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Message from the Director 

As they always do, this year has hurtled by in a blur of students, collaborations, university and clinical commitments and the 

joy of coming up with ever more things to keep us busy. 

This year we will see three higher degree graduations. We are proud to celebrate the achievements of Dr Song Chen, Dr 

Catherine Galvin, Dr Yuan Chai and Dr Mitchell Kingston. Dr Chen graduated with a PhD from the ANU Medical School 

having completed his thesis on Prediction of bone cell probability distribution in weak electronic fields. Dr Galvin graduated 

with a PhD from the University of Canberra’s faculty of Health having completed her thesis on Knee kinematics in healthy 

and osteoarthritic knees. Dr Chai has been awarded his PhD from ANU for his on Optimizing 3D printing for orthopaedic 

implants. Dr Kingston graduated with an MPhil from the ANU medical school having completed his thesis on the blood 

supply of the lateral hip. All three are now gainfully employed and using the skills and knowledge gained from their 

academic journeys. Further, we have seen the completion of three honours students: Callum Dawson (TORU Laboratory), 

Ashley Sutherland and Pouya Saeedian (Physiotherapy, University of Canberra). All these students have performed 

extraordinarily well, and you can read about their work in this report. 

In 2019 we have published more than in any other year previously. Seventeen publications is a mighty effort for a small unit 

such as ours. Much of the work is the fruition of many years of concerted activity in both our laboratory and our clinical 

unit. However, the energy gained from these publications has spawned many more ideas that will sustain us for years to 

come.  

We have developed many important collaborations over the years and this year we are beginning to cement other 

important ones. We have cemented an important collaboration with the Australian Orthopaedic Association National Joint 

Replacement Registry taking the lead on a linkage project investigating infection. We are also currently liaising with the 

Biomechanics and Bioengineering Centre at Cardiff University on some image registration work in osteoarthritis.  

This year we have received recognition for our research excellence from the Australian Orthpaedic association and the 

Australian National University.  TORU has been recognised as a centre of research excellence at the ANU and a very 

important contributor to the research metrics of the ANU medical school. Further to this acknowledgement, I am delighted 

to announce that Dr Rachel Li, the TORU laboratory lead scientist, has been acknowledged for her extraordinary 

contribution with a promotion to Associate Professor. 

TORU has been part of the Australia and New Zealand Orthopaedic Research Society (ANZORS) for many years and this 

year, its 25th anniversary year, ANZORS came to Canberra. It was a first-class meeting and, as host group, as well as 

presenting our research, we organised some wonderful events including a networking event at the arboretum, a wonderful 

dinner at old parliament house and a session within the AOA National meeting which was also held here.   

A few years ago, a group of us established the Canberra Orthopaedic Research and Education for the promotion and 

support of orthopaedic excellence in Canberra. CORE is now well set up and operational and we are developing a small but 

significant fund. We are currently engaging with the Australian Orthopaedic Association Research Fund about effective 

investment of these monies so that CORE has a sustainable future. 

Finally, as part of the College of Health and Medicine at the ANU, TORU is looking forward to engaging in the TRANSFORM 

agenda which will create momentum for more outward facing engagement with international collaborators for even more 

impactful future research.   

As always, I thank my incredibly hardworking team without whom no research would actually be done.  

Paul N Smith 

 

 

 

 Paul Smith, BMBS FRACS (Ortho) 

 Director, Trauma and Orthopaedic Research Unit 
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Prof Paul Smith BMBS, RACS, FAOrthA 

Director 

Dr Diana Perriman BAppSc (Physio), 
MSc., PhD 

Clinical Research Lead 

A/Prof Rachel Li MD, PhD 
Laboratory Research Lead 

Mission Statement 

The Trauma and Orthopaedic Research Unit (TORU) has capacity to undertake clinical and laboratory studies in the field of 
musculoskeletal disease. 
This includes clinical aspects of arthroplasty, tissue reconstruction and trauma, fracture surveillance and management, 
medical imaging and joint kinematics. 
TORU has established a laboratory facility at both Canberra Hospital and at the John Curtin School of Medical Research at the 
ANU. This enables us to conduct translational research within our own unit. 
TORU’s mission is to conduct excellent research which meaningfully impacts on the clinical practice of orthopaedics and the 
well-being of patients. 

TORU Staff 
Ms Anna Davis Ms Georgia Browning Mr Joe Lynch 

Office Manager Office Manager Senior Research Officer 

   

Mr Jin Dai Dr Donghai Zhang 

 Research Officer Research Officer 

   

Fracture Liaison Officers 
Ms Krista Bridge RN Ms Kirsten Hunt RN 

   

Research Fellows 
Professor Jennie Scarvell—Associate Dean of Research, University of Canberra 

Professor Mark Pickering, School of Engineering and IT, UNSW Canberra 

Dr Victoria Wang, DiscoverQuick 
Dr Marc Brady  



Clinical Research 

The clinical unit has been occupied in many areas in 2019 but primarily with knee kinematics. Dr Catherine Galvin completed 
her impressive thesis on health and osteoarthritic knee kinematics from which she has published two papers to date and has 
presented many times to great acclaim. Joe Lynch is nearing the end of his PhD journey having developed advanced skills in 
statistical shape modelling and the publication of the first paper of many from his thesis in the Journal of Biomechanics. Both 
Catherine’s and Joe’s work were awarded prizes at this year’s CHARM conference. 

 
A highlight of our year has been having Professor Mark Pickering from UNSW with us on his 
year-long sabbatical. His presence has been inspiring. We have learnt a lot, and, with his PhD 
scholar Shabnam Saadat, there has been enormous progress made on optimizing the GUI that 
we use for our image registration work. Mark’s presence has allowed time to think together 
and find opportunities for innovation and potential grant success. Another highlight has been 
the arrival of Georgia Browning, our new office manager. 
 
Our many students and projects are contained within these pages but, all of the work that is 
done in this unit is the result of generous collaborations. Our links with the University of 
Canberra through Prof Jennie Scarvell and Dr Angie Fearon are essential to our success and we 
have been very pleased to see UC recognised as being in the world’s top 40 young universities. 
This is in no small part due to the work done by the faculty of health. I am proud to be an 
adjunct professor at the University of Canberra. 
 

Knee Kinematics: Our knee kinematic studies have gained momentum with the completion of our 
second-year follow-ups for the randomized controlled trial comparing cruciate retaining, posterior 
stabilized and rotating platform knee designs. Joe will be reporting the kneeling data as part of his PhD 
thesis. Catherine’s work has provided data showing that increasing age per se does not mean that 
kneeling kinematics are altered. Catherine’s other findings have revealed that severity of osteoarthritis 
can be predicted from kneeling kinematics and that patient reported outcome measures (PROMs) are 
associated with kneeling kinematics. Joe’s work has revealed very specific 3D shape characteristics in 
osteoarthritic knees, with an intriguing tubercle on the posterior aspect. But his shape/kinematic work 
has not found that bony shape influences kinematics which turns our thinking about shape/function on 
its head. His systematic review on contact patterns associated with different knee implant designs will 
be completed soon. Pouya Saeedian (UC Physiotherapy honours) investigated the effect of pre-
operative on post-operative kneeling kinematics and found that both flexion and AP translation were 
correlated regardless of knee implant design. We plan to add the patella to our knee models in the 
future which will be an important and impactful addition to the understanding of knee kinematics in 
health and disease.  

 
 
Hamstring Morphology in Rugby and Sprinting athletes: Claire Kenneally Dabrowski is the PhD scholar working 
on hamstring morphology and injury. Over the past year she has collaborated with a UC physiotherapy honours 
student to achieve an interesting comparison between the hamstring shapes in speed matched athletes from 
these two disciplines. Joe also brought his shape modelling expertise to the project and as a result Ash 
Sutherland produced a truly impressive thesis which you will find in these pages.  
 
 
 

Whiplash: We continue with our whiplash work and are concentrating on the oropharynx this year with Alex Webb and 
Luzinda Lo. Of note, Alex Webb received a well-deserved promotion to Associate Professor this year. 
 
Hospital to Home Transition Survey: We participated in research led by Dr Jane Desborough investigating reasons for 30-day 
readmission after arthroplasty. Medical student Sybil Yeung worked on this project with epidemiologist Madhur Chhabra. 
Amongst other things, the study found that peripheral vascular disease was an important factor contributing to unplanned 30-
day readmission. We hope to extend this investigation 
 
Finally, the achievement of 17 publications for TORU this year is a wonderful reward for a lot of hard work.  
 
It has been a very good year. 

 

Diana M. Perriman 



Laboratory Research 

Battle with Bacteria 
Bacterial resistance to antibiotics is one of the most serious challenges to global public 
health, as drug resistance has been found for all classes of antibiotics used in clinical 
practice. Infection is a leading cause of revision surgery and is associated with significant 
patient morbidity. The relative mortality in patients undergoing revision surgery for 
infected hip arthroplasty is twice that of patients undergoing revision for other causes. 
Since the implant surface plays a crucial role in early bacteria adhesion phases and also 
the desired implant osseointegration, we, with our collaborators at Monash University, 
have developed a novel surface modification strategy. Dr Tom Cheng, a current MPhil 
student at TORU Laboratory and orthopaedic registrar at The Canberra Hospital, has 
been investigating a new biomateria, the silver nanoparticles coated magnesium alloy. 

The results of this project has established a standard testing protocol to evaluate the susceptibility of orthopaedic materials to 
biofilm and to utilize this methodology to analyse the effectiveness of strategies to prevent biofilm formation. 
 

Advances and Challenges in Nanomedicine 
Nanotechnology in medicine is having a significant impact on human health by improving the diagnosis, 
prevention and treatment of diseases. Therefore, nanomedicine has been attracting significant attention 
from academia, researchers, government, funding agencies, and regulatory agencies. However, there 
are many features of nanoparticles are still unknown. Key issues related to the translation and 
development of nanomedicines are biocompatibility and safety. The urgent challenge is developing and 
validating new methods for laboratory tests and clinical trials, which are different from the traditional 
methods used in assessment of cytotoxicity for chemical compound. TORU Laboratory are currently 
leading in developing the methodologies, which can be used in the assessment of potential short-term 
and long-term health risks. Dr Donghai Zhang is working on the extrapolation of acute in vitro effect-
toxicity of nanoparticles using co-cultured bacteria and human cells.  

 

Osteoimmunology, Big Data and Modelling 
TORU Laboratory has designed and led a project in collaboration with orthopaedic surgeons on sampling, banking and miRNA 
sequencing of the patients’ bone tissue. The project has identified exosomal miRNAs as regulators of mRNAs in osteolysis of 
the patients undergoing revision total joint replacement (TJR). This year, Dr Yi Deng has joined TORU Laboratory as MPhil 
student (he is also an orthopaedic registrar at The Canberra Hospital). He has been working on the project of blood microRNA 
expression as biomarkers for prognosis of TJR. TORU Laboratory is currently expanding the project to seek national and 
international participants for big database and modelling. This program will provide better understanding of mRNA related to 
aberrantly expressed microRNAs, which would be drug targets.  
 

Personalised Orthopaedic Devices 3-Dimensional Printing (3DP) Technology  
Non-personalized design and inaccurate size of medical implants limit the success of orthopaedic surgery. TORU Laboratory 
has designed and led a project with PhD students and orthopaedic surgeons aiming to produce patients case-specific 
orthopaedic implants using 3DP technology. This project has fostered a multidisciplinary program collaborating with Professor 
Mark Knackstedt in ANU College of Science and Professor Nick Birbilis at ANU College of Engineering and Computer Science. 
TORU Laboratory PhD student, Yuan Chai has made great contribution to the development of methodology in producing 
orthopaedic implants using 3DP.  
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Prof Jennie Scarvell Dr Wayne Spratford 

Associate Dean Research, University of Canberra Assistant Professor, Sport and Exercise Science, University of Canberra 

  

Dr Phil Newman Dr Angie Fearon 

Assistant Professor, Physiotherapy, University of Canberra Assistant Professor, Physiotherapy, University of Canberra 

  

Prof Gordon Waddington Dr Catherine Galvin 

Physiotherapy and UCRISE, University of Canberra Lecturer, College of Engineering and Computer Science, ANU 

  

A/Prof Heiko Timmers Prof Andrew Neely 

School of Physical, Environmental and Mathematical 
Sciences, UNSW@ADFA 

School of Engineering and IT, UNSW @ Canberra 

  

Dr Jane Desborough Dr Teresa Neeman 

Department of Health Services Research and Policy, 
Research School of Population Health, ANU 

Biological Data Science Institute, ANU 

  

A/Prof Alexandra Webb Dr Anne Parkinson 

Medical School, ANU Health Services Research & Policy, Research School of Population 
Health, ANU 

  

Prof Ian Harris A/Prof Thor Besier 

UNSW South Western Sydney Clinical School, Whitlam 
Orthopaedic Research Centre 

Auckland Bioengineering Institute, University of Auckland 

  

Dr Chris Roberts Dr Jennifer Green 

Orthopaedic Surgeon, OrthoACT Orthopaedic Surgeon, Canberra Hand Centre 

  

Prof Nick Brown Dr Alexander Burns 

Professor of Allied Health, University of Canberra Orthopaedic Surgeon, OrthoACT 

  

Dr Ben Serpell Dr John Warmenhoven 

Athletic Performance Director, ACT Brumbies Australian Institute of Sport 

Collaborators 
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Prof Suresh Mahalingam Dr Wenyan Zhao 

Principal Research Leader & ARC Future Fellow, Institute for 

Glycomics, Griffith University 

The Dartmouth Institute for Health Policy and Clinical Practice, 

Hanover, New Hampshire, USA 

  

Prof Chris Parish Prof Kai Cao 

Department of Immunology, John Curtin School of Medical 

Research, ANU 

Laboratory Medicine, MD Anderson Cancer Centre, The University of 

Texas, USA 

  

Prof Qinghua Qin Prof Nick Birbilis 

College of Engineering and Computer Science, ANU Dean of the Dept of Materials Engineering, Monash University 

  

Prof Tim Senden Prof Dongsheng Zhou 

Director, Department of Applied Mathematics, Research 

School of Physics & Engineering, ANU 

Department of Trauma and Orthopaedics, Shandong University, Jinan, 

China 

  

Prof Mark Knackstedt Dr Xiaobo Chen 

Department of Applied Mathematics, ANU School of Engineering, RMIT 

  

Dr Gaétan Burgio Prof Jiake Xu 

College of Health and Medicine, ANU School of Pathology and Laboratory Medicine and Head of molecular 

laboratory, UWA 

Awarding Body Project Title Amount 

ACT Health Department of Surgery 
Private Practice Fund 

Expression Profiles of MicroRNAs in Acute Appendicitis  $18,000 

University of New South Wales, 
Canberra 

Development of Novel Image Registration Techniques $10,000 

Conference Awards 

2018 AOA ACT Research Meeting 

Best Overall Paper: Tom Cheng 

Best Student Paper: Sally Gilbert 

Best Lab Paper: Yuan Chai 

Best Registrar Paper: Luke Barr/Yi Reng Bong/Dawei Huang 

Discussion Generator: Andrew Salipas 

 

Australian Society of Medical Research (ACT Branch) 

Best Oral Presentation: Catherine Galvin 

 

Canberra Heath Area Research Meeting (CHARM) 

Best Clinical Research Oral Presentation Diana Perriman 

Best Allied Healthy Oral Presentation: Catherine Galvin 

Funding and Awards 

Awards 

Prof Paul Smith: Australian Orthopaedic Research 

Foundation Award 

Yuan Chai: 8th Global Young Scientist Summit  

Attendee 

Joe Lynch: International Society of Biomechanics 

Congress Travel Grant 

Joe Lynch: ANU Vice-Chancellor Travel Grant 

Dr Victoria Wang: ACT Invention Award 
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2019 Journal Publications 

1. Age has a minimal effect on knee kinematics: A cross-sectional 3D/2D image-registration study of kneeling. 
The Knee. Catherine R Galvin, Diana M Perriman, Joseph T Lynch, Mark R Pickering, Phillip Newman, Paul N Smith, Jennie M 
Scarvell. 2019. 

INTRODUCTION: Kneeling is an activity of daily living which becomes difficult with knee pathology and increasing age. This 
study aimed to capture kneeling kinematics in six-degrees-of-freedom in healthy adults as a function of age. 
METHODS: 67 healthy knee participants aged from 20 to 90 years were categorised into four 20-year age-groups. 3D knee 
kinematics were captured using 3D/2D image-registration of CT scan and fluoroscopy during kneeling. Kinematic variables of 
position, displacement and rate-of-change in six-degrees-of-freedom were compared between age-groups while controlling 
for University of California Los Angeles activity scale and the Assessment of Quality of Life physical score. 
RESULTS: Over the entire kneeling cycle there were few differences between the age-groups. Results are reported as pairwise 
contrasts. At 110° flexion, 80+ knees were more varus than 20-39 and 40-69 (4.9° (95%CI: 0.6°, 9.1°) and 6.4° (2.1°, 10.7°), 
respectively). At 120° flexion, the 80+ age-group femur was 5.5 (0.0, 11.0) mm more anterior than 20-39. Between 120° to 
maximum flexion, 80+ knees rotated into valgus more than 20-39, 40-59 and 60-79 (5.5° (1.2°, 9.8°); 5.5° (1.1°, 9.8°); and 4.5° 
(0.9°, 7.5°), respectively). 
CONCLUSION: This is the first study to report kneeling knee kinematics of ageing using 3D/2D image registration. We found 
that ageing does not change knee kinematics under 80 years, and there are minimal changes between 120° and maximum 
flexion between the younger and 80+ age-groups. Thus, difficulty kneeling should not be considered to be an inevitable 
consequence of ageing. 
 
 

2. Statistical shape modelling reveals large and distinct subchondral bony differences in osteoarthritic knees. 
Journal of Biomechanics. Joseph T Lynch, Marco TY Schneider, Diana M Perriman, Jennie M Scarvell, Mark R Pickering, Md 
Asikuzzaman, Catherine R Galvin, Thor F Besier, Paul N Smith. 2019. 93 (27): 177-184 

Knee osteoarthritis (OA) results in changes such as joint-space narrowing and osteophyte formation. Radiographic 
classification systems group patients by the presence or absence of these gross anatomical features but are poorly correlated 
to function. Statistical-shape modelling (SSM) can detect subtle differences in 3D-bone geometry, providing an opportunity for 
accurate predictive models. The aim of this study was to describe and quantify the main modes of shape variation which 
distinguish end-stage OA from asymptomatic knees. Seventy-six patients with OA and 77 control participants received a CT of 
their knee. 3D models of the joint were created by manual segmentation. A template mesh was fitted to all meshes and rigidly 
aligned resulting in a set of correspondent meshes. Principal Component Analysis (PCA) was performed to create the SSM. 
Logistic regression was performed on the PCA weights to distinguish morphological features of the two groups. The first 7 
modes of the SSM captured >90% shape variation with 6 modes best distinguishing between OA and asymptomatic knees. OA 
knees displayed sub-chondral bone expansion particularly in the condyles and posterior medial tibial plateau of up to 10 mm. 
The model classified the two groups with 95% accuracy, 96% sensitivity, 94% specificity, and 97% AUC. There were distinct 
features which differentiated OA from asymptomatic knees. Further research will elucidate how magnitude and location of 
shape changes in the knee influence clinical and functional outcomes.  

 
 

3. Risk factors for periprosthetic femoral fractures around total hip arthroplasty: a systematic review and meta‐
analysis 
ANZ Journal of Surgery. Yi Deng, David Kieser, Michael Wyatt, Mark Stringer, Christopher Frampton, Gary Hooper. 2019.  

Background: Periprosthetic fractures are becoming increasingly common, often leading to poor patient outcomes. The aim of 
this study was to identify risk factors associated with periprosthetic femoral fractures (PPFFx). 
Methods: Two independent reviewers conducted a systematic review of the databases MEDLINE, Embase and Cochrane 
Library according to the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses guidelines, from the earliest 
available date to December 2017. We included all clinical articles reporting more than 100 post‐operative PPFFx around total 
hip arthroplasty (THA). Outcomes included demographics, fracture type, risk factors and time to fracture. 
Results: A total of 12 868 PPFFx were reported across 18 eligible studies; 64% occurred following primary THA and 36% 
occurred after revision THA, and 66% of all fractures were in females. Vancouver B2 fractures were the most common type 
(39%). We found the odds of sustaining a PPFFx is significantly lower after a primary THA compared to revision THA (odds ratio 
0.31, 95% confidence interval 0.24–0.40, P < 0.00001). The incidence of PPFFx is 2.96 per 1000 person‐years following primary 
THA compared to 9.08 per 1000 person‐years following revision THA (odds ratio 0.33, 95% confidence interval 0.27–0.40). The 
time to fracture was 6.03 years following primary THA and 4.08 years following revision THA. Gender and cementation did not 
significantly affect the odds of fracture. 
Conclusion: The odds of sustaining a PPFFx following revision THA is three times greater compared to primary THA. Other risk 
factors including gender and cementation did not affect the odds of fracture 



9 

 
 

4. Total volume of cam deformity alone predicts outcome in arthroscopy for femoroacetabular impingement. 
Knee Surgery, Sports Traumatology, Arthroscopy. Sarah H Ellis, Diana  M Perriman, Alexander WR Burns, Teresa M Neeman, 
Joseph T Lynch, Paul N Smith. 2019. 1-7 

Purpose: Rates for arthroscopic surgery for femoroacetabular impingement (FAI) are rising and there is growing concern 
related to the effectiveness and costs associated with this treatment. There is a general lack of consensus as to the criteria for 
surgical selection of patients. The purpose of this study was to determine whether patient outcome following arthroscopic 
surgery for FAI could be predicted based on the size and location of deformity. The specific questions were: (1) what is the 
morphology of FAI in terms of size and location of deformity in a cohort of patients selected for surgery? (2) Do 
morphological factors predict postoperative improvement in hip scores? (3) Do morphological factors predict preoperative 
hip scores? (4) Are there clusters of morphological factors which explain postsurgical improvement in hip scores? 
Methods: Computer tomography (CT) surgical plans of 90 hips in 79 patients who had undergone primary hip arthroscopy for 
FAI were retrospectively reviewed. Four parameters for the femur and acetabulum were created: total depth of deformity, 
maximal depth, extent and the position of maximal deformity. This data were compared with prospectively acquired 
preoperative and postoperative patient outcome data using generalised linear models. 
Results: The cohort comprised 33 males and 46 females aged 37.9 (18–61). The majority (74%) had mixed morphology, 23% 
isolated cam, and 3% isolated pincer. Overall, the bone depth was greatest and more extensive on the femur. Increased total 
additional cam deformity alone predicted poorer postoperative outcome (p = 0.045). None of the morphological factors were 
related to preoperative scores and there was no association between the meta-variables and postoperative outcome. 
Conclusions: The results of this study indicate that a greater total volume of cam deformity led to poorer postoperative 
patient outcome scores at 1 year. This information provides the surgeon with more accurate patient-specific data for 
prediction of expected outcomes. 
 

5. Surgical Treatment of Pelvic Discontinuity: A Systematic Review and Meta-Analysis 
Journal of Bone and Joint Surgery Reviews. Jason R Szczepanski, Diana M Perriman, Paul N Smith. 2019 

Background: Pelvic discontinuity is a rare condition that is treated with a range of implant constructs. However, surgical 
failure rates are high, and outcome data are inconsistent. It is therefore difficult to gain a clear picture of whether recently 
developed constructs (antiprotrusio cage [APC], cup-cage, custom triflange, and porous metal) provide better outcomes in 
terms of mechanical failure and complications in the short to long terms. This study investigated the failure and complication 
rates associated with cage constructs and porous metal technologies. 
Methods: A systematic review and meta-analysis were performed according to the Meta-analysis Of Observational Studies in 
Epidemiology (MOOSE) guidelines to evaluate the studies showing pelvic discontinuity in revision total hip arthroplasty. Data 
retrieved included the intervention performed, length of follow-up, mechanical failure, and other complication rates 
(dislocation, infection, neurological, loosening, migration). Study quality was assessed with the Methodological Index for Non-
Randomized Studies (MINORS) instrument. Pooled mechanical failure and complication rates were calculated using MetaXL . 
Results: None of the included 30 articles (n = 585 hips) were of high quality. The meta-analyses revealed a mechanical failure 
rate of 14% for all constructs combined. Custom triflange (5%) and cup-cage (7%) had the lowest mechanical failure rates 
compared with the commonly used APC (25%) and porous metal (12%). The overall other complication rate was 28%, with 
cup-cage lower at 21% compared with APC (34%) and custom triflange (28%). Long-term evidence investigating both 
interventions and porous metal technology is limited. 
Conclusion: Mechanical failure rates for cup-cage and custom triflange were lowest. The other complication rate for cup-cage 
was lower than the pooled average. The study quality was limited, indicating a need for better studies and/or a registry. 
 

6. Validation of a method to measure three-dimensional hip joint kinematics in subjects with FAI 
Hip International. Tom Ward, Mafruha M Hussain, Mark Pickering, Diana Perriman, Al Burns, Jennie Scarvell, Paul Smith. 2019  

INTRODUCTION: A kinematic measurement method combining dynamic motion and imaging, which captures the behaviour 
of the hip at terminal motion, may offer improved diagnostic accuracy and enhance our understanding of the mechanics of 
FAI. 

METHODS: 3 embalmed cadaveric hip/pelvis specimens with implanted RSA beads were mounted on a custom rig and 
imaged with a fluoroscope in four poses to simulate a clinical impingement examination: in hip extension and in three 
positions: near impingement, early impingement and late impingement while simulating a flexion/adduction/internal rotation 
manoeuvre. Hip joint kinematics were measured using 2 methods and compared: RSA (gold standard) and a custom 3-
dimensional to 2-dimensional image registration method which matches 3D models developed from CT to 2D fluoroscopic 
images. 
RESULTS: Using RSA as the gold standard, bias and precision of hip joint rotations measured using 3D-2D registration 
demonstrated maximums of 1.64° and 3.96°, respectively. However, if the single outlier was removed, bias and precision 
were 0.55° and 1.38°. Bias and precision of translations had maximums of 0.51 mm and 0.77 mm, respectively. 
CONCLUSION: This 3D to 2D registration method may offer a clinically useful solution for dynamic assessment of hip 
impingement. If 5-mm translation and 10° of rotation represent a clinically significant difference in hip kinematics, the 
method's accuracy of approximately 1 mm displacement and 1° rotation should enable detection of significant clinical 
differences. 
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7. Segmentation and reconstruction of cervical muscles using knowledge-based grouping adaptation and new 
step-wise registration with discrete cosines.  
Computer Methods in Biomechanics and Biomedical Engineering: Imaging & Visualization. Abdulla Al Suman, Mst Nargis 
Aktar, Md Asikuzzaman, Alexandra Louise Webb, Diana M Perriman, Mark R Pickering. 2019. 7(1): 12-25 

Structural changes in the cervical muscles are the cause of most injurious and non-injurious neck pain for which surgery and 
therapy are used as medical interventions. In clinical practice, the correct diagnosis of disorders and the planning of 
treatments in the cervical region require high-precision 3-dimensional (3D) visualisation of the anatomy of patients’ muscles, 
which necessitates the highly accurate delineation of neck muscles. However, segmenting cervical muscles is an extremely 
difficult task due to their identical complexions and the compactness in clinical imaging data. As far as we know, past 
endeavours did not focus on neck muscle segmentation. Therefore, this paper presents a novel and complete automatic 
delineation and 3D reformation from tomographic data of some of the specific neck muscles responsible for injurious neck 
pain. Our method uses linear and non-linear registration frameworks to amend inequalities between the training and testing 
tomographic data. It can handle posture variabilities among patients using an alignment plan and also exploits a cognition-
based grouping adjustment to enhance segmentation accuracy. Our algorithm obtains promising results for real clinical data 
and offers an average dice similarity coefficient of  0.85 ± 0.02. 

 
 

8. Inter-Subject Image Registration of Clinical Neck MRI Volumes using Discrete Periodic Spline Wavelet and Free 
form Deformation 
Digital Image Computing: Techniques and Applications (DICTA). Abdulla Al Suman, Md Asikuzzaman, Alexandra Louise Webb, 
Diana M Perriman, Mark R Pickering. 2019. 1-5 

This paper presents a framework for inter-patient image registration which uses a multi-thresholds, multi-similarity measures 
and multi-transformations based on compactly supported spline and discrete periodic spline wavelets (DPSWs) using the Gauss
-Newton gradient descent (GNGD) and gradient descent (GD) optimization methods. Our primary intellectual contribution is 
incorporating DPSWs in the transformation while another includes fusing out-of-range concept in a surface matching technique 
which is implemented by a multi-transformations and multi-similarity measures. In particular, as a true deformation cannot be 
achieved by single combination of transformation, similarity measure (SM) and optimization of a registration process, a moving 
image is required to be brought within the range of a registration. On the other hand, the surface matching technique involves 
an edge position difference (EPD) SM in which coarse to fine surfaces are matched using multiple thresholds with a spline-
based free from deformation (FFD) method. The registration experiments were performed on 3D clinical neck magnetic 
resonance (MR) images, with the results showing that our proposed method provides good accuracy and robustness  

 
 

9. Arthroscopic repair of HAGL lesions yields good clinical results, but may not allow return to former level of 
sport. 
Knee Surgery, Sports Traumatology, Arthroscopy. Uli Schmiddem, Adam Watson, Diana M Perriman, Emmanouil Liodakis, 
Richard Page. 2019. 1-8 

PURPOSE: There is a paucity of evidence regarding mid- to long-term clinical outcomes of arthroscopic repair of humeral 
avulsion of the glenohumeral ligament (HAGL). This study investigated clinical outcomes, return to sport and the frequency of 
associated shoulder lesions. 
METHODS: Eighteen patients underwent arthroscopic repair of a HAGL lesion between 2008 and 2015. Clinical outcome was 
evaluated using the Rowe Score, the Quick DASH Score (Q-DASH), the Oxford Shoulder Instability Score (OSIS), the ASES Score 
and Range of Motion (ROM). Return to sports and associated shoulder lesions were documented. 
RESULTS: Sixteen patients agreed to complete the shoulder scores and nine patients were available for clinical examination. 
Median time to follow-up was 59 months (range 16-104). The median Rowe Score and Q-DASH Score improved significantly 
from 33 to 85 points and 61 to 7 points, respectively (p = 0.001, p = 0.001). The median OSIS and ASES Score were 20 and 91 
points. External rotation was significantly reduced compared to the contralateral side (p = 0.011). One recurrent dislocation 
was reported. No neurologic or vascular complications after surgery were reported. Five out of the nine patients did not return 
to sports at the same level. Associated shoulder lesions were found in 89% of the cases. 
CONCLUSION: Arthroscopic repair of a HAGL lesion is a reliable method to restore shoulder stability with good clinical results. 
However, limitations in external rotation and a reduction in sporting ability may persist at 59 months follow-up. Concomitant 
lesions are common. 

2019 Journal Publications 
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10. Late swing or early stance? A narrative review of hamstring injury mechanisms during high‐speed running. 
Scandinavian journal of medicine & science in sports. Claire Kenneally-Dabrowski, Benjamin G Serpell, Wayne Spratford, 
Adrian KM Lai, Byron Field, Nicholas AT Brown, Malcolm Thomson, Diana Perriman. 2019. 29(8):1083-1091 

Hamstring injuries are highly prevalent in many running-based sports, and predominantly affect the long head of biceps 
femoris. Re-injury rates are also high and together lead to considerable time lost from sport. However, the mechanisms for 
hamstring injury during high-speed running are still not fully understood. Therefore, the aim of this review was to 
summarize the current literature describing hamstring musculotendon mechanics and electromyography activity during 
high-speed running, and how they may relate to injury risk. The large eccentric contraction, characterized by peak 
musculotendon strain and negative work during late swing phase is widely suggested to be potentially injurious. However, 
it is also argued that high hamstring loads resulting from large joint torques and ground reaction forces during early stance 
may cause injury. While direct evidence is still lacking, the majority of the literature suggests that the most likely timing of 
injury is the late swing phase. Future research should aim to prospectively examine the relationship between hamstring 
musculotendon dynamics and hamstring injury.  
 
 

11. A retrospective analysis of hamstring injuries in elite rugby athletes: More severe injuries are likely to 
occur at the distal myofascial junction. 
Physical Therapy in Sport. Claire Kenneally-Dabrowski, Benjamin G Serpell, Wayne Spratford, Adrian KM Lai, Byron Field, 
Nicholas AT Brown, Malcolm Thomson, Diana M Perriman. 2019. 38:192-198. 

OBJECTIVES: To describe the most common hamstring injury scenarios and outcomes in elite rugby union. 
DESIGN: Retrospective investigation. 
SETTING: Hamstring injury data from an elite rugby union team was collected over five seasons and retrospectively 
analysed. 
PARTICIPANTS: 74 professional rugby players. 
MAIN OUTCOME MEASURES: Injuries were classified as new or recurrent. Injury severity, activity, player position, and 
whether the injury occurred during a match or training was determined for each injury. Injury location and grade were 
determined for more clinically severe injuries where Magnetic Resonance Imaging (MRI) data was available (15 injuries). 
RESULTS: Thirty hamstring injuries were sustained over the five seasons. The majority of injuries were new (93%), 
moderate in severity (60%) and occurred during running (77%). For more clinically severe injuries, the biceps femoris long 
head (BFlh) was the most commonly injured muscle (73%) and the distal myofascial junction (DMFJ) was the most common 
injury site (58% of BFlh injuries). 
CONCLUSIONS: Hamstring injuries most commonly occurred while running and in the BFlh muscle, which is similar to other 
sports. However, the most common intramuscular injury site was the DMFJ, which contrasts with reports from other 
cohorts. Future studies should ensure to include the myofascial junction when classifying injury location. 
 
 

12. Late swing running mechanics influence hamstring injury susceptibility in elite rugby athletes: A 
prospective exploratory analysis 
Journal of Biomechanics. Claire Kenneally-Dabrowski, Nicholas AT Brown, John Warmenhoven, Benjamin G Serpell, Diana M 
Perriman, Adrian KM Lai, Wayne Spratford. 2019. 92 (19): 112-119 

Hamstring injuries are one of the most prevalent injuries in rugby union and many other running-based sports, such as 
track sprinting and soccer. The majority of these injuries occur during running; however, the relationship between running 
mechanics and hamstring injury is unclear. Obtaining large samples of prospective injury data to examine this relationship 
is difficult, and therefore exploratory analysis frameworks may assist in deriving valuable information from studies with 
small but novel samples. The aim of this study was to undertake a prospective exploratory analysis of the relationship 
between running mechanics and hamstring injury. Kinematic and kinetic data of the trunk, pelvis and lower limbs were 
collected during maximal overground running efforts for ten elite rugby union athletes. Subsequently, hamstring injury 
occurrence was recorded for the following Super Rugby season, during which three athletes sustained a running-based 
hamstring injury. Functional principal component analysis was used to visualise patterns of variability in running mechanics 
during the late swing phase between athletes. Results indicated that subsequently injured athletes demonstrated a 
tendency for greater thoracic lateral flexion, greater hip extension moments and greater knee power absorption, compared 
to uninjured athletes. All variables demonstrated an ability to descriptively differentiate between injured and uninjured 
athletes at approximately 60% of the late swing phase. Therefore, we hypothesize that greater thoracic lateral flexion, a 
greater hip extension moment and greater knee power absorption between peak hip flexion and peak knee extension 
during the late swing phase may put rugby athletes at greater risk of running-based hamstring injury.  
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13. Scoping review of priority setting of research topics for musculoskeletal conditions. 
BMJ Open. Allison M Bourne, Renea V Johnston, Sheila Cyril, Andrew M Briggs, Ornella Clavisi, Gustavo Duque, Ian A 
Harris, Catherine Hill, Claire Hiller, Steven J Kamper, Jane Latimer, Andrew Lawson, Chung-Wei Christine Lin, Christopher 
Maher, Diana Perriman, Bethan L Richards, Peter Smitham, William John Taylor, Sam Whittle, Rachelle Buchbinder. 2019 
8 (12)  

Objective: Describe research methods used in priority-setting exercises for musculoskeletal conditions and synthesise the 
priorities identified. 

Setting and population: Studies that elicited the research priorities of patients/consumers, clinicians, researchers, policy-
makers and/or funders for any musculoskeletal condition were included. 

Methods and Analysis: We searched MEDLINE and EMBASE from inception to November 2017 and the James Lind Alliance top 
10 priorities, Cochrane Priority Setting Methods Group, and Cochrane Musculoskeletal and Back Groups review priority lists. 
The reported methods and research topics/questions identified were extracted, and a descriptive synthesis conducted.  

Results: Forty-nine articles fulfilled our inclusion criteria. Methodologies and stakeholders varied widely (26 included a mix of 
clinicians, consumers and others, 16 included only clinicians, 6 included only consumers or patients and in 1 participants were 
unclear). Only two (4%) reported any explicit inclusion criteria for priorities. We identified 294 broad research priorities from 
37 articles and 246 specific research questions from 17 articles, although only four (24%) of the latter listed questions in an 
actionable format. Research priorities for osteoarthritis were identified most often (n=7), followed by rheumatoid arthritis 
(n=4), osteoporosis (n=4) and back pain (n=4). Nearly half of both broad and specific research priorities were focused on 
treatment interventions (n=116 and 111, respectively), while few were economic (n=8, 2.7% broad and n=1, 0.4% specific), 
implementation (n=6, 2% broad and n=4, 1.6% specific) or health services and systems research (n=15, 5.1% broad and n=9, 
3.7% specific) priorities. 

Conclusions: While many research priority-setting studies in the musculoskeletal field have been performed, methodological 
limitations and lack of actionable research questions limit their usefulness. Future studies should ensure they conform to good 
priority-setting practice to ensure that the generated priorities are of maximum value. 

 
 
14. The SuprMam1 breast cancer susceptibility locus disrupts the vitamin D/calcium/ parathyroid hormone 
pathway and alters bone structure incongenic mice. 
Journal of Steroid Biochemistry and Molecular Biology. Lucase RM and Blackburn AC. Ratnadiwakara M, Rookea M, 
Ohmsb SJ, Frenchc HJ, Williamsc RBH, Li RW, Zhang DH. 2019. 188: 48-58 

Breast cancer is a complex disease, and approximately 30% of cases are considered to be hereditary or familial, with a large 
fraction of this being polygenic. However, it is difficult to demonstrate the functional importance of genes of small effect in 
population studies, and these genes are not always easily targeted for prevention. The SuprMam (suppressor of mammary 
tumour) breast cancer susceptibility alleles were previously identified as contributors to spontaneous mammary tumour 
development in Trp53+/- mice. In this study, we have generated and characterised congenic mice that contain the BALB/c 
SuprMam1 (susceptibility) locus on a C57BL/6 (resistant) background and discovered a subtle impairment in the vitamin D/ 
calcium/ parathyroid hormone (PTH) pathway. This was evident as altered gene expression in the mammary glands of key 
players in this pathway. Further functional analysis of the mice revealed elevated PTH levels, reduced Cyp27b1 expression in 
kidneys, and reduced trabecular bone volume/ tissue volume percentage. Plasma 25(OH)D and serum calcium were 
unchanged. This impairment was a result of genetic differences and occurred only in females, but the elevated PTH levels 
could be overcome with either calcium or vitamin D dietary supplementation. Either low levels of active vitamin D (1,25(OH)

2D) or chronically elevated PTH levels may contribute to increased breast cancer susceptibility. These indicators are not easily 
measured in human population studies, but either mechanism may be preventable with dietary calcium or vitamin D 
supplements. Therefore, SuprMam congenic mice could serve as a valuable model for studying the role of gene-hormone-
environment interactions of the vitamin D/ calcium/ PTH pathway in cancer and other diseases and for testing preventive 
interventions.  

2019 Journal Publications 
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15. Identification and differentiation of gluteus medius tendon pathology using ultrasound and magnetic 
resonance imaging.  
Musculoskeletal Science and Practice. Sean Iain Docking, Jill Cook, Stephanie Chen, Jennie Scarvell, Wes Cormick, Paul Smith, 
Angela Fearon. 2019. 14: 1-5 

BACKGROUND: It has been suggested that imaging findings play a role in directing treatment for Greater Trochanteric Pain 
Syndrome. Structural diagnoses associated with Greater Trochanter Pain Syndrome include gluteal tendinosis, and partial- or 
full-thickness gluteal tendon tears. However, few studies have compared imaging to confirmed tendon pathology observed 
during surgery. 
OBJECTIVE: To investigate the ability of magnetic resonance and ultrasound imaging to identify the presence of a pathological 
gluteus medius tendon in comparison to surgical and histological findings. 
STUDY DESIGN: Cross-sectional study. 
METHODS: 26 participants undergoing gluteal tendon reconstruction surgery or hip arthroplasty were included. Prior to 
surgery, participants underwent both magnetic resonance (MR) (n = 23) and ultrasound (US) (n = 25) imaging. A radiologist 
(MR) and nuclear physicians (US) classified the gluteus medius tendon as normal, tendinosis (no tear), partial-thickness tear, or 
full-thickness tear. 
RESULTS: Ultrasound identified 17 out of the 19 pathological gluteus medius tendons correctly. However, 5 of the 6 normal 
tendons were incorrectly identified as exhibiting pathology on ultrasound. Magnetic resonance rated 11 out of 17 pathological 
tendons as abnormal, with 4 out of 6 normal tendons identified correctly. Both imaging modalities were poor at identifying 
and differentiating between tendinosis and partial-thickness tears. 
CONCLUSION: Both imaging modalities showed a reasonable ability to identify tendon pathology. While limited by sample size, 
these early findings suggest that both imaging modalities may be limited in identifying specific pathoanatomical diagnoses, 
such as partial-thickness tears. These limitations may misdirect treatment. 
 
 

16. Recent advances in biodegradation controls over Mg alloys for bone fracture management: A review 
Journal of materials science & technology. MS Song, RC Zeng, YF Ding, RW Li, M Easton, I Cole, N Birbilis, XB Chen. 2019. 35: 
535-544 

Magnesium (Mg) alloys possess comparable physical and mechanical properties to bone, making them an outstanding 
candidate of implant materials for bone fracture treatment. In addition to the excellent biocompatibility, and bioactivity, the 
engagement of Mg alloys is key for a number of biological functionalities in the human body. The unique biodegradation 
nature of Mg alloy implants implies that it may not require a secondary removal procedure when the expected supporting 
tasks accomplish, as they may simply and safely “disappear” over time. Nonetheless, the demonstrated drawback of 
potentially rapid degradation, is an issue that must be addressed appropriately for Mg implants and is consequently given 
unique attention in this review article. Herein, the critical criteria and the state-of-the-art strategies for controlling the 
degradation process of Mg alloys are reported. Furthermore, future developments of biodegradable Mg and its alloys systems 
with satisfactory specifications for clinical trials and deployment, are discussed. This review aims to provide information to 
materials scientists and clinical practitioners in the context of developing practical biodegradable Mg alloys.  
 
 

17. Short-term antidepressant treatment has long-lasting effects, and reverses stress-induced decreases in bone 
fractures in rats.  
Translational Psychiatry. S. H. Lee, C. A. Mastronardi, R. W. Li , G. Paz-Filho, E. G. Dutcher, M. D. Lewis, A. D. Vincent , P. N. 
Smith, S. R. Bornstein, J. Licinio, and M. L. Wong. 2019. 9 

Antidepressants are among the most-prescribed class of drugs in the world and though weight gain is a common outcome of 
antidepressant treatment, that effect is not well understood. We employed an animal model comprised of 2 weeks of chronic 
restraint stress with antidepressant treatment, followed by diet-induced obesity. We showed that short-term antidepressant 
treatment had long-lasting effects, not only leading to weight gain, but also enhancing trabecular and cortical bone features in 
rats; therefore, weight gain in this model was different from that of the classic diet-induced obesity. Late in the post-restraint 
recovery period, antidepressant-treated animals were significantly heavier and had better bone features than saline-treated 
controls, when assessed in the distal femoral metaphysis. The propensity to gain weight might have influenced the rate of 
catch-up growth and bone allometry, as heavier animals treated with fluoxetine also had enhanced bone features when 
compared to non-stressed animals. Therefore, short-term antidepressant treatment ameliorated the long-term effects of 
stress on body growth and bone. Growth and bone structural features were associated with leptin levels, and the interaction 
between leptin levels and antidepressant was significant for bone mineral content, suggesting that short-term antidepressants 
in the context of long-term diet-induced obesity modified the role of leptin in bone formation. To our knowledge this is the 
first study reporting that short-term antidepressant treatment has long-lasting effects in restoring the effects of chronic stress 
in body weight and bone formation. Our findings may be relevant to the understanding and treatment of osteoporosis, a 
condition of increasing prevalence due to the aging population.  
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Conference Presentations 

AOA ACT Branch Scientific Meeting, Canberra 2018 
Surgical treatment of Pelvic Discontinuity: A systematic review and meta-analysis. 
 Jason Szczepanski, Diana Perriman, Paul Smith  
Optimising the modelling and design workflow for 3D printing with Drishti 
 Yuan Chai, Robert Simic, Rachel Li, Krisztina Valter-Kocsi, Paul Smith 
Reliability of the transverse acetabular ligament as an intraoperative reference for acetabular component placement: radiographic analysis 
of 888 primary total hip replacements. 
 Dawei Huang, Xuan Ye, Diana Perriman, Paul Smith 
Functional outcomes of gluteal tendon repair surgery compared to healthy age and sex matched controls. 
 Sally Gilbert, Angie Fearon, Diana Perriman, Wayne Spratford, Tom Sizeland, Joe Lynch, Paul Smith  
Gait analysis after gluteal tendon repair: A comparison with an age and sex matched control group. 
 Wayne Spratford, Tom Sizeland, Angie Fearon, Diana Perriman, Sally Gilbert, Joe Lynch, Paul Smith 
Post-operative in-hospital Venous Thromboembolism (VTE) in lower limb arthroplasty patients at an Australian Capital Territory Hospital 
(ACT) hospital. 
 Luke Barr, May Kowalski, Philippa Stevenson, Diana Perriman, Paul Smith 
Novel biomaterial against bacterial biofilms 
 Tom Cheng, Rachel Li, Paul Smith 
Epidemiology of Paediatric Osteoarticular Infections (POI) in the Australian Capital Territory (ACT) 
 Luke Barr, Ben Loel, Dawei Huang, Xuan Ye, Ashwin Swaminathan, Diana Perriman, Paul Smith 
Statistical Shape Modelling revels large and distinct subchondral bony changes in osteoarthritic knees 
 Joe Lynch , Diana Perriman, Marco TY Schneider, Md Asikuzzaman, Catherine Galvin, Jennie Scarvell, Mark  Pickering, Thor Besier, 
Paul Smith 
Does spinal fusion for scoliosis improve quality of Life and clinical outcomes for children with cerebral palsy 
 Jennie Scarvell, Corinne Bridge, David Little, Marian Currie 
The effect of new oral anticoagulants and warfarin on geriatric hip fractures 
 Yi Reng Bong, Dawei Huang, Xuan Ye, Diana Perriman, Paul Smith Rachel Li 
Gene expression in osteolysis cases examined using RNA Sequencing 
 Rachel Li, Diana Perriman, Donghai Zhang, Joe Lynch, Paul Smith Yi Deng 
MicroRNA and particle induced osteolysis around total hip arthroplasty – a literature review and research proposal 
 Yi Deng, Rachel Li, Paul Smith 
The importance of preventing the second fracture  
 Paul Smith 
 

Australia and New Zealand Orthopaedic Research Society, Canberra 
Gait analysis after gluteal-tendon repair: an age and sex matched comparison  
 Diana Perriman, Wayne Spratford, Tom Sizeland, Angie Fearon, Sally Gilbert, Joe Lynch, Paul Smith 
Shape is a weak predictor of deep knee flexion kinematics in healthy and osteoarthritic knees  
 Joe Lynch, Mark Pickering, Jennie Scarvell, Catherine Galvin, Diana Perriman, Marco Schneider, Thor Besier, Paul Smith  
Are you mad? You want me to kneel? Comparison of osteoarthritis and healthy knee kinematics while kneeling  
 Catherine R. Galvin, Mark R. Pickering, Joseph T. Lynch, Diana M. Perriman, Paul N. Smith, Jennie M. Scarvell  
Gene expression in osteolysis cases examined using RNA Sequencing  
 Yi Deng, Rachel Li, Paul Smith 
A fast registration method for 3D analysis of knee kinematics after total knee arthroplasty 
  Shabnam Saadat, Mark R. Pickering, Diana Perriman, Jennie M. Scarvell and Paul Smith  
 

International Society of Biomechanics, Calgary, Canada 
Functional principal component analysis reveals distinct kinematics changes between osteoarthritic and healthy knees  
 Joe Lynch, Mark Pickering, Jennie Scarvell, John Warmenhoven, Catherine Galvin, Diana Perriman, Thor Besier, Paul 

Smith  

Knee shape is associated with kinematic changes during deep flexion  (POSTER) 
 Joe Lynch, Mark Pickering, Jennie Scarvell, Catherine Galvin, Diana Perriman, Marco Schneider, Thor Besier, Paul Smith  
 

New Zealand Orthopaedic Associate National Scientific Meeting 
Risk factors for periprosthetic femoral fractures around total hip arthroplasty - a systematic review and meta-analysis.  

 Yi Deng, David Kieser, Michael Wyatt, Mark Stringer, Christopher Frampton, Gary Hooper 
 

Australian Society for Medical Research - New Investigator Forum, Canberra 
Fast and Accurate Customized Pelvic Fixation Plate Design Using 3D Modelling and 3D Printing 
 Yuan Chai, Paul Smith, Nick Birbilis, Imogen Mitchell, Rachel Li  

 

Australian Biomedical Engineering Conference, Melbourne 
Can knee kinematics predict the future? (POSTER) 
 Catherine R. Galvin, Mark R. Pickering, Joseph T. Lynch, Diana M. Perriman, Paul N. Smith, Jennie M. Scarvell   
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AOA National Scientific Meeting, Canberra 
Novel biomaterial against bacterial biofilms.  
 Paul Smith  
Surface modifications to prevent infection and promote osteointegration of orthopaedic implants.  
 Rachel Li and Paul Smith  
The osseointegration and antimicrobial properties of a novel biomaterial.  
 Tom Cheng, Rachel Li, Paul Smith 
The effect of new oral anticoagulants and warfarin on geriatric hip fractures.  
 Yi Reng Bong, Dawei Huang, Xuan Ye, Diana Perriman, Paul Smith Rachel Li 
Kinematics of kneeling are associated with patient outcomes, clinical measures and functional tests.  
 Catherine R. Galvin, Mark R. Pickering, Joseph T. Lynch, Diana M. Perriman, Paul N. Smith, Jennie M. Scarvell  
 

Canberra Health Annual Research Meeting 
Fast and accurate customized pelvic fixation plate design using 3D modelling and 3D printing  
 Yuan Chai, Paul Smith, Nick Birbilis, Imogen Mitchell, Rachel Li  
Shape is only a weak predictor of deep knee flexion kinematics in healthy and osteoarthritic knees  
 Joe Lynch, Mark Pickering, Jennie Scarvell, Catherine Galvin, Diana Perriman, Marco Schneider, Thor Besier, Paul Smith  
Prediction of the Kellgren-Lawrence Knee Osteoarthritis Severity Grade. A predictive data model using the kinematics of kneeling  
 Catherine Galvin  
Un-planned 30 day readmissions for lower limb arthroplasty patients in the ACT: a cross-sectional survey  
 Jane Desborough  
Kinematics of kneeling are associated with patient outcomes, clinical measures and functional tests (POSTER) 
 Catherine Galvin  
A posterior-to-anterior glide of the tibia may be more effective than the traditional anterior-to-posterior glide for increasing knee flexion: a 
pilot randomised controlled trial  (POSTER) 
 Yi-Ying Zeng  
The effect of new oral anticoagulants and warfarin on geriatric hip fractures  (POSTER) 
 Yi Reng Bong, Dawei Huang, Xuan Ye, Diana Perriman, Paul Smith Rachel Li 
The problem of aseptic loosening and osteolysis after total joint replacement and the potential role of microRNA (POSTER) 
 Yi Deng, Rachel Li, Paul Smith 
 

International Combined Orthopaedic Research Society, Montreal, Canada 

Knee shape is associated with kinematic changes during deep flexion  (POSTER) 
 Joe Lynch, Mark Pickering, Jennie Scarvell, Catherine Galvin, Diana Perriman, Marco  Schneider, Thor Besier, Paul Smith  
 

Australian Physiotherapy Association National Conference, Adelaide 

A posterior-to-anterior glide compared with a traditional anterior-to-posterior glide for increasing knee flexion: a pilot 
randomised controlled trial 
 Yi-Ying Zeng , Diana Perriman, Bjarne Kragh, Jennie Scarvell 
How BMI and other morphological factors influence knee kinematics  
 Diana Perriman, Alice Churchill, Nicola Hribar, Catherine Galvin, Terry Neeman, Joe Lynch, Mark Pickering, Paul Smith,  Jennie 

Scarvell  
How osteoarthritis changes knee kinematics  
 Jennie Scarvell, Catherine Galvin, Diana Perriman, Mark Pickering, Joe Lynch, Paul Smith 
Biomechanical markers after gluteal tendon reconstruction: a comparison with age and sex matched controls  
 Diana Perriman, Wayne Spratford, Tom Sizeland, Angie Fearon, Sally Gilbert, Joe Lynch, Paul Smith 
A complex relationship exists between gluteal tendon reconstruction outcomes, pain and co-morbidities  
 Angie Fearon, Sally Gilbert, Wayne Spratford, Tom Sizeland, Joe Lynch, Paul Smith, Diana Perriman 
 

Annual World Congress of Nano Science& Technology, Suzhou China 

Surface Modification with Nanomaterials to Promote Osseointegration and Prevent Infection of Orthopaedic Implants  
Rachel Li 
 

European Orthopaedic Research Society, Maastricht, the Netherlands  

Injury specific 3D printed fixation plates for pelvic fracture management  
 Rachel Li, Paul Smith 
 

Conference on Applied Modelling in Acute Care, Canberra 

Patient specific modelling, surgical planning and rapid production of injury specific 3D printed fixation implants - improving pelvic fracture 
management 
 Yuan Chai, Paul Smith, Nick Birbilis, Imogen Mitchell, Rachel Li  



16 

Doctor of Philosophy Scholars 

Joe Lynch - ANU 

Influence of knee shape on kinematics before and following total knee replacement 

Joe is completing the second year of his PhD at the ANU. Prior to this, Joe worked as a Senior Research 

Officer at TORU. He completed his Bachelor of Science in Exercise Science, and a Master of Science in 

Biomechanics at the University of Ottawa.  Joe’s main interests are understanding the clinical and 

functional outcomes of patients suffering from osteoarthritis or following total joint replacement using 

novel measurement techniques. Specifically, his thesis examines the role that knee shape plays in 

influencing how the knee moves before and after joint replacement.  To-date Joe has found unique shape 

features which distinguish between healthy an osteoarthritic knees. However, these features do not seem 

to predict function in deep kneeling. Joe is finalising the results of  an RCT examining the influence of implant design on 

keeling kinematics and expects to submit his thesis in the first half of next year. 

Claire Kenneally-Dabrowski - ANU 

Hamstrings in Elite Rugby Union 

Claire is in her final year of her PhD. Her PhD is a collaborative effort encompassing the ANU, AIS, and 

ACT Brumbies focussing on hamstring injuries. Hamstring injuries are common in running based sports 

and rates of initial injury and recurrence are high. Injuries usually affect the biceps femoris long head 

(BFlh) muscle during sprinting and the personal and financial consequences are significant. This 

project aims to examine the relationship between running mechanics, hamstring function during 

running, and hamstring injury. Claire has is currently a performance scientist with the Queensland 

Academy of Sport responsible for athletics and softball programs. She will complete her thesis part-

time while she takes up this prestigious position. 

Dr Samuel Kim - ANU 

Optimising outcomes for patients with intra articular disorders of temporomandibular joint.  

Dr Samuel Kim is an Australian trained specialist Maxillofacial surgeon with both medical and dental 

degrees from New South Wales and Queensland. He also has a Masters in Medicine degree in medical 

research. Dr Kim specialises in all aspects of temporomandibular joint disorders and is one of the few 

Maxillofacial surgeons in Australia to regularly perform TMJ surgeries, from arthroscopes to joint 

replacements. Sam’s PhD is attempting to improve the outcome of patients undergoing surgery for 

temporomandibular joint disorders. He is assessing the effectiveness of difference splints used in the 

non-operative management of TMJ disorders and developing a new surgical technique which has the 

potential to decrease the risk of damage to the marginal mandibular branch of facial nerve and scarring on the neck of the 

patient  

Yuan Chai - ANU (Complete) 

Personalized polymer surgical guide and orthopaedic metal implant manufacturing method that 

centred with 3D printing 

Yuan Has recently finished his PhD at the ANU. His project is established an effective way of 

manufacturing orthopaedic metal implant by investigating the interaction between laser energy and 

metal powder during selective laser melting processes. He also explored the biomedical respond to the 

manufactured item within different fabrication conditions and post processes. Yuan also developed a 

method to create a fast and accurate customized pelvic fixation plate designs using 3D modelling and 3D 

printing. Yuan has recently accepted a postdoctoral role in Sydney. Congratulations Yuan! 
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Master of Philosophy (MPhil) 

Dr Joshua Booth  Dr Yi Deng 

Design and testing of a fixation device to optimize 
management of Type C Pelvic fractures with Sacroiliac Joint 
disruption.  

 miRNA profiling in particle induced osteolysis around total 
joint replacement  

Prof Paul Smith, Dr Diana Perriman , Prof Andrew Neely  Supervisors: Prof Paul Smith, A/Prof Rachel Li 

   

Dr Tom Cheng  Madeline Fleming 

Novel material against bacterial biofilms.  Diet-Induced Disease – changes of bone microstructure in 

obesity-borne Type 2 Diabetes mouse model  

Supervisors: A/Prof Rachel Li, Prof Paul Smith  Supervisors: A/Prof Rachel Li, Prof Paul Smith 

Dr Ardalan Ebrahimi - ANU 

A multicenter collaborative study to develop and validate a new staging 
system for predicting prognosis in cutaneous head and neck squamous cell carcinoma with nodal 
metastases 
 
Ardalan is a fellowship trained Head and Neck Surgeon. He completed general surgical training in 

Sydney in 2009 and a subsequent head and neck and microvascular reconstructive fellowship at the 

Sydney Head and Neck Cancer Institute, Royal Prince Alfred Hospital. He has also completed a Masters 

in Public Health at Harvard University in Boston, Massachusetts. Ardalan has expertise in the 

assessment and management of all benign and malignant conditions of the head and neck, including. 

Ardalan’s PhD is investigating the efficacy of the current staging system for cutaneous head and neck squamous cell 

carcinoma with nodal metastases. Using this knowledge Ardalan will develop a new system which better predict how to stage 

this disease. 

Denika Silva—University of Canberra 

Can we change people to move? Effect of neuromuscular exercise for people with knee 
osteoarthritis on slow progression  
 
Denika is a physiotherapist from Sri Lanka who is in the first year of her PhD. Denika is completing her 

thesis at the University of Canberra in collaboration with The Trauma and Orthopaedic Research Unit. 

Denika is particularly interested in understanding how altering our movement patterns using targeted 

physiotherapy will help slow the progression knee osteoarthritis. She is currently undertaking a 

systematic review of which exercise programmes work best at slowing OA progression and these 

findings will help form the backbone of her thesis.  

Ms Arianna Cembran—ANU 

Smart nanomaterials for targeting gene therapy into the brain.  

Arianna is a PhD student at ANU. Arianna gained her Bachelor Degree in Biology and a Master Degree 

in Neurobiology from University of Rome, Sapienza in Italy. She has a background in basic biology 

specifically in how the nervous system works and its behaviour and cognitive functions. Her project is 

focused on the implementation of novel nanoscaffolds with the gene therapy as a treatment for brain 

injuries. The idea is to use gene delivery strategy to address the great challenge of the delivery of 

specific therapeutic genes in the CNS in order to reprogram astrocytes in neurons. Thanks to the ca-

pability of self-assembling peptides (SAPs) to synthetize different morphological nanostructures, SAPs can be engineered in 

order to improve the spatial and temporal controlled delivery of therapeutic transgenes through viral vectors. She is investi-

gating this project both in vitro and in vivo.   
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ANU Medical Student Research 2018-2019 

 
Christen Richardson   
Establishing the important factors when measuring the impact of waiting for care   

Purpose The increased demand on orthopaedic out-patient services in the public sector can result in lengthy wait times on the 
waiting list, which can affect an individual’s quality of life (QoL). The aim of this study was to identify how waiting to be seen by 
an orthopaedic surgeon impacts upon patients in terms of a hierarchy of QoL indicators in patients with a range of 
musculoskeletal conditions.  
Methods Participants included patients waiting for out-patient orthopaedic services at the Canberra Hospital. Nineteen 
participants were interviewed for this study. The length of waiting on the waiting list ranged from 1 month to 3 years (mean 
14.56 months). A card sort methodology was used to explore QoL factors that may be impacted in these participants whilst on 
the waiting list for an initial consultation. Exploratory factor analysis was used to identify the key QoL factors reported and 
these were described using the emergent themes.  
Results Based on exploratory factor analysis, the QoL statements described as severely affecting QoL  were mapped to nine 
themes in descending order of impact pain, economic stress, walking difficulties, loss of independence, decreased functional 
ability, loss of social role and psychological distress, change in function associated with more acute presentations, limitations 
due to back and lower limb problems, and the necessity for paid carer assistance. Reflection on the narratives provided by the 
participants in this study suggests that QoL is severely affected by waiting.  
Conclusions Musculoskeletal conditions have a severe impact on quality of life which are exacerbated by prolonged waiting for 
specialist medical attention. The domains pain, economic hardship, functional loss and social and psychological distress were 
marked.  This preliminary data will inform a larger study aimed at developing an assessment tool for this cohort.  
 
Sybil Yeung   
Factors affecting 30-day unplanned readmissions for patients undergoing total hip arthroplasty  

Objective: This study aimed to determine associations between total hip arthroplasty patients’ experiences in hospital and in 
transition to home, and unplanned 30-day readmissions. 
Methods: Consecutive patients attending a consultation at six weeks following total hip arthroplasty at four public and private 
clinics in the Australian Capital Territory from 1 February 2018 to 31 January 2019 were invited to complete the ACT Transition 
from Hospital to Home Orthopaedic Survey. Univariate and multiple regression analysis was used to estimate odds ratios of 
factors associated with 30-day unplanned readmissions.  
Lessons Learned: Of the 431 patients that completed the survey 27 (7%) were readmitted within 30-days of discharge (77% 
response rate). Public patients comprised 27% (n = 116) while 73% (n = 315) were private patients. After controlling for age and 
gender, patients who did not feel rested on discharge were significantly more likely to be readmitted within 30-days than those 
who did feel rested upon discharge (OR= 5.75, 95% CI: [2.13, 15.55], p=0.001). Compared to patients who did not have 
peripheral vascular disease (PVD), those who suffered from PVD were significantly more likely to have an unplanned 30-day 
readmission (OR=16.9, 95% CI: [3.06, 93.53], p=0.001).  
Implications : These results provide incentive for hospitals to develop strategies that maximise rest and sleep during patients’ 
hospital stay. To minimize the odds of an unplanned readmission in patients with comorbidities, optimum treatment of PVD 
prior to total hip arthroplasty should also be a priority.  
 
Quoc (Andrew) Hung   
Evaluating an online resource to support patients after lower limb arthroplasty 

Objective: The objective of this project was to evaluate the efficacy of a web based “Orthopaedic Transition 
Application” (OrthoApp) for improving patient enablement and reducing unplanned 30 day readmission to hospital for patients 
undergoing lower limb arthroplasty. We designed OrthoApp in conjunction with feedback from patients and clinicians in line 
with evidence suggesting that such an approach would optimise uptake of this technology. However, the application failed to 
gain acceptance from patients. This prompted to us to examine the reasons for technological non-adoption using Greenhaigh’s 
”Non adoption, abandonment, scale-up, spread and sustainability” (NASSS) framework.  
 Methods: The original study of OrthoApp efficacy was a comparative effectiveness study, with the control group undergoing 
conventional physiotherapy and rehabilitation while the experimental group received conventional physiotherapy and were 
offered the use of Ortho App as an adjunct to traditional care. Efficacy was assessed via a survey at the 6 week post-surgery 
consultation. Poor adoption of Ortho App led us to perform a retrospective analysis of the study, based on existing literature.  
Lessons Learned: Our retrospective analysis led us to conclude that the OrthoApp was not viewed as ‘necessary’ by the 
patients. Reasons for technological non-adoption are often conceptual in nature, based on the NASSS domains of ‘Value 
proposition’ and ‘Adoption’, rather than being driven by technological and logistical limitations. We postulate that the rollout 
of novel health technologies is driven by the relationship between perceptions of value added and how technology changes the 

role and routine of potential adopters.   
Implications: We propose that effective development and implementation of novel health technologies should incorporate a 
pragmatic, stepwise approach with clear value proposition that mitigates barriers to technological acceptance.  
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Ahmed Tafsirul Hussain 
In Vivo Kinematic Comparison of Cruciate Retaining, Cruciate Substituting and Rotating Platform Knee Replacement for 
Deep Knee Bending: A Prospective Blinded Randomized Study 

Background: Among the three common designs of knee replacement: Posterior Cruciate-retaining (CR), Posterior-stabilized 
(PS) and Rotating-platform (RP) prostheses, the decision as to which design to use is not currently informed by outcomes. This 
study compared the six-degrees-of freedom knee motion between the three total knee replacement (TKR) designs.    
Methods: This was a prospective, blinded, randomized control trial. Participants with Osteoarthritis aged > 18, knee flexion > 
90º, and fixed flexion contracture of ≤ 10º were recruited and assigned one of the three 3 TKR designs. The TKR knee of the 
participants were studied during deep kneeling from upright. Six-degrees-of-freedom kinematics of deep kneeling of the three 
TKRs, and strength of association between participant demographic variables and the kinematic variables were analyzed.   
Results: CR (118ᵒ) had significantly lower mean maximum flexion (p<0.05) than RP (124ᵒ) and PS (125ᵒ). RP had significantly 
greater tibial internal rotation than CR (p<0.001). PS had significantly posterior femoral rollback (PFR) than CR or RP (p<0.01). 
RP had significantly superior-inferior translation than PS or CR (p<0.01). There were no significant differences between the 
three TKR designs in the other kinematic variables.   
Conclusion: There were significant differences in the kinematics between the three TKR designs. PS and RP both had better 
kinematic outcomes than the CR design in achieving mean maximum flexion, PFR (PS compared to both CR and RP), and 
tibiofemoral axial rotation (RP compared to both CR and PS). However, none of the designs emulated the normal knee 
kinematics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prabhdeep Sahota 
Preventing the Second Fracture: Comparison of Three Models of Care in the ACT 

Introduction: The benefits of Fracture Liaison Services (FLS) in Minimal Trauma Fractures (MTF) have been well documented. 
However, evidence is limited regarding the impact that FLS has on subsequent refractures and GP engagement. The aim of this 
study was to compare three models of FLS care in terms of re-fractures, falls and GP engagement in order to ascertain which 
model is superior for our patients.  
Materials and methods: Participants were identified by their clinical records and included if presenting to the fracture liaison 
service with age > 50 years and a fall of standing height or less. After screening, three intervention groups were established: 
Full (n = 314), Minimal (n = 174) and None (n = 174). The Full-Intervention included one-on-one assessment, advice, blood 
testing, DEXA scanning, nutrition screening, risk factor identification, Garvan and FRAX future calculators, support group 
information and GP referral with the GP being advised of all available results. Minimal-Intervention involved mailing patients, 
informing them of osteoporosis, re-fracture risk and a recommendation to visit their GP. The NoIntervention group received 
baseline FLS care. 12 months post-initial consultation, surveys were sent to eligible patients. Data was analysed using a 
standard approach using IBM SPSS v25. The relationships between intervention level, re-fracture, falls and GP engagement 
were assessed using cross-tabulations, Pearson’s Chi Squared test and Cramer’s V. Significance was accepted if P < 0.05.  
Results: A strong association was found between intervention level and proportion of refractures, χ 2 (4) = 32.481, P < 0.001. 
The No-Intervention group had the highest proportion of no fractures and the Full-Intervention group had the lowest 
proportion of multiple fractures. Analysis of intervention level and falls indicated a strong association, χ 2 (6) = 65.703, P < 
0.001. The No-Intervention group had the highest proportion of no-falls and the Full- Intervention group sustained the most 
multiple falls. No significant association was found between intervention level and GP engagement, χ 2 (2) = 4.237, P = 0.120.  
Conclusions: Overall, the No-Intervention group had the lowest proportion of falls and refractures. GP engagement was 
equivalent across all groups. Repeating the study using a parallel randomised design is recommended.  
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ANU Medical Student Research 2019-2020 

ANU Engineering Honours 2019 

Jeremy Ripper  Haley Fancourt 

Influence in TKR implant design on knee extension  Trends in fracture related cycling injuries in the ACT 

Ben Siddall   

The impact of combining pain neuroscience education with 
physical activity interventions on pain and 
disability for chronic pain patients compared to physical 
activity alone: a systematic review and meta-analysis 

  

Posterior View Medial View 

      

Rugby Sprinter Overlay Rugby Sprinter Overlay 
Visualisations of Semimembranosus. Rugby and sprinting hamstring shape variation for features within each shape are represented. In overlay, 
solid shape = rugby and tracing = sprinter 

University of Canberra Physiotherapy Honours 2019 

The Trauma and Orthopaedic Research Unit was fortunate enough to have two physiotherapy students work with us 

this year. Jacob Saeedian found strong relationships between preoperative flexion angle and Anterior-posterior position 

with post operative flexion. These results are a steppingstone for future research to assess interventions on kinematics 

preoperatively, to help design prehabilitation interventions to improve postoperative kinematics.  

Ashlee Sutherland’s thesis characterised differences in hamstring morphology and volume between rugby players and 

sprinters. Ash found Differences in length, anteroposterior width, mediolateral width, contrasting curvatures and 

concavity/convexity in the frontal and sagittal planes were identified. These shape features were accentuated by the 

presence of an axial twist in the muscle. Future work will examine the relationship between these shape features and 

injury patterns 

Callum Dawson   

The development and validation of a patient specific locking plate fixation implants   

Supervisors: Nick Birbilis and Rachel Li 
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Higher Degree Graduates 

TORU has had a number of its higher degree scholars graduate in the last 12 months.  

Dr Catherine Galvin was awarded her PhD from the University of Canberra  for her thesis entitled: Healthy and Osteoar-

thritic Knee Kinematics. A 3D/2D Image-Registration Study of Kneeling. Catherine is now a lecturer  at the ANU College 

of Engineering and Computer Science. 

Dr Song Chen was awarded his PhD from the ANU for his thesis: Prediction of bone cell probability distribution in weak 

electronic fields. Song is now perusing a career in industry.  

Finally Ms Kate Phillips graduated with a Masters degree for her thesis: Relationships of sex and activity to bone quality: 

A modern approach to bioarchaeological questions. Kate is now undertaking medicine at the ANU. 



ANZORS 2019 

TORU has been part of the Australia and New Zealand Orthopaedic Research Society (ANZORS) for many years and this 

year, its 25th anniversary year, ANZORS came to Canberra. ANZORS  brings together  basic and applied scientists, 

orthopaedic surgeons, rheumatologists and industry scientists who have passion, dynamics and motivation to pursue 

orthopaedic research.  It was a first-class meeting and, as host group, as well as presenting our research, we organised 

some wonderful events including a networking event at the arboretum, a wonderful dinner at old parliament house and 

a session within the AOA National meeting which was also held here.  This year we were fortunate enough to have Prof 

Linda Sandall, Prof Rick Sumner, A/Prof Tash Stanton and Prof Fary Kahn give fascinating keynote lectures. Additionally 

Prof David Haynes also presented on the 25 year history of ANZORS.  



Notes 
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