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ANZORS 19
th

 Annual Scientific Meeting 

President’s Welcome 
 

 

It is our great honour to host the 19
th

 annual ANZORS (The Australian and New 

Zealand Orthopaedic Research Society) conference in Sydney from September 4-5
th 

2013. The beauty of this conference is that we all speak the same language in the 

orthopaedic realm. 

 

We hope that this meeting will provide a great opportunity to exchange scientific 

information, discuss collaboration amongst researchers and clinicians, and promote 

orthopaedic research. 

 

We thank all of the participants for their contribution to the formation of this meeting, 

particularly the invited speakers, chairs, and committee members. Special recognition 

must go to A/Professor Hala Zreiqat for being a great local host, and Dr Dominic 

Thewlis for his hard work in assembling this fantastic program. 

 

We express our deep gratitude and great appreciation for the generous support of the 

sponsors who are listed in the abstract booklet. 

 

Finally, we hope that you all enjoy both the conference programme and your stay in 

Sydney. We hope that together, we can engage in insightful discussion and make an 

excellent contribution to orthopaedic research and translation. I wish this meeting a 

great success. 

 

 

Prof Jiake Xu 

President 

The Australian and New Zealand Orthopaedic Research Society 

 

School of Pathology and Laboratory Medicine 

The University of Western Australia 

Jiake.Xu@uwa.edu.au 
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ANZORS 19
th
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Keynote Speakers 
 

Day 1 
 

Prof Stan Gronthos  

9.00 AM–9.40 AM 
Stan completed PhD in 1999 at the University of Adelaide. Between 1999-2001 Stan 

was a Research Fellow at the National Institute of Dental and Craniofacial Research, 

National Institutes of Health, Bethesda Maryland. In 2002 He returned to Australia on 

a Royal Adelaide Hospital Florey Fellowship and founded the Mesenchymal Stem 

Cell Laboratory and Regenerative Medicine Program in the Division of Haematology, 

Institute of Medical and Veterinary Science. Between 2004-2007, he was awarded a 

NHMRC R.D. Wright Fellowship. In 2008, Stan was awarded a NHMRC Senior 

Research Fellowship. Since 2007, he has been Co-Director of the Centre for Stem 

Cell Research, Robinson Institute, University of Adelaide. In 2013, he was appointed 

as a NHMRC Principal Research Fellow, School of Medical Sciences, The University 

of Adelaide. Stan’s current research interests address fundamental questions 

concerning mesenchymal stem cell biology and assessing the efficacy of these 

populations as cellular based therapies for the regeneration of bone, cartilage, teeth, 

ligament, cardiac muscle and neural tissue.  

 

 

Dr Margaret Smith  

13.30 PM–14.10 PM 
Dr Margaret Smith is a Senior Research Fellow in the Raymond Purves Bone and 

Joint Research Laboratories at the Kolling Institute at Royal North Shore Hospital 

(RNSH). She has a PhD (biochemistry) and has almost completed a Master of 

Biostatistics. Her research, published in over 50 peer-reviewed articles, centres on 

animal models of joint disease, including inflammatory arthritis, osteoarthritis and 

tendinopathy. She has also carried out extensive tissue and cell culture studies on 

disease mechanisms and drug effects. The NHMRC, the Henry Langley Fellowship 

and big pharma have funded her research. She is a past Chairman of the RNSH 

Scientific Staff Council, past president of the Matrix Biology Society of ANZ and is 

an Australian Ambassador of the Bone and Joint Decade, a WHO global initiative for 

musculoskeletal health. 
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Day 2 
 

Prof David Lloyd 

8.30 AM–9.10 AM 
David Lloyd is Professor and Director of the Centre for Musculoskeletal Research in 

the Griffith Health Institute, Griffith University, and holds adjunct professorial 

positions in Biomedical Engineering at the University of Delaware (USA) and in 

Engineering and in Exercise Science at and the University of Western Australia. He is 

an internationally renowned computational neuromusculoskeletal biomechanist whose 

research has focused on the causes and prevention of musculoskeletal disease and 

injury. His research has involved the development of training and exercise programs 

to prevent lower limb injuries from occurring and slow progression of knee 

degeneration. This work has entailed the creation and application of EMG-informed 

neuromusculoskeletal models with the ensuing papers very highly cited for the field. 

He is an invited member of a current, funded international consortium to test and 

further develop these models, and currently holds other large nationally competitive 

grants to apply these models to understand the causes of musculoskeletal disease. 

David has over 125 journal publications, over 300 refereed publications, has been 

awarded 60 grants with nearly $13Million in funding. 

 

 

Prof Gustavo Duque 

10.50 AM–11.30 AM 
Professor Duque, MD, PhD, FRACP is a geriatrician and bone biologist with a 

research interest in the mechanisms of age-related bone loss, osteoporosis and frailty 

in older persons. His initial training included Internal Medicine at Javeriana 

University (Colombia) and Geriatric Medicine, which he completed at McGill 

University in Montreal (Canada). Subsequently, he obtained his PhD at McGill 

University in 2003 with a thesis entitled ‘Molecular Changes of the Aging Osteoblast’ 

under the supervision of Dr Richard Kremer. Between 2003 and November 2007, he 

joined the faculty at McGill University Medical School as a member of the Division 

of Geriatric Medicine and as Researcher at the Lady Davis Institute for Medical 

Research. In November 2007, he moved to Australia to join the Faculty as Associate 

Professor and Head of the Division of Geriatric Medicine at Sydney Medical School 

Nepean -University of Sydney. In 2012, he was promoted to Professor of Medicine at 

the University of Sydney. 

 

 

A/Prof Qing Li 

13.50 PM–14.30 PM 
Dr Qing Li is an Associate Professor of biomedical engineering at the School of 

Aerospace, Mechanical and Mechatronic Engineering, University of Sydney. He 

received his PhD from The University of Sydney in 2000. He was a Postdoctoral 

Research Fellow at Cornell University, USA 2000-2001 and then an ARC Australian 

Postdoctoral Research (APD) Fellow 2001-03. He was appointed as a senior lecturer 

at James Cook University in 2004 and returned to the University of Sydney as a 

Sesqui Senior Lecturer in biomedical engineering in 2006. He is now an ARC future 

fellow and associate professor in biomedical engineering. Dr Qing Li is interested in 
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biomechanics and biomaterials and leading a group working on relevant 

computational modelling. He and his group have received 5 ARC Fellowships, 6 

Discovery and 3 Linkage grants over the last ten years. Dr Li has published over 130 

archival journal articles, including 5 in Biomaterials.  

  



 Page | 10 

 

 

 

ANZORS 19
th

 Annual Scientific Meeting 

Venue 

 
The Darlington Centre, University of Sydney   

174 City Road, Darlington NSW 2006, Australia 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Page | 11 

 

 

ANZORS 19
th

 Annual Scientific Meeting 

Full Programme 
 
Day 1 – Wednesday September 4 

8.00-8.45 Registration 

8.45-9.00 Welcome  ANZORS President – W/Prof Jiake Xu  

9.00-9.40 

 

Session Chair:  

W/Prof. Jiake 

Xu 

Keynote Prof Stan Gronthos 

 

The biology and efficacy of mesenchymal stem cells in skeletal repair 

9.40-10.40 ECR award 

session 

Author Title 

Session Chair:  

Dr Pazit 

Levinger  

&  

Prof Stan 

Gronthos 

 

  

  

  

  

9.40-9.52 Rao P Outcomes of anterior lumbar interbody fusion (alif) 

surgery based on indication: a prospective study 

9.52-10.04 Rea S A non-conservative change (k238e) in the traf6-binding 

domain of sqstm1/p62, identified in a family with severe 

paget’s disease of bone, leads to hyper-activation of 

osteoclast signalling pathways via increased ubiquitination 

of traf6 

10.04-10.16 Kersh M Region-specific strain energy in the proximal femur during 

load based activities 

10.16-10.28 Martelli S Accuracy of generic musculoskeletal models in predicting 

femoral strains through finite-element simulations 

10.28-10.40 Musson D Tenocyte viability and function following treatment with 

the protein component extracted from a hydroxyapatite-

based product 

10.40-11.00 Coffee break 

11.00-12.45 Bone 

regeneratio

n & load 

Author Title 

Session Chair:  

Dr David 

Musson 

 

  

  

  

  

  

  

  

  

  

11.00-11.12 Atkins G Sclerostin antagonises the mechanical loading response by 

a mechanism involving osteocytic osteolysis 

11.12-11.24 Chim S Egfl7 is expressed in the bone microenvironmentand 

regulates angiogenesis via erk and stat3 phosphorylation 

and integrin-mediated signaling 

11.24-11.36 Christou C The masquelet technique in the healing of critical size 

segmental defects 

11.36-11.48 Lu Z Baghdadite scaffolds modulate the crosstalk between 

human adipose stem cells and osteoblasts for bone 

regeneration 

11.48-12.00 Wang T The effect of programmable mechanical stimulation on 

tendon repair in a bioreactor system 

12.00-12.12 Loechel N The effect of inverse dynamization on bone healing 

12.12-12.24 Mokhtarzadeh 

H 

Investigation of a nano-engineered drug delivery system 

for trabecular bone using a 3D bioreactor – a combined 
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experimental and computational approach 

12.24-12.31 Leung S Regional variations in the deformation of chondrocyte-

hydrogel constructs under compression 

12.31-12.37 Kim JJ Dynamic cell stretching device for in vitro 

mechanobiological studies of tenocytes 

12.37-12.44 Smith P Biodegradable magnesium alloys influence the osteogenic 

differentiation of human mesenchymal stem cells (MSCS) 

12.45-1.30 Lunch 

1.30-2.10 

 

Session Chair:  

A/Prof Hala 

Zreiqat 

Keynote Dr Margaret Smith 

 

Cellular therapy for tendinopathy: an evidence-based approach 

 

2.10-3.10 PhD award 

session 

Author Title 

Session Chair:  

A/Prof Hala 

Zreiqat 
  

  

  

2.10-2.22 Lin S Solvent-free polymeric scaffolds for tissue engineering 

applications 

2.22-2.34 Li JJ The development of a novel biphasic scaffold for 

osteochondral regeneration 

2.34-2.46 Ab-Lazid R Trabecular bone screw pullout strength in human femoral 

heads: does it depend on bone mineral density or micro-

architecture, at a target insertion torque level? 

2.46-2.58 Lim BS Roquin is a novel regulator of bone homeostasis 

2.58-3.10 Lerebours C The bone specific surface of cortical bone and its influence 

on the temporal evolution of cortical porosity during age-

related bone loss 

3.10-3.30 Coffee break 

3.30-5.15 Biomechani

cs 

Author Title 

Session Chair:  

Dr Corey 

Scholes  

  

3.30-3.42 Ackland D Rotational capacity of the shoulder muscles after reverse 

total shoulder arthroplasty 

3.42-3.54 Grant C Mechanical testing of locked plate fracture fixation 

constructs:  limitations of previous methodologies 

3.54-4.08 Costi JJ Does combined compression, flexion and axial rotation 

place degenerated discs at risk of posterolateral herniation? 

Measurement of 3d lumbar intervertebral disc internal 

strains during repetitive loading 

4.08-4.20 Fernandez J A non-destructive framework for mechanically evaluating 

anabolic treated bone 

4.20-4.32 Yu J Shoulder muscle function depends on elbow joint position 

4.32-4.39 Pham D Viscoelastic properties of individual fibre bundles in 

human anulus fibrosus 

4.39-4.46 Lawless I An improved six degree of freedom velocity-based force 

control method for dynamic flexibility testing in robotic 

biomechanics 

4.46-4.53 Fatima M An MRI-derived subject-specific finite element model of 

the stress and strain distributions in knee cartilage during 

stance phase of gait 

4.53-5.00 Zheng K The effect of high tibial osteotomy correction angle on 

articular cartilage loading using finite element analysis 

5.00-5.07 Malekipour F Subchondral bone elastic tissue modulus: combination of 

micro-finite element model and mechanical testing 

5.07-5.14 Besier T Modeling slipped capital femoral epiphysis in the 

adolescent hip 

5.30-6.30 AGM  
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Day 2 – Thursday September 5 

8.00-8.30 Morning Coffee  

8.30-9.10 

 

Session Chair:  

A/Prof Nathan 

Pavlos 

Keynote Prof David Lloyd 

 

Exploring how muscles accelerate or slow progression of knee 

osteoarthritis 

 

9.10-10.30 Bone cell 

biology 

 

Author 

 

Title 

Session Chair:  

Dr Margaret 

Smith 

 

  

  

  

  

  

  

9.10-9.22 Tickner J Chkb mutant mice display an osteoporotic phenotype with 

altered osteoclast and osteoblast activities 

9.22-9.34 Saad S High levels of semaphorin-3a and neuropilin-1 at sites of 

peri-implant bone loss and during human osteoclast 

formation 

9.34-9.46 Li R Unravelling micrornas in wear particle related osteolysis 

9.46-9.58 Shu C Novel roles for the hs chains of perlecan in tendon 

maturation 

9.58-10.10 Dharmapatni 

ASSK 

The xiap inhibitor embelin suppresses inflammation and 

bone loss in collagen antibody induced arthritis (caia) mice 

10.10-10.22 Hayes A Matrix deposition of fibrillin-1 and ltbp-2 in the hspg2 

exon 3 null hs deficient murine intervertebral disc is 

impaired compared to the wild  type or human foetal ivd 

10.22-10.29 Ying H Disulfiram attenuates osteoclast formation and function via 

dual suppression of nfκ band nfatc1 

10.30-10.50 Coffee break 

10.50-11.30 

 

Session Chair:   

Dr Rachel Li 

Keynote Prof Gustavo Duque  

 

Targeting “sarco-osteoporosis” in older persons: a practical approach to 

the prevention of falls and osteoporotic fractures 

 

11.30-12.50 Imaging  Author Title 

Session Chair:  

Prof David 

Lloyd 

 

  

  

  

  

  

  

  

11.30-11.42 Scholes C The effect of complete ACL rupture on the tibiofemoral 

cartilage of the lateral compartment, assessed with t2-

weighted MRI 

11.42-11.54 Perilli E A novel 3D micro-CT method for non-invasively assessing 

both bone loss and soft tissue swelling in a murine 

inflammatory arthritis model 

11.54-12.06 Herdan C Cartilage canals in articular calcified cartilage of joint 

surfaces sustaining different loading 

12.06-12.18 Li G  Assessment of structural and remodeling indices in 

periarticular bone tissues in the osteoarthritic femoral 

head: influence of age and gender 

12.18-12.30 Chim S The role of egfl6 in bone homeostasis 

12.30-12.37 Scholes C In-vivo assessment of weightbearing knee flexion reveals 

compartment-specific alterations in meniscal slope 

12.37-12.44 Lonbani AB Characterisation of microvasulature changes after closed 

soft tissue trauma by contrast enhanced micro-CT imaging 

12.44-12.51 Zawawi M The effect of parthenolide in a murine peri-prosthetic 

osteolysis calvarial model as assessed by live-animal 

micro-computed tomography 

12.50-1.50 Lunch 

 

1.50-2.30 

 

Session Chair:  

Dr John Costi 

Keynote A/Prof Qing Li 

 

Topological design of tissue scaffold structures in-silico 

 

2.30-3.35 Gait Author Title 
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Session Chair:  

Dr John Costi 
  

  

  

  

  

  

2.30-2.42 Mokhtarzadeh 

H 

Lower limb muscles co-contraction during landing: 

implication for ACL injury 

2.42-2.54 Harrison S Dynamic prediction of body motion during walking on soft 

surfaces 

2.54-3.06 Arnold J Asymmetry of lower limb joint loading in advanced knee 

osteoarthritis 

3.06-3.13 Levinger P Joint inflammation correlates with pain, function and gait 

in people with end-stage knee osteoarthritis 

3.13-3.20 Batchen J Relative phase dynamics of the knee following multiple 

ligament reconstruction 

3.20-3.27 Lynch J Restoration of knee kinematics following surgical 

reconstruction of multiple ligament knee injuries 

3.27-3.34 Mokhtarzadeh 

H 

Does peak anterior cruciate ligament force occur at peak 

GRF? 

3.35-3.50 Coffee break 

3.50-4.50 Clinical Author Title 

Session Chair:  

Dr Dominic 

Thewlis 

  

  

  

  

  

3.50-4.02 Hanly R Functional outcomes in neck of femur fracture based on 

fracture stability and fixation 

4.02-4.14 Wyss U Corrosion and fretting at the head-neck interface of 

artificial hip joints 

4.14-4.21 Bolton CJ The transverse acetabular ligament: does age affect its 

relationship with the acetabulum? 

4.21-4.28 Moran C CT assessment of bone density around metal on highly 

cross-linked polyethylene total hip replacements: a pilot 

study 

4.28-4.35 Hanly R The bottom line in morbid obesity and total hip 

arthroplasty 

4.35-4.42 Schaffner D Bone marrow access in cartilage repair: comparison of 

microfracture, nanofracture, k-wire, and drill in the adult 

ovine mode 

4.50-5.00 Close 

6.30- Dinner 
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The biology and efficacy of mesenchymal stem cells in skeletal repair 

 

Stan Gronthos 

 

Mesenchymal Stem Cell Laboratory, School of Medical Sciences, University of Adelaide, Adelaide 5005, South Australia, 

Australia. 

stan.gronthos@adelaide.edu.au 

 

  

INTRODUCTION 

MSC are thought to possess the capacity to differentiate into a 

variety of different cell lineages including osteoblast, 

adipocyte, chondrocytes, and other cell types such as 

myoblasts and astrocytes. Pre-clinical animal studies and 

Phase I human trials have demonstrated the efficacy of using 

autologous or allogeneic MSC preparations for long bone non-

union fracture repair and spinal fusion. We have developed an 

immunoselection protocols to purify human and ovine MSC 

populations directly from bone marrow aspirates and other 

tissues, based on their expression of the osteoprogenitor 

markers, STRO-3 (bone specific alkaline phosphatise), STRO-

4 (heat shock protein 90beta), CD106 and the vascular/smooth 

muscle antigens, CD106 (VCAM-1) and CD146 (MUC-18). 

This methodology has allowed us to characterise the in vivo 

properties of purified MSC including the genotypic profile and 

biological properties of this population. Several distinguishing  

 

features of purified MSC suggest that important markers 

associated with “stemness” such as Telomerase and TWIST-1 

are rapidly lost in vitro, which leads to cellular differentiation 

and eventual senescence. Other molecules such as EphB4 and 

its ligand, ephrinB2 have previously been shown to be 

important in bone homeostasis, which we have found to also 

play a role during bone repair following fracture through 

enhanced endochondral bone formation. A better 

understanding of the key molecules that regulate MSC growth, 

recruitment and cell fate determination will help elucidate the 

fundamental conditions necessary to maintain and expand 

primitive MSC populations ex vivo, in order to effectively 

direct and enhance their developmental potential for skeletal 

tissue regeneration. 
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A non-conservative change (K238E) in the TRAF6-binding domain of SQSTM1/p62, identified in a 

family with severe Paget’s disease of bone, leads to hyper-activation of osteoclast signalling pathways 

via increased ubiquitination of TRAF6 
1,2

Sarah Rea, 
2
Melanie Sultana, 

3
John P Walsh, 

3
Lynley Ward, 

4
Nathan Pavlos, 

5
Jiake Xu, and 

1,2
Thomas Ratajczak 

  
1
Western Australian Institute for Medical Research, University of Western Australia, WA. 

2
Department of Endocrinology and Diabetes, Sir Charles Gairdner Hospital, WA. 

3
School of Medicine and Pharmacology, University of Western Australia, Crawley, WA. 

4
School of Pathology and Laboratory Medicine, The University of Western Australia, WA 

5
School of Surgery, The University of Western Australia, WA 

email: sarah.rea@waimr.uwa.edu.au

INTRODUCTION 

Paget’s disease of bone (PDB) is characterised by focal areas 

of increased bone remodelling, thought to be initiated by 

increased bone resorption by hyperactive osteoclasts and 

exacerbated by abnormal bone formation. The resulting bone 

is soft and susceptible to deformity. Mutations in the 

SQSTM1/p62 gene are the only known genetic cause of PDB, 

and are identified in ~25% of Western Australian families 

with the disease [1]. 

 
METHODS 
Using whole exome sequencing we identified a family with a 

SQSTM1 mutation that co-segregates with PDB. We 

confirmed the mutational analysis using direct Sanger 

sequencing. We used luciferase reporter assays to assess 

mutational effects of the non-synonymous change on NF-kB 

and activator protein 1 (AP-1) activity using the Dual 

Luciferase assay (Promega). To assess mutational effects on 

TRAF6 interaction and TRAF6 ubiquitination, we co-

transfected HEK293 cells with expression plasmids for HA-

Ubiquitin, FLAG-TRAF6 and EGFP-SQSTM1/p62 (wild type 

or mutant or EGFP alone). Forty-eight hours post-transfection, 

cells were lysed with RIPA buffer, clarified and subjected to 

immunoprecipitation with FLAG antibody. Antibody and 

bound proteins were captured with Sepharose beads, and 

following extensive washes the bound proteins eluted with 

SDS sample buffer and separated by SDS-PAGE. Western 

blot analysis was performed with antibodies to TRAF6, HA 

and GFP.  

 

RESULTS AND DISCUSSION 

We have identified a non-conservative change (K238E) that 

manifests within the TRAF6-binding domain of SQSTM1/p62 

that co-segregates with PDB in a family that displays a severe 

disease phenotype. We find that over-expressing this mutant 

protein leads to increased basal activity of nuclear factor 

kappa-B (NF-kB) and AP-1 (Figure 1), both of which are 

important mediators of osteoclast formation. 

 

The activation of these transcription factors is mediated by 

upstream activation of TRAF6 via the E3-ubiquitin ligase’s 

self-ubiquitination. 
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Figure 1. K238E mutant hyper-activates NF-kB and AP-1 

with respect to the wild type protein. HEK293 cells were 

transfected with empty vector or an expression plasmid for SQSTM1/p62 

(wild type, K238E or K378X) and A) an NF-kB luciferase reporter or B) an 

AP-1 luciferase reporter along with a renilla transfection control. Both K238E 

and the previously reported K378X mutant protein significantly hyper-activate 

NF-kB (p = 0.023 and p= 0.02, respectively) and AP-1 (p = 0.012 and p = 

0.008, respectively) relative to wild type SQSTM1/p62. 
 

SQSTM1/p62 is required for TRAF6 ubiquitination, but also 

mediates negative regulation of NF-kB and osteoclastogenesis 

by linking the de-ubiquitinating enzyme CYLD with TRAF6 

at the proteasome. We find that in co-immunoprecipitation 

experiments, slightly more K238E SQSTM1/p62 is 

precipitated with TRAF6 than the wild type protein. 

Furthermore, we find that K238E expression leads to a marked 

increase in the amount of poly-ubiquitinated TRAF6 observed. 

This finding is consistent with the increased signalling we 

routinely observe with this and other SQSTM1/p62 mutant 

proteins, which is thought to be an underlying mechanism 

behind the increased osteoclast formation and resorption in 

PDB lesions.  

 

CONCLUSIONS 

To conclude, we find that increased TRAF6 ubiquitination 

with mutant SQSTM1/p62 explains, at least in part, the 

molecular mechanisms underpinning increased osteoclast 

activity in PDB with SQSTM1/p62 mutations. 
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ACCURACY OF GENERIC MUSCULOSKELETAL MODELS IN PREDICTING FEMORAL STRAINS THROUGH 

FINITE-ELEMENT SIMULATIONS 
 

 
1
Saulo Martelli, 

2
Mariana E. Kersh, and 

3
Marcus G. Pandy 

 
1 Department of Mechanical Engineering, The University of Melbourne, Parkville, Australia 

email: saulo.martelli@unimelb.edu.au  

  

INTRODUCTION 

Musculoskeletal models can provide estimates of muscle and 

joint forces, which can then be used as input into a finite-

element model of the femur to estimate the femoral strain. A 

common practice is to scale a generic musculoskeletal model 

using skin markers identifiable on the subject [1]. Although 

time effective, this approach causes unavoidable anatomical 

errors that may in turn affect the calculated femoral strains. 

The aim of the present study was to compare femoral neck 

strains during walking using generic and subject-specific 

musculoskeletal models based on computed tomography 

images. 
 

METHODS 

Motion and computed tomography data were obtained from 7 

healthy women (age range = 60-74). Reflective skin marker 

motion and ground reaction forces were recorded 

simultaneously for each subject during five walking trials. 

Computed tomography (CT) data of the pelvis and femurs 

were acquired using a clinical CT scanner (Aquilon CT, 

Toshiba, voltage = 120kV, current = 200mA, voxel size = 

0.5mm). A generic musculoskeletal model [1] was scaled to 

each subject’s segment anthropometry based on the reflective 

marker positions using OpenSim [1]. The subject-specific 

musculoskeletal models were generated by identifying 

landmarks on surface models created from the segmented 

femurs and pelvis of each subject.  Specifically, the knees, 

hips and back joint centers were identified following the ISB 

recommendations [2]. A set of relevant bony landmarks was 

identified on the bone surfaces. An affine registration 

procedure was used to register a published muscle anatomical 

model on the subjects’ bony landmarks. The joint angles and 

torques were calculated using inverse kinematic and dynamic 

analyses, respectively. Muscle forces were calculated using a 

static optimization algorithm by minimizing the sum of the 

squares of the muscle activations. The hip joint reaction force 

was found by solving a static equilibrium problem for the 

femur. The finite-element models of the femur were created 

from the CT images by segmenting the bone geometry 

extraction and meshing the resulting solid models with 

tetrahedral elements. Material properties were mapped to each 

element based on reported relationships between CT 

Hounsfield units (HU) and Young’s modulus [3]. The finite-

element models were partitioned into 32 sub-regions from the 

subcapital region to the distal diaphysis and along four 

anatomical aspects (anterior, posterior, medial, and lateral). 

Peak femoral tensile (e1) and compressive (e3) strains were 

calculated in each sub-region and normalized to the yield 

strain of bone (0.73% in tension and 1.04% in compression 

[4]). Generic and subject-specific models were compared in 

terms of joint motion, joint torques, muscle and joint forces, 

and peak tensile and compressive strains. 
 

RESULTS AND DISCUSSION 

Maximal variations for the joint angles, joint torques, muscle 

and hip reaction forces were 4 degrees, 18 Nm, 400 N, and 

1096 N. Differences in bone strains due to the different muscle 

and hip reaction forces calculated using generic and subject-

specific models were moderate. Differences in peak tensile 

and compressive strains were below 5% of the fracture 

threshold in all studied regions except in the per-trochanteric 

region near the abductor muscles insertion site where De1 and 

De3 reached -18% and 12% respectively (Fig. 1).  

 
Figure 1:  Changes (generic – CT based model) of the peak 

tensile (De1) and compressive (De3) strains in the different 

femoral regions (right). 
 

CONCLUSIONS 

Generic models provide accurate estimates of the peak tensile 

and compressive strains in the femur during walking from the 

neck region to two-third of the femoral diaphysis. Thus, 

scaling a generic model is a viable and time effective 

alternative to detailed subject-specific musculoskeletal 

modeling for studying femoral strains during motion. 
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INTRODUCTION 

 

Hydroxyapatite (HA) is a microcrystalline, mineral structure 

that is the primary constituent of mineralised bone. HA 

products derived from extracellular matrices have been used 

extensively in bone regenerative medicine, often as a base for 

biomaterial scaffolds. Previously, we have demonstrated the 

osteogenic effects of the protein component of a HA product. 

Due to the proximity of tendon tissue to bone, it is likely any 

regenerative treatment may interact with neighbouring tissues. 

We therefore seek to understand how the protein component 

of a HA product affects tenocyte viability and function.  

 

METHODS 

 

Using EDTA extraction, approximately 0.1mg/ml protein was 

extracted from bovine-derived a microcrystalline HA product. 

The protein extract was used to treat primary rat tenocytes on 

2D plastic and 2D collagen coated surfaces; and within a 3D 

collagen gel. Proliferation, differentiation and matrix 

production were assessed through alamarBlue® fluorescence, 

real-time PCR and Sirius red staining, respectively.  

 

RESULTS 

 

Tenocyte viability was dose-dependently decreased in all 

culture methodologies, with the highest concentrations 

(100µl/ml protein extract) significantly decreasing viability by 

22%, 20% and 20% for plastic, collagen-coated and 3D 

cultures, respectively (P<0.05). 

Expression of extracellular matrix genes biglycan and 

fibromodulin appeared to increase with higher concentrations 

of the protein extract in plastic cultures of tenocytes treated 

with the protein extract, while other genes important to tendon 

differentiation were largely unchanged. Expression of 

aggrecan, a chondrocytic gene, decreased with protein 

treatment, while RUNX2, an osteoblastic gene, remained 

unchanged. 

In collagen-coated cultures there was a general trend to 

decreasing genes important in tenocyte differentiation, 

including biglycan, collagen I, collagen III and tenascin-C, 

while tenomodulin and scleraxis remained unchanged. 

 

 
 

Figure 1: A HA protein extract inhibits primary rat tenocyte 

viability after 24 hours of treatment in collagen-coated 

cultures. Data shown are mean of three biological repeats 

(SEM); one-way analysis of variance (p<0.05) with post hoc 

Dunnett’s test *p<0.05 versus control.  
!

CONCLUSIONS 

 

Previously, we have demonstrated that the protein component 

of MCH-CAL™, a HA product, decreases osteoblast viability, 

yet increases their differentiation and mineralization, while 

causing a decrease in osteoclastogenesis – ideal properties for 

a bone regenerative therapy. 

 

Here we have demonstrated that the protein component of a 

HA product decreases tenocyte viability, while seemingly 

decreasing their function. 

 

Given the widespread use of HA based products as a scaffold 

for bone regeneration, as a means to promote osteoinduction, 

it is important to remember to consider the joint as a whole 

and understand that treatments designed for bone regeneration 

may have detrimental effects on neighbouring tissues,  as 

demonstrated here. 
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INTRODUCTION 

Bone remodeling takes place in a specialized 

vascularised structure called the bone remodeling 

compartment (BRC), which is closely linked with capillaries. 

The canopy of the BRC provides a closed microenvironment 

for bone remodeling by separating the BRC from open bone 

marrow spaces. This allows multiple regulatory factors to 

reach a critical concentration and avoids them dispersing 

within the marrow [1,2]. Both epidermal growth factor (EGF) 

and EGF-like proteins have been implicated in angiogenesis. 

Recently, we identified several EGF-like family members, 

EGFL2, EGFL3, EGFL5, EGFL6, EGFL7, EGFL8 and 

EGFL9, that are differentially expressed in osteoclasts and 

osteoblasts [3].  

The human and mouse EGFL7 genes map to 

chromosomes 9 and 2 respectively. EGFL7 is a secreted 

protein that contains an N-terminal cysteine-rich domain (EMI 

domain), followed by two EGF repeat domains. EGFL7 gene 

expression has been previously reported in endothelial 

progenitors, endothelial cells and neurons. EGFL7 regulates 

tubulogenesis during embryogenesis, migration of endothelial 

cells, and spatial organization in angiogenic sprouts. However, 

the expression and role of EGFL7 in mediating angiogenesis 

in the bone microenvironment remains to be elucidated.  

 

METHODS 

Real-time quantitative RT-PCR assays were carried out 

to examine the expression of EGFL7, osteocalcin (OCN) and 

VEGFA in osteoclasts, osteoblasts and in injured growth plate 

in rat, respectively. Signaling pathways and protein expression 

were assessed using Western Blotting with multiple 

antibodies. ERK inhibitor U0126 and STAT3 inhibitor Stattic 

were used to verify the EGFL7-activated signaling pathways. 
To investigate vascularisation during growth plate injury 

repair, Isolectin-B4 labelling (a known marker for endothelial 

cells) was conducted. Growth plate injury model was 

established using eight-week-old male Sprague Dawley rats, 

which were subjected to experimental growth plate injury in 

the proximal tibia of both hind legs. Tube formation assays 

and the scratch-wound healing assays were used to quantify 

the effect of EGFL7 on endothelial cells, SVEC (simian virus 

40-transformed mouse microvascular endothelial cell line). 

EGFL7 recombinant proteins were generated using EGFL7 

expression vector pcDNA3.1-EGFL7-c-myc/His or empty 

pcDNA3.1 vector as control. Transient transfection with 

STAT3 firefly luciferase reporter plasmids and control Renilla 

luciferase plasmids was employed to measure EGLF7-

mediated STAT-mediated response.  

 

RESULTS AND DISCUSSION 

EGFL7 is expressed in both the osteoclast and osteoblast 

lineages, and promotes endothelial cell activities. The 

conditioned medium containing recombinant EGFL7 protein 

potentiates SVEC (simian virus 40-transformed mouse 

microvascular endothelial cell line) cell migration and tube-

like structure formation. Moreover, we show that EGFL7 

induces phosphorylation of extracellular signal-regulated 

kinase 1/2 (ERK1/2), signal transducer and activator of 

transcription 3 (STAT3), and focal adhesion kinase (FAK) in 

SVEC cells. In addition, we showed that inhibition of ERK1/2 

and STAT3 signaling impairs EGFL7-induced endothelial cell 

migration. Bioinformatic analyses indicate that EGFL7 

contains a conserved RGD/QGD motif and EGFL7-induced 

endothelial cell migration is significantly reduced in the 

presence of RGD peptides. These new data provided 

additional knowledge to previous findings that EGFL7 acts as 

an antagonist to Notch and regulates Notch receptor signaling, 

and that EGFL7 can also regulate liver carcinoma cell motility 

through EGFR-mediated FAK signaling. Furthermore, we 

showed that EGFL7 gene expression is significantly up-

regulated during growth plate injury repair. Together, these 

results demonstrate that bone cell-derived EGFL7 regulates 

endothelial cell activities through integrin-mediated signaling.  
 

CONCLUSIONS 

This study highlights the expression of EGFL7 in bone cells 

and its potential role in the regulation of angiogenesis in the 

bone environment and during growth plate injury repair.  
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Introduction 

The healing of critical sized segmental defects is an 

ongoing clinical problem. No method has achieved pre-

eminence. The Masquelet technique is a relatively new 

innovation involving the induction of a fibrous tissue 

membrane around the bone defect site taking advantage of 

the body’s foreign body reaction to the presence of a 

Polymethylmethacrylate (PMMA) spacer [1]. It has been 

claimed the induced membrane not only helps maintain 

any graft material in the desired location it also assists in 

maintaining graft material viability via the production of 

growth factors such as bone morphogenic protein (BMP2), 

vascular endothelial growth factor (VEGF) and tissue 

growth factor (TGFβ) [2, 3]. The aim of this study was to 

investigate the properties of this induced membrane 

through the use of a preclinical ovine defect model.   

 

Methods 

Following ethical approval from the Animal Care and 

Ethics Committee (ACEC) of the University of New South 

Wales (ethics no 11/126B), 16 sheep were commissioned 

and allocated into 2 groups, an allograft group and an 

allograft/autograft group. Each group was then divided 

into 2 time points, n = 4 at 6 weeks and n = 4 at 12 weeks, 

resulting in 4 groups of four sheep. A 5 cm mid-diaphyseal 

defect was created, the periosteum removed, the defect 

stabilised with an 8mm cross-locked intramedullary (IM) 

nail and then filled with a PMMA spacer. After 4 weeks a 

second procedure was performed where the spacer was 

removed and a sample of the induced membrane was taken 

for histological and immunohistochemical evaluation. The 

defect was then filled with graft material according to the 

study protocol and the membrane sutured closed in a 

separate layer to the other tissues. The animals were taken 

out to their respective time points before the tissues were 

harvested for analysis using radiology, micro computed 

tomography (microCT) histology and immunohisto-

chemistry. 

 

Results 

The capsule worked well in maintaining the graft material 

at the defect site. By 12 weeks all of the graft material in 

both groups had been incorporated into new bone, there 

was no significant difference in the new bone volumes 

across the groups as measured using microCT. At 6 weeks 

however, there was 2.25 times greater residual graft 

volume in the allograft group compared to the 

allograft/autograft group. 

Histology of the membrane revealed a pseudosynovial 

tissue with a 2-4 cell layer of cuboidal cells at the PMMA 

interface slowly transforming to elongated fibroblasts 

deeper in the tissue. Immunohistochemistry confirmed the 

presence of BMP2, VEGF, TGFβ, von Willerbrands factor 

(vWF), interleukins 6 and 8 (IL6 and IL8). 

 

Discussion 

While physically maintaining the graft material in place, 

the induced membrane also exhibited growth factors 

beneficial to vascularisation and new bone growth 

providing an osteoinductive component to the exclusively 

osteoconductive nature of the allograft material. The rapid 

resorption of autograft material, seen in preference to 

allograft, indicates that the presence of inflammation, 

confirmed with the markers IL6 and 8, plays an important 

role along with the growth factors. While there was no 

significant difference in the volume of bone regrowth 

between the two groups, there was a greater average bone 

regrowth volume in the allograft group. This suggests the 

possibility that autograft may not be necessary in this 

healing environment. This reduced reliance on autograft 

will have its benefits in reducing morbidity associated with 

its harvest [4]. 

 

Conclusion 

The induced membrane associated with the Masquelet 

technique has potential benefits when used in conjunction 

with allograft or other slowly resorbed graft materials. It 

can provide an osteoinductive component to a purely 

osteoconductive environment. The mild inflammatory 

properties associated with the membrane’s induction 

produce questionable benefits when this procedure is 

combined with autograft to assist healing in a large defect 

due to its rapid resorption. 
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INTRODUCTION 

Understanding interactions among the three elements (cells, 

scaffolds, and bioactive factors) is critical for successful tissue 

engineering. We aimed in this study to evaluate how 

biomaterials would affect crosstalk between osteoblasts and 

their mesenchymal stem cell precursors.  

 

METHODS  

Human adipose tissue-derived stem cells (ASCs) and human 

primary osteoblasts (HOBs) were seeded on Baghdadite 

(Ca3ZrSi2O9) and hydroxyapatite/tricalcium phosphate 

(HA/TCP) scaffolds. To evaluate how substrate affected HOB 

and ASC cross-talk, ASCs or HOBs were grown in wells of 

co-culture plates with semi-permeable inserts containing 

Baghdadite or HA/TCP scaffolds alone or loaded with HOBs 

or ASCs.  

 

RESULTS AND DISCUSSION 

Baghdadite scaffold induced a significantly greater increase in 

Runx2, osteopontin, bone sialoprotein, and osteocalcin gene 

expression in HOBs in comparison to HA/TCP scaffolds. In 

ASCs, Baghdadite scaffolds significantly induced Runx2 and 

osteopontin (early osteogenic markers), but not bone 

sialoprotein and osteocalcin (late osteogenic markers) gene 

expression. The HOBs on Baghdadite scaffolds more 

markedly promoted osteogenic gene expression in ASCs 

compared to HOBs in monolayer or with those on HA/TCP 

scaffolds. In addition, the ASCs seeded on Baghdadite 

scaffolds more markedly promoted osteogenic gene 

expression in HOBs than did the ASCs on HA/TCP scaffolds. 

BMP-2 expression was increased in cells seeded on 

Baghdadite scaffolds.  

 

CONCLUSIONS 

Baghdadite scaffolds not only promote the osteogenic 

differentiation of HOBs or ASCs, but also modulate the 

crosstalk between ASCs and HOBs, in part via increasing 

BMP2 expression, thereby promoting their osteogenic 

differentiation. This study highlights the crucial role of 

substrate in modulating cell-cell crosstalk for tissue repair and 

regeneration. 
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INTRODUCTION 

It is well known the healing of fractures is influenced by the 

mechanical environment and studies have shown that not all 

phases of bone healing are equally sensitive to mechanical 

stimuli. However, the most beneficial regimen of mechanical 

stimulation in different phases of healing is not currently 

known . We hypothesize that it will be beneficial to flexibly 

stabilize the fracture during the earlier proliferative stage of 

healing, in order to promote larger callus formation, and then 

to stiffen the fixation later to promote callus consolidation and 

mineralization. Thus, the aim of this study is to determine the 

effect of a change from flexible to stiff fixation (termed 

inverse dynamization, ID) on fracture healing. 

 

METHODS 

A custom-made external fixator was implanted on the right 

femur of rats using four threaded stainless steel pins [1, 2]. An 

osteotomy gap of 1 mm was created in femurs between the 

two inner pins of the fixator. An offset of 6 mm, from the 

fixator bar to bone surface, was used for a stiff configuration, 

and 12 mm was used to produce a flexible configuration. 

Inverse dynamization was performed at 3, 7 and 21 days post 

surgery by decreasing the distance of the fixator to the bone. 

Two control groups with constant stiff and flexible fixation 

were also tested. After five weeks the rats were euthanized and 

bone healing was evaluated with biomechanical testing and 

qualitative and quantitative image analysis. The flexural 

rigidity of the healed femurs was determined from a three-

point bending test normalized to the contralateral femur. The 

size and mineral content of the fracture callus was analysed 

from microcomputed tomography (µCT) images. 

 

RESULTS AND DISCUSSION 

From the biomechanical testing it was found that the flexural 

rigidity (Figure 1a) in the stiff control  group was significantly 

higher compared to the flexible control group. Dynamization 

after 3d, 7d and 21d led to a significantly higher flexural 

rigidity at 5 weeks than in the flexible control group. There 

was no statistical difference between the stiff group and the 

inverse dynamization groups, although the highest flexural 

rigidity values were obtained in the 7d ID group. 

 

Results from biomechanical testing were supported by the 

qualitative µCT (Fig.1b). The most advanced healing stages 

were identified in the stiff control and 7 day ID group which 

were both characterized by a more uniform and advanced 

cortical bone repair and reestablishment of the marrow canal. 

Furthermore, in these two groups the callus size and volume 

was similar indicating comparable states of healing (data not 

shown). The 3 day and 21 days groups were less advanced and 

followed lastly by the flexible group. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: a) Flexural rigidity of the operated femurs (mean 

value ± standard deviation, p<0.05) after 35 days of healing, 

normalized to contralateral femur; b) representative cross 

sectional µCT images through the center of the fracture gap. 

 

CONCLUSIONS 

This study has again shown that stiff fixation leads to a faster 

healing compared to a very flexible fixation. The time to 

healing could be improved if the fixation was first flexible 

followed by stiffening of the fixation around the 7 days. 

Performing this process earlier or later in healing period 

produced less beneficial effects. This study suggests that 

inverse dynamization has the potential to enhance the outcome 

of fracture healing. However, further investigation is required 

into the most optimal timing of ID and to understand the 

mechanobiological mechanisms.  
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INTRODUCTION 

Treatments of bone diseases are costly apart from their social 

and individual burdens on patients. Systemic drug 

administration is accompanied with lack of high efficacy, 

bioavailability and biodistribution in addition to other side 

effects on non-target tissues including drug overdose and 

toxicity [1]. Local drug delivery using drug-releasing implants 

located inside bone is recognized as a promising strategy to 

address the limitations of systemic drug administration to 

bone. However, the studies of drug-release kinetics are not 

possible to perform using existing in-vitro drug releasing 

systems and 2-D bone cell models. The aim of this work is to 

demonstrate the use of a 3-D bone bioreactor for studying the 

drug-release kinetics and distribution of drugs in the ex-vivo 

cancellous bone environment. 

 

METHODS 

Bovine trabecular bone was used as the bone substrate, in 

which drug-releasing implants were embedded in the form of 

nano-engineered titanium [Ti] wires covered with a layer of 

titania nanotube (TNT) arrays. A hydrophilic fluorescent dye 

(rhodamine B) was used as a model drug, loaded inside the 

TNT/Ti implants to monitor drug release and transport in 

trabecular bone under ex-vivo conditions (Fig. 1). In order to 

better understand how the bioreactor perfusion rate and the 

local drug release from the titanium wire affect overall drug 

distribution in the bone sample we utilize 2D and 3D finite 

element modeling. These models are based on porous media 

theory and takes into account coupled advective-diffusive 

transport of the drug through the micropores of bone.  

  

RESULTS AND DISCUSSION 

The results showed a consistent, gradual release of model drug 

from the TNT/Ti implants, with a characteristic three-

dimensional distribution into the surrounding bone over a 

period of 5 days. These results demonstrate the utility of this 

system for ex-vivo drug release studies in bone, which can be 

applied to optimize single and multiple drug administration 

regimes for bone pathologies and design of new drug delivery 

systems.   

 

 

Figure 1: Schematic diagram of the methods. (A) Ti wire with 

TNT, (B) the diagram of TNT structures (C) Trabecular bone, 

(D) bioluminescence image of the bone core. This figure is 

reproduced from the previous work with permission 

(#11095452) [1]. 

 

CONCLUSIONS 

This study provides insight into using a 3-D bone bioreactor to 

investigate the drug release kinetics and distribution of drugs 

in the ex-vivo cancellous bone environment. These modeling 

approaches can improve the current technologies in local drug 

delivery using implants located inside bone.  
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INTRODUCTION 

Tendons experience stresses close to their physiological 

strength limit and are one of the most injured tissues. Tendon 

injuries result from both repetitive strain and acute trauma and 

are becoming increasingly common due to greater 

participation in sports and an ageing population [1]. However, 

tendons have limited self-healing ability, making treatment 

extremely difficult. Tenocytes are responsible for tendon 

remodeling, are mechanosensitive and have therefore been 

under intense mechanobiological research interest. However, 

the majority of previous studies used either strains that are not 

in the physiological range or had limitations in their use of 

substrate coating materials and surface topology.  

 

To overcome this, we developed our own dynamic cell 

stretching device: the Cell Gym IV. With this device, we can 

homogeneously apply physiologically relevant strains to 

tenocytes seeded on silicone membranes. We tested two cell-

adhering substrates, fibronectin and type I collagen, for their 

effect on the viability of tenocytes under mechanical stimulus. 

The aim of this study was to validate the device and to 

investigate cell behavior on different substrate coatings under 

mechanical stress. 

 

METHODS 

For generating mechanical tensile stress, a uniaxial stretching 

device was developed that composed of actuator, clamping 

system and stretchable membrane. Using a commercially 

available poly-dimethylsiloxane (PDMS), a novel cell culture 

silicone bath for stretching tenocytes was developed. A 

standard photolithography technique was used to fabricate a 

micro-grooved pattern, with 10 µm of groove and ridge widths 

and 5 µm of groove depth, similar to that previously published 

[2,3]. Primary rat tenocytes were cultured on silicone surfaces 

coated with type I collagen and subsequently received 4% of 

strain with 0.5Hz of frequency for 1hour. This mimicked an in 

vivo experiment that measured collagen synthesis in the 

patella tendon after 1hour of knee extension exercise [4]. We 

performed Sirius red staining and real time PCR to measure 

collagen gene expression and protein deposition at different 

time points: 0, 24, 48 and 72 hours.  

 

Furthermore, primary rat tenocytes were also cultured on 

silicone surface coated with either type I collagen or 

fibronectin and separately applied strains of 2% and 4% with 

0.5Hz of frequency for 12 hours, then relaxed for 12 hours. 

Following this, we appraised cell morphology and viability by 

using Live/Dead staining and alamarBlue® assay and also 

measured the expression of tenocytic genes and various 

inflammatory markers using real time PCR. 

 

RESULTS AND DISCUSSION 

From the study mimicking 1hour knee extension exercises, 

type III collagen gene expression increases between 0 hour 

and 48 hours, which then decreases between 48 hours and 72 

hours, while type I collagen gene expression keeps increasing 

until 72 hours after stretching. These results differ slightly 

from Miller’s study which measured a peak at 24 hours after 

exercise, but displays a similar trend. 

 

In comparing two different substrate coating materials, type I 

collagen and fibronectin, a clear difference was observed in 

tenocyte response to 2% and 4% of strains with 0.5Hz of 

frequency. Tenocytes under these mechanical conditions 

presented greater attachment and growth on fibronectin coated 

surfaces than on collagen coated surfaces. Live/Dead staining 

showed that the cells cultured on a fibronectin coated surface 

had a more tenocyte-like morphology. However, in the results 

for gene expression, tenocytes applied to 2% of stretching on 

collagen coated surface had a 2-fold increase in the expression 

of tenascinC gene, important for cell ECM interactions, and a 

3-fold increase in COX-2 gene expression, a crucial 

mechanotransduction mediator. In contrast, the cells on 

fibronectin coated surface did not express similar results on 

gene expression. 
 

CONCLUSIONS 

This study demonstrates our novel apparatus is capable of 

closely mimicking in vivo studies and can be a great tool in 

mechanobiological studies. Additionally, type I collagen 

appears to be a better candidate for substrate coating when 

studying tenocyte biology in response to strain. Different 

loading conditions that reflect tendon injury situations will be 

investigated in future studies.  

 

REFERENCES 

1. Laszlo, et al., Human Tendons, Human kinetics, 1997. 

2. A. Bubendorfer, et al., Smart Mater. Struct., 16:367-371, 

2007.  

3. L. Altomore, et al., Act Biomaterialia, 6:1948-1957, 2010. 

4. Miller, et al., J Physiol., 567:1021-1033,2005  

 



 Page | 32 

 

 

 

 

 

 

BIODEGRADABLE MAGNESIUM ALLOYS INFLUENCE THE OSTEOGENIC 

DIFFERENTIATION OF HUMAN MESENCHYMAL STEM CELLS (MSCS) 
1,2

Rachel W. Li, 
3
Nicholas T. Kirkland, 4

John Truong, 1
Jian Wang, 

4
Nicholas Birbilis, 

5
David R. Nisbet, and 

1
Paul N. Smith 

 
1Trauma and Orthopaedic Research Unit, Department of Surgery, The Canberra Hospital, ACT  

2
Department of Immunology and Genetics, John Curtin School of Medical Research, Australian National University, ACT 

3
Department of Advanced Technology and Science for Sustainable Development, Graduate School of Engineering, Nagasaki 

University, Nagasaki, Japan 
4
Department of Materials Engineering, Monash University, Clayton, Victoria, 3800. Australia 

5
Research School of Engineering, The Australian National University, Acton, ACT 0200, Australia 

email: rachel.li@anu.edu.au 

 

INTRODUCTION 

Magnesium (Mg) alloys have been identified as potential 

candidates for biomedical implantable devices, particularly in 

the area of orthopaedics [1, 2]. The fact that a degradable 

magnesium alloy would eliminate the need for secondary 

surgery has obvious benefits to the patient, especially when 

the dissolution rate of Mg-alloys may be accurately controlled 

by metallurgy and microstructure [3]. However, significant 

challenges still exist for Mg based biomaterials, such as issues 

due to acute inflammation related to hydrogen gas release or 

pH change accompanying dissolution. Herein, we investigate 

the effect of the degradation products of selected binary Mg-

alloys on the osteogenic differentiation of hMSCs. 

 

METHODS 

High purity 99.99% Mg (Timminco Ltd., Toronto, Canada) 

and Mg-X master alloys were combined in carefully 

controlled ratios to the nominal Mg-alloy compositions, where 

X is: 2 wt% Ca, 5 wt% Al, 1 wt% Y, 6 wt% Zn, 1 wt% Sr, 

3.44 wt% La, 2.6 wt% Nd, 2.2 wt% Mn, and 2 wt% Zr. By 

exposing the hMSCs to a serial dilutions of the alloy extracts 

extracted for 6 and 10 hr, 10 alloys were initially studied, and 

this was subsequently refined for the mechanism (osteogenic 

gene expression) studies according to their corrosion rates and 

their proliferation and differentiation potential. 

 

RESULTS AND DISCUSSION 

Little effect was observed for the following alloys: Mg-6Zn, 

Mg-1Sr, Mg-3.44La, Mg-2.6Nd, Mg-2Mn, and Mg-2Zr. 

Therefore, further analysis of proliferation, differentiation, and 

gene expression focused on the following four alloys: Mg-

2Ca, Mg-5Al, Mg-1Y, and pure Mg. It appears that when the 

concentration of Mg ions is approximately  0.002  mg/100μL  

(8.2 x10
-4

 mol/L), there is a maximum in cell proliferation for 

all samples except Mg-5Al. This is not surprising as 

aluminium decreases calcium adsorption, reducing bone 

mineralization and additionally decreasing proliferation.  

 

As with proliferation results, the differentiation of hMSCs 

exposed to pure Mg and Mg-1Y were superior to the other test 

groups. This is most likely due to pure Mg and the Mg-1Y 

alloy having the slowest rate of corrosion and hence having 

less hydrogen evolved, and hence a decrease in pH of the cell 

culture media. This also accounts for the decrease in hMSC 

proliferation observed for all alloys when the cells were 

subjected to the supernatant of the 10 hr extracts compared 

with the 6 hr extracts. Interestingly, the Mg-1Y samples did 

show a trend towards superior osteogenic differentiation, in 

addition to the superior proliferation compared to pure Mg. 

This is due to the Y3+ ions having a positive effect on 

proliferation and differentiation and even gene expression.  
 

The hMSCs gene PCRArray was used to investigate the gene 

expression of MSCs that were exposed to the 6hr 1% extracts 

for 3 days. The degradation products for the pure Mg and Mg-

1Y alloys were found to down-regulate SOX 2,  SOX9, and 

TNF-α,  but  upregulate the genes that we would expect to be 

important in osteogenic differentiation such as TGF-β1,  FGF2,  

FGF10, and BMP2. Again, it seems that the Mg and Mg-1Y 

samples do this to the greatest extent, in most instances having 

approximately a 4-fold increase in expression. 

 
CONCLUSIONS 

The results are instrumental for the future development of 

magnesium-based implants. Transcriptional factors TGFβ1,  

BMP2, and SMAD4 were upregulated by the extract from the 

Mg-1Y alloy, which mediates early stages of osteoblast 

differentiation in hMSCs. Our data is preliminary and further 

gain- or loss-of-function studies may elucidate mechanisms 

that control the early stages of MSC osteogenic differentiation 

influenced by the Mg-1Y alloy and/or Mg extracts. 
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INTRODUCTION 

Rotator cuff tendinopathy is a major cause of morbidity in our 

ageing population and tendon tears are common in both the 

ageing and sporting communities. Treatments that completely 

restore normal structure and function are lacking despite 

increasing knowledge of the inflammatory and matrix changes 

that occur in the tissue over the course of these conditions. 

Increased cellularity, disruption of collagen fiber alignment 

and excessive accumulation of proteoglycans are a few of the 

temporal changes occurring during tendinopathy, including in 

surrounding tendon after injury.  

 

An urgent need exists for regenerative repair strategies to 

prevent tendon degeneration after an injury and ameliorate any 

existing pathology. Mesenchymal stem/stromal cells are 

touted as an effective therapy in a plethora of chronic diseases.  

A well-validated animal model of surgically-induced chronic 

tendinopathy in the sheep shoulder [1] has enabled us to 

determine the effect of bone marrow derived stem cells 

(MSCs) on the developing pathology. Also, by placing these 

tendons in culture and thus stress-depriving them, we can 

determine the response of MSCs to tendon. We have used in 

vivo and in vitro data of changes to tendon histopathology and 

gene expression to define significant factors involved in the 

development of tensile tendon pathology. In order to progress 

to a rational therapy of patients with rotator cuff (or other 

tendon) injuries, we have also isolated cell populations from 

human tissues and compare their effects in our in vitro stress-

deprivation (SD) model of tendon degeneration. 

 

METHODS 

Infraspinatus tendons (IST) were cranially hemi-transected 

midway between the bone and the muscle in some sheep and 

left intact in others. 1) MSCs (0, 5, 10, 25 or 50 million 

labeled with Cell Tracker
®

 dye, n=6) were injected into 

lesions 2 weeks after surgery and IST harvested at 4 weeks po. 

2) MSCs (30 million) were injected into transection lesions 

two (n=48) or eleven (n=18) weeks after surgery and IST 

harvested from six animals in each group [non operated 

controls (NOC); cut but no MSCs (Cut); Cut & MSCs @ 2 

weeks; Cut and MSCs @ 11 weeks], at 13, 26 and 52 weeks 

post transection. All IST were fixed, sectioned and stained 

with H&E (cellular and vascular pathology), picrosirius red 

(collagen fiber alignment), toluidine blue (proteoglycans) or 

DAPI (nuclear counterstain for Cell Tracker dye). Normal or 

pathological IST explants were also harvested for co-culture 

for 1 or 5 days with MSCs, before and after devitalization. 

Gene expression of IST and MSCs from these co-cultures was 

measured by RT-PCR and analyzed by regression modeling.  

 

Stromal cell preparations (HSC, n=6 patients) were isolated 

from bone chip explants (from knee or hip joint replacement) 

and grown in culture to the 3rd or 4th passage, when cells 

were tested for multipotency (adipo-, osteo- and chondro-

genesis) and co-cultured with freshly harvested IST explants 

for 1 and 5 days. Total RNA was extracted from ex vivo IST 

and IST cultured ± cells and used in real time RT-PCR with 

ovine-specific primers for matrix proteins, enzymes, inhibitors 

and mediators. 

 

RESULTS AND DISCUSSION 

Figure 1. Sheep mesenchymal stem cells after A) osteogenesis 

(Alizarin Red stain); B) adipogenesis  (Oil Red O stain); and 

chondrogenesis in pellet culture C) stained for proteoglycans 

with Toluidine Blue or D) labeled with Cell Tracker dye. 

 

MSCs, whether labeled with Cell Tracker dye or not, were 

capable of differentiating into adipocytes, osteocytes and 

chondrocytes (Fig 1). In vivo, MSCs were visible in the lesion 

area of 18 of the 24 injected sheep. Scoring labeled MSCs in 
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each region  revealed significantly more cells (p = .004) in 

significantly more sheep (p < .001), in tensile regions near 

muscle compared to regions near bone. Some labeled MSCs 

were co-localized with inflammatory infiltrates and others 

were fibroblastic in appearance.  

 

MSCs, injected intralesionally at both 2 weeks and 11 weeks 

after surgery, significantly ameliorated histopathologic 

changes in stress-deprived tensile tendon 3 months after 

surgery (p<0.05) but only injections at 11 weeks were 

effective in the long-term (52 weeks, p<0.05; Figure 2). No 

other region (near bone or the lesion itself) were significantly 

affected by MSC injection at either timepoint. Most gene 

expression changes caused by transection had returned to 

NOC levels by 52 weeks. Only ADAMTS4 expression was 

significantly different between MSC injection timepoints in 

tensile tendon, being significantly less suppressed after MSC 

injection at 11 weeks. 

 

Extracellular matrix, pathology, the presence of live cells and 

time cultured, significantly and differentially altered gene 

expression by MSCs in vitro but did not indicate 

differentiation into tenocytes. 

 

All HSC preparations were capable of forming chondrocytes, 

osteoblasts and adipocytes in the appropriate differentiation 

media. Genes with significantly increased expression in SD 

tendon (compared to ex vivo) included COL1A1, ADAMTS4, 

TNMD, TGFB and IL8. The increase in expression of all of 

these particular genes was moderated by one or more, but not 

all, HSC lines. Tendon genes with significantly decreased 

expression after SD included COL2A1, DCN and FMOD; 

these changes were exacerbated by 1 to 4 HSC preparations. A 

further 10 gene changes induced by SD were not affected by 

any HSC. 

 

CONCLUSIONS 

MSC injections can be effective in reducing surgically-

induced tendinopathy but timing of injection is critically 

important for long-term benefit. The in vitro changes in MSC 

expression suggest that both tenocytes and the status of 

extracellular environment determine the secretome of the 

injected cells and that the MSCs are responding to feedback 

from their immediate environment. MSCs have potential as a 

cellular therapy to treat tendinopathy that develops in the 

surrounding tissue after rotator cuff tears. 

 

Despite having a stable phenotype and properties of 

multipotent stem cells, human stromal cell preparations from 

different individuals had variable efficacy in ameliorating 

gene expression changes in tendon induced by stress 

deprivation. Further work is thus required to understand the 

molecular basis of tendinopathy before therapeutic autologous 

cell injections can be recommended. 
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Figure 2. Collagen alignment, histopathology and proteoglycan scores in infraspinatus tendon 13, 26 & 52 weeks after hemi-

transection +/- MSCs injected into the lesion 2 weeks or 11 weeks after injury. P values are versus transected (Cut) only group; 

NOC = non-operated control. 
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INTRODUCTION 

Polymer scaffolds for use in tissue engineering has received 

huge interest and is still a growing area [1]. There are endless 

designs for different applications that can be produced due to 

the variety of polymers and processing techniques available. 

The goal for tissue scaffolds is to assist the body in healing 

itself, by mimicking the natural extra cellular matrix (ECM), 

which provides mechanical support and encourages tissue 

growth and regeneration [2].  

 

A novel manufacturing method which uses the microfibrillar 

composite (MFC) concept, has the potential to produce 

nanoporous scaffolds using a completely solvent-free process. 

This is advantageous compared to the popular electrospinning 

technique, which normally requires toxic organic solvents in 

the fabrication process and may be harmful to cells, even if 

there are only the slightest traces left, especially for more 

sensitive applications. To further explore scaffolds fabricated 

using the MFC manufacturing technique, materials were tested 

for cell cytocompatability.  

 

METHODS 

Poly(L-lactide) (PLLA) and glycol modified poly(ethylene 

teraphthalate) (PETG) scaffolds were manufactured using the 

MFC technique. The polymers were each blended with a water 

soluble polymer matrix to form a composite blend after 

extrusion. Upon removal of the water soluble component of 

the 

composite material, a nanoporous and nano-fibrillar structure 

was constructed.  

 

The cell viability of the polymer scaffolds were tested by 

culturing mouse osteoblastic MC3T3-E1 cells and conducting 

live dead staining. Cells were cultured on the polymer 

scaffolds for 14 days before being dehydrated, critically point 

dried and coating with platinum for scanning electron 

microscopy.  

 

 

Figure 2: Live and dead cells on PETG scaffold on Day 14 

 

Figure 1A shows the PETG scaffold without cells, compared 

with Figure 1B, which illustrates a layer of cells covering the 

entire scaffold after 14 days of cell culture. Live staining of a 

confluent layer of cells on day 14 in Figure 2 confirms the 

cytocompatability of the scaffold.  

 

CONCLUSIONS 

Nanoporous scaffolds manufactured using the MFC technique 

has shown their potential to promote cell growth, through 

preliminary cell viability tests. One of the major advantages of 

the MFC technique is that is does not involve the use of toxic 

organic solvents which may be harmful to some cells, even if 

there are the slightest traces left on the scaffold when used for 

cellular applications. The MFC manufacturing technique can 

also produce scaffolds using different polymers of various 

shapes, sizes and porosity to suit different applications.  

 

RESULTS AND DISCUSSIONS 

 

 

 

 

 

 

 

 

Figure 1: A) PETG scaffold without cells B) MC3T3-E1 

cells on PETG scaffold on Day 14 
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INTRODUCTION 

Damage and degeneration of osteochondral tissue at skeletal 

joints is very difficult to repair, particularly for full-thickness 

osteochondral defects involving both cartilage and 

subchondral bone.  Existing clinical treatments are aimed at 

alleviating pain and morbidity in the short term, while long 

term treatment is rarely successful and the progression of 

osteoarthritis often results.  Biomaterials-based osteochondral 

tissue engineering is emerging as a novel treatment strategy 

that can address the growing unmet clinical need to develop 

more effective therapies.  The present study describes the 

development of a novel biphasic scaffold for the regeneration 

of both cartilage and subchondral bone in full-thickness 

osteochondral defects, with two different phases that imitate 

the properties of their target tissues.  The cartilage phase is a 

flexible and resilient silk scaffold, anchored to the bone phase 

which is a mechanically strong and bioactive composite 

scaffold (silk-coated ceramic scaffold).  Characterisation of 

this biphasic scaffold showed that its properties were 

favourable for promoting osteochondral regeneration. 

 

METHODS 

Sr-HT-Gahnite (SHG) ceramic scaffolds were prepared as 

previously described [1].  The SHG scaffold was coated 

with 8wt% silk fibroin aqueous solution to give the SHG-

silk composite scaffold (bone phase).  The silk scaffold 

(cartilage phase) was formed by freezing a mixture of silk 

fibroin aqueous solution and diluted methanol (method 

adapted from [2]).  The SHG-silk scaffold was mounted 

inside this mixture during silk scaffold formation to 

integrate the two phases of the biphasic scaffold.  Physical, 

mechanical and biological properties of the biphasic 

scaffold were evaluated. 

 

RESULTS AND DISCUSSION 

The biphasic scaffold had two different phases respectively 

targeted at cartilage and bone regeneration (Fig. 1).  Scanning 

electron microscopy (SEM) examination showed that the two 

phases of the biphasic scaffold imitated the structural 

characteristics of native cartilage and bone (Fig. 2).  

Mechanical and degradation testing showed that the biphasic 

scaffold was mechanically competent and suitable for 

implantation in load-bearing osteochondral defects (Fig. 3).  

In vitro testing showed that the biphasic scaffold supported the 

growth of human mesenchymal stem cells (hMSCs) and could 

induce tissue-specific differentiation responses in the two 

phases, indicating its ability to encourage the respective 

regeneration of cartilage and bone (Fig. 4).   

 

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

By targeting regeneration of both cartilage and subchondral 

bone, the developed biphasic scaffold has potential for future 

clinical application in the reconstruction of osteochondral 

defects that will block disease progression to osteoarthritis.  
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Silk hydrogel 

Fig. 1 Biphasic scaffold with 

two different phases. 

Fig. 3 Mechanical properties of 

biphasic scaffold under 

compression. 

Fig. 2 SEM examination of 

biphasic scaffold structure. 

Fig. 4 The biphasic scaffold can induce in hMSCs the expression of  

(A) chondrogenic markers in the silk scaffold, and  

(B) osteogenic markers in the SHG-silk scaffold. 
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INTRODUCTION 

Obtaining an optimum level of screw pullout strength is vital 

in orthopaedic surgery for better stabilisation of fracture. It is a 

challenge for surgeons, due to variations in bone mechanical 

properties, density and micro-architecture, both between- and 

within-patients. The mechanical compressive strength of bone 

is highly dependent on its density and micro-architecture. 

Such data is valuable to gauge pullout strength, as the strength 

of the material into which the screw is inserted is one of the 

factors affecting it. The aim of this study is to investigate 

whether screw pullout strength in human femoral heads (FH) 

depends on areal bone mineral density (aBMD) or micro-

architectural parameters, at a specific insertion torque level. 

The study was performed at a screw insertion torque targeted 

for 50% of the trabecular bone maximum torque (TMax). 
 

METHODS 

17 human FHs retrieved from hip surgery were used (patients 

mean (SD) age = 76 (11) years). aBMD of specimen was 

evaluated in-vitro with a dual energy X-ray Absorptiometry 

scanner (GE Lunar Prodigy).  A cancellous screw was inserted 

through a pilot hole at the centre of the specimen with a test 

rig preset to 50%TMax. TMax was predicted by the test rig, 

based on an average of torque values sampled prior to screw 

head contact (HC), and 50%TMax was the torque at midpoint 

between HC and TMax [1]. Once the insertion torque reached 

50%TMax, the bone-screw construct was imaged with a 

micro-computed tomography (µCT) system (Skyscan model 

1076). Screw pullout tests were then performed using an 

Instron 8511 materials testing machine, at a pullout rate of 5 

mm/s. A volume of interest (VOI) of an annulus (height: 12 

mm; outer/inner diameter: 14 mm/7.5 mm) covering only the 

bone surrounding the screw (Figure 1) was extracted from the 

stack of µCT images for morphometric analysis [2]. Bone 

volume fraction (BV/TV), bone surface density (BS/TV), 

structure model index (SMI), trabecular thickness (Tb.Th), 

separation (Tb.Sp), and number (Tb.N) were evaluated over 

the VOI (CTan software, Skyscan).  

 

RESULTS AND DISCUSSION 

All 17 specimens were successfully tested and imaged by µCT 

(Figure 1). Regression analysis indicated that screw pullout 

strength was significantly dependent on both aBMD and 

micro-architecture, with SMI showing highest R2 values 

(R2=0.71, p<0.001), followed by BV/TV (R2=0.65, p<0.001) 

and aBMD (R
2
=0.56, p<0.001) (Figure 2). However, BS/TV, 

Tb.Th, Tb.Sp, and Tb.N were not significantly related to 

screw pullout strength (p>0.05). SMI quantifies the ratio of 

plate-like and rod-like trabecular bone structures, with scale 

from 0 (ideal plate) to 3 (ideal rod-like) structure. Pullout 

strength increased with decreasing SMI value, increasing 

BV/TV and aBMD, respectively, suggesting that bone with a 

more plate-like structure, a higher BV/TV and aBMD, holds 

screws better, at 50% of the trabecular bone maximum torque.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSIONS 

The screw pullout strength at 50%TMax of the insertion 

torque showed significant dependency on bone micro-

architecture and aBMD, with parameters SMI and BV/TV 

having stronger relationships compared to aBMD. This 

indicates that, respectively, bone surrounding the screw with a 

more plate-like structure, higher bone volume fraction, and 

aBMD, provides greater pullout strength.    
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Figure 1: 

3D rendering of trabecular bone surrounding the screw, 

obtained from µCT images of the specimen (right corner), 

over which morphometric parameters were quantified. 

Figure 2: 

Scatter plots and regressions, showing that pullout strength 

at 50%TMax depends on SMI (a), BV/TV (b) and aBMD (c).
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INTRODUCTION 

With the emerging field of osteoimmunology, many studies 

have indicated that the immune system interacts with the 

skeletal system. This is inevitable as the immune cells and 

progenitor stem cells are spawned within the bone marrow 

reservoir. The intimate relationship between the immune and 

skeletal system is highlighted in many inflammatory diseases 

such  as  periodontal  disease,  Paget’s  disease,  rheumatoid  

arthritis, multiple myeloma and metastatic bone tumours, all 

of which are associated with bone destruction and 

osteoporosis. However, the underlying mechanism by which 

the immune system regulates bone homeostasis and vice versa 

remains to be elucidated.  

To gain insights into the molecular genetics and mechanisms 

of osteoimmunology, we have employed a chemical (ENU) 

mutagenesis screen to identify novel regulators of bone 

homeostasis that interplay with the immune system. The 

SanRoque mouse line, which carries an ENU-induced M199R 

mutation in the Roquin (Rc3h1) gene, was first reported by 

Vinuesa et al. 2005 to exhibit an autoimmune disease 

consistent to Systematic Lupus Erythematosus (SLE) [1]. The 

mutation results in the excessive formation of follicular helper 

T (TFH) cells and germinal centers. However, the role of 

Roquin in bone biology and osteoimmunology is hitherto 

unknown. 

 

METHODS 

The bone phenotype of SanRoque mutant mice and wild type 

littermate was assessed using X-ray, microCT and 

histomorphometry. In vivo calcein labelling was conducted to 

analyse the bone apposition rate. Flow cytometry analysis was 

performed to assess the population of osteoclast progenitors 

(CD3e
-
CD45R/B220

-
CD11b

hi
) in bone marrow and TFH 

(CD4
+
PD1

hi
CXCR5

hi
) in spleen. In vitro osteoclastogenesis, 

osteoblastogenesis and osteoclast-osteoblast co-culture were 

performed to assess the differentiation and functionality of 

bone cells. Cell signalling pathways and gene expressions of 

bone cells were analysed using Western Blotting and real-time 

Q-PCR respectively. 

 

RESULTS AND DISCUSSION 

Preliminary X-ray screening indicated that SanRoque mutant 

mice display a lower bone density in comparison to wild type 

littermates. MicroCT and histological analyses confirmed the 

osteoporotic phenotype of SanRoque mice. In vivo calcein 

labelling showed a reduction in bone apposition rate in the 

SanRoque mice. Q-PCR analysis showed elevated levels of 

RANKL expression in whole bone isolated from SanRoque 

mice relative to wild type mice. In addition, flow cytometry 

analysis revealed a higher percentage of osteoclast progenitors 

and TFH in SanRoque bone marrow and spleen respectively. 

Consistently, we observed enhanced osteoclastogenesis of 

bone marrow macrophages (BMMs) derived from SanRoque 

mice in vitro, accompanied by enhanced RANKL-mediated 

MAPK signalling. In vitro assays showed a reduction in bone 

mineralisation by calvarial osteoblasts derived from SanRoque 

mice. Furthermore, in vitro co-culture experiments revealed 

that SanRoque calvarial osteoblasts have a reduced ability to 

support osteoclastogenesis. This suggests that there is an 

extrinsic contributor that results in the pre-priming effect of 

osteoclast progenitors within the bone marrow reservoir of 

SanRoque mutant mice. 

 

 

Figure 1: (A) X-ray and (B) microCT images of wild type (WT) and 

SanRoque (san/san) mutant mice. SanRoque mutant mice exhibit an 

osteoporotic phenotype in comparison to wild type littermates. 

 

CONCLUSIONS 

Taken together, our data documents that the Roquin gene is an 

important regulator of bone homeostasis and the SanRoque 

mouse emerges as a useful model to investigate the molecular 

genetics and mechanisms of bone loss, and osteoimmunology. 
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INTRODUCTION 

Reverse total shoulder arthroplasty (RSA) is a procedure 

commonly indicated in cases of progressed glenohumeral 

arthritis with concomitant massive, irreparable rotator cuff 

tears. It has been reported that the reverse shoulder prosthesis 

design shifts the joint center of rotation medially and inferiorly 

by up to 20.9 and 9.5 mm, respectively, relative to the 

anatomical shoulder [1]. This change in joint geometry has 

been shown to increase the mechanical torque capacity 

(moment arm) of the deltoid during shoulder abduction and 

flexion [1]. At present, the capacity for the shoulder 

musculature to generate axial rotation torque in the reverse 

shoulder is not well understood.  

 

METHODS 

The rotational moment arms of the musculature spanning the 

glenohumeral joint were measured in 8 entire upper 

extremities after RSA (post-operatively). Zimmer Trabecular-

Metal Reverse Shoulder Systems (Zimmer Inc., Warsaw, IN) 

were implanted into each shoulder, and specimens mounted 

onto a custom designed shoulder cadaver testing apparatus.  

Tendons of the following muscles were exposed by 

resection: the deltoid (anterior, middle, posterior), 

subscapularis (inferior, middle, superior), infraspinatus 

(superior, inferior), latissimus dorsi (superior, middle, 

inferior), and pectoralis major (superior, middle, inferior).   

Nylon-lines were sutured to all tendons and passed 

through a pulley system to hanging weights of 10 N. Retro-

reflective markers were placed on each hanging weight, and 

on marker triads inserted into the humerus and scapula.  The 

humerus was passively abducted to 30o, 50o, 70o and 90o in the 

coronal plane. At each elevation, the humerus was then rotated 

45o internally and then 105o externally. Joint angle and tendon 

excursion data (vertical trajectory of hanging weight) were 

collected using a 6-camera Vicon motion analysis system. 

Instantaneous muscle moment arms were then computed from 

the gradient of the plot of tendon excursion vs. joint angle [2]. 

Specimens were assessed in both their anatomical (pre-

operative) and prosthetic (post-operative) state. All data are 

published previously [3]. 

 

RESULTS AND DISCUSSION 

RSA resulted in loss of external rotation capacity in the 

posterior deltoid. Post-operatively, the inferior subscapularis 

had the largest internal rotation moment arm overall, whereas 

the teres minor and inferior infraspinatus had the greatest 

external rotation moment arms (Table 1). The teres minor, 

infraspinatus, and deltoid sub-regions were external rotators 

during abduction, whereas during flexion, only the teres 

minor, infraspinatus, and to a small extent the posterior 

deltoid, were external rotators. In general, the pectoralis major 

and latissimus dorsi were internal rotators of the reverse 

shoulder. After RSA, significant increases in internal rotation 

moment arm were observed in the inferior pectoralis major. 

 

Figure 1:  Average moment arms (mm) for selected shoulder 

muscles during axial rotation of the pre-operative and post-

operative shoulders. Mean axial rotation moment arms and 

standard deviations (SD) are given for 30o, 60o, 90o and 120o 

of abduction (A). A muscle with a positive (negative) moment 

arm has external (internal) rotational capacity. 
 
CONCLUSIONS 

RSA results in a decrease in the external rotation capacity of 

the posterior deltoid. Since the teres minor and infraspinatus 

are the only major external rotators in the reverse shoulder, 

loss of external rotation function may occur if these muscles 

are damaged. These results help explain the inability of the 

deltoid to control external rotation during abduction, and why 

patients with tears to or fatty infiltration of the infraspinatus 

may have reduced external rotation function after RSA 
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Pre-operative Shoulder Post-operative Shoulder

Muscle sub-region A Avg SD Avg SD Mean

30 -20.7 2.3 -18.5 7.4 -2.3

60 -18.5 3.7 -16.4 6.3 -2.1

90 -16.3 4.1 -14.5 5.7 -1.8

120 -8.2 3.2 -10.2 4.4 2.0

30 18.6 2.5 19.7 3.2 -1.1

60 18.3 3.0 18.0 3.2 0.3

90 18.6 3.8 16.3 3.1 2.2

120 17.9 5.0 13.4 2.5 4.6

30 18.3 2.2 18.6 4.1 -0.3

60 18.5 3.3 17.4 3.3 1.1

90 18.9 6.0 16.6 2.2 2.3

120 17.8 6.1 14.9 3.1 2.9

30 4.5 2.1 1.7 1.8 2.8

60 3.1 2.6 0.7 1.2 2.4

90 1.6 2.2 -0.5 1.0 2.2

120 -1.0 2.7 -1.7 1.1 0.7

30 -11.8 3.2 -13.6 4.8 1.8

60 -10.4 1.7 -12.2 4.4 1.8

90 -9.3 2.1 -10.7 4.2 1.3

120 -4.8 1.4 -6.9 2.9 2.2

30 -7.3 1.4 -8.7 2.7 1.4

60 -5.8 1.7 -7.9 2.5 2.1

90 -4.4 2.0 -5.8 2.0 1.4

120 -3.3 1.8 -4.7 1.3 1.3

Teres minor

Inferior infraspinatus

Difference

Inferior subscapularis

Posterior deltoid

Middle latissimus dorsi

Inferior pectoralis major
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INTRODUCTION 

Clinical studies of locked plated constructs (LP) have reported 

non-union rates of up to 17%, with additional late implant 

failures suggesting non-unions. This has raised the concern 

that perhaps LPs are too stiff to reliably promote healing [1].  

 
Within fractures stabilised with a LP, a characteristic pattern 

of callus formation is seen in those subjects that fail to heal. 

This pattern sees healthy callus formation on the bone cortex 

furthest from the plate (far cortex), with insufficient callus 

formation on the bone cortex adjacent to the plate (near 

cortex) [1]. It has been suggested, therefore, that the cause of 

the non-union is excessive stiffness, leading to mechanical 

stimulation below the threshold required to produce callus 

formation.  The  ‘ideal’  amplitude  of  movement  within  the  

fracture gap has been reported as being 0.2-1.0 mm. It is 

unclear however, what range of motion is achieved in LP. 

 
While many LPs have been tested mechanically the testing 

methodology used in is often not representative of natural 

deformation. Over constraint of the sample dramatically 

shortens the bending length resulting in a vast overestimate of 

the stiffness of the construct. Replacing both constraints with 

spherical bearings allows free bending to occur over the entire 

length of the sample, resulting in a closer approximation of 

natural bending behavior (Figure 1). 

 
Figure 1: Possible methods of sample constraint and their 

effect on free bending length, with the chosen double spherical 

bearing design on the far right (adapted from [2]). 

 

METHODS 

Mechanical testing of two LP constructs: LCP (Synthes, 
Zuchwil, Switzerland), and Axsos (Stryker, Kalamazoo, 

Michigan, USA), 9 hole stainless steel plates with central 3 

hole working length, was conducted in a test rig utilising two 

spherical bearing constraints (Figure 1). 

 

Sawbones (Pacific Research Laboratories, Vashon, 

Washington, USA) 4
th

 generation cylinders with an OD of 

20mm, wall thickness of 3mm and length of 250mm were 

used as a tibial analogue. A 3mm osteotomy was created 

centrally in each sample and the LP applied with three empty 
holes centred over the osteotomy. The remaining three holes 

on either side of this were then filled with locking screws and 

tightened with a torque limiter to the manufacturers 

specifications. A gap of 2mm gap was left between the 

underside of the plate and the cylinder. 

 

The Optotrak (Northern Digital Inc, Ontario, Canada) infrared 

optical tracking system was used in combination with two 

Orthopaedic Research Pins, positioned proximally and distally 

to the osteotomy. This allows the calculation of the 

translations and rotations of the two fragments independently. 

From this data the near (closest to the plate) and far (furthest 
from the plate) cortex deformations are reported. Cyclic loads 

of 500N were applied to each sample, and the fifth cycle used 

for analysis. 

 

RESULTS AND DISCUSSION 

At a load of 500N, a movement of 0.35 (0.08) mm 

(mean(SD)), was recorded at the near cortex and 2.43 (0.44) 

mm at the far cortex for the LCP (Axsos: near = 0.22 (0.06) 

mm, far = 1.34 (0.20) mm). The Axsos plate was in fact found 

to reach the 0.2-1.0mm ideal range on both cortices at a load 

of around 380N.  
 

CONCLUSIONS 

Rather than supporting the proposition that insufficient 

movement occurs on the near cortex with these devices, this 

data suggests that the described ideal range of motion is easily 

achievable on both the near and far cortex of the fracture gap 

under physiological load levels. With recent advances made to 

screw design to increase flexibility and movement there is 

now potential for excessive motion on the far cortex of the 

fracture. 
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INTRODUCTION 

Chronic low back pain (LBP) is a crippling condition that 

affects quality of life and is a significant burden to the health 

care system and the workforce [1]. The mechanisms of LBP 

are poorly understood, however it is well known that 

degeneration is a common cause of chronic low back and 

referred pain. Gross disc injury such as herniation can be 

caused by sudden overload or by damage accumulation via 

repetitive loading, which is a cause of acute LBP and an 

accelerant of disc degeneration [2,3].  The aim of this study 

was to determine for the first time the relationship between 

combined repetitive compression, flexion and axial rotation 

motion of degenerated cadaver lumbar spine segments, and the 

progression of 3D internal disc strains that may lead to disc 

herniation and macroscopic tissue damage. 

 

METHODS 

Seven degenerated human lumbar functional spinal units 

(FSUs) underwent pre-test MRI, had a grid of tantalum wires 

inserted into the disc and were subjected to 20,000 cycles of  

loading in combined compression (1.7 MPa), flexion (11-13°) 

and right axial rotation (2-3°) in a six degree of freedom 

hexapod robot. Stereoradiographs were taken at 1, 500, 1000, 

5000, 10000, 15000 and 20000 cycles, from which 3D disc 

displacements and maximum shear strains (MSS) were 

calculated (Figure 1), and partitioned into nine disc anatomical 

regions [4]. After testing the discs underwent post-test MRI 

followed by macroscopic assessment to identify tissue 

damage. A repeated measures ANOVA having a within-

subjects factor of cycle number, and a between-subjects factor 

of disc region examined the effects of cycle number and disc 

region on MSS. 

 

RESULTS AND DISCUSSION 

No visible evidence of disc herniation occurred after 20,000 

cycles, however circumferential annular tears and nucleus 

separation from the endplate were observed in all specimens in 

agreement with observed signal changes in post-test MRI 

images. MSS was significantly larger after 20,000 cycles 

compared with the first loading cycle in the anterior, left 

anterolateral, left lateral, and left posterolateral disc regions 

(p<0.037). Minor changes in MSS were seen in the posterior 

and nucleus regions. The largest increases were observed in 

the left anterolateral and left posterolateral regions after 

20,000 cycles.  

 

Figure 1:  Average internal disc displacement vectors (top) 

and %maximum shear strains (bottom) after 1 and 20,000 

repetitive loading cycles. 
  
CONCLUSIONS 

A significant increase in MSS occurred across most disc 

regions after 20,000 loading cycles, especially in the left 

anterolateral/posterolateral regions. No herniation was 

observed, although macroscopic and MRI evidence of 

circumferential annular tears and nucleus-endplate separation 

occurred, suggesting internal disc tissue disorganisation that 

may indicate a progression towards eventual herniation.  
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INTRODUCTION 

A muscle has the capacity to induce motion about adjacent 

joints not spanned by that muscle. This phenomenon of 

dynamic coupling, where a torque at one joint can induce 

accelerations at all other joints in the system, arises due to 

muscle-force transmission from segment to segment via joint 

contact forces. This can lead to complex relations between an 

applied joint torque and the resultant joint accelerations [1]. 

The aim of this study was twofold: first, to determine the 

contributions of the individual muscles of the shoulder to 

glenohumeral joint motion during abduction; and second, to 

quantify the effect of elbow joint flexion on shoulder muscle 

function during arm elevation. 

 

METHODS 

A musculoskeletal model of the upper limb was developed 

based on the average mass and inertial properties and muscle 

moment arms measured for eight upper-extremity cadavers. 

The upper limb was represented as a two-segment, 5 degree-

of-freedom (DOF) articulated linkage. The glenohumeral joint 

was modeled as a 3-DOF ball-and-socket joint, whereas the 

elbow was modeled as a 1-DOF hinge joint.  

 The dynamical behavior of the upper-limb model was 

described by a set of governing equations of the form: 

( ) ( ) ( ) ( ) M
FRGCM qqqqqq =++

2
  (1) 

where q , q  and q  are vectors of joint angles, angular 

velocities and angular accelerations; ( )qM  is the system mass 

matrix; ( )
2

qqC  is a vector of centrifugal and Coriolis forces 

and torques; ( )qG  is a vector of gravitational forces and 

torques; ( )qR  is a matrix of muscle moment arms; and  M
F  is 

a vector of muscle forces. The contributions of individual 

muscle forces to the joint angular accelerations were found by 

letting ( ) 0
2

=qqC  and ( ) 0=qG  in equation (1), thus:  

( ) ( ) M
FRM qqq

1-
=  (2)  

At 15°, 30°, 60°, 90° and 120° of humeral abduction, 

the potential of each muscle to accelerate the glenohumeral 

joint into abduction was found by substituting its moment arm 

and a unit muscle force into equation (2), and setting all other 

muscle forces to zero. Calculations were then repeated with 

the elbow positioned in 90° of elbow flexion. Calculations 

were performed using a multi-body dynamics program called 

SD/Fast (Symbolic Dynamics, Inc., Mountain View, CA, 

USA) and published previously [2]. 

 

RESULTS AND DISCUSSION 

Shoulder muscle function was strongly dependent on elbow 

joint position. When the elbow was fully extended, the 

shoulder abductors (supraspinatus, middle deltoid and 

anterior deltoid) had the greatest potential to accelerate 

the shoulder into abduction (Fig 1). When the elbow was 

flexed, to 90°, the internal rotators (anterior deltoid and 

subscapularis) had the greatest potential to accelerate the 

shoulder into abduction.  

The potential of a muscle to accelerate the shoulder 

into abduction, axial rotation and horizontal flexion can be 

greatly influenced by dynamic coupling. The extent to which 

dynamic coupling affects muscle function, and therefore 

movement control, is determined by the structure of the 

inverse mass matrix, which depends on the configuration of 

the joints. 
 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:  (A) Muscle contributions to abduction acceleration 

of the shoulder with the elbow fully extended. (B) Muscle 

contributions to abduction acceleration of the shoulder with 

the elbow flexed at 90°. 

 

CONCLUSIONS 

Shoulder muscle function depends on both shoulder and elbow 

joint positions, and may be explained by the existence of 

dynamic coupling in multi-joint musculoskeletal systems.  
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INTRODUCTION 

Finite element analysis (FEA) has been widely used to predict 

the local stress and strain distribution at the tibiofemoral joint 

to study the effects of ligament injury [1], meniscus injury [2] 

and cartilage defects[3] on soft tissue loading under different 

loading conditions. Previous studies [1] have focused on static 

FEA of the tibiofemoral  joint, with few attempts to conduct 

subject-specific FEA on the knee during physical activity. In 

one FEA study utilising subject-specific loading during gait, 

the knee was simplified by using linear springs to represent 

ligaments [4]. To address the gap that no studies have 

performed subject-specific FEA at the tibiofemoral joint with 

detailed structures, the present study aims to develop a highly 

detailed subject-specific FE model of knee joint to precisely 

simulate the stress distribution at knee cartilage during the 

stance phase of the gait cycle.   

 

METHODS 

A detailed three-dimensional model of a healthy human knee 

was developed from MRI images of a living subject (Fig 1), 

including the main anatomical structures (bones, all principal 

ligaments, menisci and articular cartilages). The femur, tibia 

and fibula were considered as rigid bodies, while the menisci 

and articular cartilage were modelled as linearly elastic, 

isotropic and homogeneous while the ligaments were 

considered to be hyperelastic. Loading and boundary 

condition assignment was based on the kinematic and kinetic 

data recorded during gait analysis. Ten time intervals during 

the stance phase of gait were separately simulated to quantify 

the time–dependent stress distribution throughout the cycle 

from heel-strike to toe-off. Loading condition of the 

tibiofemoral joint varies during the gait cycle since the joint 

angle changes from extension to flexion; therefore different 

joint angles at relative time interval were determined to 

accurately simulate the varying loading condition.  

 

RESULTS AND DISCUSSION 

The compressive stress and tensile strain distributions in the 

femoral cartilage, tibia cartilage and menisci of each selected 

time interval during the stance phase of gait cycle were 

quantified and corresponded to specific amount of 

varus/valgus knee moment obtained by inverse dynamics 

analysis of the kinematic and kinetic data from gait analysis. 

Therefore a correlation between stress/strain and the frontal 

knee mechanics was established. For example, at 10% of 

stance phase, the stress concentration was observed on the 

lateral compartment due to the valgus moment created at heel 

strike. At the next interval, the stress concentration shifted to 

the medial side as the frontal knee moment shifted to a varus 

orientation.  

 

Figure 1:  MRI Derived FEA Model of a subject specific knee 

joint. 

 

CONCLUSIONS 

The results suggest that the stress distribution of tibiofemoral 

articular cartilage is qualitatively consistent with the frontal-

plane moment observed during the stance phase of gait. The 

methods described could be applied to investigate the effects 

of injury and reconstruction on stress distribution within the 

tibiofemoral joint 
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INTRODUCTION 

The role of mechanical force in the progression of knee 

osteoarthritis (OA) is well recognized [1]. Therefore 

interventions that alter the forces acting on damaged tissues, 

such as articular cartilage, have succeeded in relieving OA 

symptoms. For knees afflicted by osteoarthritis progression in 

the medial compartment, a high tibial osteotomy (HTO) can 

be an important adjunct to conservative management in 

interrupting disease progression. An HTO shifts load from the 

affected medial compartment to the lateral compartment with 

intact cartilage by correcting the Hip-Knee-Ankle (HKA) 

angle. The current literature lacks consensus with regards to 

the ideal correction angle to maximize osteotomy survival and 

post-operative knee function. While some have examined this 

issue with survival studies and cadaveric experiments, none 

can predict the effect of correction on tibiofemoral load. On 

the other hand, finite element analysis (FEA) has been widely 

used to predict the local stress and strain distribution at the 

tibiofemoral joint to study soft tissue loading under different 

loading conditions [3]. However, there have been no studies 

on assessing the effect of variation of correction angle using 

FEA. To address this gap, the aim of this study was to 

examine the effect of medial open-wedge HTO on femoral 

cartilage stress distribution.  

 

METHODS 

A three-dimensional knee model was developed from MRI 

images of a healthy living subject, including bones, all 

principal ligaments, menisci and articular cartilage. The 

femur, tibia and fibula were considered as rigid bodies, 

menisci and articular cartilage were modeled as linearly 

elastic, isotropic and homogenous, while the ligaments were 

considered to be hyperelastic. Loading and boundary 

condition assignment was based on the subject-specific 

kinematic and kinetic data recorded during gait analysis. The 

peak forces during the stance phase of the gait were applied on 

the proximal surface of the femur (which was cut in the 

middle region of the long bone) while the tibia and fibula were 

held fixed in all translations and rotations.  

 

Medial open-wedge HTO was simulated by removing a wedge 

shape bone piece from the proximal part of the tibia and 

bending the distal part of the tibia laterally along a specific 

hinge axis. A 5° correction into knee valgus  was simulated to  

compare the mechanical behavior of the cartilage to the same 

knee with neutral alignment. 

 

RESULTS AND DISCUSSION 

The compressive stress and tensile strain distribution in the 

femoral cartilage and tibia cartilage of two cases were 

quantified a Von mise stress contour plot (Figure 1). The knee 

with 5° valgus had less stress concentration at the medial 

compartment of the knee compared to the same knee with 

normal alignment. In addition, the maximum femoral cartilage 

Von mise stress was decreased from 7.31MPa to 5.85MPa. 

This peak force reduction may be the result of more uniform 

stress distribution as the mechanical axis was shifted from the 

medial compartment to the lateral compartment. 

 

Figure 1:  FEA contour results of Von mise stress in femoral 

cartilage of the normal aligned knee (left) and the post-

osteotomy knee with 5° correction (right)  

 

CONCLUSIONS 

FEA was able to demonstrate that a simulated medial opening 

wedge HTO with 5° correction from neutral effectively 

reduced the loads in the medial compartment. Future work 

should investigate the relationship between correction angle 

and loading in both compartments, in a patient with medial 

knee OA. 
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INTRODUCTION 

Slipped capital femoral epiphysis (SCFE) is an adolescent hip 

condition characterized by progressive deformation at the 

physis, leading to predominantly posterior displacement of the 

femoral head on the femoral neck.  

 

SCFE has been treated by ‘pinning in situ’ i.e. stabilizing the 

“slip” such that further deformity does not occur. Recently, it 

has been argued that treatment should be by reconstructive 

osteotomy. However, this surgery is technically challenging 

and difficult to learn. As well, there is a lack of understanding 

of how different degrees of correction improve contact 

pressures within the hip joint.  The final goal of our research is 

to develop a suite of virtual surgical scenarios that can be used 

to safely model different osteotomies and provide virtual 

biomechanical feedback to the trainee surgeon. 

 

METHODS 

Mesh Generation:  CT scans were collected from 20 paediatric 

patients with varying severity of SCFE. The CT images for 

one patient with a moderately severe SCFE from this dataset 

were segmented using Stradwin software (University of 

Cambridge, UK) to generate a surface mesh of the bone 

boundaries from the CT scan (Fig. 1). 
 

 
Fig. 1: 3-D modeling of a patient with slipped capital femoral 

epiphysis (SCFE). Note posterior positioning of femoral head with 

respect to the femoral neck (A). Matching geometry to CT data 

enables accurate representation of the hip joint articulation (B). 

 

A volumetric, cubic-hermite finite element mesh of the pelvis 

and proximal femur was designed and then fitted to these data 

(Fig. 2) using cmgui and cmiss software (Auckland 

Bioengineering Institute). We then adjusted the articulating 

regions of the femur and acetabulum to account for the 

articular cartilage, using a method described previously by 

Anderson et al. (2010).  This method maps a constant layer of 

cartilage onto sub-chondral bone surface, which has been 

shown to adequately represent the cartilage stress distribution 

when compared to patient specific cartilage geometry 

(Anderson et al., 2010). Finally, Hounsfield units from the CT 

scan were also mapped onto the finite element mesh to 

represent the spatially varying bone mineral density.  

 

RESULTS AND DISCUSSION 

The final template mesh before fitting is shown below (Fig. 2). 

Using these template meshes, we can now customize to other 

patient-specific segmented data to generate a library of SCFE 

hip deformities for trainee surgeons.  
 

 
 

In on-going work, we are using the host mesh fitting technique 

(Fernandez et al, 2004) to generate meshes that simulate either 

an inter-trochanteric osteotomy or base of neck osteotomy 

with geometric variations representing minor errors in the 

final femoral head alignment. The effect of these osteotomies 

on contact pressures within the joint will be judged using a 

non-linear finite element solver (cmiss, Auckland 

Bioengineering Institute) to resolve contact between the joint 

surfaces (loading conditions represent peak load during walk). 

 

CONCLUSIONS 

This work sets the basis for modeling of effects of 

reconstructive osteotomies on hip joint contact pressures.  
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INTRODUCTION 

Mechanical and metabolic factors are believed to affect the 

progression of knee osteoarthritis (OA).  Knee OA progression 

is characterized by worsening clinical symptoms in daily 

activities, i.e. pain and dysfunction, but also by architectural 

changes to the cartilage and bone. From a mechanical 

perspective, overloading of medial tibiofemoral joint loading 

is thought to be related to onset and progression of medial 

tibiofemoral osteoarthritis (OA). But is this view valid? 

Common belief is that the medial tibiofemoral loading in gait 

is related to the knee adduction moments recorded while 

walking. These adduction moments have been related to 

thinner medial-versus-lateral tibiofemoral cartilage and loss of 

medial cartilage volume in people with knee OA [4, 5, 10]. 

However, healthy individuals with higher knee adduction 

moments in gait have thicker medial-versus-lateral cartilage in 

the tibiofemoral joint [20, 23]. Why does this apparent 

conundrum exist? It could be that other neuromuscular 

biomechanical factors associated with knee OA may influence 

the disease progression. The role and action of muscles in 

progression of knee osteoarthritis is now gaining greater 

attention, which will be the focus of this presentation.  

 

METHODS 

This presentation will review our research and the current 

literature related to neuromuscular and biomechanical factors 

that may contribute to knee joint loading and the state of 

disease or health of the knee joint.  

  

RESULTS AND DISCUSSION 

The aforementioned research on adduction moment in walking 

and knee OA provides evidence that gait patterns have an 

important biomechanical (i.e. loading) association with the 

onset and progression of medial tibiofemoral osteoarthritis [4, 

5, 10, 31]. However, the exact details of appropriate loading 

for knee joint health are still to be clarified.  

 

Fast loss of cartilage volume and development of cartilage 

defects are typical of those with knee OA. In addition to an 

appropriate metabolic environment, cellular level cartilage 

remodelling requires appropriate loading to maintain cartilage 

homeostasis and structure [13]. Static and low frequency 

loading as well as excessive loading magnitude and frequency 

results in  cartilage loss while loading of “appropriate” 

magnitudes and frequencies, i.e. normal gait frequency of 

about ~1Hz, maintains healthy cartilage homeostasis[13].   

 

In healthy and ACL deficient people the thickest cartilage 

regions in the knee are loaded more frequently [22, 23]. As 

mentioned, healthy individuals with higher knee adduction 

moments in gait also have thicker medial-versus-lateral 

cartilage in the tibiofemoral joint [20, 23]. 

 

Where are people with knee OA on this cartilage loading 

frequency and magnitude spectrum? High adduction moments 

in gait, which are assumed to be related to higher medial 

tibiofemoral contact forces, cause faster OA progression of 

this joint. As mentioned, this is seen in thinner medial-versus-

lateral tibiofemoral cartilage and fast loss of medial cartilage 

volume [4, 5, 10]. This superficially appears to contradict the 

results from healthy people.  

 

However, recent evidence shows that the knee adduction 

moments poorly represent the magnitude and frequency of 

loading of the tibiofemoral joint in walking [26, 35]. Our 

recent work, combining experimental methods and 

computational neuromusculoskeletal biomechanics of gait, has 

revealed the role of muscles and external loading on medial 

tibiofemoral joint loading [26, 37, 38]. Furthermore, complete 

data sets on people with knee OA have shown multiple 

biomechanical and neuromuscular factors that are affected by 

the disease and that may be involved in the progression of 

knee OA. 

 

From a biomechanical standpoint, many aspects of knee 

loading and motion in the gait of knee OA patients are 

affected. These people have altered external knee joint 

adduction and flexion-extension moments [3, 31], which both 

influence the magnitude of knee medial compartment loading 

[24-26, 38]. Knee OA patients also have slower walking speed 

[3, 31] that means the articular surfaces are loaded for longer 

time periods. These people experience reduced knee range of 

motion [28, 31], that may result in loading concentrated over 

smaller articular regions. These people do less actual physical 

activity, which leads to the articular surfaces being loaded less 

often [9]. Indeed, in the extreme, immobilized spinal cord 

injured patients [33] and animal models of induced muscle 

weakness experience rapid cartilage loss and degeneration [27, 

34].  

 

Neuromuscular factors, i.e. the action of knee muscles, are 

affected during walking in people with knee OA [6, 14]. We 

and others have shown that people with knee OA have knee 

muscle weakness, which is probably due to muscle atrophy [6, 

14]. It has also been shown that these people exhibit higher 
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levels of co-contraction of all the knee muscles, but that they 

also have greater lateral-versus-medial muscle activation [15, 

16]. Importantly, the knee muscles in gait contribute to an 

additional 50% of medial compartment loading, which 

depends on the muscles’ activation and cross-sectional-area 

[38]. Also, medial knee muscle activation is an important 

predictor of medial compartment loading [37]. So all these 

neuromuscular factors will affect the action of the knee 

muscles and subsequent joint loading in gait. 

 

Healthy muscle action appears to be important for healthy 

knee joint cartilage. Greater knee muscle cross-sectional-area 

is related to greater cartilage thickness healthy people [17]. 

However, knee muscle atrophy is evident in knee osteoarthritis 

[11, 14, 21] that, in part, is reflected in loss of knee extension 

strength [14, 18, 19]. There is conflicting evidence on whether 

lower knee extension strength is related to faster knee 

osteoarthritis progression [2, 8, 30]. However, we have 

recently shown that faster atrophy of vastus-medialis leads to 

faster loss of the medial tibiofemoral cartilage in knee OA 

patients [36]. The preferential activation of lateral-versus-

medial muscles in knee OA may drive the vastus-medialis 

atrophy [15, 16, 29]. Atrophy and reduced activation of the 

vastus-medialis may both act to produce less than ideal 

muscular loading of the medial tibiofemoral joint during 

walking, having a negative effect on the cartilage morphology 

and possibly progressing cartilage loss.  

 

Strength training can be used to possibly target and improve 

the characteristics of knee muscle dysfunction in people with 

knee OA. This may have a local neuromuscular biomechanical 

effect in slowing knee OA progression. Indeed, strength 

training has been shown to improve pain and function in knee 

OA. However, strength training, or any exercise, may improve 

pain and function in OA via metabolic pathways, i.e. by 

decreasing circulating proinflammatory cytokines and 

adipocytokines [7, 32] and/or by the natural analgesic effect of 

increasing the circulation of endogenous opiates [1, 12]. 

Serum pro-inflammatory cytokines and adipocytokines have 

been implicated in having detrimental effects on cartilage 

homeostasis [7, 32] and higher circulating levels of these 

cytokines have been shown to be predictive of fast cartilage 

loss [7]. So strength training may not improve the symptoms 

of knee OA and/or slowing architectural changes by rectifying 

the action of muscles, but by the altering metabolism. 

 

CONCLUSIONS 

The role of muscles and knee joint loading in the progression 

of knee OA needs to be reassessed. In addition, future research 

needs evaluate the role strength training in rectifying 

neuromuscular dysfunction of the muscles in those with knee 

OA. These studies will need to assess if strength training 

slows disease progression, via decreasing clinical symptoms 

and/or slowing architectural changes. The use of experimental 

methods that assess muscle morphology, function and gait, 

coupled with computational neuromusculoskeletal 

biomechanics, may be necessary to explore how muscles 

accelerate or slow progression of knee osteoarthritis. 
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INTRODUCTION 

Choline kinase beta (CHKB) is an enzyme that catalyzes the 

reaction of choline with phosphate to produce phosphocholine. 

This reaction is the first step in the biosynthesis of 

phosphatidylcholine, an essential cell membrane component. 

Loss of CHKB leads to hindlimb muscular dystrophy in mice, 

characterized by mitochondrial dysfunction in affected 

muscle. Mutations in the CHKB gene have also been 

identified in patients with muscular dystrophy [1].    

 

Using an ENU-mutagenesis approach we have identified a 

mutant mouse which has a point mutation in the start codon of 

the CHKB gene, leading to loss of the protein product. These 

mice present with a forelimb deformity, hindlimb muscular 

dystrophy, and osteoporosis. 

 

METHODS 

Micro-computed tomography (µCT) and histomorphometry 

were used to analyse the morphology of bones from mutant 

and wild type mice. Osteoclast and osteoblast cultures were 

performed to assess the differentiation and function of bone 

cells derived from wild type and CHKB mutant long bones. 

Osteoclast resorption was assessed using confocal microscopy, 

scanning electron microscopy, and CTX ELISA. Osteoblast 

function was assessed using alizarin red S staining of calcified 

bone nodules. Choline metabolite composition was assessed 

using 1H Nuclear Magnetic Resonance spectroscopy (1H 

NMR) and ELISA. Calcium signaling was assessed using 

Fura2 ratiometric calcium indicator. Signaling pathways, and 

gene and protein expression, were assessed using Western 

Blotting and QPCR.  

 

RESULTS AND DISCUSSION 

Loss of CHKB led to an osteoporotic phenotype, as assessed 

by µCT and bone histomorphometry. PCR analysis identified 

CHKB as the predominant choline kinase isoform in bone 

cells. In vitro osteoclast assays showed increased numbers of 

smaller osteoclasts formed from CHKB mutant bone marrow 

and spleen cultures. Although the osteoclasts derived from 

CHKB mutant mice were smaller they resorbed a greater area 

of bone and produced deeper pits on bovine bone slices, 

consistent with the observed osteoporosis. Conversely, 

osteoblasts derived from CHKB mutant bone marrow stromal 

cells produced less mineralized nodules than those from wild 

type mice; they also had a reduced proliferation rate.  

 

Osteoclasts derived from CHKB mutant BMM displayed 

reduced cytosolic calcium uptake/release upon exposure to 

high extracellular calcium concentrations, suggesting that the 

osteoclast phenotype could be due to an inappropriate 

response to changes in extracellular calcium concentration. 

1H-NMR spectroscopy identified reduced levels of choline 

metabolites in bone cells from CHKB mutant mice, resulting 

in reduced phosphatidylcholine levels. Treatment with CDP-

choline, an intermediate in the phosphatidylcholine 

biosynthesis pathway, partially rescued the increased 

osteoclastogenesis phenotype, but was unable to correct the 

osteoblast phenotype.   
 

CONCLUSIONS 

We have shown that CHKB mutant mice have reduced bone 

mass, a forelimb deformity, and decreased limb length. Our 

data indicates that the bone phenotype of the CHKB mutant 

mice can be explained, at least in part, by an increase in 

osteoclast number and activity as well as a corresponding 

decrease in osteoblast-mediated bone formation. Our findings 

establish choline kinase beta as a novel regulator of bone 

homeostasis.  
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INTRODUCTION 

Joint replacement surgery is one of the most successful 

surgical procedures that improve the quality of life of patients. 

Unfortunately, eventual failure of joint replacements results in 

the need for revision surgery that is expensive and associated 

with a high level of morbidity. A common cause of failure is 

aseptic loosening of the prosthesis, associated with peri-

prosthetic osteolysis. Recent studies have shown receptor 

activator nuclear factor kappa B and immunoreceptor tyrosine-

based inhibition motif (ITAM) related molecules are important 

in regulating osteoclast formation and activity [1,2]. 

Semaphorin-3a (Sema3a) and neuropilin-1 (NRP1) are 

molecules that regulate formation and activity of osteoclasts 

through their regulation of osteoimmunogenic factors involved 

with ITAM signaling [2]. The way that these molecules 

regulate bone metabolism is complex, however, it is thought 

that Sema3a binds to NRP1 which then suppresses ITAM 

signaling and osteoclast formation [2]. This is the first study to 

describe the expression of Sema3a and NRP1 protein at sites 

of peri-implant bone loss. 

 

METHODS 

Sema3a and NRP1 were detected using immunohistology with 

commercial antibodies. Tissue for the study was obtained from 

11 patients undergoing revision for aseptic loosening and from 

8 patients undergoing primary total hip replacement for 

osteoarthritis. Levels of expression were determined using a 

semi-quantitative grading system previously published by our 

group [3]. Statistical significant differences were determined 

using the nonparametric Mann-Whitney U test using the 

software SPSS 20.0. In preliminary studies human osteoclasts 

were differentiated from human peripheral blood monocytes 

as previously described [4]. Total mRNA was sampled at days 

0, 7, 10, 14 and 17.  

 

RESULTS AND DISCUSSION 

Both Sema3a and NRP1 protein were highly expressed in the 

revision tissues (see figure 1 a and b) but absent or weakly 

expressed in the osteoarthritic tissues. This difference was 

statistically significant for both Sema3a and NRP1 (p = 0.001 

and p = 0.006 respectively). Interestingly, both proteins were 

found in the cytoplasm of large multinucleated cells that 

contained particles of polyethylene and/or metal prosthetic 

wear. Furthermore, protein cytoplasmic staining was punctate, 

particularly for Sema3a, (see figure 1 c and d), possibly 

indicating internalization within vesicles.  

 

Figure 1 Sema3a and NRP1 in revision tissues. 

 
 

While higher levels of NRP1 were seen during osteoclast 

development in vitro the increase was not statistically 

significant. 

 

CONCLUSIONS 

This study shows that Sema3a and NRP1 protein are highly 

expressed at sites of peri-implant osteolysis. These molecules 

have the ability to regulate osteoclast activity around implants 

through modulation of osteoimmunogenic factors involved in 

ITAM signaling. However, understanding the importance of 

Sema3a and NRP1 will require further study into how these 

molecules are expressed and interact during osteoclast 

formation in vitro and at sites of peri-implant osteolysis.  
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INTRODUCTION 

Wear particle related osteolysis is a chronic condition and 

some patients have long and variable clinical courses [1]. 

Wear debris is known to impact on a variety of cellular 

responses and genes in multiple pathways associated with the 

development of the periprosthetic osteolysis [2]. MicroRNAs 

(miRNAs) act as negative regulators of gene expression and 

the importance of miRNAs in joint pathology has only 

recently been addressed [3]. However, miRNA profiles in 

osteolytic bone are largely unknown. We investigated miRNA 

profiles in human trabecular bone sourced from total hip 

replacement (THR) revision surgery where wear particle 

associated osteolysis was evident. 

 
METHODS 

Three groups of gender and age-matched patients were 

recruited including patients undergoing THR revision surgery, 

primary THR and healthy subjects. Total RNAs were prepared 

from trabecular bone specimens. The cDNA libraries were 

constructed using a TruSeq Small RNA Sample Preparation 

kit, and then sequenced on an Illumina HiSeq2000 sequencer. 

All good quality tags were aligned against the reference 

sequences containing human chromosomal sequences and 18s 

and 28s rRNA sequences were analysed using Bowtie 

software. We used miRBase v19 to identify the start positions 

of all mature miRNA and the edgeR package to analyse 

differential expression. Osteogenesis pathway-related mRNA 

expression was also investigated using RT-qPCR Array assay.  

 

RESULTS AND DISCUSSION 

We observed a significant difference in expressed miRNAs 

between revision and primary THR groups, including 

upexpressed miR127, miR-409, miR-211 and miR-146a. 

Importantly, the miR-127 (3.1 fold, p=0.005) and miR-146a 

(3.5 fold, p=0.001) were not only upexpressed in the revision 

group vs primary group, but also upexpressed in the revision 

group vs the healthy group. Thus, miR-127 and miR-146a may 

have potential as both biomarkers to predict osteolysis and as 

therapeutic targets. The miR-127 and miR-146a are critical in 

bone diseases because some of their target genes play an 

important role in osteogenesis. We have thus studied 

osteogenic genes and confirmed that SMAD4, RUNX2, 

FGFR1,  TGFβ1,  COL1A1  and  WNT4  were  downregulated.  

Our data also revealed that miR-93 and miR-204a were 

downexpressed (-3.7 fold, p=0.023; -2.5, p=0.003 

respectively) and the IL-6 and IL-6R, which have been 

reported as miR-204 target genes, were upexpressed.  

 
The upexpressed miR-127, miR-146a, miR-204a and miR-93 

in trabecular bone from revision THR may be the key negative 

regulators in either osteogenic genes involved in osteogenic 

differentiation of bone formation or inflammatory genes 

involved in osteoclastogenesis. 
 

 

CONCLUSIONS 

The aberrant miRNA expressions may be the targets for 

therapeutic development to prevent implant loosening and also 

suggest the existence of genetic risk factors favouring the 

development of osteolysis in specific subgroups of patients. 

An in-depth understanding of the roles of these regulatory 

miRNAs in the skeleton warrants further investigation. 
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INTRODUCTION 

Perlecan is a modular multifunctional HS substituted 

proteoglycan with established roles in matrix stabilization and 

emerging roles in mechanotranduction in weight bearing 

connective tissues.  The HS chains of perlecan can also 

sequester a number of growth factors (FGF, VEGF, PDGF) in 

the matrix surrounding connective tissue cells with roles in 

cellular proliferation and differentiation. Although the levels 

of perlecan are elevated in tendinopathy it is not a major 

proteoglycan in normal tendon.  We were therefore surprised 

to observe marked differences on tendon maturation in wild 

type and Hspg2 exon 3 null HS deficient mice apparently due 

to previously unidentified roles for the HS chains of perlecan 

in tendon maturation.  Multidisciplinary methodologies were 

employed to better understand the specific roles of the 

perlecan HS chains in tendon development.  

 

METHODS 

Comparative transmission electron microscopy (TEM), 

biomechanical (ultimate tensile strain [UTS], tensile modulus 

[TM]), biochemical compositional (GAG, Hypro), gene 

expression profiling and FGF-2 responsiveness studies on tail 

and Achilles tendon maturation in C57BL/6 wild type (WT) 

and Hspg2 exon 3 null mice.  

 

RESULTS 

TEM of tail and Achilles tendons from WT and Hspg2 exon 3 

null mice demonstrated an increase in collagen fibril diameter 

in WT tendons but a reduction in Hspg2 exon 3 null mice (Fig 

1). UTS and TM were elevated in Hspg2 exon 3 null mice 

compared to WT. An age dependant depletion in tissue GAG 

levels was observed in the Hspg2 exon 3 null tendons.  Both 

mouse genotypes demonstrated an age dependent decline in 

expression of extracellular matrix (ECM) components 

(Col1a1, Col2a1, Acan, Vcan, Bgn, Dcn, Lum) over 3 to 12 

weeks. Tenocyte cultures from each genotype responded 

differently to FGF-2 stimulation with significant Timp1 

inhibition and Mmp3 and 13 induction in Hspg2
 
exon 3 null 

cells indicating differences in HS-mediated growth factor cell 

signaling and the expression of a more catabolic phenotype.  

Coupled with the general decline in gene expression for ECM 

components this may explain the maturational decline in tissue 

proteoglycan levels and reduction in collagen fibril diameter 

observed. 

 

DISCUSSION 

Unlike the perlecan knockout mouse the exon 3 null model 

has a relatively mild phenotype and is useful for maturational 

musculoskeletal studies. Perlecan’s strategic pericellular 

localization at the interface between the resident connective 

tissue cells and ECM facilitates cell-matrix communication.  

Roles are emerging for perlecan in mechanotransduction in 

tensional and weight bearing connective tissues.  Perlecan 

interacts with an extensive repertoire of ECM components and 

cell surface integrins (a5b1, a2b1) through which it stabilizes 

the ECM and regulates tissue homeostasis.  The involvement 

of the HS chains of perlecan in tendon maturational processes 

was an unexpected finding and is a novel observation which 

needs to be explained in detail in future research. 

 

 
Figure 1.  TEM of 3 and 12 week old Tail and Achilles 

tendons from WT and Hspg2 exon 3 null mice demonstrating 

differences in collagen fibril cross sectional area and in size 

distributions. 

 

CONCLUSIONS 

1. This is the first study to demonstrate that the HS chains of 

perlecan influence tendon maturation.  

2. The precise mechanism of how the HS chains of perlecan 

exert this effect is not known but appears to be due to changes 

in expression of anabolic and catabolic matrix genes and 

differences in the responsiveness of tenocytes to growth 

factors such as FGF-2. 
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INTRODUCTION 

Inhibitor of Apoptotic protein (IAP) is an endogenous 

inhibitor of caspases known to inhibit apoptosis in many cell 

types. Previously we have reported the increased expression of 

two IAP family members, xIAP and survivin, in synovial 

tissues of patients with Rheumatoid Arthritis (RA)[1]. These 

inhibitors of apoptosis are likely to contribute to the survival 

of the infiltrating inflammatory and resident synovial cells in 

RA synovial tissues. In addition, we have also reported that 

xIAP and survivin are modulated by Disease Modifying Anti-

Rheumatic Drugs (DMARDs)[2], indicating that inhibiting 

xIAP and/or survivin may be a potential treatment for RA. 

This study aimed to investigate the effect of a plant-derived 

xIAP inhibitor, Embelin, on inflammation and bone loss in an 

experimental model of inflammatory arthritis in mice. 

 

METHODS 

Balb/C mice were divided into 4 groups of 6 animals: 

collagen-antibody induced inflammatory arthritis (CAIA) 

group, CAIA treated with prednisolone (10mg/kg/day), CAIA 

treated with low-dose Embelin (30mg/kg/day) and CAIA 

treated with high-dose Embelin (50mg/kg/day) group. The 

prednisolone treatment group was used as a positive treatment 

control, and allowed us to compare Embelin to an established 

drug treatment.  Body weight and paw scores were recorded 

daily as previously described[3]. At completion (day10) mice 

were sacrificed and paws were collected for micro-CT 

analysis (Skyscan model 1076) and histological analysis. 

Histological analysis included scores for inflammation, pannus 

formation, cartilage degeneration and bone degradation by 

experienced individuals blinded to the groups. Micro-CT 

analysis included quantification of bone volume (BV) within 

the radiocarpal joint of the front right paws (software CTAn) 

and generation of three-dimensional models (Paraview). 

Differences in paw scores, histological scores and BV between 

groups were analysed using non-parametric Kruskall Wallis 

and Mann-Whitney U test. Correlation between the parameters 

mentioned above obtained from the same paw was analysed 

using Kendal tau b test. Differences and correlation were 

deemed statistically significant if p<0.05 
 
RESULTSAND DISCUSSION 

Both low-dose and high-dose Embelin inhibited inflammation 

of the paws as assessed using paw scoring (Figure 1a), with 4 

out of 6 mice responding to low dose. Low-dose Embelin also 

reduced disease severity significantly (p<0.05) throughout the 

disease course as compared to CAIA untreated mice. Mice 

treated with high-dose Embelin also demonstrated higher BV  

than the untreated CAIA and the low-dose Embelin group 

(Figure 1b). In CAIA mice treated with low-dose Embelin, 

histological analysis demonstrated lower score for 

inflammation (p<0.05), cartilage and bone degradation 

(p=0.057), and pannus formation (p=0.167), however, the  

latter two differences were not statistically significant. This 

was likely due to the small number of animals in each group. 

Correlations were significant (r>0.5, p<0.05) between clinical 

scores and each of the histological scores, as well as between 

clinical scores and BV measurements obtained by micro-CT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. (a): Clinical paw score in each group. (b): Bone Volume 

BV (mean, SEM) measured by micro -CT in each group, * p<0.05  

 

CONCLUSIONS 

This study demonstrates the potential of inhibiting xIAP to 

reduce inflammation and joint destruction using a murine 

model of inflammatory arthritis. Different doses of Embelin 

may produce different effects on inflammation and related 

bone loss, which requires further investigation. 
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INTRODUCTION 

The intervertebral disc (IVD) is a major contributor to the 

weight bearing, tensile and flexibility properties of the spine 

due to the interplay of a diverse range of structural IVD 

proteins assembled into structures which convey 

mechanosensory and biomechanical properties to the 

composite disc.  Fibrillin-1 is a major component of elastic 

microfibrils and interactive with a diverse range of matrix 

components integrating these microfibrils with the 

extracellular matrix providing cell-matrix interconnections 

which serve mechanosensory roles allowing the cells to 

perceive and respond to their biomechanical 

microenvironment. LTBP-1 and 2 are accessory proteins 

which become incorporated into fibrillin-1 microfibrils. 

Potential functions for LTBP-2 in the IVD are based on its 

role as a modulatory structural microfibrillar component 

which may regulate deposition of TGF-b in tissues. Perlecan 

is a modular multifunctional HS-proteoglycan with roles in 

matrix stabilization/organisation, growth factor binding and 

chondrogenesis. The role of versican in the IVD is currently 

not known but it may provide hydration to fibrous and elastic 

AF tissues.  

 

METHODS 

Comparative immunolocalisation of fibrillin-1, LTBP-2, 

fibrillin-1, versican and perlecan in foetal human, wild type 

C57BL/6 and Hspg2 exon 3 null mouse IVD using confocal 

and bright field microscopy 

 

RESULTS 

Fibrillin-1 was prominent in the AF of the human foetal IVD 

and in fibres extending into the cartilaginous vertebral 

rudiments.  LTBP-2 was a pericellular component of annular 

fibrochondrocytes, interstitial matrix of NP cells and fibrillar 

and cell associated material of the AF.  Perlecan and LTBP-2 

displayed strong pericellular colocalisation in the AF and to 

fibrillar AF material.  Versican was a prominent fibril 

associated component of the AF localised in close proximity 

to fibrillin-1.  Significantly lower fibrillin-1 and LTBP-2 

levels were observed in the AF of the Hspg2 exon 3 null 

mouse presumably due to lack of perlecan HS required for 

assembly/matrix binding of fibrillin-1 and LTBP-2.  

Colocalisation of LTBP-2 with perlecan in the foetal human 

IVD was consistent with HS mediated interactions.  LTBP-2 

was prominently associated with annular fibrils containing 

fibrillin-1, versican was localised close to these but not 

specifically with LTBP-2. 

 

DISCUSSION 

The LTBP-1 and fibrillin-1 containing microfibrils are of 

interest since they not only serve a biomechanical and 

mechanosensory function but information from other tensional 

and weight bearing connective tissues indicate microfibrils 

have biological roles to play in tissue development and 

remodelling through their ability to sequester growth factors 

such as TGF-b, despite LTBP-2’s significant sequence 

homology it does not share this property.  LTBP-2 binds 

competitively with LTBP-1 to fibrillin-1 and may alter the 

stoichiometric balance of LTBP-1 and TGF-b in tissues 

leading to gradient formation important in tissue development. 

LTBP-2 has multiple HS binding sites and competes for 

binding to perlecan-HS thereby displacing previously 

sequestered growth factors which may now become available 

to stimulate local disc cell populations. Versican associates 

with fibrous and elastic tissues suggesting it has interactive 

properties which stabilise functional networks in these tissues.  

An alternative role for versican is based on its ability to entrap 

hyaluronan and maintain high hydration levels in tissues. 

 

CONCLUSIONS 

1. This is the first study to demonstrate colocalisation of 

perlecan and LTBP-2 in the IVD.  This is a HS mediated 

interaction thus in Hspg2 exon 3 null mice very little LTBP-2 

is deposited in the disc matrix. Fibrillin-1 assembly and matrix 

deposition is also severely disrupted by HS deficiency.  

Impacts on microfibril assembly and sequestration of TGF-b 

in disc tissues may hamper the ability of tissues to undergo 

remodelling due to perturbations in the biomechanical cellular 

microenvironment in the IVD. 

2. Versican’s role in annular tissues is unclear however it may 

localise hyaluronan, a well known lubricative component in 

joints, and facilitate lubrication of annular collagen fibre 

bundles which are required to move over one another during 

flexion/extension/torsional IVD movements.  

3. A greater understanding of how fibrillar components are 

assembled in the developmental IVD and their interactive 

properties may provide invaluable insights of therapeutic 

value some day in the treatment of pathological IVDs.  
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INTRODUCTION 

Disulfiram(DSF) has been previously employed in treating 

chronic alcoholism. Unexpectedly, a previous study indicated 

that prolonged DSF administration resulted in improved bone 

mineral density(BMD) in patients [1], however the 

mechanism(s) underlying this elevation in BMD remains 

unclear. Recently, DSF has been identified as an inhibitor of 

the acidifying complex vacuolar-ATPase(v-ATPase) in yeast 

[2]. During bone remodelling, the v-ATPase complex is 

enriched on the bone-apposed membrane of osteoclasts, large 

multinucleated cells whose exquisite function is bone 

resorption.  

 

Given that DSF increases BMD in patients, this study aims: i) 

to determine its ability to inhibit v-ATPase in osteoclast and ii) 

to provide some mechanistic insights into how DSF modulates 

bone turnover. 

 

METHODS 

To explore the effect of DSF on osteoclast formation and 

function, we have used varying doses of DSF to assess its 

impact on multiple parameters including: i) 

osteoclastogenesis, ii) bone resorption, iii) gene expression 

profile of osteoclastic markers, iv) osteoclast acidification and 

v) major signaling pathways during osteoclast formation. 

 

RESULTS AND DISCUSSION 

Our data suggested that DSF didn’t affect v-ATPase activities 

in mouse bone marrow macrophage derived pre/mature 

osteoclasts. The potent inhibition on osteoclastic bone 

resorption was largely owing to the impairment of osteoclast 

formation as proved by in vitro osteoclastogenesis. 

Specifically, DSF only inhibited osteoclastogenesis during the 

early stage of differentiation but not late stage. Mapping 

through major RANKL-induced signaling pathways 

discovered that DSF disturbed the nuclear translocation of 

NFkB and suppressed the expression of NFATc1. 

Consistently, luciferase assay showed decreased 

transcriptional activities for both NFkB and NFATc1. Key 

osteoclastogenic genes are markedly down-regulated as shown 

by RT-PCR.  

 

NFkB and NFATc1 are two major RANKL-induced 

transcriptional factors which  function during early 

commitment and differentiation of osteoclast precursors. 

Targeting at these two key players, DSF manages to abolish 

osteoclast formation at early stage. Since DSF doesn’t inhibit 

acidification osteoclast, the decrease in osteoclastic bone 

resorption is largely owing to impaired osteoclast formation.  

 

Given the complicated nature of v-ATPase complex, the 

reason why the novel yeast v-ATPase inhibitor doesn’t affect 

v-ATPase activity in mammalian cells requires further 

investigation. 

 

CONCLUSIONS 

Our findings demonstrate that DSF is not a v-ATPase inhibitor 

in osteoclasts but it still inhibits bone resorption in vitro by 

attenuating osteoclastogenesis. This inhibition in osteoclast 

formation likely underscores the observed elevation BMD in 

patients receiving prolonged drug treatment. Therefore this 

classic anti-alcoholism drug has gained novel therapeutical 

potential against diseases related to enhanced osteoclast 

formation and/or activity. 
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INTRODUCTION 

Sarcopenia and osteoporosis affect older adults around the 

world and many times have devastating complications that 

affect their well-being and quality of life.  Analysis of the 

pathophysiological pathways of sarcopenia and osteoporosis 

reveal several overlapping features. These conditions are age-

related, both are multifactorial processes and both are 

characterized by progressive loss of tissue mass. Additionally, 

physical inactivity, vitamin D deficiency and poor nutrition 

accelerate the progression of both conditions. Despite these 

similarities, most interventions to date target these conditions 

separately. In this lecture, we will review the current state of 

knowledge about sarcopenia and osteoporosis and will analyze 

preventive measures and therapeutic interventions that can 

benefit both conditions simultaneously. We intend to go over 

the translational aspects of sarcopenia and osteoporosis 

research and highlight expected outcomes from different 

interventions for both conditions. We will initially review the 

mechanisms contributing to sarcopenia and osteoporosis 

including metabolic and cell signaling changes. For example, 

we will analyze how changes in protein and amino acid intake 

affect muscle and bone metabolism. Next, we will discuss the 

benefits and limitations of current diagnostic schemes for both 

conditions. For instance, the benefits and limitations of dual 

energy X-ray absorptiometry (DXA) as a diagnostic and 

research tool will be analyzed. Then, we will discuss 

evidence-based diagnostic and therapeutic interventions that 

pose promising opportunities for both conditions, which 

include the review of nutritional, physical activity and 

pharmacologic interventions. Finally we will translate this 

information into practical approaches to prevent falls and 

fractures in older persons.  
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INTRODUCTION 

Rupture of the anterior cruciate ligament (ACL) is associated 

with an increased risk of post-traumatic knee osteoarthritis 

(OA) [1, 2]. Early degeneration of articular cartilage is due 

to biochemical alterations of the cartilage, which can be 

estimated non-invasively with T2-weighted magnetic 

resonance (MR) imaging [3, 4]. T2 relaxation times have 

been associated with degeneration of knee cartilage, and may 

detect early signs of OA [4, 5]. The purpose of the study was 

to determine the effect of ACL rupture on the lateral 

tibiofemoral cartilage and its recovery after ACL 

reconstruction. 

 

METHODS 

Ten patients with acute ACL injuries, reconstructed 

arthroscopically, were imaged with 3.0T MRI at baseline 

(after injury and prior to surgery) as well as 3 and 6 months 

after ACL reconstruction. Ten healthy subjects, matched for 

age, gender, height and weight, were studied as controls. 

Tibiofemoral cartilage T2 relaxation times were quantified 

from five different regions of interest (ROI) in the lateral 

compartment, and each region was further divided into a 

superficial and deep layer. Both group- and single-subject 

analyses were used to compare patients and healthy controls, 

as well as assess changes in T2 over time. 

 

RESULTS AND DISCUSSION 

Overall, the superficial cartilage layers displayed higher T2 

values than the deep cartilage layers.  The group analysis did 

not reveal any change in ACL reconstructed knees over time. 

T2 relaxation time was significantly higher in the deep 

cartilage layer of the posterior tibia preoperatively, as well as 

in the superficial layer of the central tibia of the patient 

group at 3 month follow-up, compared to healthy controls. In 

contrast, the single-subject analysis detected significant 

(p<0.05) differences in a proportion of patient-control 

comparisons (10-76.7%). The pattern of changes across 

time-points was highly variable between cartilage layers and 

patients. While some patients showed no significant changes 

in T2 relaxation time, others recovered or worsened at 3 and 

6 months after reconstructive surgery. This shows that the 

first signs of cartilage degeneration are seen as soon as 3 

months after ACL reconstruction, which might indicate the 

initiation of OA, and with an earlier detection the 

progression of the disease could be interrupted or delayed.   

  

 
Figure 1: Segmentation of the lateral compartment into a central and 

posterior femoral ROI, and an anterior, central and posterior tibial ROI. All 

ROIs were divided into a superficial (red) and a deep (blue) layer.   

 

CONCLUSIONS 

This is the first study to detect changes in knee cartilage 

matrix as early as 3 and 6 months after ACL-reconstruction. 

Importantly, the results were highly variable and future work 

is required to determine if these response patterns stabilize 

beyond 12 months post-operatively. Moreover, the long term 

implications of elevated T2 relaxation times remain to be 

elucidated.  
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INTRODUCTION 

Rheumatoid arthritis (RA) is a chronic destructive 

inflammatory disease of the joints. The collagen antibody-

induced arthritis (CAIA) mouse model provides a 

straightforward and rapid means of producing pathologies 

associated with inflammatory arthritis. However, regardless of 

the rodent model used to study the disease, current non-

invasive readouts of disease severity, such as paw 

thickness/volume or clinical score grades, rely on assessment 

of edema, rather than on the underlying synovial proliferation, 

inflammatory cell infiltration, and osteoclastic bone resorption 

[1]. To quantify the bone erosion in murine models of 

inflammatory arthritis, recent studies utilise micro-computed 

tomography (micro-CT) [2]. 

 

This study shows a novel 3D micro-CT image analysis 

protocol, capable to visualise and quantify not only paw joint 

bone resorption, but also swelling of the soft tissue. Results 

were compared with clinical and histological assessment. 

 

METHODS 

Balb/C mice were divided into two groups: CAIA group 

(n=10), and CAIA treated with Prednisolone (10mg/kg/day) 

group (n=12). The Prednisolone-treated CAIA group served as 

a positive control, for comparison to an established RA 

treatment. Clinical paw scores were recorded daily (0=normal, 

15=severe) [2]. After 10 days, mice were sacrificed and front 

right paws collected for micro-CT (Skyscan model 1076) and 

histological analysis. Histological analysis comprised scores 

for inflammation, pannus formation, cartilage degeneration 

and bone degradation. Micro-CT analysis comprised 

measurement of paw volume (PV, mm3) and bone volume 

(BV, mm
3
) at the radiocarpal joint, and measurement of BV 

from the radiocarpal joint to proximal phalanx. Differences 

between mice groups in clinical scores, histological scores, PV 

and BV, were assessed using Mann-Whitney U test. 

Correlations between these parameters were analysed using 

Kendall’s Tau test. Significance level was set to p=0.05. 

 

RESULTS AND DISCUSSION 

Prednisolone-treated CAIA mice demonstrated significantly 

lower clinical score compared to CAIA mice (0.7±0.8 vs 

6.1±3.7, p<0.001). Consistently, 3D micro-CT showed paw 

swelling in CAIA mice, as well as bone erosion (Figure 1), 

with significantly increased PV (p<0.01) and decreased BV 

(p<0.05, Figure 2). 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1. 3D micro-CT images of front paws; bone in white, soft 

tissue in red color: (a) CAIA mouse shows soft tissue swelling, and 

(b) joint bone erosion (arrows), compared to (c,d) 

CAIA+Prednisolone mouse. 

 

 

 

 

 
 
 

 

 

Figure 2. Micro-CT measurements (mean±SD): (a) paw volume and 

(b) bone volume in radiocarpal joint; (c) bone volume in radiocarpal 

joint to proximal phalanx.*:p<0.05, **:p<0.01, ***:p<0.001 

 

In CAIA mice, histological analysis demonstrated 

significantly higher score for inflammation (p<0.01), cartilage 

and bone degradation (p<0.01), and pannus formation 

(p<0.01). Statistically significant correlations were observed 

between clinical scores and both PV and BV assessed by 

micro-CT, as well as between histological scores and each of 

the micro-CT measurements (r>0.5, p<0.05). 
 

CONCLUSIONS 

This study presents a novel 3D micro-CT analysis protocol, 

capable to detect not only bone erosion, but also paw swelling 

in a murine model of inflammatory arthritis. Clinical and 

histological assessments significantly correlated with changes 

in paw swelling and bone erosion detected by micro-CT. 
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INTRODUCTION 

Canals thought to contain vascular tissue are reported to 

penetrate the articular calcified cartilage (ACC) in numerous 

species [1,2], but their significance in cartilage health and 

disease remains unclear [3]. The aim of this study was to 

determine if the canals are associated with exercise and are 

more numerous in a site of intermittent high cartilage loading 

compared to sites sustaining lower, habitual  loads. 

 

METHODS 

From strenuously exercised and control horses (n=6/group) 

[4], a 6mm thick sagittal bone slab was sawn, volumetric bone 

mineral density (BMDv) determined, and the ACC surface  

exposed by corrosion of hyaline cartilage on the distal and 

proximal surfaces of the third (capitate) carpal bone (C3).  

En face scanning electron micrographs were studied, and the 

number of canals on the ACC surface of four regions with 

different loading and BMDv features was compared. 

 

RESULTS AND DISCUSSION 

BMDv of the whole C3 bone slab was significantly higher 

(p=0.004) in exercised than control horses, and higher 

(p<0.01) in subchondral bone of dorsal sites than palmar sites 

of C3 in exercised horses, but not in control horses. Groups of 

two morphologically distinct large (25-250µ diameter) and 

small (6-32 µ) canals were observed in the ACC surface. 

There were significantly fewer (p=0.006) large canals in the 

dorsal than in the palmar aspect of C3 of control but not 

exercised horses. The median number of small canals did not 

differ between exercised and control horses. Previously 

undescribed depressions in the ACC were visible in some 

samples (Figure1). The perimeter of the canals showed 

scalloping consistent with the appearance of osteoclastic 

resorption (Figure 2). In neither exercised nor control horses 

was there a difference in numbers of canals (large or small) 

between the ACC surface of the intercarpal joint aspect of C3 

when compared to the surface of the carpo-metacarpal joint of 

C3.The former has a range of motion (ROM) of ~160 degrees, 

and sustains high intermittent focal forces at its dorsal aspect, 

in the latter there is negligible relative movement of its 

constituent bones. The lack of a significant difference in 

canals observed in the highly different proximal and distal 

aspects of C3 indicate that in this slab of bone at least, the 

number of canals was apparently not related to the difference 

in mechanical loads which result in significant orthopedic 

injury (osteochondral fragmentation) which occurs in this one 

specific site and never in the other three sites sampled.  

However, the exercised horses were treadmill-trained at 

slightly lower speeds than horses achieve during racing. 

Although C3 apparently responds to exercise by adaptive 

remodelling of bone and ACC along the dorsal load path [3,4], 

this initial study showed no differences in the number of 

canals between dorsal and palmar aspects of C3 in the 

exercised horses.      

 
Figures 1 and 2: SEM image showing depressions in the 

ACC surface of the dorso-proximal aspect of C3 surface of an 

exercised horse (left), and of a large canal with scalloped 

edges on the palmaro-distal C3 surface of a control horse. 

 

CONCLUSIONS 

The depressions in the ACC are worthy of further study, since 

they appeared to precede the presence of the canal opening on 

the ACC surface.  In the 6mm wide slab of C3 examined, joint 

loading and ROM appeared not to be associated with the 

number of canals present. Study of the whole proximal and 

distal surface of C3 of horses with a range of known 

workloads and early orthopedic abnormality appears indicated.   
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INTRODUCTION 

In the normal elderly population, aging has been associated 

with the reduction of bone density and remodeling, the 

deterioration of microarchitecture and decrease of mechanical 

property, in trabecular and cortical bone of both axial and 

appendicular skeleton. Some people even end with the 

development of osteoporosis, with correspondent increased 

risks of fracture. Gender is also reported to have influence on 

bone properties. Conversely, osteoarthritis (OA), a common 

leading cause of pain and disability in the aging population, 

has been reported to change the close relationship between 

aging and bone properties, and between gender and bone 

properties.  However, there is a paucity of published data on 

the effects of age and gender on the periarticular bone in 

osteoarthritic femoral heads.   

 

The aim of this study was 1) to assess the influence of gender 

on both structural and remodeling indices of the periarticular 

bone in femoral heads with OA; 2) to investigate the 

dependence on age of both structural and remodeling indices 

of the periarticular bone in femoral heads with OA. 

 

METHODS 

110 human femoral heads (50 females, mean age 64.6±11.7 

years; 60 males, mean age 69.1±12.3 years) were collected 

from patients with severe primary OA undergoing hip 

arthroplasty. A periarticular bone cylinder (15 mm in height 

and 9 mm in diameter), was extracted from the primary 

compressive stress region. All samples comprised three 

different regions: the subchondral bone plate, subchondral 

trabecular bone and deeper trabecular bone. 

 

After fixation, each cylindrical bone specimen was scanned by 

micro-CT, for the analysis of bone structure parameters. For 

the subchondral bone plate, the following parameters were 

calculated: the cortical thickness (Ct.Th), bone volume 

fraction (BV/TV), bone surface density (BS/TV), porosity 

(Po.), and mean total cross-sectional bone area (B.Ar). For the 

subchondral and deeper trabecular bone, the following 

parameters were calculated: BV/TV, trabecular thickness 

(Tb.Th), trabecular separation (Tb.Sp), trabecular number 

(Tb.N), structure model index (SMI), the geometrical degree 

of anisotropy (DA), and connectivity density (Conn.Dn). 

 

The specimens were then dehydrated and embedded in methyl 

methacrylate. All bone specimens were trimmed and sectioned 

on a microtome. Sections,  5  μ  m  thick,  were then stained by 

Goldner Trichrome to distinguish between the mineralized 

bone, the cellular components of the marrow, and the osteoid. 
Histomorphometric measurements were made of the following 

bone remodeling parameters: thickness of osteoid (O.Th), 

percent osteoid volume in the bone tissue volume (OV/TV); 

percent osteoid volume (OV/BV); osteoid surface in the bone 

tissue volume (OS/TV); specific osteoid surface (OS/BV); 

percent osteoid surface (OS/BS); percent eroded surface 

(ES/BS); eroded surface in the bone tissue volume (ES/TV); 

specific eroded surface (ES/BV); percent osteoid surface to 

eroded surface (OS/ES). 

 

RESULTS AND DISCUSSION 

There is no significant difference between males and females 

for age. In the subchondral bone plate and subchondral 

trabecular bone, no significant differences between males and 

females were found for structural and remodeling indices. 

However, in the deeper trabecular bone, there were 

significantly higher Tb.Th and lower Tb.N in females, 

compared to males. Accordingly, some resorption parameters 

were significantly less in females, compared to males. 

 

In all the three different regions, none of the examined 

structural or remodeling indices was found significantly 

dependent on age, neither for males, nor for females. 

 

CONCLUSIONS 

The structural and remodeling indices in the subchondral bone 

plate and trabecular bone of osteoarthritic femoral heads are 

completely independent of gender. However, deeper 

trabecular bone is still dependent on gender, with thicker and 

more trabeculae in females than males, which may be due to 

the different bone turnover mechanisms between genders. OA 

also changes the age dependences of both the structural and 

remodeling indices, in all the three different regions of 

periarticular bone. 
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INTRODUCTION 

Angiogenesis plays a pivotal role in bone development, 

growth and repair. Angiogenic processes that occur at the 

interface of cartilage-subchondral bone and in the trabecular 

bone region within the diaphysis are regulated by angiogenic 

factors via autocrine/paracrine mechanisms of action [1]. 

Recently, it has been demonstrated that vascularization and 

osteoclast formation were enhanced, resulting in reduced bone 

mass in the growth plate region of adult LIF knockout (-/-) 

mice. The enhanced vasculatization could provide abundant 

osteoclast precursors, allowing the formation of large 

osteoclasts [2]. However, data regarding angiogenic factors in 

bone local environment is lacking. In search for novel 

angiogenic factors locally produced in the bone 

microenvironment, we have identified that EGFL6, a member 

of the epidermal growth factor (EGF) repeat superfamily, is 

up-regulated during osteoblast differentiation and promotes 

angiogenesis [3]. Here we investigate the physiological role of 

EGFL6 in bone homeostasis using EGFL6
-/-

 mice. 

 

METHODS 

MicroCT and histological analysis were carried out to assess 

the bone phenotype of the EGFL6-/- mice. 

Immunohistochemistry was performed to examine vasculature 

near the growth plate region using an endothelial cell marker 

CD31. Osteoclasts were generated from bone marrow 

macrophages isolated from the long bones and cultured in 

vitro with macrophage colony stimlating factor (M-CSF) and 

receptor activator of nuclear factor kappa B ligand (RANKL). 

Primary osteoblasts were isolated from calvaria and long bone, 

and induced to differentiate and form bone nodules by 

culturing in osteogenic differentiation medium.  

 

RESULTS AND DISCUSSION 

MicroCT analysis revealed a significantly increased trabecular 

bone volume in primary spongiosa below the growth plate of 

EGFL6
-/-

 mice compared with wild type mice (Figure 1). 

EGFL6
-/-

 mice showed a decreased CD31 immunostaining in 

the growth plate region by immunohistochemistry. Histology 

results of the EGFL6
-/-

 mice demonstrated an increased bone 

density in the primary spongiosa and a decrease in Safranin O  

staining of the cartilage. Moreover, osteoclast staining with 

tartrate-resistant acid phosphatase (TRACP) was decreased in 

the trabecular bone of EGFL6
-/-

 mice. Interestingly, 

mineralized bone nodule formation in osteoblasts isolated 

from EGFL6
-/-

 mice was reduced, indicating that the bone 

phenotype of EGFL6
-/- 

was predominantly attributed to 

decreased osteoclast activity. Furthermore, the gene 

expression of RANKL in long bone was decreased in EGFL6
-/-

 

mice, suggesting that EGFL6 could regulate 

osteoclastogenesis indirectly by modulating RANKL 

expression. 

 

 
 

Figure 1. Increased bone volume in the subchondral bone of 

femur of EGFL6
-/-

 mice. (A) MicroCT images of longitudinal 

sections of distal femurs of EGFL6 KO and WT mice. (B) 

Structural parameters of trabecular bone in the primary 

spongiosa. Note that the KO mice have a significant increase 

in trabecular volume and numbers in the primary spongiosa. 

*p<0.05, **p<0.01. 

 

CONCLUSIONS 

EGFL6 
-/- 

mice display greater trabecular bone volume in the 

primary spongiosa with a decrease in mineralized bone nodule 

formation in vitro, which indicates reduced resorption, as 

confirmed by decreased  TRACP-stained osteoclasts ex vivo. 

Moreover, the increased bone mass in the primary spongiosa 

of EGFL6
-/-

 mice could be attributed to reduced  

vascularization and osteoclast formation in the region. Taken 

together, these results demonstrate that EGFL6 plays an 

important role in bone homeostasis by regulating osteoclasts, 

osteoblasts and endothelial cells in the bone 

microenvironment. 
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INTRODUCTION 

The relationship between tibial slope and anterior cruciate 

ligament rupture remains controversial [1].  The lack of 

consensus could be attributed to the use of the bony tissue to 

define tibial slope, despite the likelihood that the slope 

generated by the soft tissues, such as cartilage and menisci, 

forms a more functional interaction with the femoral articular 

surface [2]. There is a complex interaction between the 

tibiofemoral joint and meniscal kinematics. The purpose of 

this study was to determine the effects of flexion angle on 

meniscal slope during partial weight-bearing knee flexion. 

 
METHODS 

Forty eight sagittal sequences were performed on 12 patients 

(6 male, 6 female; 25.7+/-10.5 years) during partial weight-

bearing in an open-scanner at full extension, 60°, 90° and 

maximum knee flexion. A previously published method was 

used to measure the meniscal slope for each compartment 

using manual digitization [3] (Figure 1). A general linear 

model was used to test for effects of compartment and flexion 

angle on meniscal slope. 

  

 
 

RESULTS AND DISCUSSION 

The mean maximum flexion angle achieved was 125°+10.5°. 

A significant main effect of compartment (p<0.01) and flexion 

angle (p<0.01) on meniscal slope were observed. A significant 

interaction between compartment and angle was also detected 

(p< 0.01). Specifically, the lateral meniscal slope was 

significantly more horizontal compared to the medial 

meniscus slope at full extension (p = 0.017), but significantly 

more posterior at all other angles. In addition, the lateral 

meniscus displayed a greater change in posterior slope across 

the range of motion compared to the medial meniscus. 

Significant correlations were found in medial meniscal slope 

at full extension and at maximum knee flexion (p = 0.031). 

This is the first study to report on soft tissue slope changes 

throughout knee range of motion. These findings may have 

important implications for modeling knee biomechanics 

during impact tasks involving rapid flexion. 

 

CONCLUSIONS 

Meniscal slope in healthy knees increased significantly with 

knee flexion in both compartments, with significantly greater 

changes in the lateral meniscus. Furthermore, a lack of 

correlation was observed between the meniscal slope in 

extension and meniscal slope at increasing flexion angles, 

questioning the efficacy of measuring the meniscal slope only 

in extension as commonly described. Overall, this study has 

given valuable insight on how meniscal slope changes with 

knee motion. Future work should investigate how the 

variability in meniscal slope affects knee forces during 

functional movement.  
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INTRODUCTION 

It is known that the vascular morphology and functionality are 

changed following closed soft tissue trauma (CSTT) [1], and 

bone fractures [2]. The disruption of blood vessels may lead to 
hypoxia and necrosis. Currently, most clinical methods for the 

diagnosis and monitoring of CSTT with or without bone 

fractures are primarily based on qualitative measures or 

practical experience, making the diagnosis subjective and 

inaccurate. There is evidence that CSTT and early vascular 

changes following the injury delay the soft tissue tissue and 

bone healing [3]. However, a precise qualitative and 

quantitative morphological assessment of vasculature changes 

after trauma is currently missing. In this research, we aim to 

establish a diagnostic framework to assess the 3D vascular 

morphological changes after standardized CSTT in a rat model 

qualitatively and quantitatively using contrast-enhanced 
micro-CT imaging.  

 

METHODS 

An impact device was used for the application of a controlled 

reproducible CSTT to the left thigh (Biceps Femoris) of 

anaesthetized male Wistar rats. After euthanizing the animals 

at 6 hours, 24 hours, 3 days, 7 days, or 14 days after trauma, 

CSTT was qualitatively evaluated by macroscopic visual 

observation of the skin and muscles. For visualization of the 

vasculature, the blood vessels of sacrificed rats were flushed 

with heparinised saline and then perfused with a radio-opaque 
contrast agent (Microfil, MV 122, Flowtech, USA) using an 

infusion pump. After allowing the contrast agent to 

polymerize overnight, both hind-limbs were dissected, and 

then the whole injured and contra-lateral control limbs were 

imaged using a micro-CT scanner (µCT 40, Scanco Medical, 

Switzerland) to evaluate the vascular morphological changes.  

Correlated biopsy samples were also taken from the CSTT 

region of both injured and control legs. The morphological 

parameters such as the vessel volume ratio (VV/TV), vessel 

diameter (V.D), spacing (V.Sp), number (V.N), connectivity 

(V.Conn) and the degree of anisotropy (DA) were then 
quantified by evaluating the scans of biopsy samples using the 

micro-CT imaging system.  

 

RESULTS AND DISCUSSION 

A qualitative evaluation of the CSTT has shown that the 

developed impact protocols were capable of producing a 

defined and reproducible injury within the region of interest 

(ROI), resulting in a large hematoma and moderate swelling in 

both lateral and medial sides of the injured legs. Also, the 

visualization of the vascular network using 3D images 

confirmed the ability to perfuse the large vessels and a 

majority of the microvasculature consistently (Figure 1). 
Quantification of the vascular morphology obtained from 

correlated biopsy samples has demonstrated that V.D and V.N 

and V.Sp were significantly higher in the injured legs 24 hours 

after impact in comparison with the control legs (p<0.05). The 

evaluation of the other time points is currently progressing. 
 

 
 

Figure 1: While 3D images of the  rat  hindlimb’s  vascular tree 

obtained 24 hours after injury from micro-CT scans showed 

no clear differences between injured and non-injured control 
limbs, the quantification of VV/TV revealed higher values in 

the injured legs, (p<0.05). 

 

CONCLUSIONS 

The findings of this research will contribute to a better 

understanding of the changes to the vascular network 

architecture following traumatic injuries and during healing 

process. When interpreted in context of functional changes, 

such as tissue oxygenation, this will allow for objective 

diagnosis and monitoring of CSTT and serve as validation for 

future non-invasive clinical assessment modalities.  
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INTRODUCTION 

Particle-induced osteolysis is a major cause of aseptic 

loosening and subsequent implant failure following total joint 

arthroplasty. Studies have shown excessive osteoclast bone 

resorption induced by particles is responsible for peri-

prosthetic loosening. Parthenolide (PAR) significantly inhibits 

osteoclastogenesis in vitro [1]. In vivo and in vitro studies 

have demonstrated the effect of PAR blocking NF-κβ   in  

lipopolysaccharide (LPS)-induced osteolysis mice [2] and 

synovial cells derived from RA patients [3]. The aim of the 

current study was to determine whether the NF-κβ  inhibitor  

PAR reduces bone resorption in a murine calvarial model of 

polyethylene (PE) particle-induced osteolysis. 

 

METHODS 

24 mice were randomly divided into 4 groups of 6; Group 1: 

Control (no disease and no PAR treatment), Group 2: ‘PAR 

only’  (no  disease  but  treated  with  drug), Group 3: ‘PE only’ 

(disease) and Group 4: ‘PE+PAR’ (disease and treated with 

drug). At day -7, mice were scanned using the live-animal 

micro-computed   tomography   (μCT) scanner (Skyscan 1076 

High Resolution in vivo Scanner; Skyscan, Kontich, Belgium) 

to determine baseline bone volume (BV). At day 0, the 

periosteum of the mice calvariae was lightly scratched and 

implanted with either 1% normal mouse serum (NMS) in PBS 

(Group 1 and 2) or PE particles in 1% NMS in PBS at 

concentration of 2×108 particles/mL (Group 3 and 4). Mice 

were treated with 1mg/kg PAR at days 0, 4, 7 and 10 by 

subcutaneous injection adjacent to the implant location (Group 

2 and 4). Following sacrifice at day 14, serum was collected to 

determine bone resorption as assessed by commercial CTX-1 

ELISA (RatLaps, Nordic) and an ex vivo μCT   scan was 

performed. All  calvariae  were  scanned  using  μCT  at 35mm, an 

optimised width of 9μm  pixel  size  and  9-μm  pixels  spatial  

resolution. Scans were then reconstructed using the volumetric 

reconstruction  software  ‘NRECON’  (Skyscan).  A rectangular 

region of interest (ROI) was selected and sized at constant 

proportions for all scans. The change in BV overtime was 

determined relative to the baseline BV.  Student t-tests were 

used to analyze statistical significance (p<0.05) in differences 

in BV changes between the groups.  

 

RESULTS AND DISCUSSION 

The μCT analysis showed all groups of mice had increased 

BV overtime as expected with normal growth. There was a 

0.35mm
3
 increase of BV in the control group. The ‘PE  only’  

group had only a 0.09mm
3
 increase. When compared to the 

control, the presence of PE particles significantly induced 

bone loss (p<0.05; Figure 1A). This was consistent with the 

three dimensional stereo images of mouse calvariae at day 14 

showing the presence of pits on the calvariae of ‘PE only’ 

group. When compared to the control, the pitting confirmed 

osteolysis was induced adjacent to the implanted PE. This was 

also consistent with a significant increase in the CTX-1 levels 

(p<0.05; Figure 1B). The mice were treated with PAR to 

determine its effectiveness as a treatment for peri-prosthetic 

osteolysis. There was only a 0.07mm
3
 increase in BV overtime 

in  the  ‘PE+PAR’  group. However, when compared to the ‘PE 

only’ group, this was not statistically significant (ns; p>0.05). 

Interestingly, there was a higher increase in BV in the  ‘PAR  

only’   group when compared to the control, suggesting a 

physiological effect of PAR by increasing BV in normal mice. 

However, this was not statistically significant.  

Figure 1:  A) Bone  volume  change  determined  by  μCT, B) 

Bone turnover by CTX-1 ELISA. Data was presented as 

mean±standard error of the mean.  

 

CONCLUSIONS 

PE particles significantly induced bone loss in the calvarial 

murine model of peri-prosthetic osteolysis. However, PAR at 

1mg/kg did not significantly abrogate this bone loss. Further 

studies using local administration with other potential NF-κβ  

inhibitors will be required to determine if these drugs may be 

useful in treating aseptic loosening on patients. 
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INTRODUCTION 

As an engineered structure, not only does a scaffold create a 

matrix to generate desirable spatial tissue anatomy, but also 

provides a delivery vehicle allowing nutrient intake and 

metabolite removal during cell proliferation and tissue 

ingrowth [1]. Although tissue engineering has succeeded in 

generating thin tissue products like skin and cartilage, it is 

facing some difficulty in producing thick tissues in-vitro. 

Often neotissues are generated either too slowly, before the 

scaffold degrades, losing a proper mechanical support, or too 

fast around peripheral pores, obstructing nutrient transporting 

to and metabolite removal from interior beyond diffusion 

limitation. While numerous scaffolds have been devised and 

tested to date, there is lack of systematic approach to tackling 

such a critical problem in scaffold design. 

 

A fundamental premise of scaffold design is to build up a cell-

friendly biomimetic environment that allows cell to 

differentiate and proliferate into functional tissues with 

sufficient nutrition/metabolite transport [2]. To extract the 

most critical criteria for scaffold design, substantial in-vitro or 

in-vivo experiments were conducted, which have consistently 

demonstrated the importance of mechanical and biotransport 

properties in tissue generation. However, numerous in-vitro 

experiments showed that increasing scaffold stiffness could 

lead to a potential decrease in porosity and diffusivity/ 

permeability, preventing neo-tissue from proper ingrowth into 

scaffold interior and jeopardizing biotransport inside scaffold. 

Nevertheless, increasing scaffold porosity for higher 

diffusivity might reduce effective stiffness and strength.  

 

This study aims to develop time-dependent computational 

modelling and design to control the changing micro-

environment of tissue-scaffold construct to maximise the 

outcome of tissue generation. We adopt topology optimisation 

techniques to design scaffold structures for achieving 

mechanical and biological criteria.  

 

METHODS 

 

As the rapid development of solid free-form fabrication (SFF) 

technology, periodic scaffold architectures that comprise 

multiple unit cells have drawn increasing attention for its more 

controllable bulk (effective) properties. Two step procedure is 

developed here: (1) finite element (FE) based homogenisation 

technique to characterise bulk stiffness and diffusivity or 

permeability through modelling a given unit cell structure; (2) 

topology optimisation technique to inversely design the unit 

cell structure. The latter requires iterative FE runs and 

sensitivity analysis and topological updates. To compromise 

the abovementioned competing criteria of diffusivity/ 

permeability and stiffness, multi-objective design optimization 

is employed. We finally combine scaffold degradation [3] and 

tissue ingrowth [4] to examine the performance of optimised 

scaffold in-silico, thereby providing tissue engineer with more 

biomechanical sound designs for in-vitro or in-vivo tests. 

 

RESULTS AND DISCUSSION 

Fig. 1a shows the unit cell topology of periodic scaffold, 

which has combination of maximum bulk modulus and 

diffusivity under a certain trade-off. Comparing the optimal 

periodic scaffold (Fig. 1b) with a traditional random scaffold 

(Fig. 1a), it is found that the biotransport performance of 

optimal design is better in terms of oxygen concentration 

under the same stiffness and porosity (Fig. 1c).  

 
Figure 1: Performance of optimised periodic scaffold (unit-

cell size: 500mm) compared with random structured scaffold  

 

CONCLUSIONS 

The study shows that multiobjective topology optimisation is 

an effective tool for design of scaffold microstructures. It 

allows better controlling mechanical and biological criteria 

and has potential to provide a better architecture configuration.  
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INTRODUCTION 

The determination of reaction forces from ground surfaces are 

key to understanding movement and the injuries that occur 

during human movement, such as during sporting activity. 

Ground forces are typically measured using force platforms, 

but this equipment is not suitable for many outdoor conditions. 

Computational simulation of foot-ground interactions can 

potentially provide more information than experiments about 

loading in the body and the impact of external forces. 

However, existing computational models have been limited to 

sub-models of the body, or highly simplified models of foot-

ground interactions.  

 

METHODS 

We have developed a modelling framework for human motion 

on soft surfaces, such as sand, grass, clay and mud, based on a 

coupled biomechanical-smoothed particle hydrodynamics (B-

SPH) model. The surface of the body is represented by a 

detailed deforming mesh [1], which is typically sourced as a 

laser scan of an individual, and the ground is represented by 

elastoplastic SPH particles [2]. Only joint angles are specified 

from motion capture (Mocap) data. The framework allows the 

prediction of the dynamics of the body when interacting with 

soft surfaces of any shape. In this study we use the model to 

predict translational motion of the body during walking over a 

soft surface such as sand or clay. The translation motion is not 

specified, so predicted translation motion occurs as a result of 

accelerations from the predicted ground-foot forces. The aim 

of this study is to evaluate the predictions of displacement 

made by the B-SPH modelling framework. 

 

Figure 1:  Position of the body mesh and plastic strain in the 

soft ground surface at four time instants during the simulation.

RESULTS AND DISCUSSION 

Fig. 1 shows the motion of the body and the plastic strain in 

the ground surface. The feet initially sink sufficiently into the 

ground surface under gravity so as to support the weight of the 

person (Fig 1a). The body then translates forward as the left 

foot pushes against the soft ground. During the following left 

(Fig 1c) and right (Fig 1d) leg swing phases the feet interact 

with the ground surface and reduce the forwards acceleration.  

 

Our model predicts forwards motion similar to walking on 

flat, solid ground, though with an expected small deviation 

due to the change in ground surface response (Fig. 2). The feet 

sink further into the ground surface after each step (after 1 s). 

The deceleration from the left foot catching the ground during 

the first left side swing phase is shown as a decrease in 

forwards translation (Fig. 2(b-c)). The deceleration during the 

right swing phase is even more pronounced (Fig 2(c-d)).  
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Figure 2:  Forward (X), vertical (Y) and mediolateral (Z) 

motion of the body predicted by the B-SPH model compared 

to the Mocap data. Timings of frames of Fig 1 are indicated. 

 

CONCLUSIONS 

The B-SPH model predicts realistic walking translations on 

soft surfaces. Future extensions to the model such as 

calculations of ground force, joint torque and muscle forces 

will expand the utility of the model for biomechanical analysis 

of movement and injury risk. 
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INTRODUCTION 

Overloading of joints of the contralateral limb in the presence 

of knee osteoarthritis (OA) has been proposed as a potential 

reason for the non-random evolution of OA [1]. In individuals 

with knee OA altered joint loading exists in the contralateral 

limb [2]. However, prior studies have neglected the temporal 

features of asymmetry in joint loading. The aim of this study 

was to identify the amount and temporal features of 

asymmetry in lower limb joint loading in knee OA.  

 

METHODS 

Participants (n=15) were adults with knee OA awaiting 

primary unilateral total knee replacement surgery (mean age 

67.0 SD 8.9 yrs., height 1.66 SD 0.13 m, body mass 84.2 SD 

15.8 kg, BMI 30.7 SD 6.2 kg/m , median KL grade 4). The 

affected limb was the knee scheduled for replacement. Data 

were compared to an asymptomatic age and sex matched 

control group (n = 15). Kinematic and kinetic data of 

participants during walking gait was acquired with 12 Vicon 

cameras (MX-F20) and two Kistler force platforms (9281B) at 

100 Hz and 400 Hz respectively. Data were exported to 

Visual3D v4.0 for analysis (C-Motion Inc., MD, USA). 

Asymmetry was defined and computed in MatLab using a 

recently published symmetry index (SI) and symmetry 

function (SF), representing the mean and time-course of 

asymmetry in variables [3]. Variables of interest (computed 

using inverse dynamics) were the peak external moments 

(%BW*Height) of the hip, knee and ankle joint on the affected 

and contralateral limbs. Differences between means of the SI 

variables in the OA and control groups were compared using 

clustered linear regression (accounting for walking speed). 

Peak joint moments in all planes were compared between 

limbs (paired t-tests) or between the affected limb and 

matched control  limb  (Student’s  t-tests). Effect  sizes  (Cohen’s  

d) were also computed. The difference in asymmetry between 

participants with differing OA severity (KL grades 2-3 and 

grade 4) in the contralateral limb was also explored.    

 

RESULTS AND DISCUSSION 

The OA group had a higher level of asymmetry in all joint 

moments (Figure 1). A significant between group difference 

(OA and control) for SI was observed for the transverse plane 

ankle joint moment (SI = 16.1 SD 8.0 vs. 10.4 SD 4.8 d = 0.8 

p = 0.049). A large effect size for the sagittal plane knee joint 

moment (SI = 22.9 SD 12.1 vs. 12.7 SD 5.1 d = 1.1 p = 0.178) 

and a medium effect size for the transverse plane hip joint 

moment (SI = 26.4 SD 15.9 vs. 16.6 SD 9.0 d = 0.7 p = 0.098) 

were observed. Participants with KL grade 2-3 in the 

contralateral limb had greater asymmetry compared to controls 

for the coronal (p = 0.043) and transverse plane hip moment (p 

= 0.021) and sagittal plane knee moment (p=0.021). This was 

not evident when participants with KL 4 were compared to 

matched controls. However, there were no differences 

according to OA severity. The unaffected limb (OA group) 

had higher peak hip flexion (5.76 SD 1.49 vs.5.32 SD 1.51 p = 

0.041) and internal rotation moments (-0.67 SD 0.34 vs. -0.41 

SD 0.18 d = 0.004) and a lower ankle inversion moment (0.16 

SD 0.14 vs. 0.34 SD 0.24 d = 0.9 p = 0.030) compared to the 

affected limb. Only the difference in the first peak knee 

adduction moment for the affected and matched control limb 

was statistically significant (-2.65 SD 1.38 vs. -2.16 SD 1.16 d 

= 0.7 p = 0.031).  
 

 

(B) 

 

Figure 1: (A) Mean hip and (B) knee moment SF for the OA 

(thick) and control group (thin lines). Horizontal lines 

represent the SI for each group. 

 

CONCLUSIONS 

These results provide preliminary evidence of asymmetry in 

joint moments of the lower limb in people with knee OA 

compared to controls. Further investigation with a larger 

sample is required to verify these findings. Altered loading of 

the contralateral joints may signify an increased risk of further 

lower extremity joint degeneration and supports the need for 

monitoring of other lower limb joints in knee OA. 
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INTRODUCTION 

Pro-inflammatory cytokine mediators have been reported to 

contribute to osteoarthritis (OA) pathogenesis. Pain and 

disability are common clinical features of OA. While the 

mechanism of pain is not entirely understood, studies have 

suggested that local chronic inflammation of the knee joint 

associated with the production of inflammatory cytokines in 

the synovial membrane contribute to pain. However, to date 

no study has examined whether an increase in joint 

inflammatory markers is related to gait characteristics, 

particularly knee function, during walking in patients with 

knee OA. Therefore, the aim of this study was to investigate 

the association between inflammatory markers in the knee 

joint and gait, function and pain in people with end-stage knee 

OA.  

 

METHODS 

Nineteen patients scheduled for total knee replacement (TKR) 

surgery (mean ± SD age 66.1 ± 5.5 years, height 170.2 ± 9.5 

cm, mass 88.3 ± 15.2 kg and body mass index (BMI) of 30.3 ± 

4.2 kg/m
2
) were recruited. Gait analysis was performed using 

a 3D motion analysis system (VICON, Oxford Metrics) with 

ten camera (100Hz) and two (1000Hz) force plates. Knee 

sagittal and frontal planes impulses were calculated as the 

cumulative magnitude of the time-integral external knee 

flexion and extension and adduction moments (normalised to 

% of body weight x height) throughout the stance phase. 

Assessments of physical function (Up and Go test), perception 

of pain, function and stiffness were also documented using the 

Western Ontario and McMaster University Osteoarthritis 

Index (WOMAC). Synovial fluid was collected using a 

syringe and needle during the participants’ TKR surgery. Pro-

inflammatory cytokines in the synovial fluid were analysed 

using a Millipore MAP Human Cytokine/Chemokine 

Multiplex Assay (Billerica, MA, USA). The associations 

between several pro-inflammatory markers including IL-6, IL-

15, MCP-1 and TNF-α and knee impulse, gait velocity, pain 

and function were assessed using Pearson correlation 

coefficient. 

 

RESULTS AND DISCUSSION 

Insufficient synovial fluid was available to aspirate in two 

patients. The concentration of TNF-α was low and 

undetectable in 6 patients. Significant correlations were found 

between increase level of IL-6 in the synovial fluid and the 

following variables: increased pain (r = 0.61, p = 0.02), 

increased knee sagittal plane impulse (r = 0.57, p = 0.03) and 

reduced gait speed (r = -0.70, p = 0.006). Moreover IL-15 was 

significantly correlated with Up and Go test (r = 0.60, p = 

0.01), indicating that increased inflammation is associated 

with worse function.  

 

The present study demonstrated a relationship between 

elevated levels of pro-inflammatory cytokines in the joint and 

greater physical disability and pain. Moreover, higher knee 

sagittal plane moment impulse was associated with greater 

level of IL-6. The knee sagittal plane moment impulse is an 

important measure of gait function in knee OA, suggesting 

that increased joint inflammation may be related to increase 

mechanical joint loading during walking. Increased IL-6 

concentration in the serum and synovial fluid has been 

previously shown in people with arthritis. In contrast, the 

presence of TNF-α in the synovial fluid has not been 

consistently reported in people with knee OA. This may be 

related to the severity and stages of the disease as TNF-α  may 

not be present in the joint in late OA [1]. This may explain the 

low concentration of TNF-α  in  our  sample  population, and the 

lack of correlation with gait variables, as all patients had end-

stage knee OA and were scheduled for TKR. Overall, the 

findings presented raise important questions regarding the 

implications of elevated inflammatory markers in the joint and 

the potential detrimental role of pro-inflammatory mediators 

in impaired function and gait in knee OA.  

 

CONCLUSIONS 

These findings highlight the potential role of joint 

inflammatory response, primarily IL-6, on the development 

and progression of OA as well as the functional implications 

of elevated inflammatory joint markers.  
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INTRODUCTION 

Reconstruction following knee ligament rupture, particularly 

involving multiple ligaments, is associated with an increased 

likelihood of early-onset arthritis [1]. A potential causal 

mechanism may be altered loading on the cartilaginous 

structures of the knee [2] due to lingering kinematic deficits 

following surgery. However, little is known about the dynamic 

behavior of the knee following multiple ligament 

reconstruction, particularly in early stance, when the highest 

loads occur. Relative phase is a kinematic measure of knee 

function that can better quantify the dynamic behavior of the 

joint than traditional kinematic measures [3]. Therefore, the 

purpose of this study was to investigate inter-limb differences 

in the relative phase dynamics during the early stance phase of 

walking. 

 

Figure 1: Plot of the flexion-rotation relative phase over the 

entirety of stance for the reconstructed limbs of two patients, 

showing the variability between patients. 

METHODS 

Three-dimensional gait analysis was performed at the motion 

capture laboratory (Cortex 3.1, Motion Analysis Corp, Santa 

Rosa CA) on a patient sample (n = 21; age: 43.4±13.5 years; 

height: 174±10cm; weight: 80.4±18.2kg) who had all 

undergone a multiple ligament knee reconstruction and 

healthy matched controls. The mean absolute-value relative 

phase (MARP) was calculated for three couplings: shank and 

thigh segment sagittal angle; knee flexion and rotation; and 

knee flexion and frontal angle, during early stance (0-20% of 

stance phase). Group-based and single-subject Mann-Whitney 

U-tests were used to determine inter-limb differences in 

MARP for each coupling. 

 

RESULTS AND DISCUSSION 

Analysis to-date revealed highly variable relative phase for 

both injured and contralateral limbs of the patient group (n = 

19) (Figure 1). No significant inter-limb differences were 

found using grouped data (n=19). However, single subject 

analysis revealed significant (p<0.05) inter-limb differences in 

MARP (Table 1). Overall, 68.5 - 84% of patients displayed 

significant inter-limb differences in all three couplings. , This 

suggests an altered mechanical and/or neuromuscular 

environment at the knee in these patients, potentially leading 

to altered loading patterns and thus an increased risk of early-

onset osteoarthritis.
 

 

CONCLUSIONS 

Significant inter-limb differences are present in knee relative 

phase during the early stance of walking in patients following 

surgical reconstruction of multiple-ligament knee injury. This 

may indicate altered loading through the knee joint in early 

stance, though further work is required to determine the exact 

relationship between relative phase dynamics, joint loading 

and the progression of osteoarthritis. 
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Table 1: Proportion (%) of patient s(n=19) with significant inter-limb differences in the mean absolute value relative phase 

(MARP) of the three couplings measured. 

 Shank-Thigh Flexion-Rotation Flexion-Frontal 

Increase 37% 42% 37% 

Decrease 47% 42% 31.5% 

No Change 16% 16% 31.5% 
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INTRODUCTION 

Knee injuries involving multiple ligaments often include 

concomitant injuries to other soft tissues which can lead to 

reduced long-term joint function. Despite surgery conducted 

routinely to reconstruct multiligament-injured knees (MLKI), 

there is limited information regarding the restoration of knee 

function during locomotion. Of particular interest is the 

kinematic alignment of the knee in preparation for heelstrike, 

where knee loading is greatest. The purpose of this study 

therefore, was to investigate inter-limb differences in knee 

kinematics during overground locomotion. 

 

METHODS 

A sample of patients (N = 19; age: 43.4±13.5 years; height: 

174±10cm; weight: 80.4±18.2kg) who had undergone a 

multiple ligament reconstruction underwent 3-dimensional 

gait analysis at the motion capture laboratory (Cortex 3.1, 

Motion Analysis Corp, Santa Rosa CA). A Cleveland clinic 

marker set was recorded during each trial of overground 

walking (10m) at 200Hz. Knee angles at heel strike were 

calculated for three planes during each trial. Mann-Whitney U 

tests on group and single-subject data were used to determine 

inter-limb differences in knee angles.  

 

RESULTS AND DISCUSSION 

Analysis to-date revealed no significant inter-limb knee angle 

differences for all three planes of movement. In contrast, 

single subject analysis detected a number of significant inter-

limb differences (Table 1). A proportion (42 - 68%) of patients 

displayed significantly increased flexion, rotation and varus in 

their reconstructed knee compared to their contralateral limb, 

while a smaller sub-sample showed significant decreases (21 - 

53%). When those with significant differences were assessed 

against a threshold of 3° or 2°, the proportion of clinically 

meaningful inter-limb differences was reduced (Table 1). 

Importantly, there was no observable relationship between 

injury pattern and inter-limb differences in the knee angle 

(Table 2).  

 

A sub group of patients (52-89%) did not exceed an inter-limb 

difference of 3˚, indicating that these  patients’ knee kinematics 

at heel strike may have returned to normal. These results 

indicate that inter-limb kinematic differences are subject-

specific and may reflect restoration of normal knee kinematics 

in some patients but not all. The abnormal kinematic patterns 

of some reconstructed knees could be associated with altered 

joint loading, with additional stresses on cartilage or other 

supporting structures.  

 
Patient Pattern Sagittal Rotation Frontal 

1 B No Change Down Down 

2 BL Up Up No Change 

3 BL Up No Change Up 

4 BL Down Down Up 

5 BM Up No Change Down 

6 BM Up Up Down 

7 BM Down Down Down 

8 BM Up Down Up 

9 BM Up Up Down 

10 CL Up Up Down 

11 CL Up Up Up 

12 CL Down Up Up 
13 CL Up Up Down 

14 CL No Change Down Down 

15 CL Up Down Up 
16 CM Up No Change Down 

17 CM Up Up Up 

18 CM Down Down Up 
19 CM Up No Change Down 

Table 2: Breakdown of injury pattern and individual knee 

joint angle at heel strike. B – Bicruciate (ACL and PCL); L – 

LCL and or PLC; M – MCL; C – ACL or PCL 

 

CONCLUSIONS 

Significant inter-limb differences are found at heel strike 

during gait for all three rotation planes, which are subject- 

specific and are not related to the pattern of ligament 

disruption. Further work is required to explore the 

implications of inter-limb differences in knee angle during 

weight acceptance and the causative factors of abnormal knee 

kinematics during overground locomotion.   

 

Table 1: Total percentage (%) of patients (n=19) with significant (p<0.05) inter-limb differences at heel strike and proportion of 

patients with differences greater  than  3˚  or greater  than  2˚. Increasing results indicate the injured knee has a higher angles 

compared to the uninjured knee, while decreasing is lower injured to uninjured angles. 

  Sagittal Rotation Frontal 

  Total 
>3˚  

Difference 

>2˚  

Difference 
Total 

>3˚  

Difference 

>2˚  

Difference 
Total 

>3˚  

Difference 

>2˚  

Difference 

Increasing 68.4 36.8 42.1 42.1 26.3 42.1 42.1 5.3 5.3 

Decreasing 21.1 10.5 15.8 36.8 21.1 26.3 52.6 5.3 10.5 

No 

Change 
10.5 52.7 42.1 21.1 52.6 31.3 5.3 89.4 84.2 
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INTRODUCTION 

This pilot study evaluates functional end points for patients 

in The Prince Charles Hospital (TPCH) Neck of Femur 

(NOF) Unit. 

 

Scant evidence exists to justify a superior intervention based 

on post-operative function [1]. 

 

The hypothesis tested was that increased construct stability 

would improve function. 

 

METHODS 

Prospectively collected data on 300 patients admitted to the 

TPCH NOF unit between October 2010 and October 2011 

were analysed retrospectively. 

 

Fractures were classified using the AO classification for 

fractures of the proximal femur [2].  Pertrochanteric and 

intertrochanteric fracture stability was based on presence of 

posteromedial comminution involving the calcar or a lack of 

a lateral buttress.  Types 31-A2.2 and above were considered 

unstable.  Displaced subcapital fractures (31-B3) were 

considered unstable. 

 

Time to stand, time to mobilise, and the de Morton Mobility 

Index (DEMMI) were the primary functional outcome 

measures. 

 

Data were analysed using SPSS. 

 

RESULTS AND DISCUSSION 

300 patients were captured for the time period with a mean 

age of 81 years (50 – 103).  131 patients were treated for 

pertrochanteric proximal femoral fractures and 155 patients 

were treated for intracapsular femoral neck fractures.  14 

patients were excluded with subtrochanteric fractures for this 

study.   

 

The pertrochanteric fracture group was divided into 

subgroups based on AO classification fracture stability 

dichotomously.  These groups were then compared between 

groups and within groups based on dynamic hip screw vs 

cephalomedullary nail fixation.  Furthermore, these groups 

were compared with patients receiving hemiarthroplasty or 

total joint arthroplasty for intracapsular fractures. 

 

Summary statistics from the deMMI showed significantly 

increased scores in stable fracture configuration (mean = 

37.34) compared with unstable fracture types (mean = 30.2) 

for pertrochanteric fractures.  Arthroplasty patients scored a 

mean deMMI score of 36.0.  This was comparable to that of 

stable pertrochanteric fracture (p=0.76) and significantly 

different to unstable pertrochanteric fracture (p=0.005). 

 

Within the unstable pertrochanteric fracture group, there was 

no difference in deMMI scores based on fixation device 

(p=0.410). 

 

CONCLUSIONS 

This pilot study shows that functional outcomes for patients 

with unstable pertrochanteric fractures lag behind those for 

stable fracture types as well as patients undergoing 

arthroplasty.  This is contrary to the conclusions drawn in the 

Butler et al systematic review [1]. 

 

Is fixation appropriate for unstable fracture patterns or 

should better function predicate an alternate operative 

intervention? 

 

REFERENCES 

1. Butler M, et al., Evidence Summary: Systematic Review 

of Surgical Treatments for Geriatric Hip Fractures. JBJS 

(Am). 93:1104-15, 2011. 

2. Karunakar M, et al., Improving Outcomes After 

Pertrochanteric Fractures. Instr Course Lect. 58: 91-104, 

2009. 



 Page | 88 

 
 

 

 

 

 

 

 

CORROSION AND FRETTING AT THE HEAD-NECK INTERFACE OF ARTIFICIAL HIP JOINTS 
1,2

Urs Wyss, 
1
Richard Dyrkacz, 

1,2
Jan Brandt, 

1
Olanrewaju Ojo, and 

2,3
Thomas Turgeon 

  
1
Mechanical and Manufacturing Engineering, University of Manitoba, Winnipeg, Manitoba, Canada 

2Orthopaedic Innovation Centre, Winnipeg, Manitoba, Canada 
3
University of Manitoba, Section of Orthopaedics, Winnipeg, Manitoba, Canada 

email: urspeter.wyss@ad.umanitoba.ca 

  

INTRODUCTION 

Corrosion and fretting at the head-neck interface of artificial 

hip joints is not a new issue. It has been reported as far back as 

1992 [1], but it was not considered a major problem, except 

for a few designs that led to a market withdrawal of those 
types of tapers. In the last few years, however, corrosion was 

increasingly observed at head-neck interfaces of artificial hip 

joints, especially in joints with larger heads [2]. It is important 

to better understand the factors contributing to corrosion at 

modular interfaces, so that necessary improvements can be 

made to minimize or completely avoid corrosion, in order to 

avoid possible adverse tissue reactions. 

 

METHODS 

Seventy-four retrieved hip joint heads with 28mm and 36mm 

heads articulating with polyethylene, and twenty-three 

hemiarthroplasty hip joint heads (42mm to 56mm) were 
analyzed for corrosion and fretting. All heads and necks in this 

study were made of a CoCr-alloy. The tapers of the stem and 

head were subdivided into eight regions each, and scored for 

the severity of fretting and corrosion damage, as well as for 

the affected area within each sub-section [3]. The implantation 

time was recorded, as it is important to know the time it takes 

to get corrosion damage (or not) at the head-neck interface. 

 

RESULTS AND DISCUSSION 

The corrosion scores only are shown for the different head 

sizes in table 1. Fretting scores are not shown as they are 
correlated to the corrosion scores. The average implantation 

time is shown, as a high corrosion score after a short 

implantation period is of more concern as a similar score after 

a longer implantation period. A corrosion rate is not 

calculated, as there are some heads that have very little 

corrosion even after long implantation periods. 

 

The results show that the corrosion tends to increase with 

larger head sizes. The difference between the 28mm and 

36mm heads is significant. The results were also assessed 

based on different manufacturers, and different trends can be 
observed. The differences, however, are too small to be 

significant, as for some types of hip joints the numbers were 

small. There are different factors that are responsible for how 

much corrosion develops at the head-neck interface. The main 

factors involved in the corrosion and fretting behavior of the 

head-neck interface are the strength of the impaction during 

assembly [4], the length of the taper, the geometry of the 

taper, the surface quality of the taper, the materials of the head 

and neck, the friction at the articulation, and the distance 

between the centre of the head and the centre of the taper 

normal to the line of action of the articulating force. The head-

neck interface of an artificial hip joint is not mainly loaded 
axially during most activities of daily living. The articulating 

force is typically about thirty degrees out of the head-neck 

axis leading to a toggling moment. This could be one major 

reason why larger heads tend to have more corrosion, as a 

larger head offers more room for an adjustment of neck and 

leg length, leading to larger possible toggling moments, as this 

would be possible with smaller heads. 

 

Table 1: Corrosion scores and implantation time for different 

head sizes. The <50mm and >50mm heads are from 

hemiarthroplasty hip joints. 

Head 

size 

n Av. time in 

vivo 

Head corrosion score 

28 mm 59 69.3 +/- 39.5 6.5 +/- 9.9 

36 mm 15 11.6 +/- 10.2 13.1 +/- 14.4 

<50 mm 17 42.0 +/- 37.8 11.0 +/- 10.2 

>50 mm  6 43.4 +/- 49.3 21.8 +/- 18.6 

 

CONCLUSIONS 

It is of some concern that more corrosion is being observed 

with larger heads. Corrosion generally gets worse over time, 

which could negatively impact on the long-term survival of 

these hip joints. Furthermore, it is possible that the metal 

particle and ion release due to corrosion and fretting could 

have adverse soft tissue reactions, similar to those observed at 

some MoM articulations. 
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INTRODUCTION 

The standardised Hounsfield Unit (HU) Index readily 

available on Computed Tomography (CT) scans can be 

used as a quantitative measure of bone density and 

objective assessment of bone quality [1,2]. HU 

measurements of bone mineral density have been 

shown to predict fracture patterns and failure loads in 

vitro [3] and also correlate with patient age and DEXA 

derived T-Scores in vivo [1]. This pilot study examines 

feasibility of retrospectively analysing periacetabular 

bone density around metal on highly cross-linked 

polyethylene total hip replacements (THRs) on CT 

scans using the HU index.  

 

METHODS 

Patients previously enrolled in a randomised controlled 

trial examining the effect of articulation size on 

dislocation underwent a CT scan, with metal artefact 

reduction protocol, to determine the incidence of 

periacetabular osteolysis 7-10 years following THR. 

CT scans of 32 patients were retrospectively analysed 

using IMPAX software (Agfa HealthCare N.V., 

Belgium) to measure trabecular bone density in 

Hounsfield Units (HU) at three regions: (1) the ilium 

adjacent to the sacroiliac joint, (2) the ilium directly 

above the acetabular component and (3) the ischium 

below the acetabular component.  

 

RESULTS AND DISCUSSION 

Median bone density was 115 HU (range 58-222 HU) 

in the ilium adjacent to the sacroiliac joint, 65 HU 

(range 0-229 HU) in the ilium directly above the 

acetabular component and 95 HU (range 39-254 HU) 

in the ischium below the acetabular component. 

Relative to the bone density in the ilium adjacent to the 

sacroiliac joint, more than 50% reduced bone density 

was found in the ilium directly above the acetabular 

component in 13 of the 32 patients, and in the ischium 

in 5 patients.   

 

 

 

 

 

CONCLUSIONS 

This pilot study has identified a method for 

retrospectively measuring bone density using CT scans 

which must now be validated. Our preliminary results 

have indicated reduced bone density around the 

acetabular component in some patients at a minimum 

of seven years following THR.  
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INTRODUCTION 

Complications in hip arthroplasty increase with increasing 

Body Mass Index (BMI). 

 

This project evaluates the effect of morbid obesity on the 

peri-operative course and the rates of post-operative 

complications at The Prince Charles Hospital from 2003 - 

2010.   

 

The hypothesis being tested was that complications increase 

as a function of increasing BMI. 

 

METHODS 

Retrospective analysis of data collected prospectively on 

patients undergoing total hip arthroplasty (THA) at The 

Prince Charles Hospital (TPCH) from 2003 – 2010. 

 

Two cohorts matched on demographics are BMI >20 – <30 

and BMI >40 [1].  Primary peri-operative outcome measures 

were operative time and length of stay.  Secondary peri-

operative outcome measure was transfusion.  Primary post-

operative outcome measures were readmission and all cause 

revision. 

 

Inclusion criteria were all patients undergoing THA at TPCH 

from 2003 – 2010.  Exclusion criteria were revision 

surgeries, simultaneous bilateral procedures, and arthroplasty 

for acute trauma. 

 

Data were analysed using SPSS. 

 

RESULTS AND DISCUSSION 

29 patients were included in the morbidly obese group and 

were compared with 183 in the control group. 

 

Average length of stay (LOS) was increased in the morbidly 

obese group at 8.28 days compared with 7.75 days.  

Operative time was increased in the morbidly obese group at 

124.34 minutes compared with 104.03 minutes.  There was 

no difference in the rates of transfusion. 

 

Post-operatively there was a statistically significant 

increased readmission rate of 20.7% in those with a BMI 

>40 compared with 7.1% in the control group. 

 

All cause revision was found to be increased in the control 

group at 3.8% compared with 2.9% for the morbidly obese 

group. 

 

CONCLUSIONS 

Previous literature demonstrates increased deep infection 

rates with morbid obesity in THA [1]. 

 

Morbidly obese patients present a technical challenge.  With 

increased LOS and 3x increased readmission rate, this 

patient group taxes in-hospital resources. 

 

Should “the bottom line” have a bearing on patient 

selection? 
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INTRODUCTION 

Bone marrow stimulation has been a successful treatment 

option in cartilage repair and microfracture was the procedure 

of choice since the late 1980s. Despite its success in young 

and active patients, microfracture has inherent shortcomings 

such as shallow channels, wall compression, and non-

standardized depth and diameter. The purpose of this study 

was to assess bone marrow access comparing microfracture, 1 

and 2mm K-Wires, 1mm drill, and a recently introduced 

standardized subchondral bone needling procedure 

(Nanofracture) that creates access to the marrow elements that 

is 9mm deep with 1mm wide channels. 

 

 

METHODS 

An ethics approved, adult ovine model was used to assess the 

effects on the trabecular channel structure following 

microfracture (Arthrex, Naples, FL), Nanofracture 

(Arthrosurface, Franklin MA), 1 and 2 mm stainless steel K-

wires and 1 mm stainless steel 2 -fluted drill. All bone marrow 

stimulation techniques were conducted on a full thickness 

articular cartilage defect on the medial femoral condyles. 

Surgery was performed by the same surgeon (DS). Micro-

computed tomography (mCT) (Inveon Scanner, Siemens, 

Germany) was performed using 3D reconstruction and 25 

micron slice analysis (MIMICS, Materialise, Belgium). 

Samples were processed for routine decalcified paraffin 

histology. Sections were stained with H&E and Tetrachrome 

to assess cartilage removal as well as any time zero changes to 

the bone, marrow access and compaction. 

 

 

RESULTS AND DISCUSSION 

Microfracture elicited shallow depth into the bone and 

compacted and compressed the bone at the site of 

microfracture.  Access to the marrow was limited with  

 

 

 

 

microfracture.  Channel depth and diameter were also difficult 

to control in the microfracture technique. Nanofracture 

provided access to the cancellous bone in a controlled manner 

due to the instrumentation that limited depth of the nitinol 

wire into the bone. The cortical bone was not compacted into 

the cancellous bone, access to the marrow was present. K-

Wire and drilling resulted in well-defined channel walls that 

limited access to the marrow spaces based on mCT and 

histology. Histology results were confirmed by our Micro CT 

findings across all treatment groups. 

 

 

 

CONCLUSIONS 

Microfracture treatment of chondral pathology has been used 

for decades. Access to the marrow spaces beneath articular 

cartilage forms the basis for this technique. Clinical and basic 

science results are variable and remain controversial. The 

results of the present study demonstrate the technique used to 

penetrate and access the marrow cavities influences the 

results.  

 

Nanofracture resulted in thin, fragmented cancellous bone 

channels without rotational heat generation. Compared to 

microfracture and K-Wire stimulation, nanofracture showed 

superior bone marrow access with multiple trabecular access 

channels extending 9mm into subchondral bone. The effect of 

this improved marrow access on cartilage remains to be 

determined.  
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