in cultured mature ATDC5 chondrocytes 

and IDG-SW3 osteocytes were firstly utilized to examine the 

effects of Dex treatment on induction of chondrocyte/osteocyte 

apoptosis, expression of chemokines and functions of the most 

prominently induced chemokine (with CXCL12 being 

identified) in migration of RAW264.7 osteoclast precursors in 

vitro. Subsequently, a Dex treatment model with or without 

CXCL12 neutralising blockade was set up in young rats to 

investigate roles of CXCL12 induction and its potential as a 

therapeutic target in Dex treatment-induced skeletal damages.   

RESULTS AND DISCUSSION 

By treating cultured mature ATDC5 chondrocytes/IDG-SW3 

osteocytes with Dex and conducting PCR array gene expression 

studies, CXCL12 was identified to be the most prominently-

induced chemokine in Dex-treated apoptotic cells. With 

CXCL12 protein being shown to have a higher content in cell-

conditioned medium, CXCL12 derived from Dex-treated 

chondrocytes/osteocytes was found to considerably enhance 

migration of RAW264.7 osteoclast precursor cells in vitro 

which could be inhibited by the presence of the neutralizing 

anti-CXCL12 antibody. In addition, in rats after Dex treatment, 

apart from the tight temporal-spatial coupling between the 

accumulation of apoptotic chondrocytes/osteocytes and the 

increase in recruitment of chondroclasts/osteoclasts, significant 

induction of CXCL12 was observed in apoptotic hypertrophic 

chondrocytes in the growth plate and in osteocytes in 

metaphysis trabecular bone, which is associated with 

significant reductions in growth plate thickness, primary 

spongiosa height and trabecular bone volume. Particularly, 

CXCL12 functional blockade by using an anti-CXCL12 

neutralizing antibody significantly attenuated the recruitment of 

resorbing chondroclasts/osteoclasts and the differentiation of 

osteoclasts without affecting Dex effects on 

chondrocyte/osteocyte apoptosis, osteogenesis, and bone 

marrow adiposity, and therefore restored the Dex-induced 

structural changes in tibial growth plate and metaphysis bone.  

CONCLUSIONS 

Our studies suggested that the induction of CXCL12 in 

apoptotic skeletal cells is a potential pro-osteoclastic signal for 

Dex-induced chondroclastic/osteoclastic loss of growth plate 

cartilage/trabecular bone, and that CXCL12 functional 

blockade could potentially prevent Dex-induced bone growth 

defects. 
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INTRODUCTION 

Bone graft options continue to evolve for synthetic and 

allograft materials. The in vivo performance of these materials 

is governed not only by the matrix composition but the 

geometry and surface properties as well as the excipient they 

are combined with.  Allograft bone granules are 

osteoconductive and can be processed in many ways. 

Supercritical Carbon Dioxide (SCCO2) processing of allograft 

provides a novel method of cleaning and sterilization without 

compromising the mechanical or biological properties [1, 2] 

Demineralized Bone Matrix (DBM) offers an osteoinductive 

and osteoconductive grafting option but often requires a 

carrier due to poor handling.  Processing bone as 

Demineralized Bone Fibers (DBF™) removes the need for any 

excipient and provides unique surgical handling properties.  

The aim of this study was to characterize the surface features 

of differently process allograft materials using Field Emission 

Scanning Electron Microscope (FE-SEM). Furthermore the 

aim was to examine the in vivo performance of DBF™ as an 

extender to SCCO2 treated allograft in a rat posterolateral 

fusion (PLF) model. 

METHODS 

Human allograft was processed with SCCO2 or traditional 

gamma irradiation [1, 2]. Human DBF™ was manufactured 

using a patented process [3] to preserve the collagen alignment 

of native bone. The surface topography was examined using 

FE-SEM. Nude rat PLF model was performed in 8 nude rats 

with human DBF™ or combined with SCCO2 allograft (1:1). 

In vivo Micro CT was performed at 4 and 8 weeks. Animals 

were euthanized at 12 weeks (n=4 per group) for radiography, 

ex-vivo Micro CT, manual palpation, and histology.  

RESULTS AND DISCUSSION 

FE-SEM of SCCO2 allograft revealed the nanotopography of 

the bone matrix exposing the mineralized collagen fibers not 

seen in the gamma irradiated allograft. DBM showed a smooth 

and featureless appearance while the DBF™ demonstrated 

nanoscale surface features (Fig. 1A). 

Radiography revealed extensive network of new bone 

formation that integrated well with the host bone as well as the 

DBFs when combined with SCCO2 allograft. DBF as a stand-

alone in the progression of remodeling was seen between 4, 8 

and 12 weeks with evidence of a cortex in the middle of the 

fusion (Fig. 1B). All treated levels were fused at 12 weeks 

based on manual palpation. Histology showed new bone 

formation on and between the DBF™ as well as the allograft

CONCLUSIONS 

The surface features of allografts are influenced by the 

processing methods. SCCO2 revealed the native natural bone 

matrix while the processing of DBF™ as performed in the 

current study presented nanoscale features. DBF™ combined 

well with allograft bone supporting new bone formation and 

fusion in the rat PLF model. The small sample size of this 

pilot study is a limitation. 
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Figure 1: (A) 

Surface 

topography is 

revealed at a nano-

scale with SCCO2 

allograft and 

DBF™. This is not 

present in the 

Gamma irradiated 

graft. (B) 

Progression of 

fusion with time: 

DBF™+ SCCO2 

(in vivo MicroCT). 
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In the 21 century we are endeavouring a transformed philosophy in modeling human cancer in mice. Although our current 

humanized models are still imperfect, they have become considerably more accurate in their ability to recapitulate human 

cancer and, thereby, have become increasingly more valuable and more widely used for preclinical and translational 

research. The first step to making these models relevant is reproducibility and validation. The critical next step will be 

to determine whether this humanized mouse models have significant predictive use for drug development and whether 

such use can be directly translated to human therapeutic applications. 
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INTRODUCTION 
Alveolar ridge reconstruction is a surgical process required 
dental implantation.  The success of procedure is relied on the 
solid anchorage and integration between implant and alveolar 
bone but infections is often unavoidable. The aim of this study 
is to develop a collagen scaffold barrier that possess 
antibacterial and anti-inflammatory properties to guide bone 
regeneration in dental implant.     

METHODS 
AgNP-coated collagen membrane was fabricated via sonication 
and sputtering coating and was characterized by SEM. Test of 
antibacterial was carried towards Gram positive and negative 
bacteria respectively. Cytotoxicity was assessed by both MTS 
test and LDH leakage assay. Released AgNPs content was 
determined by atomic absorption spectrometer detecting 
(AAS). Cell morphology was visualized by confocal laser 
scanning microscope (CLSM). Enzyme-linked immunosorbent 
assay and qPCR were employed to evaluate anti-inflammation 
property. Cell differentiation was detected by qPCR. 

RESULTS AND DISCUSSION 
We first evaluated the efficacy of two AgNP coating methods. 
SEM showed even deposition of AgNPs by sonication coating, 
whereas sputtering coating led to over-coating. Despite both of 
the coated membrane demonstrated excellent antibacterial 
ability (Figure 1), the heavy deposition of AgNPs by sputtering 
caused high cellular toxicity evidenced by MTS (Figure 2A). 
We further optimized the concentration of sonication coating 
method and found that 1.0 mg/mL is optimal for coating 
collagen membrane with maximum antibacterial ability and 
minimum cellular toxicity, and cell morphology was visualized 
by CLSM (Figure 1). Highest released of AgNPs was negligible 
and detected by AAS which showed the excellent binding 
property (Figure 3). We then test the anti-inflammation ability 
of the sonication coated collagen membrane and found 
remarkably reduced secretions of cytokines (IL-6 and TNF-
alpha) (Figure 4), both which are recognized to cause bone 
absorption and tissue injury when in excessive presence. Last 
but not least, we examined the cell differentiation induction of 
the coated collagen membrane. Upregulation of osteogenic 
markers including RUNX2 and ALP were seen after 3 and 6 
days culture, which might be due to the unique surface of 
collage by AgNPs. Hence, this showed the potential to guide 
bone regeneration in alveolar bone for dental implants (Figure 
2B).   

Figure 1. Antibacterial effect of both coating methods and the cell morphology 
visualized by confocal laser scanning microscope.  

Figure 2. A. Negligible cytotoxicity of 1.0mg/mL coated group. B. Upregulated 
osteogenic markers on AgNP group. 

Figure 3. Negligible amount of AgNPs released from coated membrane 

Figure 4. Decreased protein secretion of IL-6 and TNF-alpha on AgNP-coated 
collagen membrane.

CONCLUSIONS 
In this study, we evaluated AgNP-coated collagen membrane 
using two coating methods to guide bone regeneration, with 
additional antibacterial and anti-inflammatory property. AgNP-
coated collagen membrane is promising to further examine the 
efficacy in alveolar bone reconstruction where infection and 
over-active inflammation are hurdles to bone integration.  
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INTRODUCTION 

In last several decades, additive manufacturing has made a 

significant progress toward fabrication of bone scaffolds and 

tissue engineering constructs. Several techniques have been 

successfully utilised to three-dimensionally print bioactive 

ceramic scaffolds, e.g. stereolithography, selective laser 

sintering, robocasting and fused deposition modelling [1]. 

However, as printed constructs should be sintered at high 

temperatures (>1000 Cº) to obtain mechanical integrity. This 

limits the ability to incorporate heat sensitive biomolecules 

such as growth factors, drugs or cells during the fabrication 

process. While it is possible to adsorb biomolecules onto the 3D 

printed scaffolds after post-processing, the amount of 

adsorption and kinetics of release vary and results in burst 

release of the surface-adsorbed molecules within hours [2].  

The aim of this study was to develop a bioceramic ink that can 

be printed into three dimensional scaffolds at room temperature 

to enable homogeneous loading of biomolecules within the 

scaffold that potentially offer significant functional advantages 

over surface adsorption and could dramatically enhance the 

therapeutic potential of these scaffolds. 

METHODS 

Ink formulation consisted of ceramic particles, reaction 

accelerator and polymeric carrier was optimised to achieve a 

proper fraction of the constituents. Ink viscoelastic behaviour 

was measured by a rheometer. Ink integrity was tested upon 

printing in physiological solutions. The printed constructs with 

various porosities were tested mechanically in vitro. Drug 

models were incorporated in ink formulation and their release 

kinetic from the scaffold was evaluated. The cytocompatibility 

of ink was tested using mesenchymal derived stem 

cells(MSCs).  

RESULTS AND DISCUSSION 

An optimised ink showed a thixotropic behaviour and extruded 

from a tiny nozzle with 200 microns in diameter. Struts were 

further analysed with scanning electron microscopy and we 

found out no sign of crack formation or visible deformation 

after printing (Figure 1). Interestingly, we observed numerous 

nanopores formed by rearrangement of nanocrystals on the 

surface. The scaffolds printed into buffer solutions without sign 

of decomposition or visible shrinkage. Scaffolds showed 

compressive strength and modulus in rang of cancellous bone 

(Table 1). We successfully loaded several model drugs; 

ibuprofen, dexamethasone and doxorubicin and observed a 

prolong slow release from the scaffolds.   

One of the advantages of the developed ink is its similar 

chemical composition to inorganic part of the bone and its 

biocompatible and FDA approved components. The cell 

cytotoxicity study showed that the MSCs can attach and growth 

on the scaffolds confirming the biocompatibility of the ink 

formulation.  

Figure 1- A 3D printed calcium phosphate scaffold at room 

temperature. Strut size can be as thin as 200 microns without 

presence of crack. In addition to designated macropores in 

scaffolds, there are a range of nanopore to micropore on the 

surface of struts that can be utilised for secondary biomolecule 

incorporation.  

Table 1- Compressive 

strength and modulus of 

printed scaffolds at room 

temperature in 

comparison with 

cancellous bone. 

CONCLUSIONS 

In summary, we have 

successfully developed a 

bioceramic ink that can be 3D printed into bone scaffolds at 

room temperature. The potential to enable homogeneous 

volumetric loading of biomolecules and to create spatial 

gradients or site-specific localisation within a scaffold may 

offer significant functional advantages over surface adsorption 

and could dramatically enhance the therapeutic potential of 

tissue engineered product to repair bone defects. 
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INTRODUCTION 

Extensive bone loss due to trauma or disease leads to impaired 

healing. Bone defects above a critical size (3cm or larger in 

humans) exceed the natural regenerative capacity of bone and 

often result in non-union or delayed healing even with surgical 

intervention. Current clinical therapies using bone grafts have 

major drawbacks that limit their effectiveness in treating large 

bone defects. A number of bone substitutes in development 

have potential to achieve improved healing and are undergoing 

preclinical testing, but few studies specifically investigated the 

in vivo material-tissue interactions that provide an important 

indicator to the long-term safety and efficacy of the implant. 

We previously developed a bioactive ceramic named 

baghdadite, by doping zirconium into the crystal structure of 

calcium silicate [1]. Recently, we evaluated the performance of 

baghdadite scaffolds implanted as synthetic bone substitutes in 

sheep tibia for 26 weeks [2]. Baghdadite scaffolds achieved 

significant bridging (average 80%) of the 3cm defect in all 

samples, with substantial bone formation and remodelling 

within the implant. In this study, we specifically evaluated the 

in vivo material-tissue interactions and scaffold degradation at 

the bone-implant interface, to understand the mechanisms by 

which baghdadite scaffolds induced bone formation in a large 

animal model in the absence of added cells or growth factors. 

METHODS 

Baghdadite (Ca3ZrSi2O9) scaffolds were implanted as tubular 

grafts in critical-sized (3cm) mid-diaphyseal segmental defects 

in sheep tibia for 26 weeks. Repair outcomes were evaluated by 

radiographic, biomechanical, μ-CT, and histological analyses. 

Material-tissue interactions were specifically investigated using 

focused ion beam scanning electron microscopy (FIB-SEM), 

multiphoton microscopy, and histology through toluidine blue 

and tartrate-resistant acid phosphatase (TRAP) staining. 

RESULTS AND DISCUSSION 

Detailed analysis of material-tissue interactions at the bone-

implant interface indicated that the baghdadite scaffolds were 

highly bioactive. The scaffolds induced extensive bone 

formation that directly abutted the implant surfaces, and 

degraded ceramic particles were incorporated into the new bone 

(Fig. 1A). Collagen I fibres in the new bone around and within 

the implant showed changes in arrangement along the defect 

length, indicating ongoing processes of bone maturation and 

remodeling (Fig. 1B). The new bone had seamless integration 

with the scaffold struts, with no evidence of chronic 

inflammation or fibrous capsule formation (Fig. 1C). TRAP 

staining indicated osteoclast-mediated enzymatic degradation 

of the ceramic, possibly creating a richly mineralised 

environment that was conducive to bone formation (Fig. 1D).  

Figure 1:  (A) FIB-SEM, (B) multiphoton microscopy, and 

(C,D) histological analyses of material-tissue interactions 

within baghdadite scaffolds implanted in sheep tibia for 26 

weeks. Black arrows = red stain indicative of osteoclast activity. 

CONCLUSIONS 

The findings of this study support the translation of baghdadite 

scaffolds as a new generation of bone graft substitutes with 

improved properties for the repair of large bone defects. This 

study also highlights the importance of understanding the 

implant-specific material-tissue interactions for predicting the 

long-term outcomes of bone repair using synthetic substitutes. 
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INTRODUCTION 

Recent findings from our group have demonstrated the 

involvement of osteocytes in the pathogenesis of osteomyelitis 

associated with periprosthetic joint infection (1). The aim of the 

current study is to develop a cell line model of osteocyte 

infection to allow reproducible experimentation into the 

interactions between osteocytes and invasive bacteria and 

provide a screening assay to test the effects of antimicrobials on 

these.  

Previous work from our group has demonstrated that the human 

osteosarcoma cell-line SaOS2 is capable of differentiation into 

an osteocyte-like state (2). Subsequently, we have begun 

working on characterizing the impact of infection with 

Staphylococcus aureus on 4-week differentiated SaOS2 

osteocyte-like cells.  

METHODS 

For these experiments, SaOS2 cells were differentiated for 28 d 

under osteogenic conditions to generate osteocyte-like cultures 

(2). The methicillin resistant S. aureus (MRSA) strain WCH-

SK2 was used, as this was shown previously to become 

internalised by human primary osteocyte-like cells without 

causing their cell death (1). A methicillin sensitive (MSSA) 

strain WCH-SK3 was also used. To achieve comprehensive 

characterization we will analyse various parameters, including 

changes in the expression of a range of genes known to be 

differentially expressed during infection via qPCR, intracellular 

localisation of the bacteria via TEM, impact of infection on cell 

death and movement via live confocal microscopy, the analysis 

of bacterial viability and quantity over the duration of infection 

via plate count methods and qPCR for bacterial 16S rRNA. The 

effects of antibiotics, including gentamicin, rifampin, 

vancomycin and flucloxacillin on survival of intracellular 

bacteria is currently being or will be examined.  

RESULTS AND DISCUSSION 

28-day differentiated SaOS2 cultures demonstrate osteocyte-

like properties including the production of a mineralized matrix,

halting of cellular proliferation and the expression of osteocyte

markers including SOST and DMP1. Intracellular infection was

demonstrated within 28-day differentiated SaOS2 cells by the

culturing of supernatant and lysates, with bacteria culturable in

the lysate but not the supernatant, the former in declining

numbers until 15 days post-infection (Fig. 1). We plan to

correlate this with 16S rRNA levels to evaluate the presence of

viable but non-culturable bacteria after this time point.

Figure 1: % Killing of intracellular WCH-SK2 by 28-day 

differentiated SaOS2. 

To date, the effect of treatment with gentamicin, ciprofloxacin 

and chloramphenicol at either the minimum concentration 

required to achieve complete killing of planktonic culture 

(minimum bactericidal concentration; MBC) or ten times this 

concentration, have been evaluated. Against expectations, 

gentamicin had the greatest impact upon intracellular bacteria 

survival, achieving killing rates at its 1xMBC equivalent to 

10xMBC for the other antibiotics tested, and rapidly achieving 

complete eradication of culturable bacteria at the corresponding 

10xMBC for this antibiotic.  

The expression of DMP1 and SOST was found to not correlate 

with different multiplicities of infection (MOI) of WCH-SK2, 

whilst a positive correlation was demonstrated between the 

MOI and mRNA levels of chemokines CXCL1 and CXCL6, 

demonstrating an active immune response being induced by 

intracellular infection without compromising their 

differentiated state.  

CONCLUSIONS 

Current results indicate that SaOS2 cells differentiated to an 

osteocyte-like stage constitute a biologically relevant model of 

osteocyte infection with S. aureus. Studies are ongoing to 

investigate means of killing intracellular bacteria. 
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INTRODUCTION 

Bone is the most commonly transplanted tissue worldwide and 

improves the quality of life for many people in need. The 

success of bone grafts may be compromised by the 

development of infection. Infections lead to non-healing, 

revision surgeries and, in worst case scenarios, amputation. 

Current prophylaxis to reduce infection includes the use of 

local and synthetic antibiotics which bacteria are increasingly 

becoming resistant to. There exists a clear clinical need to test 

the ability of new non-traditional antimicrobials to reduce 

infection in bone.  

The aim of our research program is to develop a novel 

antimicrobial allograft material. The aim of this study was to 

study the antimicrobial activity of an antimicrobial molecule 

Dihydropyrrolones (DHPs), and allograft bone mixture. 

METHODS 

Supercritical Carbon Dioxide (SCCO2) treated allograft bone, 

with (test group) and without (control group) DHP coating 

were evaluated for antimicrobial activity using a modified 

Agar-diffusion test. Briefly the nutrient agar plates were 

inoculated with three strains of bacteria, P. aeruginosa, S. 

aureus and E. coli. The bone samples were placed onto the 

agar and incubated at 37 °C overnight. Zone of Inhibition 

(ZOI) was defined as the area with inhibited growth of the 

bacteria. Furthermore, the ability of allograft bone mixture to 

prevent bacteria growth was evaluated using colony counts.  

RESULTS AND DISCUSSION 

The zone of inhibition around DHP-treated allograft bone was 

observed against S. aureus (Figure 1B) but not against the 

other two strains (Figure 1A). This is consistent with previous 

studies on DHPs, where DHPs were found to possess AHL-

mediated quorum sensing inhibitory activity and no growth 

inhibitory activity against Gram Negatives bacteria such as P. 

aeruginosa. [1] The ability of the DHP-treated allograft to 

prevent S. aureus colonization was further evaluated using 

colony count. DHP-treated allograft incubated overnight in 

bacteria media was able to reduce the number of viable 

bacteria by more than 80% (3 logs) compared to untreated 

allograft bone (Figure 2). The exact mechanism of action of 

DHPs against S. aureus has not been fully elucidated, 

however, it has been shown that quorum sensing molecules 

can reduce the virulence of other bacteria species and DHPs 

may act in a similar pathway. [2] 

Figure 1:  Zone of inhibition was observed surrounding the 

DHP treated allograft bone against S. aureus (B) but not 

against P. aeruginosa and E. coli (A). 

Figure 2: Percentage reduction in viable bacteria, normalized 

against S. aureus in growth media, following overnight 

incubation at 37 °C. 

CONCLUSIONS 

The DHP-treated allograft bone was shown to inhibit S. aureus 

growth thru agar diffusion assay and colony count. This 

represents a possible method to reduce infection following 

orthopaedic procedures. 

ACKNOWLEDGEMENTS 

The research was supported by an NHMRC Development 

Grant 1118667. 

REFERENCES 

1. Ho KKK et al., Biomaterials, 35, 2336-2345, 2014

2. Qazi S, et al., Infect. Immun. 74, 910–919, 2006

0%

20%

40%

60%

80%

100%

Blank Br F

% Reduction 

A B 

Page | 45

mailto:vedran.lovric@unsw.edu.au


DAY 1

PODIUM 4 

Page | 46



BONE TISSUE DEFORMATION AND FRACTURE IN THE HUMAN FEMUR UNDER PHYSIOLOGICAL LOADING 
CONFIGURATION 

 1Saulo Martelli*, 2Mario Giorgi, 2Enrico Dall’Ara and 1Egon Perilli 

1 Medical Device Research Institute, College of Science and Engineering, Flinders University, Adelaide, SA, Australia 
2 Dept. of Oncology and Metabolism and INSIGNEO Institute for in silico medicine, The University of Sheffield, Sheffield, UK

 Email: saulo.martelli@flinders.edu.au 

INTRODUCTION 

Understanding the mechanism of osteoporotic femoral neck 

fractures is important for improving osteoporosis diagnosis and 

treatment. Standard mechanical testing can measure the femoral 

stiffness and strength under different loading scenarios. 

However, it does not provide information about internal 

deformations and location of fracture onset. A combination of 

time-elapsed micro-CT imaging under step-wise loading, 

digital volume correlation (DVC) and micro-finite-element 

modelling has the potential of providing insight into bone tissue 

deformation occurring in the human femur under load [1]. The 

goal of this study is to determine the bone tissue deformation in 

the human femur subjected to increasing loads in a 

physiologically realistic loading configuration, up to fracture. 

METHODS 

Time-lapsed micro-CT imaging (29.81 µm/voxel, isotropic) of 

three human femora (women, 75 – 80 years of age) was 

performed at the Australian Synchrotron (Clayton, VIC, 

Australia) [1]. A single-leg stance loading configuration (8 

adducted in the frontal plane) was experimentally applied to the 

femurs and step-wise increased, until causing a clinically 

relevant fracture of the neck (4  5 load steps). Micro-CT 

imaging of the entire femoral epiphysis was performed first 

subjected to no load, then at each intermediate load step and 

after fracture. Cross-section images were resampled to 

120µm/pixel to reduce co-registration time; each image dataset 

was rigidly registered to the unloaded scan used as reference 

(Dataviewer, Skyscan-Bruker). A deformable image 

registration toolkit (ShIRT [3]) was used, to compute the 

displacements at the nodes of an isotropic grid superimposed to 

the images. The DVC analysis was run with a nodal spacing of 

50 voxels (6 mm cell size), providing a strain measurement 

precision of 500με. Apparent bone strains were calculated by 

applying the computed displacements to an 8-node hexahedron 

mesh based on the DVC grid, using finite-element (FE) analysis 

(Ansys, Inc, USA)  . Then, the full-resolution micro-CT images 

of the proximal femur including femoral head and lesser 

trochanter were co-registered (Dataviewer, Skyscan-Bruker). A 

micro-FE model of a 1.5 mm thick intermediate coronal slice 

from the full-resolution images was built using in-house code 

[2], resulting in 40  50M nodes. The displacement field 

calculated using DVC was interpolated on the microFE nodes. 

Bone tissue strains were computed using a preconditioned 

conjugate gradient solver (ANSYS, Ansys, Inc, USA). 

Apparent strain maps calculated before fracture and the 

experimentally observed fracture patterns were then compared, 

the bone tissue strains were plotted and analyzed. 

RESULTS AND DISCUSSION 

Figure 1 shows the distribution of tensile and compressive 

elastic strain. Increased tensile strain concentrations were 

observed at the superior femoral neck, which corresponds to the 

region where then the fracture occurred (Fig.1, inset).  

Figure 1: Apparent tensile (left) and compressive (middle) strain 

before and after fracture (load step 5, right, micro-CT image). 

Displacement-driven micro-FE simulation of bone tissue strain 

displayed a high, fairly uniform, loading of the principal 

compressive and tensile trabecular groups, whereas other large 

bone regions were rather subjected to minimal loading (Fig. 2). 

Figure 2: Equivalent strain in the bone tissue, proximal femur (1.5 mm 

thick slice), during an early non-destructive load step (load step 1).  

CONCLUSIONS 

This ongoing study demonstrates the combination of time-

lapsed microCT imaging, DVC and micro-FE for studying 

strain in the bone tissue of human femurs while causing 

clinically relevant femoral fractures. Upon completion, this 

comprehensive analysis is expected to advance our 

understanding of the bone structure-function relationships in 

the human femur under realistic loading configurations.  
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INTRODUCTION 
Knee osteoarthritis (OA) results in shape changes such as 
joint-space narrowing, condylar squaring and osteophyte 
formation1. Distal femoral shape changes include increased 
bone size and hypoplastic condyles2. Current OA classification 
systems group patients by the presence or absence of these 
gross anatomical features but are poorly or moderately 
correlated to function3. Statistical-shape modelling (SSM) 
enables the detection of subtle 3D differences in bone 
geometry, providing an opportunity for accurate predictive 
models4. The aim of this study was to describe and compare 
the main modes of variation between end-stage OA and 
asymptomatic knees. 

METHODS 
76 patients with end-stage OA and 77 asymptomatic controls 
received a 3D-spiral CT of their knee. Three-dimensional 
models of the joint were created by manual segmentation and 
then cropped at the adductor tubercle or proximal tibiofibular 
joint using bespoke software (OrthoVis). A template surface 
mesh was iteratively fit to all meshes in the dataset using a 
radial basis function, resulting in a training set of 
correspondent meshes. Meshes in the training set were rigidly 
aligned using a partial Procrustes analysis to account for size 
scaling in the model. Principal Component Analysis (PCA) 
was performed on the training set to create the SSM. Logistic 
Regression was performed on the PCA weights to create a 
classifier that distinguished morphologic features of OA and 
asymptomatic joints. Modes of variation describing 95% of 
the variation within the data were analysed. 

RESULTS AND DISCUSSION 
The first 17 modes of the SSM captured >95% shape variation 
with modes 1-6, 11, and 12 best distinguishing between OA 
and asymptomatic. Figure 1 shows point-to-point differences 
between OA and asymptomatic knees. Visually, OA knees 
were larger, and displayed sub-chondral bone expansion in the 
particularly in the medial condyle and posterior medial tibial 

plateau. The model classified the two groups with a 
sensitively, specific, accuracy, and area-under-the-curve of 
94%, 89% and 92%, and 93% respectively. 

Figure 1:  Absolute pointwise distances between Mean OA 
and Mean asymptomatic knees. 

CONCLUSIONS 
Osteoarthritic shape changes were accurately captured and 
classified using a SSM with 17 modes. The results suggest that 
shape differentiates OA knees from non-OA knees. Further 
research will elucidate which shape changes influence clinical 
and functional outcomes. 
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INTRODUCTION 
Lag screw fixation is the common technique for most small 
bone fractures, especially in the hand. While these provide 
superior compression to many alternatives, lag screws are 
associated with complications such as tendon and ligament 
interference and the prominent screw head or cutting tip causing 
irritation [1]. This study introduces a new cannulated 
compression clamp and headless set screw alternative which 
may be appropriate for fractures in the proximal phalanges and 
metacarpals.  

METHODS 
Thirty-four metacarpals from ring-, middle- and index-fingers 
were harvested and stripped of soft tissue. Geometry was 
measured prior to potting in PMMA. A standardised fracture at 
approximately 45 degrees to the long axis of the metacarpal was 
created in each bone [2] and then repaired using either the lag 
screw or compression clamp with headless set screw technique. 
A cantilever load was applied to the dorsal side of the distal 
head at a constant displacement rate of 10mm/min (Figure 1). 
Normalised stiffness and axial stress at failure were compared 
between the two constructs [2]. 

RESULTS AND DISCUSSION 
Most specimens in both groups failed due to fracture of the 
cortical bone at the proximal screw. There was no statistical 
difference between the two groups for any of the parameters 
considered (Table 1). 

CONCLUSIONS 
The two fixation techniques provide similar biomechanical 
properties. Therefore, the new compression clamp and headless 
set screw technique provides a viable alternative to the standard 
lag screw method for suitable fractures in the metacarpals and 
phalanges. 

In the clinical scenario, the headless set screw avoids issues 
associated with prominent screw heads or cutting tips 
interfering with the soft tissues. 

Figure 1:  The application of cantilever force (red) to the 
metacarpal head.  
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Table 1: Measured and Calculated Parameters. 
LS Group (n=17) 
Mean (SD) 

HSS Group (n=17) 
Mean (SD) 

P value* 

Major Diameter, mm 3.80 (0.47) 3.68 (0.55) 0.79** 
Minor Diameter, mm 3.23 (0.46) 3.11 (0.41) 0.65** 
Axial Stress, MPa 61.28 (29.71) 58.05 (24.53) 0.94** 
Normalised Stiffness, MPa/mm 0.78 (0.31) 0.79 (0.36) 0.81** 

*By Mann-Whitney U test
**Not Significant
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INTRODUCTION 
Reverse shoulder arthroplasty (RSA) is most commonly used in 
the treatment of end-stage rotator cuff tear arthropathy. The 
reverse-anatomy articulation medializes the glenohumeral joint 
centre of rotation relative to that in the native shoulder. As a 
consequence, the magnitude of the moment arm of the deltoid 
increases relative to that in the native shoulder [1]. This 
enhanced muscle leverage reduces the force required to elevate 
the upper limb, and ultimately increases the range of shoulder 
joint motion post-operatively. It has recently been shown that 
lateralization of the glenosphere can reduce scapular notching, 
reduce pain and improve the amount of glenohumeral joint 
compression [2]. Since lateralising the glenosphere lateralises 
the glenohumeral joint centre of rotation, the moment arms of 
the muscles spanning the glenohumeral joint are likely to be 
affected, which may have significant implications in muscle 
function post-operatively. The objective of this study was to use 
a human cadaveric model to quantify the influence of 
progressive joint lateralization on moment arms of the major 
shoulder muscles after reverse total shoulder arthroplasty. 

METHODS 
Eight fresh-frozen entire upper extremity specimens from 
human cadavers were obtained (mean age: 68 years, range: 56-
75 years. The proximal attachments of each shoulder muscle 
were detached, and all soft tissue on the scapula removed by 
sharp dissection. The elbow and wrist were fused in extension. 
Reverse total shoulder arthroplasty was performed on each 
specimen using the SMR System (Lima Corporate, Italy) 
following the manufacturer’s recommended technique. 
Specimens were mounted into a custom-designed testing 
apparatus by fixing the scapula in a hollow block filled with 
dental cement (Figure 1). Nylon lines attached to each major 
shoulder muscle were passed through a series of pulleys to a 
dead-weight system.  

The shoulder was passively abducted to 90° in the scapular-
plane. Glenohumeral joint motion was simultaneously 
evaluated using a 4-camera video motion analysis system 
(Vicon Motion System, UK) by tracking the position of retro-
reflective markers on bone pins inserted in the scapula and 
humerus. Tendon excursion was also evaluated by tracking the 
position of markers placed on each free-hanging weight. The 
moment arms of the deltoid and rotator cuff muscle sub-regions 
were calculated from the instantaneous gradient of the resulting 
tendon-excursion joint-angle curves. Testing was repeated with 
the glenosphere lateralized by 5mm and 10mm. 

RESULTS AND DISCUSSION 
Lateralisation of glenohumeral joint by 5 mm resulted in a 
significant decrease in the average middle deltoid abduction 
moment arm by 5.6 mm and a decrease in the peak posterior 
supraspinatus abduction moment arm by 7.5 mm (p=0.05). 
Lateralising the glenohumeral joint by 10 mm resulted in a 
significant decrease in the average middle deltoid abduction 
moment arm by 7.7 mm (p=0.003), and a significant decrease 
in the peak anterior and posterior supraspinatus moment arms 
by 7.8 mm (p=0.04). The rotator cuff muscle moment arms 
were not significantly affected by joint lateralisation. 

CONCLUSIONS 
Lateralisation of the glenohumeral joint centre of rotation after 
reverse total shoulder arthroplasty reduces the leverage of the 
major shoulder abductors, the deltoid and supraspinatus. This 
may adversely affect shoulder elevation torque capacity post-
operatively, and reduce range of shoulder motion. 

REFERENCES 

Figure 1:  Schematic diagram of upper limb testing 
apparatus. The scapula of each limb specimen was fixed to 
a potting block (PB). Nylon lines (SL) were sutured to each 
proximal tendon (TS) and passed through a pulley on a 
backing plate (BP) to a free weight (M). 

Table 1: Moment arms of the shoulder abductors (mm) after 
lateralization of the reverse shoulder by 5mm and 10mm. 

Mean Max Mean Max Mean Max
Anterior deltoid 22.9 36.4 20.4 29.8 18.0 27.5
Middle deltoid 41.6 46.7 36.1 44.2 33.8 43.9
Posterior deltoid 2.0 8.5 -1.6 4.6 0.6 9.5
Anterior supraspinatus 23.9 32.9 22.7 27.4 21.7 25.0
Posterior supraspinatus 22.8 34.2 20.9 26.7 20.9 26.4

0 mm 5 mm 10 mm
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INTRODUCTION 
Lumbar disc herniation (herniation) can compress nerve roots, 
cause a localised inflammatory response and consequently 
lead to sciatica. Numerous in-vitro studies have been 
conducted in an attempt to characterise herniation and it has 
been well established that it can occur by fatigue loading or 
sudden overload. Despite the significant role of the facet joints 
in restricting axial rotation, extension and anterior shear, 
several studies have removed these joints prior to testing, 
which may compromise the physiological conditions that 
would be experienced in-vivo. Therefore, the aim of this study 
was to compare the modes of failure between sheep functional 
spinal units (FSUs) with or without facet joints under three 
directions of sudden overload.   

METHODS 
Twenty-seven L4-L5 FSUs were dissected from sheep lumbar 
spines and extraneous soft tissue was removed. Each 
specimen was classified as an ‘intact FSU’ where facet joints 
were preserved or an ‘isolated disc’ where the facet joints 
were removed at the mid-coronal plane of the spinal canal. 
Before testing, each FSU was subjected to a 0.1 MPa 
compressive preload in 0.15 M phosphate buffered saline for 
a minimum of four hours to reach equilibrium. Specimens 
were then tested in one of three postures: 13º flexion (FL), 10º 
lateral bending (LB) or 13º flexion and 10º lateral bending (FL 
+ LB) (Intact FSUs: 4 x FL, 4 x LB, 4 x FL + LB, Isolated
Discs: 5 x FL, 5 x LB, 5 x FL + LB) and compressed at 400
mm/min for 3 mm in the hexapod robot [1]. Failure mode was
classified as a) herniation b) herniation and endplate-vertebral
shear fracture c) endplate-vertebral shear fracture or d)
vertebral damage. Load-displacement curves were analysed to 
determine failure stress and modulus. A chi-squared test was
used to determine significant differences between modes of
failure, while a two-way ANOVA was performed on failure
stress and modulus with two within-subjects factors of
loading direction and a between-subjects factor of facet joint
(p<0.05).

RESULTS AND DISCUSSION 
Chi-squared tests indicated a significant difference between 
modes of failure in intact FSUs and isolated discs (p=0.001). 
Herniation was observed in 61.5% of intact FSUs, while 
herniation and endplate-vertebral shear fracture was observed 
in 68.8% of isolated discs. A two-way univariate ANOVA 
also revealed that intact FSUs had a significantly higher stress 
at failure in comparison to isolated discs in flexion (p=0.003), 

lateral bending (p=0.000) and combined flexion and lateral 
bending (p=0.027) (Figure 1). However, there was only a 
significant difference in modulus between intact FSUs and 
isolated discs in lateral bending (p=0.003), where intact FSUs 
had a higher average modulus.  

Modes of failure varied significantly between intact FSUs and 
isolated discs. Generally, intact FSUs failed by herniation, 
while isolated discs failed predominantly by catastrophic 
shearing at the endplate-vertebra junction with or without 
herniation in all directions of loading. These findings suggest 
that the facet joints protect the annulus-endplate-vertebra 
junction rather than the disc itself. These failure modes differ 
to previous findings that reported herniation in both intact 
FSUs and isolated discs tested in flexion [2]. Stress at failure 
was also significantly higher in intact FSUs in comparison to 
isolated discs, indicating facet joint contribution to mode of 
failure.  

Figure 1:  Average stress at failure for intact and isolated 
discs. Error bars: 95% confidence interval. * denotes 
significance between intact FSU and isolated disc (p<0.05). 

CONCLUSIONS 
FSU’s with intact facets had a statistically significant different 
response when loaded compared to isolated discs. These 
results suggest that facet joints should not be removed when 
examining the failure response of an FSU. 
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INTRODUCTION 

Repetitive manual handling was the cause of 31% of all work 

related musculoskeletal disorders in 2015, with the back being 

the site of injury 38% of the time [1]. Despite its high 

resilience, studies have shown that intervertebral discs can be 

damaged during repetitive loading at physiological motions, 

causing cumulative damage and disc herniation [2, 3]. To 

understand the mechanism of disc injury resulting from 

repetitive loading, it is important to measure disc 

deformations/strains accompanied by MRI imaging to 

identify disc tissue damage. Therefore, the aim of this study 

was to examine associations between the magnitude of 3D 

internal strains, tissue damage and macroscopic evidence of 

disc herniation after simulated repetitive lifting on normal 

human lumbar discs. 

METHODS 

Sixteen cadaver lumbar functional spinal units (FSUs) were 

subjected to pre-test MRI. Eight FSUs (control) underwent 

20,000 cycles or until failure (5 mm displacement) of loading 

under compression (1.7 MPa – to simulate lifting a 20 kg 

weight) + flexion (13°) + right axial rotation (2°) using a 

novel 6DOF Hexapod Robot [4]. The remaining eight FSUs 

(experimental) had a grid of tantalum wires inserted, and 

stereo-radiographs were taken to track internal 3D 

displacements at increasing cyclic intervals [5]. Maximum 

shear strains (MSS) were calculated from internal 3D 

displacements using radio-stereometric analysis.  Post-test 

MRI was conducted to determine the extent of tissue damage 

and associated with regions of highest internal disc strains. A 

repeated measures ANOVA was performed on MSS with a 

within–subjects factor of cycle number and a between 

subjects-factor of disc region (p<0.05).   

RESULTS AND DISCUSSION 

Pfirrmann grading revealed grades I (N=2), II (N=12), and III 

(N=2). No significant difference in MSS between control and 

experimental groups was found for number of cycles to failure 

(p=0.279). Pre and post-test MRI analysis revealed that all 

specimens were injured after repetitive lifting: with evidence 

of annular protrusion, endplate fracture, posterior nucleus 

migration, annular fissure, lateral and anterior annular 

circumferential tears. However, no disc herniation was 

observed. MSS in all cycles was significantly higher than 

cycle 1 except for cycles 1000 and 5000 (p>0.055). 

Significantly higher MSS compared to the nucleus region was 

found in three regions: left posterolateral (mean (95%CI): 

45.9(3.89) % higher than nucleus, p<0.001), anterior 

(42.5(3.48) %, p<0.001) and posterior (37.4(3.47) %, 

p<0.001). Macroscopic assessment of the discs revealed 

circumferential tears in the anterior and left posterolateral 

regions, corresponding with high shear strains (Figure 1).  

Figure 1:  T1 MRI images of FSUs pre- and post-repetitive 

lifting. a. Pre-test sagittal b. Post-test sagittal of same FSU c. 

Pre-test axial d. Post-test axial of same FSU. 

CONCLUSIONS 

Repetitive flexion + right axial rotation under 1.7 MPa of 

physiological compression led to largest shear strains in the 

anterior, posterior and left posterolateral regions that 

corresponded to annular tears or annular protrusion. There 

was no evidence of disc herniation in normal discs, agreeing 

with current clinical knowledge. In addition, the clinical 

evidence that discs herniate mostly in the posterolateral 

region, is consistent with the findings of this study, where 

annular protrusion was observed in the left posterolateral 

region. These results may be indicative of the effects of 

repetitive manual handling on normal discs of younger 

patients. 
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INTRODUCTION 
Articular cartilage tissue can be considered as a biphasic 
material composed of a highly porous solid matrix saturated 
with interstitial fluid. Under compressive loading, the 
interstitial fluid gradually leaves the solid matrix and drains 
through the cartilage surface, resulting in a time-dependent 
tissue deformation known as consolidation. Articular 
cartilages experience large stresses and deformation during 
daily activities yet at the same time they can experience very 
low friction, preventing the wear at the contacting surfaces. 
However the experimental results suggest that the cartilage 
friction coefficient rises with loading duration [1], potentially 
leading to increased cartilage surface wear. In this study, we 
hypothesize that there should be a correlation between the 
cartilage friction coefficient and characteristic time for 
cartilage consolidation.  
METHODS 
To test this hypothesis, we computationally simulate the 
mechanical consolidation response of human tibial cartilage 
under static compressive loading. The computational model is 
developed based on our previously published poroelastic 
model of human knee cartilage under cyclic loading [2]. The 
model takes into account the tension-compression nonlinearity 
of the cartilage and also incorporates a non-linear compressive 
stiffness based on the deformation-dependent aggrecan 
concentration of cartilage tissue. In addition, it takes into 
account the dependency of the fluid permeability of cartilage 
on the aggrecan concentration.   
We adopted an axisymmetric geometry of lateral tibial plateau 
with a contact area of 500 mm2 in the computational model of 
this study. It is assumed that a compressive loading equivalent 
to 2.6 standard bodyweight (i.e. 2.59×750 N) is applied on the 
knee, simulating the knee join loading during one legged 
stance, with an equal distribution of the load between medial 
and lateral compartments of the knee. For model details (e.g. 
boundary conditions, etc.), refer to our recent paper [3]. The 
model calculates the time-dependent deformation and Degree 
of Consolidation (DoC) for the cartilage. The DoC at time t 
can be defined as: DoC(t)=[w(t)-w(0)]/[w(∞)-w(0)] where 
w(t) is peak contact deformation at time t, w(0) is the 
deformation immediately after loading application and w(∞) is 
the steady state deformation. 

RESULTS AND DISCUSSION 
The model predicts a peak contact strain (maximum vertical 
deformation divided by cartilage thickness) of 10% and 13.8% 

respectively 5s and 300 s after loading application, with a 
steady state contact strain of 25%. The model predictions have 
a good agreement with experimental measurements [4, 5]. To 
test the hypothesis of this study, in Figure 1, we plot both our 
computational result of DoC of the cartilage and Forster, et 
al’s experimental measurement of friction coefficient of 
cartilage following application of static loading [1]. It can be 
seen that there is a strong linear positive correlation between 
DoC and friction coefficient at the joints suggesting that the 
DoC can be used as an index to evaluate the friction 
coefficient and the likelihood of cartilage surface wear [3]. 

Figure 1: A strong correlation exists between the cartilage 
DoC and friction coefficient between opposing cartilage 
surfaces. 

 CONCLUSIONS 
The results suggest that we can estimate the friction 
coefficient of cartilages by medical imaging of the degree of 
join space closure over time (i.e. DoC vs time) and non-
invasively assess the joint articulation health in clinical 
practice [3]. 

REFERENCES 
1. Forster H, et al. Proceedings of Inst Mech Eng H.

210:109-119, 1996.
2. Zhang L, et al., Ann Biomed Eng. 43:1166-1177, 2015.
3.

4.

Miramini S, et al., J Mech Behav Biomed Mater. (ahead
of print), 2017.
Hosseini A, et al., Osteoarthritis Cartilage. 18:909-916,
2010.

5. Barker M, et al., Rheumatology. 40:274-284, 2001.

-0.04

0.01

0.06

0.11

0.16

0.21

0.26

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 01 20 30 40

Fr
ic

tio
n 

co
ef

fic
ie

nt

D
eg

re
e 

of
 c

on
so

lid
at

io
n

Loading time (min)

Degree of consolidation
Friction coefficient

Page | 55

mailto:B.Gardiner@Murdoch.edu.au
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1Marco Palanca, 2Egon Perilli, 1Luca Cristofolini, and 2Saulo Martelli 

 1Department of Industrial Engineering, Alma Mater Studiorum – Università di Bologna, Bologna, Italy 
2Medical Device Research Institute, College of Science and Engineering, Flinders University, Adelaide, SA, Australia 

email: marco.palanca2@unibo.it   
INTRODUCTION 

The common clinical method for predicting the hip fracture risk 

is based on Dual-energy X-Ray Absorptiometry (DXA) planar 

measurements of Bone Mineral Density (BMD, T-score) 

averaged over large femoral regions (neck, trochanteric, inter-

trochanteric and Ward’s triangle) and has poor sensitivity and 

specificity. However, fracture onset is determined by the local 

tissue properties and the dynamic load caused by the fall, which 

in turn is determined by the body mass, the speed at touchdown 

and the energy absorbed by the tissues surrounding the femur 

[1]. Aims: to reproduce a sideways fall scenario in vitro and to 

compare 1) femoral fracture outcomes with fracture risk 

predictions using the T-score 2) and a combination of clinical-

level Computed-Tomography (CT) measurements of BMD and 

body anthropometric (BA) parameters.  

METHODS 

Seven femurs (T-score range: -3.59, 0.77) were collected (Table 

1). Micro-computed tomography (micro-CT) images (29 m 

voxel size) were acquired at the Australian Synchrotron 

(Clayton VIC, Australia) [2] and clinical-CT (0.7 mm pixel 

size) were performed. To reproduce a realistic sideways fall, a 

drop-tower was used: femurs were placed with 10° of abduction 

and 15° of internal rotation and loaded on the greater-

trochanter. Patient-specific energy loading conditions, based on 

donor BA (weight, height and soft-tissue thickness) were 

defined for each specimen [3]. During the impact, images of the 

femoral neck were video-recorded with two high-speed 

cameras (15,000 Hz, Vision research, Phantom UHS-12). 

Specimens were categorized in high- and low-risk of fracture, 

based on: 1) DXA-based diagnosis of osteoporosis (T-score < -

2.5 meaning high risk); and 2) fracture predictions based on 

clinical-CT estimates of BMD through an established finite-

element procedure [4] and impact loads determined by: 

F = M*v/t; 

where M is the body mass, v is the speed at touchdown and t is 

the impact duration [3]. Predictions and fracture test outcomes 

were compared. Fracture onset location, determined from the 

high-speed images, was compared with the local internal bone 

micro-architecture in the micro-CT images. 

RESULTS AND DISCUSSION 

Four out of 7 specimens (#3, #4, #5, #6) showed either a 

fracture or no-fracture, in agreement with the DXA-based 

predictions. However, two specimens identified as non-

osteoporotic (#1, #2) did actually fracture, whereas one 

osteoporotic specimen (#7) did not fracture (Table 1). CT-based 

BMD and BA correctly predicted six out of 7 specimens. 

Table 1: Comparison of fracture risk estimate based on DXA 

(if T-score < 2.5 indicated as “Y”, otherwise “N”), CT BMD 

and BA, and experimentally observed fractures (N: non-

fractured; Y: fractured). 
Specimen #1 #2 #3 #4 #5 #6 #7 

DXA T-score prediction N N N Y Y Y Y 

CT BMD+BA prediction N Y N Y Y Y N 

Fracture experiment Y Y N Y Y Y N 

The femurs showed two different failure patterns: sub-capital 

and per-trochanteric (Fig. 1). The observed microstructure of 

the trabecular bone suggested that failure onset might be linked 

to the local trabecular bone architecture.  

Figure 1: Different failure patterns: sub-capital (left) and per-

trochanteric (right). Images of the specimens acquired with 

high-speed camera during the tests ((a) for both specimens) and 

synchrotron micro-CT images of the intact bone (b).  Red 

arrows: failure point; blue arrow: direction of applied load. 

CONCLUSIONS 

The clinical classification of osteoporosis (DXA T-score <-2.5) 

only partially predicted the actual femoral fracture observed in 

a simulated sideways fall (4 out of 7). Predictions based on CT 

BMD combined with body anthropometry gave a better 

prediction (6 correct out of 7). Body anthropometry and bone 

microstructure may play a fundamental role [4] in identifying 

the risk of femoral fracture while falling on a side. 
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INTRODUCTION 
Longitudinal live imaging in animal studies allows monitoring 
of biomechanics, disease, and facilitates development of 
therapies. In order to accurately compare and quantify changes 
between non-rigid structures (i.e. joints) in longitudinal images, 
it is important to control the position from scan to scan. The aim 
of this study was to develop a mouse positioning system to 
ensure reproducible outcomes from longitudinal microCT 
imaging of mouse knee joints, and to assess its reproducibility 
for relevant outcome measures. 

METHODS 
A custom mouse holder compatible with the in vivo microCT 
animal bed was designed in-house. A prototype was 3D printed 
with PLA filament (Replicator 2X Experimental, MakerBot, 
USA). Fourteen healthy excess male mouse carcasses, all 
within 10 – 20 weeks of age, were collected from the 
Biomedical Sciences Animal Facility, The University of 
Melbourne. Seven carcasses were injected intraarticularly with 
CA4+, a contrast-agent specific for cartilage [1]; while the other 
seven did not receive injection. Mice were positioned in the 
holder with their knees and ankles fixed, and placed onto the 
animal bed. A region of interest including the right knee was 
scanned using microCT (vivaCT80, Scanco Medical, 
Switzerland). Scans were performed with 10 μm nominal voxel 
size; 70 kVp; 57 μA; 500 projections; and 350 ms integration 
time. Each mouse was scanned 5 times, including repositioning 
between scans. Reproducibility of positioning was assessed for 
joint angle (JA), joint space width (JS.W) and joint space 
volume (JS.V) [2]. Menisci were removed from the images 
before measuring JS.W and JS.V. Reproducibility was 
calculated as precision error expressed both in absolute value 
(PESD) and coefficients of variation (PE%CV), as well as 
intraclass correlation coefficient (ICC). 

RESULTS AND DISCUSSION 
Figure 1 shows segmented bone from five measurements of the 
same mouse knee joint, with repositioning between 
measurements, and including colour-mapped medial joint space 
width. Reproducibility of JA, JS.W and JS.V in groups with and 
without CA4+ injection was shown in Table 1. The mean values 
of JA, JS.W and JS.V were 104°, 0.229 mm and 0.243 mm3 for 
the group with CA4+ contrast agent injection, and 105°, 0.232 

mm and 0.248 mm3 for the group without injection. ICC of 
group with and without CA4+ injection respectively  were 
0.919 and 0.964 for JA, 0.639 and 0.810 for JS.W, and 0.625 
and 0.768 for JS.V. ICC ranges from 0 to 1, with ICC close to 
1 indicating high similarity between values from the same 
group. 

Figure 1:  Five measurements of the mouse knee joint, 
including colour-mapped medial joint space width, using the 
novel holder. 

CONCLUSIONS 
The highly reproducible JA in both groups with and without 
CA4+ injection, indicated by the high ICC (0.919 for the group 
with CA4+ and 0.963 without CA4+), confirmed that the 
proposed mouse positioning system is able to provide 
reproducible data of mouse knee joints scanned longitudinally. 
This device will facilitate time-lapse comparison of microCT 
images in future in vivo experiments. For the group without 
CA4+ injection, good reproducibility was also found in JS.W 
and JS.V, with ICC being 0.810 and 0.768 respectively. The 
higher error observed in JS.W and JS.V of the group with CA4+ 
injection is potentially caused by the addition of contrast in the 
joint space, which is diffusing over time and affecting greyscale 
values around the joint space region of interest. Further 
investigation on contrast agent diffusion-in kinetics in 
quantitative metrics will be conducted.  
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INTRODUCTION 

Osteocytes are terminally differentiated long-lived cells and 
account for greater than 95% of the bone cell population 1

•
2

.  It 
has been established that osteocytes are connected through 
their highly developed dendritic network, which is necessary 
for the maintenance of optimal bone homeostasis3

• However 
little is known on how osteocytes use the network to 
coordinate their cellular function and communication that 
requires energy and protein turnover. 

METHODS AND RESULTS 

Here using super-resolution confocal imaging on both live and 
fixed osteocytes, we demonstrated conclusively that 
MitoTracker® Red (MTR) and TOM20 labelled mitochondria 
are widely distributed within the primary osteocyte dendritic 
network (Fig.A,B), and showed that pTaqYFP-mito + 

mitochondria are dynamically shared between MLO-Y 4 cells 
(Fig.C). Using confocal live cell imaging analysis we showed 
that knockdown of MFN-2 in osteocytes impedes the transfer 
of MTR+ mitochondria suggesting the involvement of 
endoplasmic reticulum (ER) contact with mitochondria in the 
transfer process. Moreover, we showed that transport of 
mitochondria between osteocytes within the network enables 
rescue of osteocytes with dis-function of mitochondria. Using 
the three dimensional co-culture system with confocal 
imaging, we identify the transfer of mitochondria from healthy 
osteocytes enables recovery of mitochondria activities in 
osteocytes that devoid of mitochondrial DNA by ethidium 
bromide (Fig.D). The results indicated that when osteocytes 
are depleted of functional mitochondria, normal parental 
osteocytes can transfer mitochondria to these stressed 
osteocytes to provide them with energy. 

DISCUSSION AND CONCLUSIONS 

We showed that mitochondria are shared between osteocytes 
through their dendritic network. Mitochondria are dynamically 
transferred in the network through their contact with ER. 
Healthy osteocytes tend to transfer mitochondria into 
metabolically stressed osteocytes with non-functional 
mitochondria through the dendritic network. Collectively we 
show for the first time that the utilisation of mitochondrial 
transfer enables osteocytes to function with a network and 
coordinate their cellular activities in response to different 
energy demands. 
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INTRODUCTION 

Osteoarthritis is a leading cause of disability in aging 

individuals, with an estimated prevalence of 15% in the global 

population [1]. A major predisposing factor is sports and trauma 

related joint injury sustained during young adulthood. Current 

treatment methods are often ineffective, leading to chronic joint 

disease and progression to osteoarthritis later in life. Despite 

this being a significant clinical problem, the mechanism of 

impaired healing following joint injury, even when there is 

surgical intervention, remains poorly understood. This study 

tests the hypotheses that (1) impaired healing following joint 

injury is due to the inflammatory and highly inhibitory 

environment created by diseased cells,  and (2) this inhibitory 

environment can be reversed by ‘priming’ the diseased cells 

using human mesenchymal stem cells (hMSCs), which have 

documented anti-inflammatory properties [2]. The concept of 

this study leads to a novel regenerative therapy that can improve 

current treatments for joint injury, by restoring a joint 

environment that is conducive to healing and reducing the long-

term risk of developing osteoarthritis. 

METHODS 

An in vitro model mimicking chronic joint injury was 

developed by co-culturing hMSCs with human synovial 

fibroblasts (HSFs) isolated from osteoarthritic joint tissues. To 

test hypothesis (1), the cultures were maintained for 10 days in 

growth, osteogenic or chondrogenic medium, which simulated 

the types of conditions present in the post-injury joint 

environment. Inflammatory response of the hMSCs was 

assessed by RT-PCR, and differentiation of the hMSCs was 

assessed by RT-PCR and histology. To test hypothesis (2), the 

cultures were maintained for 3 days in growth medium. 

Inflammatory response of the HSFs was assessed by RT-PCR. 

RESULTS AND DISCUSSION 

The hMSCs showed significant upregulation of several 

inflammatory markers when co-cultured with diseased HSFs 

over a 10 day period, including MMP13 (matrix degradation) 

and TLR4 (activation of inflammatory signals), which were 

upregulated in all three media types (Figure 1A, B). Osteogenic 

and chondrogenic differentiation of hMSCs to form new tissues 

were both significantly impaired in the presence of diseased 

HSFs, as seen through reduced RUNX2 expression and Alizarin 

red S staining for calcium (osteogenic markers), as well as 

reduced TGFb expression and toluidine blue staining for 

proteoglycans (chondrogenic markers) (Figure 1C, D). When 

diseased HSFs were co-cultured with hMSCs, there was early 

and rapid downregulation of several inflammatory markers, 

including significant reduction in the levels of ADAMTS5, 

MMP1 and CD44, all of which are implicated in inflammation, 

matrix degradation and tissue degeneration.  

Taken together, the findings suggest that diseased cells arising 

from joint injury can create a highly inhibitory environment that 

increases inflammation in stem cells normally involved in the 

repair of musculoskeletal tissues, and can significantly impair 

their regenerative ability. This inhibitory environment can be 

reversed by ‘priming’ the injured joint prior to treatment, such 

as through an intra-articular injection of hMSCs, which can help 

neutralise the effects of inflammation. 

Figure 1:  (A,B) Inflammation and (C,D) differentiation 

markers expressed by hMSCs when cultured in the presence or 

absence of diseased HSFs. (E) Inflammation markers expressed 

by diseased HSFs when cultured in the presence or absence of 

hMSCs. *p < 0.05; scale bar = 100μm. 

CONCLUSIONS 

This study reveals the mechanisms of impaired healing 

following joint injury, and highlights the possibility of 

improving repair outcomes by first ‘priming’ the injured joint 

with stem cells prior to commencing treatment. 
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PHARMACOLOGIC INTERVENTIONS IN GENETIC BONE DISEASE 

David G. Little, MBBS, FRACS, PhD 

The Children’s Hospital at Westmead and the University of Sydney, NSW, Australia 
email: david.little@sydney.edu.au 

The great hope in the leaps forward taken in genetics in both diagnostic and possible therapeutic approaches are indeed exciting. 
Directed pharmacological treatment of hypophosphatasia and possible other disorders by replacing activity show great promise, 
however no direct gene therapy approach for bone disease is yet proven. 
No doubt further scientific endeavours may break these barriers in the future, but in the mean time a more generic approach is being 
taken. 

In osteogenesis imperfecta countless gene mutations have been described, but bone fragility and decreased bone mass is shared by 
all. Bisphosphonates have been the backbone of therapy for years, their effect is of course incomplete, and also shows us windows 
for further advances. The advent of potentially anabolic therapies in combination with bisphosphonates is of particular interest. 
Neurofibromatosis 1 (NF1) can lead to a myriad of problems, including osteopenia. However, one of the most devastating childhood 
problems is congenital pseudarthrosis of the tibia. The effects of homozygous NF1 deficiency on the Ras pathway are largely known, 
and we have tested both a pathway driven and more generic approach in a model of congenital pseudarthrosis. 

A combination of therapies seems to provide the most benefit when addressing childhood genetic bone disease, aiming to make up 
for the impact on osteoblasts, osteoclasts and osteocytes. In future, immunomodulatory effects may also come into play.

Page | 61

mailto:david.little@sydney.edu.au


DAY 2

PhD Award Finalists 

Page | 62



Glucocorticoid induces MKP1 mediated mitochondrial dysfunction in osteocytes
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INTRODUCTION 

More than 1% of the global adult population regularly uses 

glucocorticoids (GCs) as anti-inflammatory and 

immunosuppressive therapy. However, the therapeutic benefits 

are accompanied by adverse skeletal complications including 

osteoporosis, increased risk of fragility fractures and 

osteonecrosis. Osteocytes comprise more than 95% of the bone 

cell population within skeletal tissue and are highly susceptible 

to GC-induced adverse complications. 

      Mitochondria as the cellular “power house”, play the 

important role in cell metabolism. Mitochondrial function 

which is balanced by dynamic fusion, fission and the 

mitochondrial membrane potential, plays a critical role in the 

regulation of cell metabolism1. Thus, it is speculated that 

osteocytes rely on functional mitochondrial, and GC may affect 

the osteocyte activities by impeding the function of 

mitochondria.  
METHODS AND RESULTS 

To evaluate the role of GC on mitochondria in osteocytes, 

MLO-Y4 cells expressing pTagYFP-mito were employed. 

Confocal imaging shows that Dex treatment induces a 

significant mitochondrial fragmentation in MLO-Y4 cells. To 

validate the metabolic function of mitochondria, we then use 

JC1 staining to examine the mitochondrial membrane potential. 

Following Dex treatment, live cell imaging demonstrated that 

depolarized mitochondria were significantly accumulated in 

MLO-Y4 cells. 

      Endoplasmic reticulum (ER) is a specialized organelle 

involved in crucial cellular functions2. In MLO-Y4 cells, 

mitochondria are found to co-localize with ER, and Dex 

treatment induces ER accumulation on mitochondria. 

Moreover, live cell imaging revealed an increased number of 

ER-mitochondrial contact sites coincident with the induction of 

mitochondrial fragmentation following Dex administration 

(Fig.A). 

      Amongst the ER-derived stress factors, mitogen-activated 

protein kinase phosphatase 1 (MKP1) was identified as a factor 

that could potentially regulate mitochondrial function3. We next 

examined if MKP1 is involved in GC induced mitochondrial 

dysfunction in osteocytes. We conducted PCR and 

immunoblotting and revealed that MKP1 is induced by Dex in 

MLO-Y4 cells (Fig.B, C). In a time course dependent manner, 

we further showed that MKP1 from ER was translocated to 

outer membrane of mitochondria as evidenced by 

immunoblotting. Further, confocal result revealed that MKP1 

localized on mitochondrial fragmentation sites, suggesting it 

may regulate mitochondrial fission (Fig.D). To confirm this, si-

dusp1 was used to knock down Dex-induced MKP1. Live cell 

imaging revealed attenuated mitochondrial fragmentation and 

retained ER morphology in MKP1 knockdown cells following 

Dex administration (Fig.E). Moreover, MKP1 knockdown 

protects against Dex-impaired mitochondrial membrane 

potential in MLO-Y4 cells (Fig.F). 

DISCUSSION AND CONCLUSIONS 
Our study shows that mitochondrial fragmentation was 

significantly induced by treatment with the GC. Further 

investigation shows that Dex-induced mitochondrial fission and 

subsequent mitochondrial depolarization of osteocytes is 

dependent on MKP1, which can be accumulated on ER-contact 

site. Therefore, our study suggests a novel mechanism that 

contributes to osteocytic stability, realized by controlled MKP1 

effect on ER contact site in mitochondrial morphology.  
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INTRODUCTION 

Osteoarthritis is a degenerative joint disease with a slow 

progression. Treatment is limited to pain management and 

physiotherapy to maintain mobility, a total joint replacement is 

the only treatment for cases of severe OA. Investigation of OA 

affected cartilage is conducted via radiographic imaging, 

arthroscopy and/or post joint replacement surgery; therefore 

observing disease progression in humans is difficult. It has been 

suggested that the development of spontaneous OA has a strong 

genetic component which has had limited investigation in 

isolation thus far. Therefore the identification of biomarkers 

associated with spontaneous OA development and risk are of 

high importance to understand the mechanism of the disease. 

METHODS 

We have utilised a mouse phenotype library, the collaborative 

cross (CC), to assess affected cartilage microscopically across 

a spread of ages. Mice >8 months were selected for screening 

and were analysed as a complete cohort, an early onset (8-12 

months) and a late onset (>12 months). These strains were 

screened using histology to assess and score the severity of OA 

in knee joints using the OARSI grading scale. The strains were 

ranked from lowest to highest and the data used to map genetic 

loci that were consistently associated with the highest OA 

scores. Potential candidate genes were analysed further using 

qPCR, microarray and bioinformatics to investigate the 

expression and any existing role in OA. 

RESULTS AND DISCUSSION 

The CC mice showed a range of OA phenotypes with a number 

of strains presenting with a consistent high OARSI grade of OA 

(Figure 1). Quantitative trait locus mapping of the scores 

revealed two loci that achieved genome wide significance. 

Genes that were implicated within these loci were found to be 

involved in the formation of cartilage, inflammation and the 

immune system, diabetes and hypothyroidism in human studies. 

A number of genes were also found to be expressed during 

chondrogenesis. 

CONCLUSIONS 

The range of OA phenotypes observed in the CC cohort 

validates the use of the strains that are highly affected as a 

spontaneous OA disease model. The locus mapping revealed 

several strong candidate genes that have been implicated in 

human studies including genome wide association studies. 

These genes were also found to reflect the involvement of 

diabetes and inflammation with OA disease progression. A 

number of novel genes that are yet to be investigated in OA 

were also revealed that require further functional investigation. 

Figure 1:  Total joint OARSI scores of the >8 month CC mice 
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INTRODUCTION 
Many diseases and injuries of synovial joints result in a focal 
loss of articular surface congruity. These conditions are known 
to lead to degenerative changes within the affected joint and 
subsequent osteoarthritis (OA) [1,2]. Incongruity due to loss of 
articular cartilage is also a feature of OA itself [3]. However 
there is little work specifically investigating how the tissues of 
a synovial joint respond to loss of congruity. The aim of this 
study was to observe how articular cartilage and subchondral 
bone (SCB) respond to a focal loss of surface congruity using 
an equine model. 

METHODS 
An osteochondral defect was created in one surface of the 
midcarpal joint of six adult horses. Two weeks post-operatively 
the animals began an eight-week treadmill training program. 
Following this osteochondral samples were collected from the 
unloaded articular surface directly opposing the defect and from 
a loaded site immediately adjacent. Control samples were 
collected from equivalent sites in the sham-operated 
contralateral limb. Undemineralised samples were imaged with 
microCT and backscattered scanning electron microscopy 
(BSEM) and stained with Masson’s Goldner trichrome to 
measure cartilage thickness and osteoid. Decalcified 
cryosections were stained for TRAP to identify osteoclasts.  

RESULTS AND DISCUSSION 
In the unloaded region opposing the defect in treated joints the 
hyaline cartilage (HC) was 50% thicker (median difference = 
0.21mm , P=0.04), in the SCB there was a 47% increase in 
active surface on BSEM images (mean difference=1.28mm-1, 
P=0.03), a two-fold increase in osteoclast numbers (mean 
difference=7.4 cells/mm2, P=0.03) and a 63% increase in 
osteoid width (mean difference=3.64 um, P=0.04) with a net 

decrease in bone volume fraction (BVF) of 5.3% (median 
difference=-3.1%, P=0.04).  

At the adjacent, loaded site the HC thickness was unchanged 
while the calcified cartilage (CC) in treated joints was 40% 
thicker than in controls (mean difference=0.05mm, P=0.02). In 
the underlying SCB in treated joints there was a 29% reduction 
in active surface on BSEM images (mean difference = -0.66 
mm-1, P=0.01) and a 49% reduction in osteoid area/bone area
(mean difference=-0.61%, P=0.05) with no change in osteoclast
numbers and no change in BVF.

In this equine osteochondral defect model a focal loss of surface 
contact resulted in thickening of HC and increased remodelling 
activity in the underlying SCB. In an adjacent region where 
surface contact had been maintained, thickened CC and reduced 
remodelling activity in the SCB were observed. Over the 10 
weeks of the trial there was a net loss of BVF in the unloaded 
region and no change in BVF in the weight bearing region.  

CONCLUSIONS 
Articular cartilage and SCB in adult synovial joints respond in 
a focal manner to local changes in joint surface congruity. 
These focal responses may play a role in normal joint 
homeostasis and in the pathogenesis of OA. 
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1Sophie Rapagna, 1Bryant C Roberts, 2Lucian B Solomon, 1Karen J Reynolds, 2Dominic Thewlis, 1Egon Perilli 

1Medical Device Research Institute, College of Science and Engineering, Flinders University, Adelaide, SA, Australia 
2Centre for Orthopaedic & Trauma Research, The University of Adelaide, Adelaide, SA, Australia 

3Department of Orthopaedics and Trauma, Royal Adelaide Hospital, Adelaide, SA, Australia 

email: sophie.rapagna@flinders.edu.au 

INTRODUCTION 

In knee osteoarthritis (OA), regional changes in proximal tibia 

subchondral trabecular bone (STB) microarchitecture and 

cartilage may reflect joint loading [1, 2]. However, reports on 

STB differences between OA and non-pathological joints are 

conflicting [3, 4]. Moreover, the effect of joint alignment on 

cartilage morphology (thickness) and underlying STB remains 

unexplored [1].  

This analysis in an ongoing study aims to quantify tibia 

cartilage and STB microarchitecture in end-stage knee OA 

patients with varus or valgus-aligned joints, comparing them to 

control (non-OA) knees. 

METHODS 

Participants: Tibial plateaus were retrieved from 25 knee-OA 

patients (68±7 years, mass 90±18 kg; varus-aligned (n=18), 

valgus-aligned (n=7); knee arthroplasty) and from 15 cadavers 

(62±13 years, mass 83±16 kg; controls) free of musculoskeletal 

disease in the examined joint. OA joints were classified as 

varus- or valgus-aligned from the mechanical axis (pre-

operative radiographs). 

Micro-CT: The entire plateaus were micro-CT scanned (17 

µm/voxel, model 1076, Skyscan-Bruker, Belgium). From the 

micro-CT images, cartilage thickness (Cg.Th) and the STB 

bone volume fraction (BV/TV) were analysed in four 

cylindrical subregions of interest (ROIs, 10mm diameter, 3-

5mm length), in anteromedial (AM), anterolateral (AL), 

posteromedial (PM) and posterolateral (PL) condyles 

(Fig.1a,b). Medial-to-lateral (M:L) Cg.Th ratios and M:L 

BV/TV ratios among the 4 ROIs were also explored. 

Statistics: Cg.Th, STB BV/TV and their M:L ratios for the 

varus-OA and valgus-OA group were compared to controls 

(Kruskal-Wallis test and Bonferroni-adjusted Mann-Whitney 

U-tests). Statistical significance, p<0.05.

RESULTS AND DISCUSSION 

Age and body mass did not significantly differ between OA and 

controls. Compared to controls, varus-OA exhibited 

significantly lower Cg.Th in AM ROI (-59%, p<0.05), but 

higher laterally (up to +63%); in valgus-OA it was higher 

medially (+56% in PM ROI, p<0.05). Whereas in controls the 

Cg.Th M:L ratios were close to unity (range: 0.8-1.1, Fig.1c), 

in varus-OA they were all below unity (0.2-0.6, p<0.05) and in 

valgus-OA they were similar to or higher than in controls (up 

to +40%).  

Compared to controls, BV/TV in varus-OA was significantly 

higher (up to +49%) medially (AM, PM), whereas in valgus-

OA it was higher laterally (up to +76%, AL, p<0.05). In varus-

OA, all M:L BV/TV ratios ranged between 1.6-2.4, whereas in 

controls between 0.9-2.1 (Fig.1d). In valgus-OA, they were 

lower (up to -48%, AM:AL and PM:AL, p<0.05) than in 

controls and closer to unity (0.8-1.1). 

 

Figure 1: Top: micro-CT 3D rendering, (a) superior and (b) 

coronal view of a right tibial plateau, with the 4 ROIs examined; 

(c) average M:L Cg.Th ratios, (d) average M:L BV/TV ratios

(error bars = standard deviation), dashed line indicates unity;

*p<0.05 compared to controls.

CONCLUSIONS 

OA and non-OA tibias differ significantly in Cg.Th and STB 

microarchitecture depending on joint alignment, suggesting that 

joint structural changes in OA may reflect differences in 

medial-to-lateral load distribution upon the tibial plateau. This 

may contribute to improve our understanding of the disease. 
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INTRODUCTION 

Real-time prediction of femoral strain is important for different 

applications, such as bone fracture assessment [1], implant 

failure [2], and statistical studies of human motion [3]. The aim 

of this research was to compare the performance of a newly 

developed training-free method based on the principle of 

superposition (i.e., the Superposition Principle Method; SPM), 

and Multi-linear Regression (MLR), Multivariate Adaptive 

Regression Splines (MARS) and Gaussian Process (GP) as 

popular surrogate methods. 

METHODS 

Marker trajectories and ground reaction force for a healthy 

woman (68 years of age, 53kg weight) during repetitions of 

normal walking, fast walking, stair ascent, stairs descent and 

chair sitting were taken from the previous work [4]. Each 

activity was represented by 50 uniformly distributed frames of 

motion, resulting in 1000 frames in total. A coupled 

musculoskeletal and finite-element was used for calculating 

muscle and joint forces and femoral von Mises strain [4]. MLR, 

MARS and GP models were trained for each element in the 

mesh using training datasets with 50, 100, 200 and 300 samples 

determined using both Design of Experiment and Latin 

Hypercube sampling. Principle of superposition was 

constructed by computing femoral strain using a linear 

combination of 173 individual FE simulations with the below 

form:  

𝜀�̿� = ∑∑
𝑓𝑚𝑖,𝑗,𝑘

𝑓𝑛
×

3

𝑘=1
𝜀(̿𝑓𝑣𝑗,𝑘

24

𝑗=1

) +
𝑓ℎ𝑖

𝑓𝑛
× 𝜀(̿ℎ𝑓⃗⃗⃗⃗ 𝑣𝑖,𝑧)

Where 𝑓𝑚𝑖,𝑗,𝑘 is the magnitude of the force for frame j,

component k, muscle j,; 𝜀(̿𝑓𝑣𝑗,𝑘 ) is the strain tensor generated

by a nominal force fn applied at the muscle attachment site j 

along the coordinate axis k; fhi is the magnitude of the hip 

contact force for frame i; and 𝜀(̿ℎ𝑓⃗⃗⃗⃗ 𝑣𝑖,𝑧) represents the strain

tensor generated by a force vector ℎ𝑓⃗⃗⃗⃗ 𝑣𝑧 of magnitude fn applied

to the node z at the femoral head surface.  

   A suitable sampling method and the best size of training 

datasets was idetified. The methods’ performance was assesed 

by comparing femoral strain activity-by-activity and frame-by-

frame and the required prediction time. 

RESULTS AND DISCUSSION 

Design of experiment sampling and 200 samples provided the 

lowest error (RMSE < 170 µε) for each surrogate method. The 

SPM method showed the lowest RMSE (40 µε) and peak (256 

µε) errors across different activities. The RMSE was 99, 100, 

53 µε for the MLR, MARS and GP methods, while the peak 

error was 521, 414, 316 µε, respectively. The frame-by-frame 

comparison showed a higher RMSE (135 µε) and peak (153 µε) 

errors for GP compared with SPM. The MLR provided the 

femoral strain for a full cycle (50 frames) within 6 sec, 

compared to 36 s for SPM.  

Figure 1:  Comparison of the strain error in the SPM and GP 

methods during the stance phase of normal walking.  

CONCLUSIONS 

The principle of superposition presented the lowest strain error 

and the second lowest prediction time. Multilinear regression 

presented the fasted prediction time. SPM and MLR are best 

suited for large studies on femoral strain during physical 

activity. 
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1Yinghong Zhou, 1Rong Huang, 1,2Xin Wang and 1Yin Xiao 

1Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, QLD, Australia 
2Department of Orthopaedic Surgery, Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China 

email: y26.zhou@qut.edu.au  

INTRODUCTION 

The traditional concept of macrophages is that M1 activity 

inhibits cell proliferation and causes tissue damage while M2 

activity promotes cell growth and tissue repair [1]. However, 

tissue macrophages may be a more multifunctional group of 

cells than originally appreciated with different physiologies and 

distinct immunological functions. It is not justified to describe 

M1 and M2 activity simply in a pro- or anti-inflammatory 

manner. Consequently, the current challenges in this field are to 

identify those subsets of macrophages that are specifically 

involved in certain conditions such as natural bone healing and 

remodelling process. M1 macrophages can be found under 

physiological conditions without any pathological stimuli, such 

as lipopolysaccharide (LPS) and interferon-γ (IFN-γ). This 

study aimed to understand the involvement of RANKL-induced 

M1-like macrophages in bone formation compared with 

pathologically induced macrophages. 

METHODS 
Fischer rats were used to investigate macrophage distribution in 

normal and injured femoral condyles in vivo. Bone marrow-

derived macrophages (BMDMs) were stimulated with 

LPS+IFN-γ or RANKL to achieve M1 activation in vitro. Gene 

expression related to inflammation, osteoclastogenesis, 

angiogenesis, and migration was determined by reverse 

transcription-quantitative polymerase chain reaction (RT-

qPCR) and fluorescence-activated cell sorting (FACS).  

RESULTS AND DISCUSSION 

Tissue macrophages showed distinct expression patterns at 

different bone regions. RANKL was found in close proximity 

to inducible nitric oxide synthase-positive (iNOS+) cells in 

vivo, suggesting an association between RANKL expression 

and iNOS+ cells, especially in trabecular bone. RANKL-

induced macrophages showed a different cytokine secretion 

profile compared with pathologically induced macrophages. 

Both osteoclasts and M1 macrophages peaked on day 7 during 

bone healing. RANKL could trigger M1-like macrophages with 

properties that were different from those of LPS+IFN-γ-

induced ones. These RANKL-activated M1-like macrophages 

were actively involved in bone formation (Figure 1). 

CONCLUSIONS 

Our results indicate that more M1 cells are involved in bone 

formation process and RANKL may play a crucial role in the 

phenotypic switching of macrophages. This study substantially 

adds to the current view on the heterogeneity of tissue 

macrophages and challenges the traditional concept regarding 

the unfavourable role of M1 macrophages in bone formation.   

Figure 1:  M1 macrophages were actively involved in early 

bone healing. Antibodies of anti-CD68, anti-iNOS (black 

arrows), and anti-Arginase1 (white arrows) were applied in the 

femoral condylar defect model. CD68-labelled cells were 

present on postoperative day 1 and peaked on day 4 after 

surgery (a, d, g, j). iNOS-labelled macrophages (M1) were 

found on postoperative day 1 and peaked on day 7 after surgery 

(b, e, h, k); Arginase1-labelled macrophages (M2) only 

infiltrated the healed region on postoperative day 28 (c, f, i, l).  
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Antioxidant enzyme PRDX1 mediates osteoclastogenesis via suppressing ROS production 
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INTRODUCTION 

Bone is a dynamic organ which continuously undergoes 

remodeling throughout its lifetime [1]. During this process, the 

production of reactive oxygen species (ROS) increases with 

age, causing bone tissue degeneration and bone mass loss. Cells 

use multiple strategies, especially enzymatic reactions, to 

combat cellular oxidative stress [2]. Osteoclasts, multinucleated 

giant cells differentiated from the macrophage lineage, are 

responsible for bone resorption which is closely linked to ROS 

and bone mass loss. Multiple bone disorders such as 

osteoporosis and Paget’s disease are characterized by abnormal 

bone loss as the result of excessive osteoclast number or 

function. However, the molecular mechanisms underlying these 

pathologic phenomena remain unclear. Here we identify a novel 

factor Peroxiredoxin 1 (PRDX1) that can suppress reactive 

oxygen species generation and regulate osteoclast formation, 

which has great potential for treating bone diseases.  

METHODS 

Osteoclasts were differentiated from murine primary bone 

marrow monocytes (BMM), and human peripheral blood 

mononuclear cells (HPBMC) by stimulation with RANKL and 

M-CSF. Osteoclast number and function were assessed using

TRAP staining and hydroxyapatite resorption assays. Cell

proliferation was measured using MTS assay. Gene expression

was analysed following RNA isolation and cDNA synthesis

using DNA microarray analysis and quantitative PCR (qPCR).

Reactive oxygen species formation and transcription factor

activation were analysed using fluorescent and luminescent

assays respectively.

RESULTS AND DISCUSSION 

Comparative microarray analysis was performed to detect 

changes in gene expression during osteoclast formation. The 

peroxiredoxin enzyme family was found to be expressed both 

in bone marrow macrophages and osteoclasts. Furthermore, 

among the family, PRDX1 is most highly expressed in bone 

marrow macrophages and osteoclasts. The intensive expression 

of PRDX1 in human osteoclasts hints at a strong relationship 

between osteoclastogenesis and oxidative reactions. Q-PCR 

result showed that PRDX1 was upregulated in the early stage 

during osteoclast formation. In vitro TRAP staining showed a 

dose-dependent reduction in the number of osteoclasts in 

samples treated with PRDX1, indicating that the activity of 

PRDX1 inhibits osteoclast differentiation.  

To explore the intracellular mechanism, the ROS activity of 

both BMMs and osteoclasts were measured. Results show that 

ROS production was significantly inhibited following addition 

of PRDX1. Moreover, luciferase assay indicated that 

transcriptional activation of NFATc1 was repressed by PRDX1 

in a dose-dependent manner. The osteoclast differentiation 

marker genes, Cathepsin K and TRAcP, were also found 

decreased in PRDX1-treated samples. 

Figure:  BMMs were seeded into 35mm glass bottom micro-

well dishes, and RANKL-induced pre-osteoclast ROS activity 

was detected by inverted A1Si confocal microscope after 24 

hours.  

CONCLUSIONS 

This study demonstrates that PRDX1, a newly discovered factor 

in osteoclasts, may play a critical role in maintaining bone 

remodeling and homeostasis by regulating ROS activity in 

osteoclasts. Furthermore, this study also demonstrates that 

PRDX1 could be directly or indirectly controlling NF-κB and 

NFATc1 pathways. This novel and exciting discovery could 

potentially open a pathway towards the development of 

PRDX1-targeted therapeutic treatments for skeletal diseases 

such as osteoporosis.  
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INTRODUCTION 

Bone is a connective tissue that undergoes constant 

remodeling. Skeletal homeostasis is achieved via balancing 

the cellular activities of bone-resorbing osteoclasts and bone-

forming osteoblasts [1]. Any disturbances during this process 

may cause undesired pathological conditions, like 

osteopetrosis and osteoporosis. Osteoclasts are multinucleated 

cells derived from the monocyte-macrophage lineage. 

Receptor activator of NF-κB ligand (RANKL), a type II 

globular transmembrane protein, is indispensable for 

osteoclast differentiation [2]. A naturally occurring mutation 

of human RANKL (hRANKL) at amino acid residue M199 

within the TNF-like core domain was described in patients 

with osteoclast-poor autosomal recessive osteopetrosis (ARO) 

[3]. However, how this mutation alters RANKL function has 

not been characterized. Here, we hypothesized that hRANKL 

M199 residue is a structural determinant for normal RANKL 

interaction with its receptors and subsequent function. 

Understanding the role of M199 in RANKL structure and 

function may provide new insights for the development of 

next-generation anti-resorptive drugs. 

METHODS 

Site-directed mutagenesis was employed to create three rat 

RANKL mutants, replacing the M200 (rat M199 equivalent 

residue) with either lysine (M200K), alanine (M200A) or 

glutamate (M200E). Recombinant proteins were subsequently 

purified through affinity chromatography and visualized by 

Coomassie blue staining and western blot. MTS was carried 

out before osteoclastogenesis assay in vitro to measure the 

cellular toxicity. Luciferase reporter assay, RT-PCR, western 

blot and calcium oscillation detection were also conducted to 

explore the biological effect of rRANKL mutants. Thermal 

Shift Assay, western blot and protein binding affinity 

experiments were later carried out for structural analyses.   

RESULTS AND CONCLUSIONS 

rRANKL mutants M200K/A/E showed a drastically reduced 

ability to induce osteoclast formation and did not demonstrate 

features of competitive inhibition against wild-type rRANKL. 

These mutants are all incapable of supporting osteoclastic 

polarization and bone resorption or activating RANKL 

induced osteoclast marker gene transcription. Consistently, 

they were unable to induce calcium flux, and also showed a 

diminished induction of IκB degradation and activation of 

NF-B and NFATc1 transcriptional activity. Structural 

analyses showed that rM200 is located in a hydrophobic 

pocket critical for protein folding. Thermal shift and western 

blot assays showed that M200 mutants formed unstructured 

protein, with disturbed trimerisation and the loss of affinity to 

its intrinsic receptors. Taken together, our data showed that 

M199 is a critical residue for osteoclast differentiation, and 

may represent a therapeutic target motif for future 

development of anti-resorptive drugs.  
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Figure 1 Visualisation 

of the hydrophobic 

pocket basing on the 

mouse RANKL crystal 

structure. A. M198 B, 
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INTRODUCTION 

Angiogenesis is intimately coupled with osteogenesis to 

mediate bone development, remodelling and repair. An 

interruption of this coupling process could lead to 

osteoporosis, a condition commonly caused by aging and post-

menopausal oestrogen deficiency [1]. Although the 

interrelationship between angiogenesis and osteogenesis is 

critically important, the regulatory factors which mediate this 

complex process remain poorly understood.  Here, we 

identified Nephronectin (NPNT), a promoter of MC3T3 

osteoblastic differentiation [2] and a homolog of our 

previously identified bone angiogenic factor, EGFL6 [3], 

could play an important role in the bone microenvironment. In 

this study, we examined the expression of NPNT in the bone 

local environment using in vitro and in vivo approaches. 

Furthermore, we characterized the role of NPNT on 

endothelial cell activities, angiogenesis and the signalling 

mechanisms involved using in vitro functional assays. 

METHODS 

First, we performed RT-qPCR and western blot to elucidate 

the gene and protein expressions of NPNT in osteoblasts 

during differentiation. We then examined the gene expression 

of NPNT in the tibias of ovariectomized mice and in the 

femoral bone samples obtained from clinical osteoporotic 

patients. Next, we performed in vitro functional assays- 

scratch-wound healing assay, tube-like structure formation 

assay and mouse fetal metatarsal angiogenesis assay to 

examine the effect of NPNT on SVEC cells (SV40-

immortalised murine endothelial cells). Finally, we 

investigated the potential signalling pathways of NPNT-

induced endothelial cell activities. 

RESULTS AND DISCUSSION 

Our RT-qPCR and western blot analyses revealed that NPNT 

gene and protein are expressed in osteoblasts during 

differentiation. Furthermore, we showed that NPNT 

expression is downregulated in OVX mice and in osteoporotic 

patients. We also demonstrated that NPNT can induce 

endothelial cell migration, tube-like structure formation and 

angiogenesis in mouse fetal metatarsals. Finally, we showed 

that NPNT is capable of inducing ERK1/2 and p-38 signalling 

pathways in SVEC cells, and that the inhibition of ERK1/2 

significantly attenuates NPNT-induced endothelial cell 

migration and metatarsal angiogenesis (Figure 1). 

Figure 1:  NPNT-induced angiogenesis is inhibited in the 

presence of U0126 (ERK1/2 inhibitor).  

CONCLUSIONS 

In summary, we have shown that NPNT is expressed by 

osteoblasts and its expression is reduced in osteoporosis. 

Furthermore, we also found that NPNT promotes endothelial 

cell activities and angiogenesis via p-38 and ERK pathways. 

This study demonstrates the role of NPNT as a potentially 

important molecule in the communication between osteoblasts 

and endothelial cells by a paracrine mode of action. These data 

may lead to the development of novel therapeutic treatments 

for bone diseases and fractures. 
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.

fibre densities were employed to coonntrol the physical 
properties of the FRH. Additionally, wee  have incorporated 
FRH with Sr-hardystonite (Sr-HT) bbioactive ceramic 
microparticles, herein labeled FRHS, as a  sstrategy to improve 
the biological properties of FRH without thhee use of biologics.  

RESULTS AND DISCUSSION 
We were able to tailor the tensile mechaannical properties and 
equilibrium water content (EWC) of FRHH  by controlling the 
fibre density (Fig. 1). Tensile strengths  oof 83±3 MPa and 
125±17 MPa were achieved with low dennssity FRH and high 
density FRH respectively, whose values lliie within the upper 
values reported for the human Achilles tenndon (50~120 MPa) 
[2]. EWC ~73% and ~67% were achieveedd with low density 
FRH and high density FRH 
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prostheses to treat T/L ruptures remains aa  significant clinical 

INTRODUCTION 
There is an immense clinical need for offff-the-shelf synthetic 
scaffolds for tendon and ligament (T/L))  repair in order to 
circumvent issues associated with autolooggous and allograft 
tendons. The development of suitable synntthetic scaffolds for 

challenge [1]  The aim of this study wwaas to develop and 
characterize novel synthetic fibre-reinforcceed hydrogel (FRH) 
scaffolds for off-the-shelf synthetic T/L proosstheses. 

METHODS 
The FRH consists of longitudinally a  polyethylene (PE) ligneedd
fibres impregnated with polyvinyl alcoholl-based hydrogel, in 
order to mimic the hierarchical structure off  T/L. Two different 

respectiivvely, which were 
equivalent to values of human T/LL (65~75%), and 
significantly higher than dry PE fibres (~544%%). 

Figure 1: (A) Stress strain curves, andd  (B) EWC of low 
density FRH (green) and high density FRHH  (blue). EWC of PE 
fibres also shown. p < 0.05 between all groouups shown. 

that FRHS exhibited
2B) compared to FRH
connective tissue g

Figure 2:  (A) Electron mmiiccrographs of ovine mesenchymal 
stem cells on FRH (left) anndd FRHS (right), scale bar 100um; 
(B) Haematoxylin and eosinn staining of FRH and FRHS after
two weeks culture with rTSSCC. Orange brackets indicate depth
of cell and tissue ingrowthh..  Scale bar for 10x = 200um; for
20x = 100um.

CONCLUSIONS 
We have developed a synynthetic scaffold that mimics the 
physical structure and proppeerties of human T/L. The addition 
of Sr-HT microparticles enhhaanced the expression of tenogenic 
markers of rTSCs. The resuullts suggest that the FRHS scaffold 
is a promising candidate forr  ssynthetic T/L prostheses. 
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ovine mesenchymal stem ceellls ( . 2A). In vitro histology of Fig
scaffolds cultured with rat tteendon stem cells (rTSCs) showed 

 greateerr cell and tissue infiltration (Fig. 
absenc botthh in the presence and e of 

rowth faccttor (CTGF). Consistently, tendon-
related gene expression (coollllagen-I, collagen-III and tenascin-
C) were significantly higherr  iin FRHS than FRH.
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INTRODUCTION 

Osteoarthritis (OA) is a degenerative joint disease characterized 

by a slowly progressive degradation of articular cartilage, 

thickening of the subchondral bone, formation of osteophytes, 

inflammation of the synovium, degeneration of ligaments and 

the menisci, and hypertrophy of the joint capsule.  

Currently, there is no medical treatment to reverse or even 

retard OA. The purpose of the present study was to determine 

if Short Link N (sLN), a recently discovered fragment of the 

Link N peptide, could retard disease progression in a rabbit 

model of OA. 

METHODS 

Skeletally mature New Zealand white rabbits underwent 

unilateral anterior cruciate ligament transection (ACLT) of their 

left femorotibial joints to induce joint degeneration (1). 

Beginning 3 weeks post-operatively, and every three weeks 

thereafter for 12 weeks, either saline (1 mL) or sLN (100 µg in 

1 mL saline) was injected intraarticularly in the operated knee. 

Additional rabbits underwent Sham surgery but without ACTL. 

The effects on gross morphology and histologic changes were 

evaluated (2). 

RESULTS AND DISCUSSION 

In all joint compartments of the Sham group, the articular 

cartilage macroscopic grades were 1 (normal: intact surface 

with no sign of lesion). In the Saline group, fibrillation of 

articular cartilage occurred in all joint surfaces, and prominent 

erosion occurred in both femoral condyle compartments and the 

lateral compartment of the tibial plateau. sLN treatment reduced 

the severity of the cartilage damage in the 3 compartments of 

the knee showing erosion. In the lateral tibial plateau (LTP) and 

medial femoral condyle (MFC) sLN prevents the erosion and 

reduces erosion in the lateral femoral condyle (LFC) 

compartment. In the medial tibial plateau (MTP) compartment 

only minor fibrillation is observed with saline or sLN. Overall 

there is a trend in reducing the severity of joint damage, 

reaching statistical significance in the MFC compartment. 

Thus, sLN attenuates the severity of articular cartilage damage. 

Figure 1:  OA lesion severity throughout the joint. Combined 

histologic scores comparisons between Sham, Saline and sLN 

groups. 

CONCLUSIONS 

When all histologic parameters were combined from each site 

to obtain a total joint score, statistically significant differences 

were detected between the Saline treated joints and the sLN 

group (p=0.04), showing that sLN reduces the joint lesion 

severity in a statistically significant manner (Fig. 1). Thus, 

pharmacologically, sLink N supplementation could be a novel 

therapeutic approach for treating osteoarthritis by retarding 

disease progression. 
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INTRODUCTION 

Kneeling is associated in many cultures with activities of daily 

living, spirituality and a culturally rich life.1 However, no 

studies have examined kneeling kinematics through life. 

Understanding healthy motion is important for accurate 

clinical evaluation and rehabilitation outcome measures.2 This 

study aimed to capture kneeling kinematics in six-degrees of 

freedom in healthy adults of all ages. 

METHODS 

67 healthy knee participants aged from 20 to 80+ years were 

recruited and categorised into four 20-year age-groups. Each 

participant’s knee CT scan was registered onto ‘kneeling knee’ 

single-plane fluoroscopy, using Orthovis© 3D/2D registration; 

producing knee motion in 3D. Kinematic variables of position, 

displacement and rate-of-change in six-degrees-of-freedom 

were compared between age-groups controlling for activity 

(University of California Los Angeles activity scale and the 

associated quality of life physical score). 

RESULTS AND DISCUSSION 

All age-groups were similar except that the older groups were 

less physically active (p<0.0005). Kinematics were also similar 

for the age-groups except comparing youngest and oldest 

moving into flexion at 120°. At 120°, 80+years were -5.5(2.0) 

mm more anterior than the 20-39y group moving into flexion 

and more varus than the 20-39y, 40-59y and 60-79y groups, 

-4.4°(1.3°), -4.1°(1.3°), and -3.0°(1.1°) respectively.

CONCLUSIONS 

This is the first study to compare kneeling kinematics of healthy 

ageing using 3D/2D image registration techniques. We found 

that ageing does not change knee kinematics except at 120°, 

where the 80+ year knee was more anterior and abducted than 

younger age-groups.  

Figure 1. One of the six-degrees of freedom kinematic measures. 

Varus/valgus rotations (2SE) in transverse and frontal planes for 

four age-groups.  
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INTRODUCTION 

Joint kinematics following total knee replacement (TKR) is 

important as it affects joint loading, joint functionality, implant 

wear and ultimately patient comfort and satisfaction. It is 

believed that restoring the natural motion of the joint (such as 

the screw-home mechanism) with a medial pivot knee implant 

will improve clinical outcomes.  Daily activities such as stair 

ascent and stair descent are some of the most difficult tasks for 

these patients. This study analysed dynamic knee joint motion 

after implantation of a medially stabilised knee implant using 

fluoroscopy during stair ascent and descent activity. Patient 

satisfaction questionnaires were also assessed.  

METHODS 

Ethics approval was granted by Macquarie University to 

undertake fluoroscopic testing. Four patients who had 

undergone a TKR were asked to participate in the study. All 

patients were operated by a single surgeon (JS) and were 

implanted with a medially stabilised knee prosthesis (GMK 

Sphere, Medacta International). Participants were tested at the 

12 month post-operative time-point. 

Participants were asked to step up or down a short stair-case at 

a comfortable self-selected speed. Fluroscopic images were 

taken using a flat panel Artis Zeego (Siemens Healthcare 

GmbH, Erlangen) angiography system during the dynamic 

activity. Images were processed using Joint Track Auto (Banks, 

University of Florida) [1], whereby the specific femoral and 

tibial component CAD files were superimposed onto the 

fluoroscopic images, ensuring an optimised match to the 

outlined components. Joint kinematics were calculated using 

custom written code in Matlab 2017a. 

RESULTS AND DISCUSSION 

The average maximum flexion angle during stair ascent was 64° 

at the time when the foot had touched the step (Table 1). The 

average minimum flexion angle during this activity was 7.9°. 

On average, the tibia externally rotated relative to the femur by 

3.6° as the knee extended. During stair descent (Table 2) the 

average flexion angle changed from a minimum of 4.3° of 

flexion to a maximum of 29.3° of flexion. The overall average 

change in internal rotation was only 0.1°. 

Table 1:  Joint motion during Stair Ascent activity 

Table 2:  Joint motion during Stair Descent activity 

CONCLUSIONS 

The stair ascent activity showed the joint to undergo the natural 

screw-home mechanism motion; experiencing 4° of internal 

rotation over a 57° flexion angle range. The stair descent 

activity, however, did not exhibit the same level of internal-

external rotation. This may be due to other mechanisms, such 

as motion adaptation of the patient when undertaking this 

activity, which are not related to the implant design. Patient 

outcome measures indicated a significant increase in 

satisfaction post-TKA. 
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Average Maximum Flexion Angle 64.4 +/- 2.8 

Average Internal Rotation (at Maximum 

Flexion) 

4.9 +/- 5.8 

Average Minimum Flexion Angle 7.9 +/- 7.4 

Average Internal Rotation (at Minimum 

Flexion) 

1.3 +/- 5.6 

Average Flexion Range 56.5 +/-9.4 

Average Change in Internal Rotation over 

Flexion Range 

3.6 +/- 3.4 

Average Maximum Flexion Angle 29.3 +/- 7.9 

Average Internal Rotation (at Maximum 

Flexion) 

4.7 +/- 0.5 

Average Minimum Flexion Angle 4.3 +/- 5.6 

Average Internal Rotation (at Minimum 

Flexion) 

4.8 +/- 2.9 

Average Flexion Range 25.0 +/-12.9 

Average Change in Internal Rotation over 

Flexion Range 

-0.1 +/- 2.5

Figure 1: 
Characteristic 

kinematic curves for 

stair descent 
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INTRODUCTION 

During prostheses press-fit implantation, high compressive and 

shear stresses at the implant-bone interface are generated. 

Permanent bone damage occurs [1], but the extent remains 

unknown.  

The aim of this study is to quantify, using high-resolution 

peripheral quantitative computed tomography (HR-pQCT) and 

Digital Volume Correlation (DVC), permanent bone changes 

and deformation due to press-fit femoral knee implantation. 

METHODS 

Pre-implantation scan: Six human cadaveric distal femora 

(85±3 years) were resected and scanned with HR-pQCT 

(XtremeCT II, Scanco) at 60.7µm/voxel, isotropic. 

Implant fitting: An experienced surgeon fitted the femurs with 

a cementless cruciate retaining femoral knee implant Sigma® 

(DePuy Synthes, UK) with porous surface coating (Porocoat). 

Post-implantation scan: Implants were then carefully removed 

and femurs rescanned with HR-pQCT.  

Image Registration: 3D image-registration of pre- and post-

implantation cross-section images was performed (DataViewer, 

Skyscan-Bruker). 

Image Analysis: For each femur, volumes of interest (VOI) 

were selected (CT-Analyzer, Skyscan-Bruker) in the posterior-

medial and posterior-lateral condyles and anterior flange; VOIs 

included 10 mm of depth in the coronal plane at the bone-

implant surface. The bone volume fraction (BV/TV) for the 

VOIs in pre- and post-implantation images and their ratio 

(BV/TVpost / BV/TVpre) was calculated, slice by slice, at 

increasing depth.  

Digital Volume Correlation: DVC direct correlation (DaVis, 

LaVision) [2] (3-step multipass, final subvolumes 20 voxels, 

1.2 mm) was applied on the same VOIs pre- and post-

implantation, to assess trabecular bone displacements and 

plastically accumulated strains. 

RESULTS AND DISCUSSION 

The “BV/TVpost / BV/TVpre ratio vs. depth” graphs (Fig. 1a) 

showed, consistently among the six femurs, three characteristic 

points, differing significantly in BV/TVpost / BV/TVpre ratios 

and depth among them (p<0.05, Friedman and Wilcoxon signed 

rank tests), indicating: bone removal (A, ratio<100%), 

compaction (B, ratio>100%) and correspondence between pre- 

and post-implantation (C, ratio=100%) (Fig.1a, b).  

On average, peak bone removal (A, BV/TVpost / BV/TVpre ratio= 

18±19%, mean±SD) occurred at 0.1±0.1mm depth, peak bone 

compaction (B, ratio= 135±28%) at 0.9±0.4mm, 

correspondence (C, ratio= 99±3%) at 2.1±0.5mm. 

Figure 1: Femur posterior-lateral condyle, (a) “BV/TVpost / BV/TVpre 

ratio vs. depth”; (b) HR-pQCT 3D posterior view (top), coronal cross-

section images (bottom), pre- and post-implantation, at increasing 

depth; (c) DVC-computed displacements and (d) 3rd principal strains. 

Correspondingly, trabecular bone displacement computed by 

DVC for the 6 femurs, suggested bone compaction up to 

2.3±0.5mm in depth (Fig.1c), with peak third principal strains 

of -150,500±39,500µε (mean absolute error: 1,000-2,000µε, 

SD: 200-500µε; Fig.1d), well above the yield strain of bone 

(7,000-10,000µε). 

CONCLUSIONS 

Combining high-resolution 3D-imaging and DVC enables to 

quantify permanent bone damage occurring after press-fit knee 

implantation. The apparent damage occurs up to 2 mm in depth, 

first with bone removal, followed by compaction and by no 

changes (correspondence). This data can be used to inform 

surgeons and manufacturers, advancing implant development.  
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INTRODUCTION 

Reliable coordinate system (CS) definition is a critical element 

of biomechanical modelling. Previous studies have identified 

different means to establish CS for the knee using a range of 

medical imaging modalities, however, these studies have relied 

on the identification of anatomical landmarks [1,2]. In cases 

where skeletal trauma is present the use of anatomical 

landmarks to define a CS is often impossible. Tibial plateau 

fractures (TPF) are one such example due to the high degree of 

damage to the proximal aspect of the tibia. The aim of this study 

was to develop and evaluate a semi-automated approach to 

defining a CS for the tibia in a reliable and repeatable manner 

using clinical CT data acquired from TPF patients. 

METHODS 

Ten CT scans of the lower limb were obtained from a healthy 

cohort and were reconstructed using ScanIP to generate 3D 

models. These models were used to apply a geometric shape 

fitting approach to estimate the longitudinal axis of the tibia and 

mediolateral axis of the femur, to be used as the basis for the 

CS. A least-squares method was used to fit a cone to the outer 

shell of the reconstructed tibia, with the centre of the cone 

representing the axis – a similar method was used to apply the 

cone to the posterior aspect of the femoral condyles. To test the 

stability of the axes, computer generated slices were made to 

the tibia and femoral condyles to reduce the length to which the 

shape fit was applied for the axis estimation (Figure 1). The axis 

angles at these varied lengths were compared to that measured 

from the full tibia and femoral condyles to establish the 

minimum length required to accurately estimate the axes.  

Figure 1. Longitudinal axis of tibia. A – Cone fit applied to full 

length tibia to establish reference axis. B – Initial slice made 

using tibial tuberosity as a reference. C – Computer generated 

slice made 200 mm below initial slice, cone fit applied between 

two slices. D – Cone fit applied, axis established through centre 

of cone. E – Cone fit applied following subsequent cuts. 

The CS origin was defined as the intersection of tibial axis with 

the XY plane containing the most distal aspect of the femoral 

condyles with the X coordinate equal to the midpoint of the 

condylar centres. This CS definition was then applied to a cases 

series (n=100) of TPF, reconstructed from pre-operative CT 

scans (Figure 2), to establish the performance of the method. 

Figure 2. CT reconstruction and segmentation of TPF. A – Raw 

axial slice. B – Fracture fragments and intact tibia (red). C - 

Three-dimensional reconstruction of proximal tibia. 

RESULTS AND DISCUSSION 

For the longitudinal axis, angles within the coronal and sagittal 

planes were within 5° of the reference axis as long as the shaft 

length used was 50 mm or more. For the mediolateral axis, the 

greatest variability in the axis angle, within the transverse plane, 

occurred at shorter condylar widths (<15 mm). In the coronal 

plane, axis angles exhibited a similar mean error (<1°) across 

all condylar widths.  

In applying the CS to the TPF dataset, the cone fit for the 

longitudinal and mediolateral axes was successful for 72% and 

88% of cases, respectively. The origin estimate was successful 

in 77% of cases. 

CONCLUSIONS 

This study describes a semi-automated method to establish a 

coordinate system for the knee, future biomechanical modelling 

studies can adopt this method in cases of skeletal trauma or 

when there is a limited field of view on clinical CT scans.  
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INTRODUCTION 

Knee osteoarthritis (OA) can result in severe knee pain and loss 

of mobility. The treatment of knee OA with joint replacement 

is increasingly being questioned with increased support for 

evidence-based non-surgical options1. There is good evidence 

that OA knee is strongly associated with obesity2. It has been 

established that weight loss for obese patients with knee 

osteoarthritis is clinically beneficial, for pain reduction, and for 

improved function3. Weight loss can help reduce symptoms and 

self-reported disability in knee OA. However, the mechanisms 

which underpin this association are not fully understood. 

Changes in load may influence knee joint kinematics, but 

kinematic responses to changes in body mass index (BMI) and 

other morphometric factors have not been thoroughly studied. 

The aim of this study was to investigate the effect of BMI, 

weight height and knee size on knee joint kinematics in 6 

degrees of freedom during deep kneeling and step up. 

METHODS 

A cross-sectional observational study was conducted using 

2D-3D image registration with single-plane fluoroscopy and 

computed tomography (CT) in 29 healthy participants aged < 

56 years. The effect of four morphometric factors (BMI, 

weight, height and knee size) on in vivo tibiofemoral 

kinematics during a deep knee kneeling and step-up activity 

was investigated. The cohort was dichotomised according to 

size in each morphological category. Tibiofemoral kinematics 

were analysed at the mid-point of flexion during each activity. 

Adjusted random slopes mixed regression model analyses 

were used to compare morphometric categories in both deep 

kneeling and step-up. Maximum flexion was compared with a 

generalized linear model. 

RESULTS AND DISCUSSION

Maximum flexion during deep kneeling was significantly 

influenced by BMI (p=0.03) and the timing of internal rotation 

was influenced by both BMI and weight (p<0.01 and p=0.02) 

(Figure 1). Participants in the larger BMI and weight 

categories were more internally rotated at the flexion mid-

point and this rotation commenced earlier during the deep 

kneeling activity. Taller participants were more medially 

translated at the mid-point of step-up (p<0.05).  

Figure 1:  Internal and external rotation of the knee during deep 

kneeling as a function of BMI. Blue <25 kg.m2; Green 25+ 

kg.m2. 

CONCLUSIONS 

Morphology was found to influence in vivo tibiofemoral 

kinematics. People with higher BMI and weight demonstrated 

earlier internal rotation during deep kneeling which has not 

previously been reported. Earlier internal rotation during knee 

flexion may increase forces in the knee and accelerate 

degeneration. Specific strengthening strategies which aim to 

control early internal rotation during knee flexion may protect 

the knee in people with high BMIs. Future studies should 

investigate the role of muscle activation on kinematic 

differences and their effects on knee kinematics 
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INTRODUCTION 

Disc herniation commonly occurs in individuals aged 30-55 

years old from work related injuries that involve stressing of 

the low back via repetitive lifting [1]. The precursor to disc 

herniation is a disc bulge, which is an injury that is usually 

treated conservatively.  In-vitro studies have shown that both 

injuries are a consequence of repetitive loading of the low 

back that have been associated with lifting [2, 3]. It is 

therefore likely that the six degree of freedom (6DOF) 

mechanical behavior of the FSU is affected by repetitive 

loading, which may destabilize the FSU. However, no studies 

have quantified how the 6DOF FSU stability changes after 

disc injury due to simulated repetitive lifting. Therefore, the 

aim of this study was to determine the effect of disc injury 

from simulated repetitive lifting movements on 6DOF 

stiffness and energy absorption of non-degenerated human 

spinal segments.  

METHODS 

Fourteen intact functional spinal units (FSUs) were dissected 

from human lumbar spines (L1-2 x 5, L2-3 x 3, L3-4 x 4, L4-

5 x 2, mean (SD) age 52 (14.2) years, Pfirrmann grades 2 

(N=9) and 3 (N=5)). Each FSU was subjected to 6DOF 

testing, followed by 20,000 cycles of repetitive flexion (13°), 

right axial rotation (2°) under a constant compressive preload 

of 1.1 MPa, after which the 6DOF testing was repeated. For 

the 6DOF testing, each FSU was tested in each of ±6DOFs at 

0.1 Hz for five loading cycles while exposed to physiological 

compressive preload (0.5 MPa), hydration (protease-

inhibited, phosphate-buffered saline bath) and temperature 

(37°C) conditions in a hexapod robot [4]. The primary testing 

axis was driven in position control while off-axis coupling 

was minimized in load control. Non-destructive 6DOF 

amplitudes were 1.1 MPa compression, 0.6 mm in shear, 3° 

lateral bending, 5° flexion, 2° extension and 2° axial rotation. 

Average stiffness over the entire final load-unload cycle and 

phase angle (energy absorption) over the five cycles was 

calculated for all specimens in each DOF. A repeated 

measures ANOVA was performed on phase angle and 

stiffness with a within-subjects fact of time (before or after 

repetitive loading). Significant differences were accepted 

when p < 0.05 (2-tailed).   

RESULTS AND DISCUSSION 

Significant decreases in stiffness were found for right lateral 

shear (p=0.014), left lateral shear (p=0.001), compression 

(p=0.039), left axial rotation (p<0.001), and right axial 

rotation (p=0.007, Figure 1), with an increase in extension 

(p=0.001).  No significant differences were found in anterior 

and posterior shear, flexion or lateral bending.  The decrease 

in stiffness suggests increased laxity in the facet joint capsule 

and disc tissue damage. Increased facet joint laxity is 

consistent with the loading regime applied, since the applied 

magnitudes of flexion and rotation were at the limits of 

measured in-vivo motion [5]. In addition, post-test MRIs 

revealed disc bulge as the main mode of disc injury after 

repetitive loading for all specimens. 

Figure 1:  Mean (95% CI) stiffness before and after disc injury in 

right and left lateral shear.  * denotes significance (p<0.05) between 

before and after repetitive loading. 

For phase angle, significant increases were seen in all shear 

directions (p<0.019), and left axial rotation (p<0.001), with a 

decrease in extension (p=0.015). In addition no significant 

differences were seen in flexion, and lateral bending as well 

in phase angle. The increased phase angles after repetitive 

loading, signifies an increase in energy absorption and tissue 

damage. 

CONCLUSIONS 

For the first time, this study has quantified how disc 

mechanics change after repetitive loading, which is important 

for individuals who engage in frequent repetitive lifting (e.g. 

manual labor workers). Stiffness decreased in lateral shear, 

axial rotation, and compression, and phase angle increased for 

shears, and left axial rotation.   Knowing which directions are 

affected by repetitive loading can help determine which 

muscles may need to be strengthened to counteract the 

changes in range of motion, stiffness, and phase angle seen in 

the FSU.   
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Acute lymphoblastic leukaemia (ALL) is the most common 

childhood cancer, and the most frequent cause of death from 

cancer in the under 20 age group. Within childhood leukaemias 

B-cell ALL (B-ALL) predominates. In the past 50 years there

has been significant improvements in survival rates due to the

introduction of optimized chemotherapy regimens, with certain

types of childhood ALL seeing survival rates above 90%;

however, for patients with leukaemias harbouring high risk

mutations (such as the Philadelphia chromosome, Ph+,

encoding a Bcr/Abl fusion protein) survival rates are much

lower. The current chemotherapy protocols also induce

significant damage to bone growth and structure in children,

resulting in lifelong bone damage and higher risk for diseases

such as avascular necrosis and osteoporosis later in life in

survivors. New treatments that can improve survival and also

improve long term bone health would be of significant benefit

to paediatric ALL patients.

Recently the importance of the tumour microenvironment on 

tumour establishment and progression has been recognized. 

Changes in the bone marrow microenvironment have been 

identified in paediatric ALL patients, with several key signaling 

pathways co-opted by leukaemia cells to enhance survival and 

growth. In particular, the osteoblastic and vascular niches that 

are critical for haematopoeitic stem cell (HSC) maintenance 

and regulation are a target site for leukaemia initiating cells. 

Progress has been made in understanding the signals that drive 

this localization to the HSC niche, with CXCL12/CXR4 

signalling, the Notch pathway, and Wnt/beta catenin pathways 

all strongly implicated in ALL establishment. These pathways 

are also important in bone biology, however the detrimental 

effects of leukaemia on bone have long been blamed on the 

treatment rather than direct effects of ALL. Bone pain is a 

common complaint at presentation in patients with a diagnosis 

of ALL, we sought to determine the effects of ALL on bone 

structure using microcomputed tomography and histology in a 

syngeneic Pre B-ALL (Ph+) mouse model.  

Figure 1: Representative micro-computed tomography images 

demonstrating bone loss during leukaemia progression in the B-

ALL (Ph+) mouse model.   

Micro-computed tomography studies identified a significant 

bone loss that developed concomitantly with the extent of 

leukaemia burden, with loss of trabecular and cortical bone, and 

significant upregulation of osteoclast function (Figure 1). We 

then further analysed gene expression in ALL cells to assess 

potential regulators of the increased osteoclast formation and 

identified significant increases in Rankl gene and protein 

expression. ALL cells were able to support osteoclast formation 

in co-culture systems, and blocking osteoclast activity through 

treatment with Zoledronate, in combination with standard 

chemotherapy (tyrosine kinase inhibitors, TKIs), was able to 

extend the lifespan, and preserve the bone, of ALL affected 

mice.  

This study presents an enticing new possibility of sparing the 

bone and improving survival in ALL through co-treatment with 

osteoclast inhibitors, with the potential for targeting RANKL 

directly in human paediatric ALL patients through the use of 

Denosumab.    
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INTRODUCTION 
Over the past decade researchers have characterized the 
complex mechanism that coordinates the formation and 
activity of bone cells. These investigations have identified a 
plethora of growth factors, cytokines and chemokines that 
regulate this delicate process. Osteoblasts differentiate from 
mesenchymal stem cells (MSC), creating highly specialized 
cells that synthesize and maintain bone matrix during bone 
growth or remodeling. This requires repression of 
proliferative signals in MSC and lineage dependent 
induction of the transcription factor, runt-related 
transcription factor-2 (Runx2) (7). Runx2 activity is also 
essential for normal formation of osteoblasts and 
continuation of their anabolic processes. However, in 
inflammatory conditions, where the immune system is 
highly active, cytokines such as tumor necrosis factor-α 
(TNFα) affect osteoblast function and bone maintenance. 
Many reports have shown inhibition of osteoblastic cells by 
TNFα, in part, through direct suppression of Runx2, in 
addition to key osteogenic factors such as insulin like growth 
factor-1 (IGF-1) and osterix (OSX). Furthermore, TNFα 
stimulates the production of sclerostin (SOST) and dickkopf-
related protein 1 (DKK1) in inflamed tissues (11,12). These 
factors potently inhibit Wnt-signaling and the induction of 
Runx2, inhibiting osteoblast differentiation and function. 
Pharmacological interventions that regulate these processes 
through epigenetic mechanisms may be powerful tools to 
regulate bone repair.  

Here we aimed to investigate the effects of a novel HDAC 
inhibitor (HDACi) designed to target the HDAC 5 isoform, 
Compound 39, during osteoblastogenesis and bone 
formation using human MSC stem cells in vitro. 
Supplementary experiments involved exposing cells to the 
cytokine TNFα to investigate the effects in a simulated 
inflammatory environment. We hypothesized that osteoblast 
activity would be stimulated by HDAC 5 inhibition, and that 
Compound 39 would ameliorate the negative effects on 
osteoblastogenesis associated with TNFα. 

METHODS 
Bone samples were originally obtained and isolated from 
healthy donors (aged 20-35 years) with informed consent of 
the SA Pathology normal bone marrow donor program, 

Royal Adelaide hospital, as previously published. Cells were 
cultured in the presence and absence of the inflammatory 
cytokine TNFα (10ng/ml), with targeted HDACi therapy 
(Compound 39; 0.1-1000nM). 

RESULTS AND DISCUSSION 
HDAC 5 expression was significantly increased in those 
cells treated with TNFα. Using the novel HDAC 5 inhibitor, 
Compound 39, normal osteoblastogenic activity was restored 
via increased Runx2, osteocalcin and collagen type 1a 
expression.  

Figure 1:  

Mineralisation at day 21 and RUNX2 expression at day 14 
during culture 

CONCLUSIONS 
Taken together, these results highlight the necessity to target 
not only inflammation but also bone cells in inflammatory 
bone loss diseases. This study also identifies HDAC 5 as a 
key target for increased bone formation and repair. 
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INTRODUCTION 

Icariin is the major bioactive component of a traditional 

Chinese medicine Herba Epimedium which has been utilized 

for centuries to treat bone loss [1]. Icariin has been reported to 

exert potent anti-osteoporosis effect in vitro and in vivo [2] but 

its effect on bone mass and bone microstructure and the 

underlying action of mechanisms have not been revealed. The 

aim of the study is to investigate the effect of icariin on the bone 

mass and bone microstructure of osteoporotic rats and its 

mechanism. 

METHODS 

A total of 60 female rats were divided into normal control group 

(NC), model control group (MC), 40, 80, 120 mg/kg icariin 

treated groups (ICA-L/M/H). At three months after removal of 

the ovaries, osteoporotic fracture model was established in 

every group except for NC group. Rats were sacrificed after 12-

week oral treatment. Bilateral femurs were collected for 

histopathological observation and micro-CT scanning which 

was used to measure bone mass including cortical bone mineral 

density (BMD), cancellous BMD, trabecular BMD and total 

BMD, as well as bone microstructure including trabecular 

number (Tb.N.), trabecular thickness (Tb.Th), trabecular 

separation (Tb.Sp), connectivity density (Conn.D), bone 

volume fraction (BV/TV), and bone surface fraction (BS/BV). 

Serum was collected to measure the content of alkaline 

phosphatase (ALP), osteocalcin, estradiol, bone morphogenetic 

protein-2 (BMP-2) and tartrate-resistant acid phosphatase 

(strACP). Western blot and rt-qPCR analysis were used to 

detect the expression of Notch1 pathway and associated 

proteins in bone. 

RESULTS AND DISCUSSION 

Icariin treated groups showed more compacted bone trabeculae 

and higher BMD compared with MC group (Fig.1). 

Furthermore, icariin could significantly inhibit the level of ALP 

and strACP and increase the content of osteocalcin, estradiol 

and BMP-2. Finally, expression of Notch1 and downstream 

genes (Hes1, Hes5 and Hey1), OPG and TGF-β1 were 

significantly enhanced in ICA-treated groups while RANK and 

RANKL were suppressed (Fig.2). 

Figure 1:  Histological examination and micro-CT scanning on 

L3 vertebra and femurs. a, H&E stained slices of rat fractured 

femur terminal (100×); b, micro-CT images of L3 vertebra; c, 

micro-CT images of rat unfractured femur; d, femur 

microarchitectural parameters in different treated groups. 

Figure 2: Effective of icariin on Notch1, OPG, RANK, 

RANKL and TGF-β1 protein expression in bone by western 

blot analysis. a, protein expression; b, semi-quantitative results 

of protein expression.  

Note: Data are presented as the mean ± standard deviation. ##, 

P<0.01 v.s. NC group. *, P<0.05 v.s. NC group; **, P<0.01 v.s. 

NC group. 

CONCLUSIONS 

Icariin could stimulate the expression of Noth1 signalling 

pathway to inhibit the activities of ALP and strACP, and elevate 

the content of osteocalcin, estradiol and BMP-2 to increase 

bone mass and improve bone microstructure, which has shown 

good therapeutic effect on osteoporotic femur fracture in rats. 
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INTRODUCTION 
Osteoarthritis (OA) is a highly prevalent disorder affecting the 
whole joint structure including articular cartilage and 
subchondral bone1. Obesity is considered as a high risk for 
accelerating OA development, which eventually leads to total 
knee replacement (TKR) 2. However, the precise impact of 
obesity on pathology of the osteochondral unit remains unclear. 

METHODS 
We analyzed data of TKR between 1999 and 2015, including 
OA patients’ age, BMI and gender, from Australia Orthopaedic 
Association National Joint Replacement Registry (AOANJRR) 
and British National Joint Registry (NJR). The correlation 
between BMI and the age of surgery was evaluated. In addition, 
We collected tibia plateaus from OA patients following TKR in 
Western Australia and analyzed the correlation between OA 
and obesity. Specimens from 105 patients were examined for 
case series study. Micro-CT, histomorphometric analysis were 
performed to analyze microstructural and pathological changes. 

RESULTS AND DISCUSSION 
Large Cohort Cross-sectional Study: In total, we analyzed 
616,496 cases, and all patients were categorized into four 
subgroups: Normal weight (BMI≤25kg/m2), overweight 
(25<BMI≤30 kg/m2), Obese Class 1&2 (30<BMI≤40kg/m2) 
and Obese Class 3 (BMI≥40kg/m2). Analysis of the mean age 
among four categories by One-way ANOVA, followed by post-
hoc comparison showed a   significantly progressive fall in the 
age at patients received TKR and BMI across all the subgroups 
(P<0.0001). The mean age of patients with BMI ≥40kg/m2 
showed 8 years younger than patients with BMI ≤25kg/m2

(Figure 1A). Similar correlation was shown in both male and 
female patients. All the analysis based on the large cohort 
demonstrated that patients with higher BMI received TKR at 
earlier age. 
Case Series Study: Of the 88 patients, similar correlation was 
showed between BMI and age of patients received TKR 
(p<0.01). Histomorphometrical analysis showed increased 
bone formation was associated with increased BMI, as higher 
thickness of osteoid (p<0.01), osteoid volume (p<0.01), osteoid 
surface (p<0.01) were found in patients with higher BMI, by 
linear regression. However, no alteration of bone resorption and 
microstructure were shown to be related to BMI. Intriguingly, 
cartilage degradation assessed by OARSI grading system 
showed less cartilage degradation was associated with 
increased BMI (Figure 1B), while patients with BMI≥40kg/m2 
demonstrated clear anatomical separations close to tidemarks. 

Those separations were filled with fibrosis, erythrocytes and 
bone fragments (compared to BMI ≤25kg/m2 group: 7.7%, 
Fisher’s χ2:19.337, p<0.01; Figure 1C). Due to the 
inhomogeneous mechanical property in the cartilage-bone 
interface, the tidemark, as a weak point, is incapable to 
withstand the increased shear stress, caused by high BMI. This 
may eventually cause the splitting, which likely to cause severe 
pain, and prepone the TKR in obese patients (Figure 1D). 

CONCLUSION 
Our data demonstrated that high BMI is a predictor of an earlier 
age of TKR for OA. Our observation of pathological changes 
close to tidemarks, less cartilage degradation and increased 
bone formation in morbidly obese OA patients may suspect that 
abnormal loading in knee joint due to high BMI led to the 
deterioration of binding site of osteochondral unit. These might 
be the new mechanism of the rapid progression in obesity-
related OA.  
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Figure1(A). Relationship between BMI and age of patients undergoing 
TKA; (B) OARSI grading of articular cartilage evaluation for patients with 
different BMI. (C, D). Histomorphological images of OA patients with 
normal weight and morbid obesity. (E) Mechanical model of shear stress 
induced by morbid obesity causing the deterioration of the interface 
between calcified cartilage and hyaline cartilage.   
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INTRODUCTION 
Osteochondral defects (OCDs) of the knee are a relatively 
common problem and may be challenging to treat. Articular 
cartilage has limited regenerative potential and without 
adequate treatment OCDs may progress to degenerative joint 
disease. Traditional methods of treatment such as 
microfracture are generally reserved for smaller defects 
(<2cm2) and result in fibrocartilage formation, which has 
inferior mechanical properties to hyaline cartilage [1]. 
Autologous chondrocyte implantation (ACI) techniques have 
been developed in order to achieve hyaline cartilage 
regeneration. However, ACI requires a two-stage approach 
and involves a lengthy rehabilitation process [2]. In contrast, 
stem cell transplantation is a single-stage procedure and an 
accelerated rehabilitation protocol is used. The early results of 
a prospective study of a single-stage autologous bone marrow-
derived stem cell transplantation procedure, are described. 

METHODS 
Seventy-seven patients underwent stem cell transplantation of 
osteochondral defects of the knee. A type 1 collagen scaffold 
soaked with autologous bone marrow-derived stem cells was 
implanted into the OCDs and secured in place with autologous 
fibrin ‘glue’ (Figure 1). Range of movement exercises were 
commenced at one week post-operatively and the patients 
were fully weight-bearing by six weeks. The Visual Analogue 
Scale (VAS), Modified Cincinnati Knee Score (MCKS) and 
the Bentley/Stanmore Rating Score (BSRS) were 
prospectively collected pre-operatively, at six months and at 
one year. MRI imaging was performed pre-operatively and at 
six months to assess the cartilage repair and subchondral bone. 

Figure 1:  Collagen type 1 scaffold with stem cells implanted 
into osteochondral defect and secured in place with autologous 
fibrin glue. 

RESULTS AND DISCUSSION 
The mean age of patients was 30.1 years (15 - 49 years), with 
57 males and 20 females. The defect size ranged from 0.5 cm2 
to 8.83 cm2. The mean VAS score improved from 5.9 pre-
operatively to 3.8 at both six months and one year (p<0.05) 
(Figure 2). The mean MCKS improved from 48.8 pre-
operatively to 61.3 at six months (p<0.05) and 63.8 at one 
year. The mean BSRS improved from 2.6 pre-operatively to 
2.1 at six months (p<0.05) and 2.2 at one year. There were no 
further statistically significant improvements in outcomes 
between six months and one year. There was a correlation 
between improved outcome scores and MRI appearance 
(p<0.05) in all defect locations. Increasing age was associated 
with poorer clinical outcome scores (p<0.05). OCD site and 
defect size did not influence the scores (p>0.05).  

Figure 2: Reduction in mean visual analogue score at six 
months and one year post-operatively. 

CONCLUSIONS 
This study has demonstrated favourable outcomes for pain and 
functional improvement up to a year after stem cell 
transplantation with evidence of graft integration on cross-
sectional imaging. The improvement is most marked within 
the first six months with intervention in younger patients being 
associated with better outcomes. Stem cell transplantation 
provides similar early clinical benefits to ACI. The single-
stage technique and quicker rehabilitation is associated with 
reduced financial costs. Long-term follow-up is needed and 
randomised controlled trials to demonstrate the effectiveness 
over other techniques are planned. 
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INTRODUCTION 

Numerous systems have been proposed to evaluate and classify 

tibial plateau fractures (TPF) [1]. Of these systems, the 

Schatzker and AO are the most commonly reported within the 

literature as a means of classifying tibial plateau fractures [2,3]. 

However, these systems were first developed based on plain 

radiographic imaging and are therefore two-dimensional by 

nature, with the incorporation of CT imaging the opportunity to 

reconstruct and view these fractures as 3D models is now 

possible. The aim of this study was to assess and model a series 

of pre-operative CT scans from TPF patients and compare an 

objective means of grouping such fractures with previously 

established classification systems. 

METHODS 

100 pre-operative CT scans of the knee were obtained from 

tibial plateau fracture patients treated at the Royal Adelaide 

Hospital. All fractures were classified using pre-operative 

medical imaging in accordance with both the AO and Schatzker 

classifications by an orthopaedic surgeon experienced with 

each system. 

Following this, the CT scans were reconstructed using ScanIP 

to generate 3D models of the distal femur, intact tibia and 

associated tibial fragments. These models were imported into 

Matlab for processing and analysis to determine the location of 

fracture fragments, volume, dimensions and other 

morphological characteristics. To establish a repeatable means 

of comparing locations across patients a coordinate system was 

applied using axes fits for the intact tibia and distal femur [4]. 

Six zones were defined to describe the fragment position 

(Figure 1). 

Figure 1. Reconstructed CT scan. Intact tibia (red) and tibial 

fragments. Fracture zones divide tibial plateau based on CS origin.  

The fracture locations were established from the 3D 

reconstructions of the fractures and compared to the fracture 

classification as per the AO and Schatzker systems. Only 

fragments larger than 2cm3 (i.e. potentially fixable during 

surgery) were considered when defining the position of the 

fracture using the aforementioned method.  

RESULTS AND DISCUSSION 

When considering the Schatzker classification, type I (6%), 

type II (46%), type IV (16%), type VI (20%) fractures were 

represented within the dataset. Notably, there were no type III 

or type V fractures. Using the AO classification, 41B3.1 (36%) 

and 41B3.3 (14%) represented the majority of the fractures with 

others less than 10%. A total of 13% were unclassifiable 

according to either system. Comparing our method to those 

previously developed, 86% of Schatzker II fractures were 

recognized as having purely lateral or a combination of lateral 

and central fragments. Similarly, Schatzker IV displayed a 

combination of medial, central and lateral fragments 9/15 cases 

and medial and central fragments for 5/15 cases, showing strong 

agreement based purely on fracture locations as defined by the 

fragment position using the semi-automated zone based 

method. In the case of the AO classification, 91% of type 

41B3.1 (n=35) displayed fragments located in the lateral zone 

or a combination of the lateral and central zones. 

CONCLUSIONS 

This study shows good agreement with both the AO and 

Schatzker systems when solely considering the fragment 

location. The inclusion of additional variables (e.g. fragment 

shape, presence of cortical bone) may help further improve this 

automated classification process and identify a means of 

classifying those fractures not consistent with AO or Schatzker 

definitions. 
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INTRODUCTION 

Accurate estimations of the hip joint centre (HJC) location in 

musculoskeletal (MSK) modelling is imperative for accurate 

calculations of muscle forces and internal joint loads. Dynamic 

functional and Harrington regression methods using virtual 

markers are recommended to improve generic scaling (GS) of 

a pelvis in MSK modelling, however, large and unacceptable 

errors, up to 30 mm, have been reported using these marker 

based methods [1]. Statistical shape models (SSM) have 

demonstrated improved accuracy to reconstruct lower limb 

geometry and shape from anatomical landmarks [2]. This study 

investigated if statistical shape models (SSM) could improve 

prediction of the HJC location with reference to a true HJC 

location obtained from Computed Tomography (CT). 

METHODS 

Fifteen subjects with end-stage OA underwent gait analysis. For 

the two GS methods, virtual HJC markers were computed from 

a functional trial (Star-Arc pattern) and Harrington’s regression 

equation from surface markers [3, 4].  For the SSM method, the 

3D geometry of each participant’s pelvis was reconstructed 

from CT images in the ScanIP module (version 5.0, 

Simpleware, UK). The Musculoskeletal Atlas Project (MAP) 

was used to reconstruct bony geometries of the pelvis [2]. An 

articulated lower-limb shape model were registered to 

anatomical landmarks to capture each individual’s 

anthropometry. Pelvis models derived from the transformed 

shape model were discretized into a point cloud and registered 

to the segmented CT data using an iterative closest point 

algorithm, host-mesh fit and local mesh fit methods. 

The HJC estimates from the GS and SSM methods were 

compared to a reference HJC obtained from CT. The effects of 

HJC location estimation error on the moment arms of a subset 

of the main hip muscles were analysed using the OpenSim 

Gait2392 model.  

RESULTS AND DISCUSSION 

The SSM methods outperformed the GS methods in 

reconstructing the location of the hip joint centre compared to 

the reference HJC obtained from CT. The inclusion of full 

pelvis imaging in the SSM workflow resulted in the lowest 

errors (6.6 ± 3.1 mm) (figure 1 and figure 2).  

The SSM muscle moment arms of the hip flexors, extensors and 

abductors were comparable to the reference HJC and notably 

lower compared to the GS methods.  

CONCLUSIONS 

Estimation of the hip joint centre was significantly improved 

from the SSM, resulting in better predictions of muscle 

moment-arms compared to current GS methods. 
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Figure 1. Average EMD of the HJC using the statistical shape and 

generic scale methods with reference 

Figure 2. Illustration of the mean hip joint centre estimates from the 

SSM and GS methods, relative to the reference HJC. 
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INTRODUCTION 

Cycling has been used in lower-limb rehabilitation following 

orthopaedic surgery to improve aerobic capacity and 

cardiopulmonary function. Use of visual feedback on 

exercise performance, music and video engagement has been 

reported to improve exercise compliance, perceived exertion 

as well as motor relearning in people with lower limb 

weakness as this distracts from fatigue associated with 

exercise [1,2]. However, the effects of both activity 

performance feedback and video engagement on exercise 

performance remains poorly understood. The aim of the 

present study was therefore to develop a novel pedaling 

device that provides real-time exercise performance 

feedback as well as video engagement and assess the 

influence of both this feedback and engagement on pedaling 

performance and exercise physiology parameters including 

blood oxygen saturation (Sp02) and heart rate (HR). We 

hypothesized that provision of video-engagement and 

exercise parameter feedback during pedaling will reduce 

fatigue by mitigating exercise induced changes in Sp02 and 

heart rate. 

METHODS 

Eighteen healthy participants (mean age: 27.7 years, range: 

25-41 years) attended an exercise monitoring study where

they pedaled on a custom-designed stationary exercise

bicycle that displays pedaling data output (feedback) and

also allowed the user to watch a video simultaneously

(engagement). Participants pedaled for 6 sessions of 15-

minutes each with different combinations of intervention

type (baseline pedaling, feedback, and engagement) and

were requested to pedal at two contrasting speeds: 60 RPM

and 100 RPM. HR and SpO2 were simultaneously recorded

along with the current speed and target speed.

A 2-way Analysis of Variance (ANOVA) was used to assess 

the effect of intervention type and pedaling speed on HR, 

SpO2, pedaling workload and speed parameters. Post-hoc 

tests were undertaken using paired t-tests and Games-Howell 

tests for groups with un-equal variances. Level of 

significance was defined as p0.05. 

RESULTS AND DISCUSSION 

During high-speed pedaling, engagement resulted in smaller 

reduction, relative to baseline, in average SpO2 (mean 

difference = 0.296%, p=0.035) and post-exercise SpO2 

change from resting value (mean difference = 0.611%, 

p=0.007) (Table 1). Visual feedback resulted in a reduction 

of 6.259 beats per minute (p=0.047) in mean HR relative to 

baseline during low-speed pedaling (Figure 1). Pedaling 

performance, in terms of absolute speed deviation from 

target and variability in pedaling speed, improved 

significantly with feedback (p<0.008) and engagement, 

relative to baseline. 

Figure 1:  Comparison of 

the influence of visual 

feedback and video 

engagement on mean HR 

during low (60 RPM) and 

high-speed (100 RPM) 

pedaling

CONCLUSIONS 

This study demonstrated that visual feedback during 

stationary pedaling has the effect of improving targeted 

pedaling performance, while the addition of video 

engagement during pedaling has the potential to reduce the 

burden of repetitive pedaling on cardiopulmonary 

performance. The results have implications for prescription 

of targeted exercise therapies and rehabilitation using 

pedaling in the home. 
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Table 1: Comparison of mean SpO2, HR and exercise parameters during pedaling at low and high speeds. Data are compared with the use of 

feedback and engagement against baseline pedaling. Mean difference and p-values are given. One asterisk indicates p <= 0.05, two asterisks 

indicate p<=0.01, while three asterisks indicate p<=0.001. 

Mean Diff. p value Mean Diff. p value Mean Diff. p value Mean Diff. p value Mean Diff. p value Mean Diff. p value

SpO2: Session Mean -0.018 0.892 0.000 1.000 0.018 0.914 0.315 0.063 0.296 0.035 * -0.019 0.918

Change at 15-minutes 0.333 0.138 0.500 0.015 * 0.167 0.483 0.222 0.331 0.611 0.007 ** 0.389 0.130

HR: Session Mean -6.295 0.047 * -5.778 0.072 0.517 0.851 1.483 0.646 -6.092 0.097 -7.575 0.018 *

Speed: Absoute Deviation -2.996 0.027 * -3.389 0.008 ** -0.393 0.722 -3.085 0.002 ** -2.187 0.007 ** 0.898 0.383

COV (Speed Variability) -0.441 0.166 -0.558 0.083 -0.117 0.687 -0.986 0.037 * -0.860 0.034 * 0.127 0.582

Low Speed High Speed

Feedback Vs Baseline Engagement Vs Baseline Engagement Vs Feedback Feedback Vs Baseline Engagement Vs Baseline Engagement Vs Feedback
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sleeves have been used alone, without stems 

on primary stability and strain distribution in Type 

III defect is not well understood. 

METHODS 

An FE model was generated of the non-operated 

limb of a post TKR 72 year old male patient with 

body mass index of 25 kg.m-2 (weight: 82kg, 

height: 1.8m). Grey scale values were sampled 

from CT scan to extract material properties. 

Hypermesh was utilized to include the patient 

specific bone defect (AORI Type II caused by 

removing the previous TKR implant and cement in 

the contralateral tibia). The revision tibial tray 

(DePuy ATTUNE® Revision Rotating Platform 

Knee System) was aligned with the central vertical 

axis of the intramedullary canal following the 

surgical guidelines (DePuy Synthes Joint 

Reconstruction, Warsaw, IN). Hypermesh was then 

used to include a 25° (AORI Type II), a 50° (AORI 

Type III), & a 75° (AORI Type III) wedge defect 

on one condyle. In addition, a 15° (AORI Type II), 

a 30° (AORI Type III), & a 45° (AORI Type III) 

wedge defect was included covering both condyles. 

These defects were included to the medial, lateral, 

anterior, and posterior sides of the tibia. Joint 

contact forces for stair descent were applied using 

data from musculoskeletal modelling. 

RESULTS AND DISCUSSION 

Although stemless sleeved implants achieved 

primary stability in this simulation of certain 

specific AORI Type II defects, in AORI Type III 

defects a stem that engages the intramedullary 

canal was required. In addition, in AORI Type III 

defects, a stemless implant had an elevated 

composite peak microstrain (CPS) compared to a 

stemmed implant. This elevated strain was 

correlated with decreased contact surface area 

(Figure.1).  

Figure 1. The relationship between bone-implant 

contact surface area and the contact composite peak 

microstrain (CPS) in the bone. The simulation was 

conducted under the average BMI of a revision 

patients (BMI=30.83, obese). CPS denote 

composite peak microstrain. PARA denote 

parametric study. AORI denote Anderson 

Orthopaedic Research Institute Classification of 

bone defect.  

CONCLUSIONS 

The outcome suggest that, under the given 

conditions of this study in an AORI Type III defect, 

a stem that fully engages the intramedullary 

canal would be required for the implant to reach 

primary stability. 
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INTRODUCTION 

The complexity of revision total knee replacement 

(rTKR) is highly dependent on the severity of bone 

loss. The degree of bone loss is usually clinically 

categorized by the Anderson Orthopaedic Research 

Institute Classification (AORI) (1), with Type III 

defect classified as most severe. Approximately, 

29% of the revision surgeries are the result of a 

Type III defect (2-4). Modular implants (sleeves 

and stems) are used to compensate for bone loss 

and facilitate for zonal fixation in at least two zones 

(metaphysis and diaphysis) (3). Porous 

metaphyseal sleeves have shown early to midterm 

clinical success (2-4). Interestingly, metaphyseal 

(stemless) in AORI Type II and III defect as 

reported in a short term follow-up clinical review 

(4). However, the effect of using stemless implants 
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INTRODUCTION 

Three-dimensional (3D) printing emerges as a simple and 

feasible solution to the manufacturing of orthopedic 
emergencies because it builds patient-specific models and 

fabricate surgical guides and implants. However, the layering 

build-up employed in fused deposition modelling (FDM) 

usually generates a deleterious rough surface that limits its 

applications [1,2]. Laser treatment is a surface improvement 

method that allows contactless and wearless machining with a 

high degree of flexibility. These features are favored by many 

industries including medical device manufacturing [3-5]. 

Therefore, laser polishing has the potential to become the state 

of the art for optimizing surface quality while being cost 

effective, simple, and reliable. 

This project aimed to apply CO2 laser scanning techniques in 

the improvement of the surface quality of FDM-fabricated 

polymer objects, and explored the contribution of processing 

variables to the mechanical properties and biocompatibilities 

of FDM-made PLA and identified the optimal set of laser 

scanning parameters. 

METHODS 

An aluminum frame reinforced self-assembly deltabot FDM 

3D printer was used to manufacture samples for surface 

polishing experiments. We used a 40W laser scanning 
machine (King Rabbit HX-40A, Shandong, China) and a 

mechanical grinding machine to prepare the test samples. 

Surface roughness was validated using a Wyko NT1100 

optical profiler (Veeco, AZ, USA), and mechanical properties 

were investigated on an Instron mechanical tester 4505 

(Instron®, MA, USA). Human primary osteoblast cells (OBs), 

human osteoclast cells (OCs) and human Saos-2 cell line 

supplied by ECACC (Sigma, Australia) were used in 

cytotoxicity test in vitro. 

RESULTS AND DISCUSSION 
We first optimized the laser scanning parameters using 

polymer-acrylonitrile-butadiene-styrene (ABS) and polylactic 

acid (PLA). The study showed that the application of laser 

treatment to improve a PLA surface was achieved with the 

most reduction of surface roughness (68% in this study, when 

applied 150 mm/s scan speed, 30 ms scan delay, 0.05 mm scan 

line gap, and 3 W laser power). However, laser treatment of 

ABS resulted in only a 5% reduction in surface roughness. 

Next, we compared the mechanical and biocompatible 

properties of laser treated and grinded samples. Among all 

mechanical tests of laser treated samples, a maximum of 
17.24% stress reduction at break was found (compression 

from 16.02 MPa to 13.26 MPa), with an average reduction of 

9.40%. In comparison, the stress properties of grinded samples 

were on average 5.68% lower than that of laser polished 

samples. The results of cell culturing experiments 

showed  that surface roughness of laser post treated PLA has 

no toxic effect on either OB or OC cells. 

Figure 1:  Schematic of surface laser treatment process. 

CONCLUSIONS 

The study showed that the application of laser treatment to 

improve a PLA surface was more effective than to an ABS 

surface, and laser polishing had less reduction of mechanical 

properties and demonstrated preferable biocompatibility. 

ACKNOWLEDGEMENTS 

This work has been financially supported by the Australian 

Research Council PhD Scholarship (LP150100343). 

REFERENCES 

1. Gharbi M, et al. J Mater Process Tech. 214:485-495,

2014.

2. Gharbi M, et al. J Mater Process Tech. 213:791-800,

2013.

3. Lamikiz A, et al. Int J Mach Tool Manu. 47:2040-2050,

2007.

4. Rosa B, et al. J Laser Appl. 27, 2015.

5. Pfefferkorn FE, et al. Cirp Ann-Manuf Techn. 62:203-

206, 2013.

Page | 101

mailto:yuan.chai@anu.edu.au


INTRODUCTION 
The universal goniometer has long been a mainstay in the 
assessment of range of motion (ROM) in both clinical and 
research settings [1]. The advent of the HALO© (model HG1, 
HALO© Medical Devices, Australia) digital goniometer, a 
novel tool which utilizes a laser guidance system, and the 
VALD© HumanTrakTM inertial sensor system, present exciting 
new avenues for research and potential applications for ROM 
assessment in pathological cohorts. The objective of the present 
study is to assess the concurrent validity, intra-rater reliability 
and inter-rater reliability of the HALO© and VALD© systems 
for cervical spine, hip, knee and ankle ROMs. The preliminary 
findings for the cervical spine ROMs are presented here. It is 
hoped that following validation, future studies assessing change 
in ROM in post-operative cohorts using these devices will take 
place.  

METHODS 
25 healthy subjects (i.e., those over 18 with no history of joint 
surgery) were recruited and assessed sequentially with the 
universal goniometer, HALO© and VALD© devices, by two 
independent researchers (ARWS, SM). The data points of 
interest were: cervical spine flexion (CF), extension (CE), 
lateral flexion (CLF) and rotation (CR); hip flexion, extension, 
abduction and adduction; knee flexion; ankle dorsiflexion and 
plantarflexion. Both assessors have three years of clinical 
experience, and were working off an agreed-upon, standardized 
procedure for measuring joint ROM. This procedure has been 
outlined extensively by the American Academy of Orthopedic 
Surgeons (AAOS). All subjects were asked to perform three 
trials of each range of motion for all devices, after having 
performed a “practice” motion to confirm that the movement 
was being performed correctly and as an effort to curb any 
learning effect. The VALD© system required a number of 
modifications; primarily, all subjects had to be standing in front 
of an integrated camera (Microsoft KinectTM) in order to be 
recognized by the system. Traditionally, a supine position is 
assumed for assessment of lower limb ROMs, as in the case of 
the universal goniometer and HALO©. Each subject was 
equipped with bracelet sensors on each wrist and ankle, in order 
to enhance the system’s accuracy. The system was calibrated 
prior to each subject being assessed, and they were positioned 
in a set “target zone” for each measurement. Data analysis was 
carried out using IMB SPSS Statistics 25.  

RESULTS AND DISCUSSION 
The preliminary findings present a good case for the application 
of the HALO© digital goniometer as a substitute for the 
universal goniometer, with excellent intra- and inter-rater 
agreement and reliability (see Table 1 and Table 2). The 
HumanTrakTM system appears to be insensitive to ROM in the 
perpendicular plane (i.e., for cervical flexion and extension), 
likely due to limitations in facial recognition software; that is, 
as the subject flexes and extends their neck, the system loses 
track of their facial profile. Inter-rater reliability for the 
VALD© system is excellent.  

Table 1: Agreement analysis for the universal goniometer 
(UG), HALO© (H) and VALD© (B) devices for cervical spine 
measurements, intra-assessor. Note: VALD© HumanTrakTM 
cannot analyze CR. 

ROM UG/H (1) UG/B (1) UG/H (2) UG/B (2) 
CF .856 .221 .810 .273 
CE .867 .070 .780 .103 

CLF .897 .331 .844 .421 
CR .824 - .735 - 

Table 2: Inter-rater reliability values for the universal 
goniometer (UG), HALO© (H) and VALD© (B) devices for 
cervical spine measurements, assessor 1 vs. assessor 2. Note: 
VALD© HumanTrakTM cannot analyze CR. 

ROM UG/UG 
(1 vs. 2) 

H/H 
(1 vs. 2) 

B/B 
(1 vs. 2) 

CF .684 .727 .896 
CE .703 .792 .913 

CLF .656 .661 .882 
CR .532 .785 - 

CONCLUSIONS 
The presented results are particularly encouraging for the 
HALO© Digital Goniometer. With an increased sample size 
(statically calculated for power at n=44, target of n=70), it is 
hoped that improvements in agreement will be seen, especially 
for the HumanTrakTM system. On a preliminary assessment, 
however, it appears that software and hardware limitations will 
prevent improvements in findings. Inter-rater reliability appears 
to be of moderate quality. 
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INTRODUCTION 

Clinical decision about vertebral metastases is a multifactorial 

problem which involves: neurologic, oncologic, mechanical 

and systemic considerations.  From a mechanical point of view 

the Spine Instability Neoplastic Score [1] provides guidelines 

to address the clinicians’ dilemma in identifying when patients 

with spinal metastasis need surgical stabilization to prevent 

major complications.  However, the risk of spine instability is 

poorly predictable in the central, and most frequent, range of 

scores (between 7 and 12).  Engineering experimental [2] and 

computational [3] works had tried to define the effects of 

metastatic features (f.e.: size and location of the metastasis) but 

with contrasting outputs.   

The aim of the work is to define how and to what extent the size 

of metastases compromises the mechanical competence of the 

vertebra.  This was achieved by measuring the full-field strain 

distribution under load in vertebrae with simulated lytic defects. 

METHODS 

Five thoracolumbar segments of three vertebrae were tested in 

presso-flexion in the elastic regime.  Defects mimicking lytic 

metastases were created in the central vertebra of each segment 

with a bi-pedicular access without damaging the anterior 

cortical shell, with a repeatable and reproducible procedure. 

Defects of increasing size were created in each specimen.  Each 

spine segment was tested iteratively for each size of metastasis, 

in the same loading condition of the intact scenario. 

The full-field strain distribution on the anterior cortical shell 

was measured during the entire tests using a validated and 

optimized [4] three-dimensional Digital Image Correlation 

(Fig. 1).  The significance of the effect of the metastatic size on 

the distribution of principal strains on the vertebral surface was 

tested using a one-way ANOVA with a Tukey post-hoc test.  

RESULTS AND DISCUSSION 

The maximum and minimum principal strains, on the anterior 

cortical shell, increased with the dimension of the metastatic 

defects, showing a statistical significance between the different 

metastasis size groups (one-way ANOVA, p-value<0.0007).  

The maximum and minimum principal strains in vertebrae with 

defects larger than 30%, of the volume of the vertebral body, 

were respectively 5 and 2 times larger than those in the intact 

specimens. The strain pattern observed in the elastic regime 

would likely increase up to a low-energy burst fracture. Despite 

some limitations like the artificial simulation of metastatic 

defects, these results highlighted the importance of the 

dimension of the lytic defects in evaluating the spine instability. 

Figure 1:  Compressive and tensile strain distribution 

experimentally measured by Digital Image Correlation on the 

anterior surface of the vertebral body for each metastatic size. 

CONCLUSIONS 

Our experimental measurements identified a threshold size of 

the lytic defect: a defect larger than the 30% of the vertebral 

body volume causes a critical increase of the strains on the 

anterior surface. This is a first step to improve the 

understanding of the residual strength of compromised 

vertebrae and provide more reliable clinical guidelines.  
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INTRODUCTION 

Continuum finite element (FE) models of the femur provide 

apparent strain, which represents the deformation of a reference 

femoral volume with a typical edge length of 1 - 3 mm partially 

occupied by bone tissue. This does not necessarily represent the 

strain in the bone tissue. Explicit modelling of the femoral 

microstructure, using micro FE (µFE) models can provide strain 

in the entire femoral tissue. However, due to the difficulty of 

obtaining images of femoral microstructure in adult people and 

the prohibitive computational cost of micromechanical models 

leaving femoral micromechanics during physical activity in 

adult people largely unknown [1]. This study aims to 

investigate femoral micromechanics during physical activity 

using µFE modelling 

METHODS 

As part of an on-going study, micro-computer tomography 

(µCT) images of the proximal femur were obtained for 16 

subjects form the Melbourne Femur Collection (MFC) [2]. The 

femora were for 8 males and 8 females. For each femur, µCT 

Image data were imported into Maltab (the Mathworks, Natric) 

where Hounsfield units were normalised to the maximum 

intensity in the image volume. Segmentation thresholds were 

defined at based on visual inspection of images after thresholds 

were applied. Isolated bone volumes were removed to ensure 

the continuity of the generated volume and an in-house 

developed script was used to generate 8-noded hexahedral FE 

meshes of the segmented imaged. This process was automated 

using a custom Matlab script.  

Hip joint reactions for a diverse range of activities were 

extracted from a total of 514 gait trials [3], normalised against 

body weight and stratified into two activity groups: 1) walking, 

which was taken as the reference activity and 2) other activities, 

which included a range of habitual and non-habitual activities. 

For each group, a convex hull was used to define the extreme 

force orientations during each of these activity groups. These 

extreme orientations were used to define the loading applied to 

each of the 16 µFE models in the study. Finally, the distal most 

nodes of the model were rigidly fixed in space (Figure 1). All 

models were solved using and were run using eRSA high 

performance computing facilities.  

RESULTS AND DISCUSSION 

Analysis of hip joint reaction revealed differences in peak force 

orientation between walking and other activities (Figure 2).  

Models generated in this study had between 600 and 900 

million nodes, and between 800 and 1,200 million elements. 

The µFE models required between 15 and 35 hours to solve and 

consumed between 600 Gbs and 1.5 Tbs of random access 

memory while running. Simulations showed that loads applied 

to the femur were progressively transferred, laterally, from the 

inner femoral neck to the outer cortex. 

Figure 1: A sagittal cross-section of the meshed model of the 

proximal femur with a representative load case. 

Figure 2:  Convex hull profiles for walking (red) versus other 

activities (blue) normalized against body weight. 
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INTRODUCTION 

Tibial-plateau fractures with depressed osteochondral or ‘die-

punch’ fragments have a high incidence of articular 

subsidence after reduction [1]. Locking plates aim to prevent 

this via ‘raft’ screws below the subchondral bone [2]. 

However, differences in plate design and patient anatomy 

result in screw-position variability in relation to the fragments 

they are designed to support. We aimed to investigate whether 

the between the raft-screw to articular-surface distance was 

associated with loss of articular reduction. 

METHODS 

A retrospective-cohort study of operatively-treated tibial-

plateau fractures with die-punch fragments (2008 to 2017) was 

conducted. We compared radiographic parameters and screw 

placement between fractures with subsidence versus those 

without. Secondary outcomes included whether bicortical 

fixation, presence of bone graft, fracture characteristics and 

patient age influenced rates of subsidence.  

RESULTS AND DISCUSSION 

Sixty-eight of 309 operatively-treated tibial-plateau fractures 

had die-punch fragments (22%). Forty-nine patients were 

followed up at TCH. Fractures with raft screws placed closer to 

the joint than the thickness of the die-punch fragment were less 

likely to subside (p=0.02). The use of bone graft and bicortical 

fixation did not significantly alter subsidence rates. Articular 

comminution (p=0.04) and being female > 65 years old 

(p=0.03) were associated with increased risk of articular 

subsidence. 

CONCLUSIONS 

Screw placement, injury severity and patient age and sex, were 

significantly associated with increased articular subsidence. 

Articular subsidence after tibial-plateau fracture disrupts the 

joint and leads to an increased risk of osteoarthritis in the knee. 

These results indicate that placing raft screws closer to the joint 

than the die punch fragment may reduce the likelihood of 

articular subsidence 

-
Figure 1:  Coronal plane computer tomography demonstrating 

a depressed osteochondral or ‘die-punch’ fragment (dotted 

line).  

Figure 2: Case examples on how the screw-joint distance was 
measured intraoperatively and then compared to formal 

radiographs postoperatively. The difference between the two 

measurements represents the amount of subsidence. Top row: 

demonstrates low screw-joint distance; Bottom row 

demonstrates a case of articular subsidence.  
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INTRODUCTION 

Sclerostin is an osteocyte-derived protein that has a potent 

inhibitory effect on osteoblast activity. The osteocyte 

apoptosis induced by various causes of osteonecrosis of the 

femoral head(ONFH) play a key role in the promotion of 

femoral head collapse. But the effect of altering sclerostin 

level on the collapse of ONFH has not been studied. Our aim 

was to assess the role of sclerostin level in the collapse of 

ONFH. 

Methods 

Between May 2016 and November 2016, 236 subjects were 

enrolled in the present study. The patients were classified 

according to the ARCO classification. The clinical bone 

histomorphology, the expression position and level of 

sclerostin as well as the plasma sclerostin level were 

evaluated.  

RESULTS 

The sclerostin level was significantly lower in the 

nontraumatic ONFH group than those in the healthy control 

group(p=0.002). The sclerostin level was negatively 

associated with ACRO stages (r=-0.239, p=0.009) and 

significantly lower in the postcollapse group(p=0.025) 

(Figure 2). The sclerostin are widely distributed in the 

osteoblast, trabecular bone and bone marrow and decreased 

with the ARCO stage that accompany the rise of empty bone 

lacuna. 

Figure 1: Expression level of sclerostin protein is 

significantly decreased with the ARCO stage. 

Figure 2. Overview showing sclerostin level in plasma of 

ONFH patients and control individuals. 

Figure 3: The sclerostin are widely distributed in the 

osteoblast, trabecular bone and bone marrow and decreased 

with the ARCO stage that accompany the rise of empty bone 

lacuna. 

Conclusions 

The reduced expression of sclerostin may play a key role in 

the collapse process of ONFH and be predictive of the disease 

progression of ONFH. 

Association of reduced sclerostin expression with collapse process in patients with osteonecrosis of the femoral head 
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INTRODUCTION 
Many anatomical and imaging studies concerning the gross 
anatomy are available regarding the proximal ulna [1]. 
However, to our knowledge, the description of the three-
dimensional (3D) microstructure of both cortical and trabecular 
bone using high-resolution 3D imaging methods is limited [2]. 
The aim of this ongoing study is to describe the microstructure 
using micro-computed tomography (micro-CT) and relate it to 
gross morphology, function and possible mechanical failure, 
with reference to everyday mechanical loading. 

METHODS 
Four dry cadaveric human proximal ulna specimens were 
scanned by micro-CT (Skyscan-Bruker model 1076). Cross-
section images were reconstructed (17 µm/pixel, isotropic) of 
the entire proximal ulna (up to 70 mm long, 30 mm wide) 
(Fig.1). Stacks of sagittal slices were created and analysed. The 
cortical thickness of the greater sigmoid notch was examined in 
3 locations (a-c, Fig.1A) and the trabecular bone microstructure 
was quantified in cubic volumes of interest (5 mm side) in the 
following 3 regions (Fig.1A): the olecranon process (yellow 
square), the bare area of the greater sigmoid (blue square) and 
the coronoid process (pink square). 

RESULTS AND DISCUSSION 
Consistently among all ulnae, in the greater sigmoid notch 
(Fig.1A), the coronoid (region c) showed the highest (double) 
cortical thickness, compared to the bare area (region b) and the 
tip of the olecranon (region a) (Tab.1). The trabecular bone 
volume fraction, thickness and number (BV/TV=46.8%, 
Tb.Th=0.40 mm, Tb.N=1.11 1/mm) in each ulna were highest 
in the bare area (blue square, Fig.1A), likely where the effects 
of the forces of the humerus, triceps and brachialis overlap 
(Fig.1B). Conversely, the olecranon process (yellow square, 
Fig.1A) showed the lowest BV/TV (17.8%) and thinnest 
trabeculae (Tb.Th=0.18 mm) among the regions analysed.  
Groups of trabecular struts were observed, starting in the bare 
area spanning towards the anterior and posterior side of the 
proximal ulna, building arches (Fig.1B). Within the coronoid 
process, the trabeculae run orthogonal to the joint surface, 
spanning in almost straight lines from proximal to distal. 

Olecranon 
process, a 

Bare area, 
b 

Coronoid 
process, c 

Cortical thickness (mm) 0.33 ±0.07 0.85 ±0.54 1.71 ±0.76 
BV/TV (%) 17.8 ±5.9 46.8 ±24.5 18.3 ±4.2 
Tb.Th (mm) 0.18 ±0.2 0.40 ±0.11 0.21 ±0.02 
Tb.N (1/mm) 1.00 ±0.25 1.11 ±0.34 0.88 ±0.17 

Table 1: Bone microarchitecture (mean ±standard deviation, 4 ulnae). 

Figure 1: A) Sagittal micro-CT cross-section image of the proximal 
ulna, regions of analysis: greater sigmoid notch cortical bone (orange 
lines, regions a-c), the olecranon process (yellow square), bare area 
(blue square) and coronoid process (pink square). B) 3D-rendering (1.5 
mm-thick volume), directions of possible loads acting on the ulna: line 
of action of the humerus (red arrows), of the triceps muscle (dashed 
blue arrows) and of the brachialis muscle (dotted blue arrows). Ant 
(anterior); Post (posterior); Prox (proximal); Dist (distal). 

CONCLUSIONS 
The cortical and trabecular bone adapt to, and hence may 
reflect, everyday loading [3]. Under this contention, the largest 
effects on trabecular bone in the proximal ulna appear to be 
concentrated in the bare area. This is possibly due to the 
combined loading of the triceps, brachialis and humerus. On the 
other hand, the coronoid process has the thickest cortex. The 
coronoid likely works as the convex part of a hinge joint, 
keeping the humerus in place during arm flexion. The trabecular 
structure in the coronoid process and the olecranon process, 
showing consistently lower BV/TV and thinner trabeculae than 
the bare area, may help explaining fracture patterns occurring 
in these regions.   
Studying the proximal ulna bone microstructure helps 
understanding the daily mechanical loading conditions the 
elbow joint is subjected to and possible fracture patterns. 
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INTRODUCTION 
Osseointegrated prostheses for the treatment of lower limb 
amputation were designed to overcome complications 
associated with traditional socket-fitted prostheses, including 
residual limb pain and skin irritation [1]. One rehabilitation 
exercise commonly used prior to ambulation is static weight 
bearing while standing. Initially, increments of bodyweight are 
imparted on the prosthesis and increased until the amputee is 
able to support half bodyweight on the amputated limb without 
pain. At present, the loading patterns at the bone-prosthesis 
interface during rehabilitation tasks and normal walking have 
not been well established. As a consequence, functional 
rehabilitation tasks that under-load the residual bone in the 
residual limb may not adequately prepare the patient for the 
dynamic loads during walking, and may ultimately result in 
bone resorption and early prosthesis loosening or failure. The 
objective of this study was to use patient-specific computational 
modelling to quantify loading at the bone-prosthesis interface 
during static weight-bearing and over-ground walking in a 
transfemoral amputee with an osseointegrated prosthesis. 

METHODS 
One male subject (age: 59 years, weight: 83 kg) with an 
osseointegrated transfemoral prosthesis for an above-knee 
amputation was recruited 15-years post-operatively. Gait 
analysis experiments were performed on the subject as they 
walked over-ground at their self-selected speed. Lower limb 
joint kinematics were measured using a 9-camera motion 
analysis system (Vicon, Oxford Metrics Ltd., UK) while ground 
force data were obtained using three instrumented force 
platforms (AMTI, USA). The subject’s residual limb was 
scanned using computed tomography (CT), and the three-
dimensional anatomy of the prosthesis and bone was digitally 
reconstructed. 
A multi-body model of the amputee’s residual limb was 
developed. A 23-degree-of-fredom rigid-body model of the 
amputee actuated by 76 Hill-type muscle-tendon units was 
created and used to estimate muscle and joint loading in the 
amputee. A deformable model of the residual limb and 
prosthesis was then developed (Abaqus 6.14; Simulia, USA), 
and included the three-dimensional geometries of the femoral 
cortical bone, trabecular bone and prosthesis. The finite element 
model was used to perform simulations of standing and over-
ground walking. In each simulation, the kinematics, muscle 

forces and knee joint reactions predicted from the rigid-body 
musculoskeletal model were directly applied to the finite 
element model to evaluate the implant and bone load response. 

RESULTS AND DISCUSSION 
The peak von Mises stress during walking was located on the 
surface of the abutment of the intramedullary implant (286.4 
MPa) (Figure 1). Femoral trabecular bone strains in the vicinity 
of the prosthesis during standing peaked at 0.08%, and were 
insufficient to generate bone yielding. Walking generated 
femoral and implant bending stresses and produced a maximum 
trabecular bone principal strain of 27.99% at contralateral toe-
off, located on the medial face of the femoral shaft. 

Figure 1:  Rigid body musculoskeletal model used for 
evaluating lower-limb muscle and joint loading in transfemoral 
amputee (A) and finite element model used for predicting 
osseointegrated implant load response (B)  

CONCLUSIONS 
Localised regions of yielding trabecular bone in the vicinity of 
the distal femur during walking may ultimately stimulate bone-
remodelling, and encourage further bone osseointegration. 
Rehabilitation exercises that produce higher implant-bone 
loading than that during standing may be required for bone 
conditioning prior to ambulation. 
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INTRODUCTION 

Aseptic joint loosening is one of the most severe 

complications of joint replacement and leads to a high risk of 

revision surgery. Previous studies had proved that the wear 

particles could cause the macrophage to produce pro-

inflammatory cytokines such as TNF- α  (tumor necrosis 

factor-α) to induce aseptic joint loosening through the Toll-

like receptors 2 and 4.  

Nod-like receptor NLRP3, together with the adaptor ASC 

and caspase-1, can form a protein complex called the 

‘NLRP3 inflammasome ’ , which is responsible for the 

secretion of proinflammatory cytokines in macrophage[1]. The 

serine-threonine kinase RIP3 (RIPK3) is a member of the RIP 

family that functions as a key participant in the activation of 

the NLRP3 inflammasome[2]. However, the role of RIPK3 in 

wear-particle-induced inflammation and its underlying 

mechanism remains to be explored. 

METHODS 

Titanium particles were prepared to stimulate the murine 

macrophage cell line, RAW264.7. A recombinant lentivirus 

vector directed against the mouse RIPK3 gene were designed, 

chemically synthesized and stably transfected into RAW264.7. 

After stimulated by particles, we utilized real-time PCR and 

Western blotting to demonstrate mRNA and protein 

expression of target genes (RIPK3, NLRP3, IL-1β, TNF-α, 

ASC and caspase-1). Cell supernatant was harvested and 

centrifuged to remove cellular debris, Aliquots were used for 

TNF-α measurement by mouse TNF-α Instant enzyme-linked 

immunosorbent assay (ELISA) Kit. Immuno fluorescence and 

flow cytometry was also used to investigate the expression of 

RIPK3 in the inflammation process induced by particles. 

RESULTS AND DISCUSSION 

Real-time PCR and Western blotting both revealed the 

expression of RIPK3 and NLRP3 were raised after stimulated. 

ShRNA （ 5 ’ -CUCCGAGGUAAAGCAUUAUTT-3 ’ ）
showed a good knockdown efficiency of RIPK3, with a down-

regulation of 80% mRNA expression. The NLRP3 expression 

and TNF-α  expression were down-regulated when RIPK3 

was knockdown. 

Figure 1. RAW264.7 macrophages were stimulated with Ti 

particles for 12h, and the expression of RIPK3 was raised. 

Figure 2. RAW264.7 macrophages were stimulated with Ti 

particles for 4h, and the secretion of TNF-αwere down-

regulated in the marcophages with  recombinant lentivirus 

transfected. 

CONCLUSIONS 

According to the studies above, the TNF-α expression of 

RAW264.7 was up-regulated after Titanium particle 

stimulation. RIPK3 positively regulates the TNF-α expression 

of RAW264.7 by activating the NLRP3 inflammasome. 
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INTRODUCTION 

Aseptic loosening is the most common complication of 

affecting the service life and prospective efficacy of artificial 

joints. Our Previous studies had proved that the macrophages 

could interact with wear particles from prosthesis and produce 

proinflammatory cytokines, such as TNF-α(tumor necrosis 

factor-α)[2]. The wear-particle-induced macrophage’s 

activation would finally lead to peri-prosthetic osteolysis and 

prosthesis loosening. 

Ubiquitin specific protease 14 (USP14) can remove 

ubiquitin from proteasomal substrates prior to their 

degradation. USP14 specifically removes the polyubiquitin 

chains from NLRC5 to enhance NLRC5-mediated inhibition 

of NF-κB signaling[3]. However, the role of USP14 in wear-

particle-induced inflammation and its underlying mechanism 

remains to be explored. 

In this study, we used Ti particle stimulated RAW264.7 

cells to simulate the peri-prosthetic osteolysis inflammation. 

We then reduce the expression of USP14 in RAW264.7 cells 

by a recombinant lentivirus vector and a USP14 inhibitor IU1 

to investigate its role on the expression of pro-inflammatory 

cytokines.  

METHODS 

In vitro， Titanium particles were prepared to stimulate the 

murine macrophage cell line, RAW264.7. The TLR4 agonist 

LPS were used as positive control. A recombinant lentivirus 

vector directed against the mouse USP14 gene were designed, 

chemically synthesized and stably transfected into RAW264.7. 

A USP14 inhibitor IU1 was also used to inhibit the expression 

of USP14. After stimulated by Titanium particles, we 

demonstrate the mRNA and protein expression of target genes 

(USP14, TNF-α) by real-time PCR and Western blotting. Cell 

supernatants were harvested and uesd for TNF-α measurement 

by mouse TNF-α Instant enzyme-linked immunosorbent assay 

(ELISA) Kit. 

RESULTS AND DISCUSSION 

The TNF-α expression of RAW264.7 was up-regulated after 

Titanium particle stimulation for 4 h. Real-time PCR and 

Western blotting revealed the expression of USP14 was 

reduced after transfected with recombinant lentivirus vector 

and treated with IU1.The TNF-a expression was up-regulated 

when USP14 was knockdown, Which was possibly regulated 

by NF-kB signaling pathway. 

Figure 1. RAW264.7 macrophages were stimulated with Ti 

particles for 24h, and the expression of TNF-α was highly 

raised after treated with IU1. 

Figure 2. RAW264.7 macrophages were stimulated with Ti 

particles respectively for 1 and 6 h, and the expression of 

TNF-α was highly raised in RAW264.7 macrophages 

transfected with recombinant lentivirus vector directed 

against the mouse USP14 gene. 

CONCLUSIONS 

In conclusion, the TNF-α expression of RAW264.7 was up-

regulated after Titanium particle stimulation. The knockdown 

of ubiquitin specific protease 14 in RAW264.7 macrophages 

may promote TNF-α production in cellular response to wear 

particles in vitro via NLRC5/NF-kB signaling pathway. 
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INTRODUCTION 

The primary stability of cementless acetabular cups must be 

robust to patient and surgical variability for long-term 

success. The significant variations in bone geometry and 

material properties between patients and the accompanied 

variation in orientation during surgery leaves a wide range of 

environments to which a cup can be subjected. The challenge 

during the development of a new acetabular cup is assessing 

its likely performance in a diverse population prior to clinical 

trials. The aim of this study was to examine the patient and 

surgical variability in primary stability of an acetabular cup 

design with a known clinical history in a representative set of 

patient-specific finite element (FE) models.   

METHODS 

CT scans of 7 subjects (73 years ± 12, 76 kg ± 21) which were 

representative of a larger population [1] were used to generate 

FE models. In each hemipelvis, a Pinnacle cup (DePuy-

Synthes) was inserted into an undersized acetabular cavity 

until seated and then allowed to spring back to an equilibrium 

position. Following insertion, joint reaction forces from a gait 

cycle were applied in 50 increments [2]. To investigate 

surgical variability in each subject, the level of interference fit 

between the cavity and cup was varied from 0.2 – 0.6 mm. 

Polar gap was measured between the pole of the cup and bone 

at equilibrium. Micromotion was calculated by tracking the 

relative displacement of interfacial cup-bone node pairs. 

Composite peak micromotion (CPM) was taken for each cup 

node as the peak micromotion it experienced during gait. 

RESULTS AND DISCUSSION 

The polar gap had a range of 398–1028 μm in the set of 7 

patients. In general, larger polar gap occurred in subjects with 

small native acetabular diameters but there was little variation 

in polar gap among the interference fits from 0.2 to 0.6 mm in 

a given subject (Fig.1). These predictions suggested that 

larger polar gaps occur in subjects with smaller acetabular 

cavities but enlarging the acetabulum by reaming may not 

help decrease gap sizes in a given subject. 

The 95th percentile CPM had a range of 16–826 μm 

in the set of 7 patients. The 95th percentile CPM decreased as 

interference fit increased in all subjects. In subjects with lower 

bone quality (<200 MPa), there was a sharper decrease in 

micromotion from 0.2 to 0.6 mm than subjects with higher 

bone quality (Fig. 2). The variation in micromotion suggests 

precise reaming is critical for achieving primary stability in a 

clinical situation, particularly for subjects with lower bone 

quality. 

Fig 1: Variation in the polar gap across the interference fit in 

the 7 subjects examined.  

 Fig 1: Variation in the 95th percentile CPM across the 

interference fit in the 7 subjects examined.  

CONCLUSIONS 

A gross approximation of the patient and surgical variability 

in primary stability for a successful acetabular cup was 

presented. This data can provide a benchmark to estimate the 

performance of new cup designs during the development 

process. 
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INTRODUCTION 

Subjective outcomes in THA show outstanding improvements 

in patient-reported quality of life (QoL). However, QoL 

improvements do not seem to be associated with increases in 

subjective reports of physical activity (PA) [1]. Evidence 

suggests that self-reported PA does not reflect objectively 

measured PA. The aim of this study was to investigate whether 

physical activity and sleep patterns change from pre- to six 

months post-operative in THA patients, using wrist-worn 

accelerometers.  

METHODS 

54 patients, scheduled for THA surgery, were recruited from 

the Royal Adelaide Hospital. Patients were provided with a 

wrist-worn accelerometer (GeneActiv Original, ActivInsights, 

UK) to wear for one week at four separate timepoints: pre-

operatively, and six weeks, three months and six months post-

operatively. The following parameters were calculated: (1) 

average daily time spent sedentary, (2) average daily time spent 

in light, moderate and vigorous physical activity combined, (3) 

sedentary time fragmentation and (4) sleep efficiency (total 

sleep time/time in bed).  

Linear mixed effects models corrected for confounders were 

used to determine changes in activity and sleep efficiency 

compared to pre-operative levels. 

RESULTS AND DISCUSSION 

Regarding physical activity, there was no significant change 

from preoperative to 6 months postoperative levels. As 

expected, a significant (p<0.05) decrease was observed from 

preoperative to immediately postoperative, followed by a 

significant increase from 2 weeks to 6 weeks postoperative. 

Generally, at 6 months postoperative, patients had recovered 

their preoperative PA levels. Although total PA levels did not 

change between preoperative and 6 months postoperative, there 

was a significant increase in moderate PA (66 min/day vs 45 

min/day, p<0.05) accompanied by a small decrease in light PA  

(192 min/day vs 202 min/day, p<0.05). There were no 

significant differences in time spent in vigorous intensity 

activities (p=0.244). Patients spent < 1 minute/day in vigorous 

intensity activities at both timepoints.  

Sedentary time increased significantly (p<0.001) between 

preoperative and immediately post-operative levels, and there 

was no significant difference between preoperative and 6 

months postoperative levels (p=0.288). Similarly, the 

fragmentation of sedentary time did not change significantly 

between these two time points. 

Sleep efficiency did not change significantly from pre- (82%) 

to six months post-operative (75%), after adjustment for 

medical usage (p=0.067). patients exhibited a poor sleep 

efficiency, below the generally accepted value of 85% for 

adults.  

CONCLUSIONS 

Our data suggest that patients demonstrate minimal changes in 

objectively measured physical activity patterns from 

preoperative to six months post-operative. Furthermore, sleep 

efficiency did not improve and remained below 

recommendations. Although self reported quality of life did 

improve drastically, the absence of increase in PA may help 

clinicians better manage expectations associated with THA. 

ACKNOWLEDGEMENTS 

This research program is supported by an Australian 

Government Research Training Program (RTP) Scholarship. Dr 

Arnold and A/Prof Thewlis receive fellowship funding from the 

NHMRC (ECF and CDF, respectively).  

REFERENCES 

1. Hammet T, et al. Arthritis Care Research.

Page | 113



DAY 3

POSTERS 

Page | 114



Risk factor analysis for re-collapse of cemented vertebrae after percutaneous vertebroplasty (PVP) or percutaneous 

kyphoplasty (PKP)  
1,2Yongxian Li, 1Guoye Mo, 1Shuncong Zhang, 1De Liang, Danqing Guo, 1Yongchao Tang, 1Kai Yuan, 1Hui-zhi Guo, 1Guangwei 

Wen, 1Yuerong Xu, 1Peijie Luo, 1Yanhuai Ma, 1Tengpeng Zhou, 2Jiake Xu 

1 The First Affiliated Hospital of Guangzhou University of Chinese Medicine, Guangzhou 510407, PR China. 
2 School of Biomedical Sciences, The University of Western Australia, Perth, 6009, Australia 

email: 1004843160@qq.com 

INTRODUCTION 

Osteoporotic vertebral compression fracture (OVCF) is the 

most common complication of osteoporosis, which increases 

the risk of disability and mortality in elderly patients [1]. In the 

past decades, PVP and PKP were widely applied to treat OVCF 

due to its rapid effect on pain relief and functional improvement 

[2]. However, re-collapse of cemented vertebrae occasionally 

often occurs after percutaneous augmentation, and the potential 

risks still remain unclear. This study aimed to make a 

retrospective review on patients with osteoporotic OVCF after 

PVP or PKP and furtherly analyzed the risk factors for treated 

vertebral refracture. 

METHODS 

All patients receiving the PKP/PVP with bilateral approach 

were retrospectively reviewed from January 2014 to January 

2016, among whom 230 patients with single level augmentation 

(30 in refracture group and 200 in the non-refracture group) 

were enrolled according to inclusion criteria. The following 

covariates were reviewed: gender, age, height, weight, body 

mass index (BMI), bone mineral density (BMD), serum bone 

turnover markers, surgical parameters including approach, 

cement volume, anterior height and Cobb angle restoration. 

Binary logistic regression analysis was used to determine the 

relative risk of re-collapse of cemented vertebrae. 

RESULTS AND DISCUSSION 

Regarding the patient data, weight, BMI, and BMD were of 

statistical significance in refracture group (P<0.01), among 

which only low BMD was a risk factor to cemented vertebral 

re-collapse (P=0.022, OR=4.197). In respect of surgical 

variables, the better restoration of anterior height and Cobb 

angle found in refracture group (P<0.05), both of which might 

increase the refracture risk but not be risk factors (P=0.065, 

OR=0.891, and P=0.937, OR=0.996, respectively). Besides, 

less injected cement (3.30±0.84ml v.s. 4.46±1.10 ml, P=0.000, 

OR=19.433) and PKP (P=0.007, OR=13.332) significantly 

boosted the potential risk of refracture (P<0.001). 
Representative cases were shown in Fig.1 and Fig.2. 

Figure 1:  Radiological images of a representative case with 

PVP treatment. (a–g) A 72-year old female with L1 OVCF. (a) 

Pre-operative lateral X-ray showed L1 vertebral compression 

(black arrow). (b) Fracture in L1 determined by CT scanning 

through lumbar vertebrae. (fracture line was indicated with 

white arrow). (c) Post-operative X-ray showed the height of L1 

was significantly restored (black arrow). (d) After surgery 

fracture line in L1 was filled with bone cement and the height 

was restored determined by CT scanning through lumbar 

vertebrae (white arrow). (e) Lumbar CT scanning at five months 

after PVP showed slight loss of anterior height and re-collapse 

of L1 (white arrow). (f) Lumbar CT scanning at seven months 

after PVP showed progressive loss of anterior height of L1 

(white arrow). (g) Lumbar CT scanning at 11 months after PVP 

showed severe loss of anterior height and obvious re-collapse 

of L1 (white arrow) 

Figure 2: Radiological films of a representative case with PKP 

treatment. (a–g) A 81-year old female with T12 OVCF. (a) 

Lateral X-ray showed T12 vertebra compressed fracture (black 

arrow). (b) High signal of T12 vertebra in T2-weighted MRI 

indicated fresh fracture (white arrow). (c)Post-operative X-ray 

showed the anterior height of T12 was restored significantly 

(black arrow). (d) After surgery T12 vertebra was filled with 

bone cement and the anterior height was restored significantly 

determined by CT scanning through lumbar vertebrae (white 

arrow). (e) Lateral X-ray at eight months after PKP showed 

slight loss of anterior height and re-collapse of T12 (black 

arrow). (f) Lateral X-ray at 13 months after PKP showed 

progressive loss of anterior height of T12 and thoracolumbar 

junction kyphosis (black arrow). (g) Lumbar CT scanning at 18 

months after PKP showed severe loss of anterior height and 

obvious re-collapse of T12 (white arrow) 

CONCLUSIONS 

Patients with low BMD, or undergoing PKP, or receiving a low 

volume of injected cement might have a high risk of re-collapse 

in surgical vertebrae. 
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INTRODUCTION 

Lack of vascularisation and adequate mechanical stability, soft-

tissue damage, and infection remain key challenges for 

successful bone healing in large bone defects. Transplanting an 

autologous vascularised cortical bone graft represents the “gold 

standard” for treatment of such defects. However, this 

procedure requires second surgery and associates with donor 

site morbidity and lack of sufficient graft [1].  

Alternative strategies using scaffold-based tissue engineering 

approaches have been investigated to solve the clinical 

challenge of large bone defect regeneration. However, the 

progress in translating this concept to clinical practices has been 

profoundly limited [2]. One of the key reason for delaying the 

progress is mechanical weakness of scaffolds particularly when 

they undergo substantial dynamic and complex forces during 

surgery and post-implantation; that results in implant instability 

and termination of healing process, or stress shielding effect 

where all the forces are transferred within fixation plates [1-2]. 

The aim of this study was to design and fabricate a modular load 

bearing scaffold with similar stiffness to bone and to facilitate 

a controlled load transfer/strain within the scaffold.  

METHODS 

Scaffolds were designed based on numerical (in-silico) results 

obtained form Finite Element Analysis (FEA). Optimised 

scaffolds were fabricated using 3D additive manufacturing 

techniques from FDA approved and biodegradable 

components. The stiffness, fatigue and impact energy of the 

scaffolds were measured and compared with widely used 

synthetic scaffolds, cortical and cancellous bone.  

RESULTS AND DISCUSSION 

One of the current solutions to address the mechanical 

weakness of scaffolds is to reduce their porosity to less than 

40% that adversely affects the new vascularisation and bone 

formation rate. Another solution is to retain a high porosity but 

making the scaffolds from metals and alloys such as titanium 

that are strong and tough. However, these scaffolds are not 

degradable and there is a risk of toxicity due to leaching the 

metallic ions.  We successfully designed and fabricated a 

modular scaffold from biodegradable components with similar 

stiffness to bone that is several orders of magnitude higher 

than currently used scaffolds, with resistance to impact and 

fatigue (Figure 1). We also demonstrated that by changing the 

structural configuration of components, it is possible to tune the 

strain distribution of stresses induced by external loading on the 

strut surfaces and within the scaffold voids. Scaffolds 

represented resistance to impact, cyclic and bending loading 

with tuneable stiffnesses in range of bone values.  

Figure 1- Schematic comparison between the stiffness of bone, 

current ceramic and hydrogel bone substitutes, and the invented 

scaffold. *Green oval (modular implant); these values are 

derived from experimental results. There was a good correlation 

between numerical and experimental values (~2% difference).   

Figure 2- Contour of maximum principal strain for (a) cortical 

bone; (b) soft hydrogel; and (c) modular scaffold. This design 

enables us to generate mechanical stimuli (strain) similar to that 

of bone. 

CONCLUSIONS 

In summary, we have successfully developed a modular 

scaffold with tuneable stiffness within the human bone. The 

scaffold is resistant complex loading scenarios such as impact 

and cyclic configuration.  
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INTRODUCTION 

For patients who took joint replacement, one of the 

complications, aseptic joint loosening, could cause a high risk 

of revision surgery[1]. In earlier researches, we demonstrated 

that Toll-like Receptors 2 and 4 were activated in macrophage 

induced aseptic joint loosening stimulated by wear particles, 

but the knockdown of TLR pathways could only partly down-

regulate the expression of pro-inflammatory cytokine[2]. 

NOD1/2 can activate the NF-kB and MAPK pathway and lead 

to the up-regulation of pro-inflammatory cytokines. Moreover, 

researches reported that NOD2 may be a inhibitor of TLR4. In 

this research, we aimed to clarify whether NLRs took part in 

macrophage induced aseptic joint loosening or not. 

METHODS 

Totally thirty-two Synovial membrane samples from aseptic 

loosening, fracture, osteoarthritis and infection patients were 

collected for Immunohistochemistry, aimed to clarify the 

expression of NOD1, NOD2 and CD68 around the prosthesis. 

In vitro, Titanium particles were prepared to stimulate the 

murine macrophage cell line, RAW264.7. The NOD2 agonist 

MDP and TLR4 agonist LPS were used as positive control. A 

RIPK2 inhibitor GSK583 was also used to inhibit the effect of 

NOD2 pathway. A recombinant lentivirus vector directed 

against the mouse NOD2 gene were designed, chemically 

synthesized and stably transfected into RAW264.7. After 

stimulated by particles, Real-time PCR and Western Blotting 

was utilized to demonstrate mRNA and protein expression of 

target genes (NOD1, NOD2, RIPK2, NF-κB, TNF-α, p38, 

JNK, ERK) in the macrophage, RAW264.7. Cells supernatants 

were harvested and centrifuged to remove cellular debris. 

Aliquots were uesd for TNF-α measurement by mouse TNF-α 

Instant enzyme-linked immunosorbent assay (ELISA) Kit. In 

vivo, NOD2-/- mice model was established through Crisper-

Cas9. A Cranial osteolysis mice model was established on WT 

mice and NOD2-/- mice to examine the effect of Titanium 

particles local injection through micro-CT. 

RESULTS AND DISCUSSION 

The Bresalier's Quantitative Score of immunohistochemical 

showed a higher expression of NOD1 (1.54 ± 0.26) and 

NOD2(1.13±0.30) in aseptic loosening patients than those 

undertaking primary THA. （NOD1 in the group of fracture, 

osteoarthritis and infection respectively :0.14±0.09、0.38±

0.14、0.08±0.02，P<0.05; NOD2 in the group of fracture, 

osteoarthritis and infection respectively :0.11±0.05、0.11±

0.04、0.13±0.04，P<0.05).  

Real-time PCR revealed mRNA expression of NOD2 were 

raised for 6.535 ± 0.205 times after stimulated, while the 

expression of TNF-α  raised for 10.941±0.011 times. In 

contrast, mRNA expression of NOD1 showed no significant 

difference(p ＞ 0.05). ELISA showed with the similar up-

regulation of TNF-α after stimulation, but GSK583 didn’t 

show an effective down-regulation or up-regulation. Besides，
ELISA showed an up-regulation in TNF-a expression when 

NOD2 was knockdown. The protein expression showed the 

similar result. Moreover, the protein expression of the MAPK 

pathway was also up-regulated after stimulation. 

Titanium particles caused the osteolysis at the mice cranial, 

while local injection of anti-NOD2 lentivirus vector didn’t 

inhibit the cranial osteolysis. At the meanwhile, GSK583 

could not suppress the cranial osteolysis either. The NOD2-/- 

mice was established successfully, anyway, the cranial 

osteolysis wasn’t suppressed either. (Fig 1) 

Figure 1. The cranial osteolysis wasn’t suppressed in 

NOD2-/- mice 

CONCLUSIONS 

According to the studies above, the NOD2 expression was 

up-regulated after stimulation in vitro and in clinical 

specimens. However, it might played an negative roll in TLR4 

pathway. The knockdown of NOD2 up-regulated the 

expression of inflammatory cytokine in vitro, and could not 

suppress the cranial osteolysis in vivo. 
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INTRODUCTION 

Cartilage injuries cause pain and loss of function, and if severe 

may result in osteoarthritis (OA). Surgical options to treat 

those injuries consist of multiple procedures, long recovery 

times and/or failure to produce a sufficient outcome. 3D 

bioprinting is now a tangible option for the delivery of 

bioscaffolds capable of regenerating the deficient cartilage.  

Our team has developed a handheld device, the Biopen [1], to 

allow in situ additive manufacturing during surgery. Given its 

ability to extrude in a core/shell manner, the Biopen can 

preserve cell viability during the biofabrication process [2], and 

biofabricate human hyaline-like neocartilage [3].  

As a necessary step toward the clinical translation, we now 

aim to demonstrate that we can successfully biofabricate neo 

cartilage with stiffness properties close to the native human 

tissue. To achieve the desired rigidity, a reinforcement 

structure produced using melt electrospinning writing (MEW) 

with polycaprolactone (PCL) can be placed in the defect to be 

treated before in situ bioprinting.  

METHODS 

MEW was performed with the GeSim Bioscaffolder 2.1 using 

PCL.  The optimum parameters were selected as follow: i) 

lining the collector bed with aluminum foil; ii) maintaining 

constant temperature and pressure at 82°C and 20kPa 

respectively throughout printing [4]; iii) increasing the voltage 

throughout printing by an average of 0.033kV/min. These 

parameters generate a fiber diameter of 20μm which yields 

porosities greater the 95%. 

The structures were filled with GelMA/HA (Gelatin 

Methacrylate/Hyaluronic Acid) laden with human adipose 

derived stem cells (hADSC) before incubation [3]. The samples 

were analyzed for compressive modulus and results compared 

with native cartilage. Cell viability was evaluated using 

LIVE/DEAD imaging and CellTiter analysis, and compared 

with bioscaffold without reinforcement. 

 

Figure 1:  a) 10 layers PCL-MEW b) 50 layers PCL-MEW 

Imaging and CellTiter analysis showed high cell viability 

during time in culture. The stiffness of the reinforced 

bioscaffols measured with unconfined compression tests, 

display a significant increase compared to hydrogel-only 

bioprinted samples. 

CONCLUSIONS 

Our preliminary results demonstrate the feasibility to generate 

a highly porous PCL electrospun reinforcement structure 

biocompatible and applicable to our in situ bioprinting strategy. 
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RESULTS AND DISCUSSION 

The reinforcement scaffolds of different heights and 95% 

porosity were produced (Figure 1). Due to the charge buildup 

both on the collector bed and within the layers, beyond 

approximately ten layers a certain level of misalignment of 

fibers was unavoidable.  10

400μm 400μm 
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INTRODUCTION 
Osteoporosis is a metabolic disease characterized by 
osteopenia and bone microstructural deterioration [1]. 
Osteoclasts are the primary effector cells that degrade bone 
matrix and their abnormal function leads to the development 
of osteoporosis [2]. Reactive oxygen species (ROS) 
accumulation during cellular metabolism promotes osteoclast 
proliferation and differentiation, playing an important role in 
osteoporosis [3]. Cistanche deserticola polysaccharide (CDP) 
possesses anti-inflammatory, and anti-oxidant activity [4]. 
However, the impact of CDP on osteoclasts is unclear. In this 
study, we investigated the effect and mechanism of CDP on 
receptor activator of nuclear factor kappa-B ligand (RANKL)-
induced osteoclast differentiation and bone resorption.  

METHODS 
First, the inhibitions of CDP on RANKL-induced 
osteoclastogenesis and osteoclastic resorption activity were 
determined by TRAP staining and hydroxyapatite resorption 
assay. We then performed RT-qPCR and western blot to 
elucidate the expressions of gene and protein related to 
osteoclast differentiation and bone resorption. Next, we 
examined the effect of CDP on intracellular ROS production. 
Finally, we investigated the potential signaling pathways of 
CDP repressing RANKL-induced osteoclast formation and 
activity. 

RESULTS AND DISCUSSION 
The results of TRAP staining showed that CDP had inhibitory 
effects on RANKL-induced osteoclastogenesis and osteoclast 
fusion. Hydroxyapatite resorption assay demonstrated that 
CDP repressed osteoclast resorption activity. Luciferase, RT-
qPCR and western blot analyses revealed that CDP suppressed 
NFATc1 activity and downstream protein expression in bone 
marrow-derived monocytes (BMMs) treated with RANKL. 
Furthermore, we found that CDP promoted the expression of 
antioxidant enzymes to scavenge ROS production during 
RANKL-induced osteoclastogenesis. We also demonstrated 
that CDP repressed the expression of NFATc1 and c-Fos by 
scavenging ROS production. Finally, we showed that CDP 

attenuated RANKL-mediated phosphorylation of key proteins 
in the MAPK pathway. 
(Figure 1). 

Figure 1:  Schematic diagram of CDP function in osteoclast
differentiation. 

CONCLUSIONS 
In summary, we demonstrated that CDP attenuates 
osteoclastogenesis and hydroxyapatite resorption, and the 
expression of osteoclast marker genes including Ctsk, Mmp9 
and Acp5. CDP was able to suppress RANKL-mediated ROS 
production, as well as NFAT and MAPK activation.  
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INTRODUCTION 

Surgical site infections (SSI) encompass a significant socio-

economic burden. Moreover, contaminated surfaces play a 

critical role in the etiology of SSI’s [1,2]. Recent attention to 

the quality of environmental cleaning has demonstrated that 

manual cleaning efforts are often insufficient; indicating 

persistent contamination of hospital surfaces after manual 

cleaning [3]. Not only are bacteria acquiring resistance to 

antibiotics, they are also developing chemical resistance to 

detergents and disinfectants [4]. Therefore, there is an unmet 

medical need to decrease the environmental bioburden in 

operating theatres and thus reduce the transmission of 

pathogenic organisms that may result in SSI. The aim of this 

study was to assess the efficacy of a mobile UVC-disinfection 

robot to reduce the environmental bioburden in an operating 

theatre of a large animal research facility.  

METHODS 

The number of bacteria present on five operating theatre 

surfaces was measured by (i) conventional swabbing and 

microbiological culture methods and (ii) a novel bacteria-

specific metabolic assay (BSMA). Microbiological samples 

were incubated aerobically at 37°C for 48 h and the number of 

colony forming units (CFU) was scored. The BSMA was used 

to rapidly quantify the light-producing reaction between 

luciferase and bacterial-ATP, recorded in relative light units 

(RLU). Operating theatre surfaces were swabbed at the end of 

a surgical day, 1 h post room clean. A mobile UVC-disinfection 

robot was then used to irradiate the operating theatre. 

Measurements were repeated at each sample site post-UVC and 

compared to baseline controls.   

RESULTS AND DISCUSSION 

Both the BSMA and microbiological culture samples 

demonstrated a persistent microbial population after manual 

cleaning (Table 1). Similarly, after UVC-disinfection both 

testing methods showed a reduction in this microbial population 

(Table 1). However, the BSMA addressed many of the 

drawbacks of conventional agar culture including: time, 

sensitivity and specificity. Overall, the results validate the 

efficacy of UVC-disinfection robots to decrease the 

environmental bioburden. Previous studies have demonstrated 

that decreased environmental bioburden directly correlates with 

a reduction in hospital acquired infection [5]. Therefore, mobile 

UVC-disinfection robots may be a successful adjunct cleaning 

strategy to reduce the environmental bioburden in operating 

theatres. 

CONCLUSIONS 

UVC-disinfection technology successfully reduced the 

environmental bioburden in an orthopaedic operating theatre. 

As contaminated surfaces facilitate the transmission of 

pathogens, it is essential to consider UVC as an adjunct 

cleaning strategy for the prevention of SSI’s.    
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Table 1. Microbial contamination of five operating theatre surfaces after manual cleaning and UVC-disinfection. 

RLU: Relative light units; CFU: colony forming units.  

Surface 
Pre-UVC Post-UVC Reduction (%) 

RLU CFU RLU CFU RLU CFU 

Surgical trolley 288 7 39 5 86 29 

Anaesthesia station 102 33 15 6 85 82 

Door handle 4 17 0 3 100 82 

Overhead light handle 433 58 39 10 91 83 

Floor 2082 28 111 3 95 89 
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INTRODUCTION 
The longevity of artificial joint is limited mainly by aseptic 

joint loosening[1]. The wear-particle-induced macrophage’s 
activation finally leads to peri-prosthetic osteolysis. Previous 
studies have proved that macrophages interact with wear 
particles (including titanium, Co-Cr-Mo alloy and bone 
cement etc.) and produce pro-inflammatory cytokines[2]. 

Zinc finger and BTB domain-containing 20 (ZBTB20), 
could inhibit IκBα gene transcription, and then promote NF-
κB activation[3]. However, the role of ZBTB20 in wear-
particle-induced inflammation remains to be explored. 

In this study, we used Ti particle-induced RAW264.7 cells 
to simulate the peri-prosthetic osteolysis inflammation. We 
then knocked down RAW264.7 cells’ ZBTB20 gene to 
investigate its role on the expression of pro-inflammatory 
cytokines. The possible roles of NF-kB signaling pathways 
were also evaluated. 

METHODS 
Titanium particles were prepared to stimulate the murine 

macrophage cell line, RAW264.7. LPS were used as positive 
control. A recombinant lentivirus vector directed against 
mouse ZBTB20 gene were designed, chemically synthesized 
and stably transfected. After stimulated by particles, we 
utilized real-time PCR and Western blotting to demonstrate 
mRNA and protein expression. Cell supernatants were 
centrifuged to remove debris and then used for TNF-α 
measurement by ELISA Kit. Immunofluorescence and flow 
cytometry were also used to investigate the mechanism of 
ZBTB20 in the inflammation process induced by particles. 

RESULTS AND DISCUSSION 
Real-time PCR and Immunofluorescence both revealed the 

expression of TNF-α were raised after stimulated, while the 
mRNA expression of ZBTB20 remained about the same. 

Figure 1. RAW264.7 were stimulated with Ti particles for 
4h, and the expression of TNF-α was highly raised. 

SiRNA(5’-GGUCAUCUGAUUGUGACAUTT-3’) showed 
a good knockdown efficiency of ZBTB20, with a down-
regulation of 70% mRNA expression. The TNF-α expression 
was down-regulated when ZBTB20 was knockdown, which 
was possibly regulated by NF-kB signaling pathway. 

Figure 2. Ti particles and LPS promote the activation of 
NF-kB signaling pathway. 

Titanium particles caused osteolysis at the mouse cranial, 
and we have successfully built the mouse model of cranial 
osteolysis. 

CONCLUSIONS 
According to the studies above, the TNF-α expression of 

RAW264.7 was up-regulated after Ti particle stimulation. 
ZBTB20 positively regulates the TNF-α expression of 
RAW264.7, which the NF-kB signaling pathway may 
participate in. 
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INTRODUCTION 

Femoroacetabular impingement (FAI) outcomes are difficult to 

predict. Associations have been made with joint space 

narrowing and underlying soft tissue damage. However, 

preoperative morphological factors such as the position, extent 

and location of FAI deformity may be associated with 

postoperative outcomes.   

METHODS 

Patients undergoing arthroscopy for primary FAI completed the 

International Hip Outcome Tool (iHOT-33) preoperatively and 

12-months postoperatively. Prior to surgery, morphological

data describing the FAI deformity (total depth of deformity,

maximal depth, extent and position of maximal deformity) was

calculated using Dyonics planning software from computed

tomography scans. Generalised linear models, adjusted for age

and sex, were used to assess the association between

morphological data and both preoperative iHOT-33 and change

in iHOT-33 (1 year postoperative – preoperative) in iHOT-33.

A Principal Component Analysis was used to create

morphological meta-variables which were also modelled to

determine their relationship to iHOT-33 scores.

RESULTS AND DISCUSSION 

90 hips from 79 patients (33 males and 46 females, aged 37.9 

(18-61) were assessed. The majority (74%) had mixed 

morphology, 23% isolated femoral and 3% isolated acetabular. 

Overall the bone depth was greatest and more extensive on the 

femur. Increased total femoral bone alone predicted poorer 

postoperative outcome (p = 0.045). None of the morphological 

factors were related to preoperative iHOT-33 scores and there 

was no association between the meta-variables and 

postoperative outcome.  

CONCLUSIONS 

The influence of bony morphological parameters on post-

operative outcomes was confined to the total increase in 

femoral bone. However, the association was weak, suggesting 

that another factor such as soft tissue damage may be more 
responsible for postoperative outcomes in patients with FAI. 

We propose that the underlying damage to the labrum may be 

the most important contributing factor to preoperative 
symptoms and postoperative outcome. 
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INTRODUCTION 

This study aimed to analyze the biomechanical performance of 

cement distribution in osteoporotic vertebral compression 

fractures (OVCF) after percutaneous vertebroplasty and 

percutaneous kyphoplasty. The hypothesis of the study was that 

increasing the dose of cement in the posterior border would 

decrease the refracture risk of surgical vertebrae compared to 

an anterior border dose of cement. 

METHODS 

Nine three-dimensional finite element models (FEM) were 

generated to analyze the relationship between location and 

cement dose, bone stress, and bone displacement based on the 

‘nine grids’ method. The superior, middle and inferior borders 

of the fractured centrum were defined as A, B, and C, 

respectively. The anterior, middle and posterior borders were 

defined as 1, 2, and 3, respectively. For the clinical study, from 

Jan 2014 to Jan 2016, one medical team performed PVP/PKP 

on 70 patients (33 males, 37 females) with OVCF using cement. 

All the patients were followed-up for a minimum of 12 months 

(range, 12-21 m). Failure was defined strictly as the point when 

a refracture occurred in the surgical vertebra. 

RESULTS AND DISCUSSION 

The FEM results showed that cement could reduce the stress 

concentration and peak stress. Increasing the dose of cement 

could decrease the bone stress and displacement. The peak 

stress was 14.44 MPa in the osteoporotic model without cement 

treatment. When the superior border was not filled with cement, 

the peak stress of 11.99 MPa was larger than the peak stress in 

the other condition settings. The peak stress was A23>A13>A3. 

In the clinical study, the refracture rate was 42.9%. There were 

no signs or symptoms of nerve root or spinal cord injuries in 

any of the cases. The refracture risk was section 1 > section 2 > 

section 3. 

Figure 3:  The contours of von Mises stress in the nine 

settings of the cement distributions. The preoperative 

simulation determined a peak stress of the osteoporotic 

vertebra of approximately 14.44 MPa. After simulation 

with cement injection, each case revealed a decrease in stress 

at the surgical vertebra. When the B and C sections were 

filled with cement, but when the A section was not treated 

with cement, the peak stress of 11.99 MPa was greater than 

the other surgical settings. In the cases that were completely 

filled with cement, the peak stress of 2.8 MPa was the 

lowest. The peak stress was A23>A13>A3.

CONCLUSIONS 

A low dose of bone cement was closely related to factors of 

surgical vertebral refracture. Our FEM results were confirmed 

by the clinical results. Cement injected into the posterior 

border of the centrum seems to be superior to cement injected 

into the anterior border.  
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INTRODUCTION 
The Collaborative Cross (CC) is a purpose-built resource that 
was developed to enhance quantitative trait locus (QTL) and 
systems genetic analysis in mice [1]. Breeding programs of the 
CC were established at the University of North Carolina (UNC), 
Tel Aviv University (TAU), and The Gene Mine (Geniad) in 
Perth, WA. The Gene Mine consists of an octo-parental 
recombinant inbred panel of approximately 1000 mice from 
over 80 strains generated and housed at the Animal Resources 
Centre, since 2004.  

A primary aim of the CC and Geniad is to provide a stable, 
reproducible genetic reference platform for the qualitative and 
quantitative analyses of the causative gene-variants, epistatic 
mechanisms, and environmental factors that determine disease. 
Integration of phenotypic and genomic data over time and 
across a wide variety of fields is vital to achieving this aim. 
Research into the osteoporosis, osteoarthritis, and scoliosis 
fields of the CC has been initiated by our group. My project is 
investigating the determinants of dento-skeletal phenotypes 
within the Geniad CC population. The aims are 1) to identify 
novel molecular determinants of dento-skeletal homeostasis 
and disease in mice and 2) to correlate these findings with 
concomitant disease phenotypes including osteoporosis, 
osteoarthritis, and scoliosis in CC mice.  

METHODS 
To achieve our aims we will screen Geniad mice using 
conventional x-ray and micro computed tomography for dento-
skeletal, scoliosis, and kyphosis phenotypes. Mapping of QTLs 
will be performed to identify candidate genes regulating these 
phenotypes. In vitro gene expression and bioinformatics 
analyses will then be used to verify and characterize candidate 
gene involvement.  

RESULTS AND DISCUSSION 

We have completed initial conventional x-ray screening of 952 
Geniad mice across 84 strains and observed a range of 
phenotypes (Table 1).  

Figure 1:  Proportion of phenotypes observed across scoliosis, 
kyphosis and dento-skeletal fields of the Geniad population.  

CONCLUSIONS 
In conclusion, the conventional x-ray screening results are 
consistent with the incidence of these pathologies in human 
populations, validating this approach, and indicates the need for 
further micro-CT analysis, identification and mapping of QTLs, 
and determination of candidate gene involvement for dento-
skeletal, scoliosis and kyphosis phenotypes.  
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Table 1: Phenotypes observed across the scoliosis, kyphosis, and dento-skeletal fields of the Geniad population. 

Phenotype 
Total Strains Scoliosis Kyphosis Kyphoscoliosis Dento-skeletal 

Mice 952 84 41 50 16 206 

Phenotypes

Normal Scoliosis
Kyphosis Kyphoscoliosis
Dento-skeletal Rare variant
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INTRODUCTION 

Range of motion (ROM) assessments are important in a 

clinical setting to determine an individual’s level of 

impairment and evaluate their progress towards their 

rehabilitative goals. The gold standard used to assess ROM is 

the universal goniometer. However, while movements 

commonly consist of coupled motions, goniometers can only 

measure movements in a single plane. [1] The HALO© 

(model HG1, HALO© Medical Devices, Australia) device is 

a novel, laser-guided, 3-axis goniometer which has been 

shown to have excellent inter-rater reliability (ICCs > 0.75) 

when assessing shoulder ROM. [2] However, such a study 

has not been conducted for lumbar and lower limb ROM. The 

purpose of this study was to determine the concurrent validity 

and inter-rater reliability of the HALO© when assessing the 

lumbar spine and lower limb ROM. 

METHODS 

Fifty asymptomatic participants were recruited and 

randomized into four groups for four separate assessments in 

the one session. Each assessment compromised of tester A or 

B asking the patient to complete their full active range of 

motion for a variety of movements, measured with either the 

goniometer or the HALO©. Testers A and B were both fully 

qualified physiotherapists with 10 years and 3 years of 

clinical experience, respectively.  

Inter-rater reliability was assessed using intraclass 

correlation coefficients model (2,1). These results were 

categorized as excellent (ICCs ≥ 0.75), modest (0.40 ≤ ICC 

< 075) or poor (ICC < 0.40). [3]  

Concurrent validity was determined by constructing Bland-

Altman plots for each range of motion and for each tester. 

(Figure 2) The p-values of a paired samples t-test were also 

calculated to determine if the differences in measurements 

were statistically significant.  

RESULTS AND DISCUSSION 

For the lumbar spine movements, both the goniometer and the 

HALO© had modest inter-rater reliability for all movements. 

(Figure 1) For lower limb ROM, both the goniometer and 

HALO© showed modest inter-rater reliability for all the 

movements except when using the goniometer to measure hip 

abduction. (Figure 1) 

Figure 1:  Intraclass correlation coefficients of the HALO© 

compared to the universal goniometer. 

When assessing concurrent validity, there were significant 

differences (p < 0.05) between the measurements obtained by 

the goniometer and the HALO© only when Tester A 

measured knee flexion and ankle dorsiflexion, and when 

Tester B measured hip abduction and internal rotation, knee 

flexion as well as ankle dorsiflexion and plantarflexion. 

Figure 2:  Concurrent validity of the HALO© compared to 

the universal goniometer when assessing knee flexion. (red 

= mean difference, black = 95% limits of agreement) 

CONCLUSIONS 

Based on these findings, there is potential for the HALO© to 

be used clinically to measure lumbar and lower limb ROM. 
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INTRODUCTION 
Osteoarthritis causes chronic pain and sufferings to the 
paitients. It is a joint disease attributed to degenerative 
changes of articular cartilage. Current imaging technologies 
available in the clinics such as MRI, CT, ultrasound and X-ray 
do not have sufficient imaging resolution for visualizing the 
microstructure of articular cartilage. Traditional histology 
provides a way for studying the microstructural changes in 
articular cartilage but it requires biopsy and laboratory 
processes and analysis. Therefore, it traumatizes the donor 
tissues while cannot provide real time pathological 
information at a microscopic level.  
Confocal arthroscopy has successfully been used in a clinical 
environment for detecting early tendinopathy of cadaveric 
rotator cuff tendons without tissue biopsy (1). The application 
of confocal arthroscopy in the previous studies for early 
osteoarthritis was restricted by using nonclinical grade 
contrast agent for visualising the microstructure of articular 
cartilage (2). In this study, we advanced the confocal 
arthroscopic technique for acquiring high resolution 
microstructure of articular cartilage using clinical grade 
contrast agent.        

METHODS 
The study was conducted in compliance with the ethical 
principles of the local institutional review board. Animal 
ethics approval for this project has been granted from the 
Queensland University of Technology. 
Male Wistar Kyoto rats (11-12 weeks old) were purchased 
from Medical Engineering Research Facility (MERF) 
(Brisbane, Australia). For the surgeries, rats were anesthetized 
via intra-peritoneal injection with Zoletil (tiletamine 15 
mg/kg, zolazepam 15 mg/kg) and Xylazil (xylazine 10 
mg/kg). Osteoarthritis was induced by transecting the medial 
collateral ligament just below its attachment to the meniscus, 
so that when the joint space opens, the meniscus is reflected 
toward the femur. The meniscus was then cut at its narrowest 
point without damaging the tibial surface, resulting complete 
medial meniscus transection. The surgical wound was then 
closed by suturing in two layers. A sham group on the left 
knee was subjected to the same surgical procedure, without 
the excision of the ligament or any meniscus manipulation. 

After the surgery, all rats received pain killer (Buprenorphine 
0.05 mg/kg) and antibiotics (Cephalothin sodium 20 mg/kg, 
and Gentamicin 5 mg/kg). At specific time intervals rats were 
sacrificed with an overdose of pentobarbital sodium (300 
mg/kg; Lethabarb, NSW, Australia). Immediately after 
scarifying the animals, knee joints were collected and stored in 
-80 until confocal arthroscopic imaging.
Prior to confocal arthroscopy, the joints were thaw completely
before injected with 0.05 g/L clinical grade fluorescein
solution and passively exercised for about 3 minutes. The
joints were then opened collaterally and washed thoroughly
using PBS for confocal arthroscopic assessments. After
confocal arthroscopic studies, the articular cartilage was
correspondingly processed traditional histology for evaluation
of the efficacy of confocal arthroscopy for characterizing early
osteoarthritis.

RESULTS AND DISCUSSION 
Without tissue biopsy, confocal arthroscopy has led to 
distinguish the early osteoarthritic changes and the progression 
of osteoarthritis in articular cartilage. 
It was due to the small size of a rat knee joint, an open joint 
examination was used to assess the microstructure of articular 
cartilage using confocal arthroscopy. This may be accounted 
as a limitation of this study.  

CONCLUSIONS 
Confocal arthroscopy has allowed real time evaluating the 
early osteoarthritic changes in articular cartilage. This 
indicates that development of confocal arthroscopy may lead 
to an imaging technique for real time evaluating osteoarthritic 
changes. 
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INTRODUCTION 
The assessment of outcomes following rotator cuff pathology        
is highly variable [1], with a plethora of objective and          
patient-reported outcomes reported in the literature. Of       
greater importance in the clinical context is to determine if a           
patient has experienced a successful treatment or not, which         
is not yet defined in this context. In osteoarthritis research          
specific criteria have been developed to define if a patient          
responds favourable to treatment across pain, function and        
the patient’s global assessment[2]. However, the      
International Classification of Functioning and Disability      
(ICF) may offer a more comprehensive framework to define         
treatment success. The purpose of this paper is to present a           
scoping review aligning previously reported outcomes in       
rotator cuff pathology to the WHO-ICF framework.  
METHODS 
Treatment success has three key components. A predefined        
time window; a primary outcome and a threshold that defines          
a positive response. This paper will outline the ICF domains          
that may be the most relevant to rotator cuff tear and           
associated pathologies, in preparation for a Delphi study. In         
addition, the common outcomes reported in the literature will         
be compared to these domains and key gaps identified. A          
model of treatment success will be proposed in the context of           
rotator cuff tear and map for validation and refinement         
presented.  

RESULTS AND DISCUSSION 
Initial results indicate that the Constant, DASH and ASES         
questionnaires are used the most in assessing rotator cuff         
repair [3]. These questionnaires address a number of domains         
within the ICF framework such as shoulder pain, shoulder         
function and participation in work and recreational activities.        

However, the number of questions required to address these         
areas is substantial and they neglect a range of other domains,           
such as changes to environment, self-care and participation in         
other aspects of society. While the most common        
questionnaires have metrics such as minimal clinically       
important difference available, there is limited information       
on the appropriate time window or how to combine responses          
from multiple questionnaires for an individual.  
CONCLUSIONS 
The ability to establish a robust definition for treatment         
success after symptomatic rotator cuff tear remains limited        
by the outcome measures currently in use. Further work is          
required to address gaps identified in this scoping review, to          
achieve this objective.  
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INTRODUCTION 
Metallosis is a rarely reported complication in joint 
replacement surgery, most commonly found in THA. It is 
known to cause local necrosis or loosening of a device 
secondary to metallic corrosion and debris build-up. We 
present a case of non-union of the right femur with a broken 
implant secondary to metallosis. 

CASE REPORT 
A 32-year-old man involved in a RTA in April 2016 
sustained a closed comminuted fracture of the midshaft 
right femur (Winquist III). Underwent emergency plating of 
the right femur. Post-operatively was uneventful and 
discharged home well.  
In July 2016 had sudden onset of pain and deformity over 
the right thigh and noted to have a broken implant of the 
right femur denying any history of trauma. Underwent 
revision and locking plating of femur.  
Uneventful for 9 months and was fully weight bearing when 
again sudden onset of pain 1 month prior to admission in 
May 2017. Presented with multiple skin rashes, dry skin and 
erythaema over the previous operative site and some slight 
deformity, however was afebrile. X-ray showed a non-
union of the femur and a broken locking plate. Blood 
investigations showed a mildly raised WBC of 9.9, ESR 
was 3 and CRP was positive. We planned for a removal of 
the implant and ILN of the right femur. 

RESULTS 
Intraoperatively noted a fibrous non-union of the right 
femur with a broken implant, greyish tissue and debris seen 
circumferentially over the implant and bone. Bone necrosis 
1cm proximal and 2cm distal to the fracture site which was 
resected. Proceeded with ILN of right femur. 
Post-operatively there was a difference of 0.5 cm of true 
length and no apparent shortening. During his follow-up 
(January 2018) showed no apparent abnormal gait. 
Check X-ray’s done showed uniting fracture 8 months post-
operatively. Initially PWB, during his last follow-up he was 
fully weight-bearing. Serial ESR was shown to be resolving 
and CRP was negative. 

 Figure 1: X-ray showing implant failure and femur non-union 
DISCUSSION 
Metallosis which happen at joints it is due to the abrasive 
wear and tear of the metallic components for example the 
prosthetic head and the acetabular cup. However, in many 

cases if the metallic components are loose or unstable they 
can cause a build-up in metallic debris and subsequent 
metallosis. The resulting metal debris is disseminated 
throughout the effective joint space, evoking a histiocytic 
immune response that leads to periprosthetic osteolysis.  
In this case the possibility of abrasion of the metallic 
implants is via the movement of the screws and the plate 
due to the non-union of the right femur which could be 
caused by the instability of the initial fracture fixation which 
he presented with. This led to mechanical failure of the 
implant and caused it to break.  

 Figure 2: Intraoperative metallic debris 
We did not attain any history of metal allergies or history of 
atopy in this patient. However, our patient was an active 
smoker and upon advice to reduce or stop this habit he failed 
to do so leading to a prolonged bone healing.  

Occurrences of metallosis for shaft fractures are unreported 
in our centre hence, it led to our differential diagnosis as the 
one with the least possibility. Nevertheless, we prepared a 
titanium nail in anticipation. 

CONCLUSION 
Metallosis is not limited and exclusive to joint replacement 
surgery alone and can present in non-articular regions of the 
bone especially in cases of non-union. Even though 
traditionally associated with infection or trauma post-
operatively, occurrences due to metallosis could prove to be 
a differential diagnosis if properly worked up or reported. 
We suggest that in any orthopaedic informed consent, 
surgeons must counsel the patient for possible metal 
reactions or allergies which may develop immediately or 
later, with the risk of multiple surgeries. 
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