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2    Hot Topics in the Tropics ‘10 program and abstracts

As Co-Chairs of the 2010 Asics Conference of Science and Medicine in Sport we welcome you to the idyllic location of Port Douglas. As you can 
see from the environment which surrounds you it was not a difficult decision to choose Port Douglas – located between the world heritage sites 
of the Daintree rainforest and the Great Barrier Reef – as the venue for this year’s meeting. 

In addition to enjoying the splendour of the Queensland tropics, we are certain that you will find the range of clinical and research presentations 
both stimulating and engaging and we hope you will capitalise on the many opportunities to interact with colleagues and enjoy the social and 
recreational events the conference and venue have to offer. 

As always, a great deal of time and effort has gone into developing and refining the scientific and social program and we again convey our thanks 
to the SMA Staff, in particular Conference Manager Davina Sanders for her outstanding work.

Our congratulations go to all delegates who are contributing to this year’s conference, through presentations, posters or workshops, or through 
interactive audience discussions. We particularly thank all those who assisted with reviewing abstracts and organising sessions. We hope you will 
all enjoy this, the third in our series of inter-disciplinary ‘boutique’ Conferences of Science and Medicine in Sport and we hope you will benefit from 
new and renewed collaborations and interactions with Sport and Exercise researchers and clinicians. 

Wendy Brown, Jill Cook and Anita Green 
2010 ACSMS Co-Chairs 

W
elcom

e

CoNFeReNCe Co-CHAIRS’ MeSSAGe

Left to Right: Jill Cook, Anita Green and Wendy Brown.
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W
elcom

e

PReSIDeNt’S MeSSAGe

This is my first Asics Conference of Science and Medicine in Sport as President of the Sports Medicine Australia (SMA) and it gives me great 
pleasure to welcome SMA members and Conference delegates to Port Douglas.

The Conference has for a number of years been the shining light of the SMA calendar. It also underscores SMA’s long and mutually beneficial 
partnership with Asics and provides a genuine opportunity for SMA members, delegates, partners and supporters to interact in the true community 
spirit that reflects this partnership. SMA is delighted to again be working collaboratively with Asics to bring this event together and reflects Asics’ 
commitment to sports medicine and science and its importance in the development of Asics footwear and scientific product range.

We will once again wait in anticipation for the announcement of the winner of the The Asics Medal which is the highlight of the Conference awards. 
The awards again reflect SMA’s, the ASMF Fellows’ and Asics’ commitment to excellence in sports medicine, science and injury prevention.

Once again the Conference Committee has constructed an excellent program which combines a wonderful blend of scientific and clinical 
presentations, workshops and posters. This is no coincidence given the formidable team of Co-Chairs, Professor Wendy Brown, Associate Professor 
Jill Cook and Dr Anita Green have over 20 years of Conference Committee experience between them and they have again surpassed their usual 
stratospheric standards this year. They have also been supported by Trish Wisbey-Roth who has been instrumental in developing the Grand Rounds 
sessions, and Davina Sanders in her role as Conference Manager. Our very special thanks and we are greatly appreciative of you all.

Finally and most importantly, a thanks to you, the delegates. I look forward to meeting as many of you as I can and I hope that you enjoy the 
2010 Asics Conference of Science and Medicine in Sport.

tim Pain 
President, Sports Medicine Australia
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Co-Chairs 
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ex officio 
Mr Nello Marino – CEO, Sports Medicine Australia 
Ms Davina Sanders – Conference Manager, Sports Medicine Australia

ACSMS 2010 CoNFeReNCe StAFF

Conference Manager 
Ms Davina Sanders

Ceo – Sports Medicine Australia 
Mr Nello Marino

Judging Chair 
Professor Andrew Cresswell

Judging Coordinator and Conference office 
Ms Emma Sullivan

trade Manager and Poster Coordinator 
Ms Tamara Christmas

Registration Coordinator 
Ms Lynne Morrison

Registration, Media and Photography 
Ms Amanda Boshier

Chair and Housekeeping Coordinator 
Ms Trish Donoghue – SMA ACT, Executive Officer

Session Support  
Mr Mark Brown – SMA QLD, Executive Officer 
Ms Lynne Sheehan – SMA VIC, Executive Officer 
Mr Stewart Priddis – SMA NSW, Executive Officer 
Ms Sascha Hill – SMA WA, Executive Officer 
Ms Belinda Norton – Volunteer
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Aw
ards

tHe AuStRALIAN SPoRtS MeDICINe FeDeRAtIoN FeLLoWS’ AWARDS 2010 

ASICS Medal 
Best Paper overall – $3000 prize (plus cash component from qualifying prize) 

Best Paper Awards  $2000 prize each

Asics Best Paper – Lower Limb

Asics Best Paper – Clinical Sports Medicine

Asics Best Paper – Exercise and Sports Science

Asics Best Paper – Injury Prevention

Asics Best Paper – Physical Activity and Health Promotion

New Investigator Awards*  $2000 prize or ACSM presentation package 

Asics Award for Best New Investigator – Lower Limb 

Ken Maguire Award for Best New Investigator – Clinical Sports Medicine

John Sutton Award for Best New Investigator – Exercise and Sports Science

NSW Sporting Injuries Committee Award for Best New Investigator – Injury Prevention  

Asics Award for Best New Investigator – Physical Activity and Health Promotion

Women in Sport Award  $500 prize

Wendy ey, Women in Sport Award

Poster Awards  $500 prize

Asics Best Poster – Clinical Sports Medicine

Asics Best Poster – Exercise and Sports Science

Asics Best Poster – Injury Prevention

Journal of Science and Medicine in Sport Award for Best Poster – Physical Activity and Health Promotion 

* Up to three New Investigator Award winners will be considered for the award of a presentation package for the American College of Sports Medicine Meeting in 
the following year. The package includes a registration waiver and support for travel expenses (to a maximum of AUD$3000) plus a guaranteed place in the ACSM 
program. Other New Investigator Award winners will receive a $2000 cash prize to be spent on furthering their research. 

Previous Asics Medal Winners

2009 Associate Professor Philip Morgan (University of Newcastle) 
 “Intervention description and preliminary findings of the ‘Healthy Dads, Healthy Kids’ pilot randomised controlled trial”

2008 Mr James Gaida (Deakin University) 
 “Patients with chronic painful mid-portion Achilles tendinopathy have a dyslipidaemia that is characteristic of insulin resistance”

2007 Dr Dennis Taaffe (The University of Queensland) 
 “Physical activity, physical function and incident dementia in elderly men”

2006 Dr Andrew Chapman (The University of Queensland) 
 “How is sensory feedback of force and knowledge of prior movement experience used in feedforward control of movement?”

2005 Dr Karim Khan (University of British Columbia) 
 “Action Schools! BC: Daily physical activity increases bone strength in prepubertal boys”

2004 Dr Tim Olds (University of South Australia) 
 “Activity styles: A cluster analysis of children’s activity patterns”

2003 Ms Louise Naylor (The University of Western Australia) 
 “Effects of exercise training on cardiovascular function and structure in elite athletes”
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Honours

2010 SPoRtS MeDICINe AuStRALIA HoNouRS

Fellowship of the Australian Sports Medicine Federation

New Fellowships will be awarded to:

  Professor Gregory Kolt, Sydney
  Associate Professor Robin Daly, Melbourne

Certificates of Appreciation for service to Sports Medicine Australia will be awarded to:

  Mr Graeme Backen (long service to the SMA ACT Branch)
  Ms Wendy Braybon (long service to the SMA VIC Branch)
  Mr Paul Fleet (long service to the SMA ACT Branch)

Past Honours Recipients:

SMA President’s Award

(The President’s Award is made for outstanding or exceptional service to the Federation. It is not an annual award.)

2004 Professor Caroline Finch

2005 Professor Wendy Brown

2007 Dr Peter Larkins

2007 Dr Geoff Thompson

2009 Dr Anita Green 

Certificates of Appreciation

2002 Dr Peter Bruckner 
 Professor Wendy Brown 
 Dr Elizabeth Clisby 
 Dr Caroline Finch 
 Dr Marg Torode 
 Dr Brian Sando 
 Dr Sue White

2003 Professor John Bloomfield 
 Dr Brian Corrigan 
 Dr Ken Fitch 
 Dr Ken Maguire 
 Professor Tony Parker 
 Professor Warren Payne

2004 Professor Bruce Abernethy 
 Dr Peter Barnes 
 Professor Bruce Elliott 
 Dr Barry Oakes 
 Dr Geoff Thompson

2005 Dr John Brotherhood 
 Dr David Humphries 
 Dr Trefor James 
 Dr Karim Khan 
 Dr Frank Pyke

2006 Professor John Hart  
 Dr Peter Larkins  
 Dr Paul McCrory  
 Dr John Orchard  
 Dr Margaret Torode 

2007 Dr Graham Allen  
 Dr Shane Conway  
 Dr Anita Green  
 Ms Marilyn Feenstra  
 Professor Mark Hargreaves 

2008 Professor Caroline Finch

2009 Professor Peter Hamer 
 Associate Professor Jill Cook 
 Ms Margaret Hanson 
 Dr Rob Reid
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Program

time Mirage Ballroom 1 Mirage Ballroom 2 Mirage Ballroom 3 Pandanus Room Il Pescatore Restaurant

0800 – 0900 Workshop:
Stuart Imer 
“Degenerative joint disease and Tendinopathy of the foot and 
ankle: A biomechanical and manual therapy approach”

Workshop: 
Shane Brun and Gavan White 
“A hands on approach to the 
evidence based assessment 
and management of common 
shoulder problems”

Workshop:
Mitch Duncan
“Global Positioning Systems 
in physical activity research”

Workshop:
Mark Brown 
“CPR certification”

0900 – 0930 Change over

0930 – 1030 Keynote:
Bengt Saltin 
“Exercise science; its role today and through a century”

1030 – 1100 Morning tea (Daintree Lounge)

1100 – 1230 Invited: 
John Garvey 
“Sports hernia – what is it 
and what can be done?”
Invited:
Phil Lucas
“The Radiology of pelvic and 
hip problems in sport”

Free Papers: 
Clinical – knee

Free Papers: 
Exercise physiology

Free Papers: 
Physical activity 1 – children

Football themed poster 
session

1230  – 1330 Lunch (Daintree Lounge)

1330 – 1500 Symposium: 
Managing drugs in sport: 
The evidence base for 
second generation policy

Free Papers: 
Clinical – tendon 

Free Papers: 
Neuromechanics

Free Papers: 
Physical activity 2 – adults

Tests, measures and 
technology themed poster 
session

1500 – 1530 Afternoon tea (Daintree Lounge)

1530 – 1700 Multidisciplinary Grand Round: 
Lumbo pelvic, hip and 
lower limb
(Lars Engebretsen, 
John Garvey, Phil Lucas, 
Amanda Turner, Liz Steet, 
Craig Purdam, Bruce Mitchell, 
Narelle Wyndow and 
Jason McLaren)

Free Papers: 
Clinical – shoulder

Free papers: 
Sports science

Invited: 
Evert Verhagen 
“The cost of sports injuries” 
and Free Papers: 
Injury prevention 
and epidemiology

Psychology themed poster 
session

1700 – 1800 trade exhibition opening (Glade Pavilion)

1930 – Late ASMF Fellows dinner (Gilligans Island) (ticketed event – not included in registration; only open to ASMF Fellows and their invited guests)

time Mirage Ballroom 1 Mirage Ballroom 2 Mirage Ballroom 3 Pandanus Room Il Pescatore Restaurant

0900 – 1600 AAPSM Board meeting

1300 – 1600 SMA Board meeting

1700 – 1800 Official opening ceremony

opening plenary presentation 
Murray Phillips
“Tensions, conflicts and exclusion: Sports medicine and sport science during the turbulent 
decades of the 1950s and 1960s”

1800 – 1900 Welcome reception (Daintree Lounge) (ticketed event)

WeDNeSDAy 3 NoveMBeR CoNFeReNCe PRoGRAM

tHuRSDAy 4 NoveMBeR CoNFeReNCe PRoGRAM
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Program

time Mirage Ballroom 1 Mirage Ballroom 2 Mirage Ballroom 3 Pandanus Room Il Pescatore Restaurant

0800 – 0900 Workshop:
Trish Wisbey-Roth 
“Retraining graded and functional control of the hip region”

Workshop: 
Leo Pinczewski  
“Management of knee 
disorders in the middle aged 
recreational athlete”

Workshop: 
Andrew Bull
“Sports podiatrists: 
Foot orthotic and running 
shoe matching”

Workshop:
Shane Brun 
“CPR certification”

0900 – 0930 Change over

0930 – 1030 Keynote:
Lars Engebretsen 
“Are our treatment methods in orthopaedics and sports traumatology evidence based?”

1030 – 1100 Morning tea (Glade Pavilion) (trade exhibition) 
Workshop: Gavan White “Ultrasound in a sports practice” (Trade Booth 11)

1100 – 1230 Multidisciplinary Grand Round: 
Upper limb, cervical 
and thoracic spine
(Lars Engebretsen, 
Phil Lucas, Rod Whiteley, 
Peter Larkins, Hugh Hazard, 
Bruce Mitchell, Mary Magarey 
and Tania Pizzari)

Free Papers: 
Clinical – foot and ankle

Free Papers: 
Recovery and fatigue

Free Papers: 
Physical activity 3 – adults

1230 – 1330 Lunch (Glade Pavilion) (trade exhibition) 
Workshop: George Murrell “Arthroscopic rotator cuff repair” (Trade Booth 11)

1330 – 1500 Free Papers: 
Clinical – hip and groin

Free Papers: 
Exercise and physical activity in chronic disease

Free Papers: 
Injury aetiology 
and prevention

1500 – 1600 Afternoon tea (Glade Pavilion) (trade exhibition)
Workshop: Lisa Briggs “Ultrasound of foot and ankle” (Trade Booth 11)

1600 – 1700 Physical Activity: Practising what we preach
This hour is for you to utilise one of the resort’s many activities on offer: swimming, 
golf driving range, tennis, bike rental, gymnasium, walking/running

AAPSM AGM SDrA AGM

1700 – 1900 Poster session (Mirage Ballroom)

FRIDAy 5 NoveMBeR CoNFeReNCe PRoGRAM
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Program

time Mirage Ballroom 1 Mirage Ballroom 2 Mirage Ballroom 3

0800 – 0900 Workshop:
Caroline Finch 
“Sports injury prevention – how sports medicine 
professionals access the evidence”

Workshop: 
Shane Brun and Gavan White  
“A hands on approach to the evidence based 
assessment and management of common 
knee problems”

Workshop: 
Ray Harding
“New innovations in pain management”
open to AAPSM Members only

0900 – 0930 Change over

0930 – 1030 Refshauge Lecture:
Peter Fricker 
“Genetics and the athlete – metaphysics, science and ethics (Part 1)”

1030 – 1100 Morning tea (Glade Pavilion) (trade exhibition) 
Workshop: Nader Beshay and Patrick Lam “Use of hand held dynamometers” (Trade Booth 11)

1100 – 1230 Symposium: 
Management of the ACL injured knee

Symposium: 
Whole body vibration – why does it work; 
why does it fail

Free Papers: 
Physical activity 4 – children

1230 – 1330 Lunch (Glade Pavilion) (trade exhibition) 
Workshop: George Murrell “Arthroscopic stabilization” (Trade Booth 11)

1330 – 1500 QANDA
The Question AND Answer session will be based on the TV series of the same name, in which the audience asks questions which are answered 
by panellists from a variety of backgrounds. The theme is “Policy and practice for science and medicine in sport”.

1500 – 1530 Afternoon tea (Glade Pavilion) (trade exhibition closes) 
Workshop: Lisa Briggs and George Murrell “Shoulder ultrasound” (Trade Booth 11)

1530 – 1630 “Best of the Best” 
Best paper winners re-present to determine Asics Medal winner for Best Conference Paper

1630 – 1700 SMA AGM

1830 – Late Conference dinner (Poolside Gazebo) 
Theme: “SMA historical dinner” (ticketed event)

SAtuRDAy 6 NoveMBeR CoNFeReNCe PRoGRAM
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M
eetings

MeetINGS AND SoCIAL PRoGRAM At tHe CoNFeReNCe

Wednesday 3/11
0800 2010 Conference Committee (Lagoons Restaurant)

0900 AAPSM Board of Trustees (Il Pescatore Restaurant)

1300 SMA National Board (Pandanus Room 1)

1330 SMA Conference Staff Meeting (Mirage Ballroom Foyer)

1800 Welcome Reception (Daintree Lounge) (ticketed event)

thursday 4/11
0700 2010 Conference Committee (Lagoons Restaurant)

1230 JSAMS Editorial Committee (Mirage Ballroom 1)

1700 Trade Exhibition Opening (Glade Pavilion)

1630 SMA Conference Staff Meeting (Mirage Ballroom Foyer)

1930 ASMF Fellows Dinner and AGM (Gilligans Island) (ticketed event)

Friday 5/11
0700 2010 Conference Committee (Lagoons Restaurant)

1230 SMA Member Student lunch with Keynote speakers (Il Pescatore Terrace) (by invitation only)

1500 SMA Scientific Committee (Lagoons Restaurant)

1500 SMA Conference Staff Meeting (Mirage Ballroom Foyer)

1600 AAPSM AGM (Pandanus Room)

1600 SDrA AGM (Il Pescatore Restaurant)

1700 Poster Session (Mirage Ballroom)

1930 AAPSM Dinner (Salsa Bar & Grill Port Douglas, 26 Wharf Street Port Douglas) (ticketed event)

Saturday 6/11
0700 2010 Conference Committee (Lagoons Restaurant)

1530 Best of the Best (Mirage Ballroom)

1630 SMA AGM (Mirage Ballroom)

1830 Conference Dinner (Poolside Gazebo) (ticketed event)
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Speakers

ACSMS 2010 KeyNote SPeAKeR PRoFILeS

Professor Lars engebretsen 
Asics Sponsored Speaker 
Lars’ travel to Australia is supported by Club Warehouse Sports Medical

Lars Engebretson completed his Medical Doctorate in 1979 at the University of Oslo. In 1990 he received his PhD 
in Orthopaedic Surgery from Trondheim University and in 1992 was credentialed in Norway as a Certified Specialist 
in orthopaedics and general surgery.

Lars is Professor, Orthopaedic Center, Ullevål University Hospital and Faculty of Medicine, University of Oslo. 
Lars’ current professional affiliations include Professor of the Norwegian College of Sports and Physical Education 
and the Division of Orthopaedic Surgery, University of Norway, Co-chair of Oslo Sports Trauma Research Center. 
He is Consultant and Chief of Sports Medicine at the Norwegian Olympic Sports Federation Olympic Committee 
and Para-Olympic Committee, Head Physician for the Norwegian Olympic Center and Head of Medical Sciences, 
International Olympic Committee (IOC). He was the Chief Physician for the Norwegian Olympic Team for 
Athens 2004, Torino 2006 and for the Norwegian Olympic Training Center.

Lars has published over 400 articles, book chapters and abstracts. He has received research grants and awards 
from many agencies and associations, including the National Institutes of Health, the Norwegian Council for 
Research in Science and Humanities, the Norwegian Ministry of Health and AOSSM.

In addition to being the current President of ESSKA, Lars is also a member of many other societies including but not 
limited to the Norwegian Society of Sports Medicine, the Scandinavian Foundation of Medicine & Science in Sports, 
ISAKOS, the Orthopaedic Research Society and International Knee Society.

Refshauge Lecturer

Professor Peter Fricker 
Australian Sports Medicine Federation Fellows Sponsored Speaker

Peter Fricker is well known for his significant role as team doctor and medical director of Australian teams at 
five Olympic Games and six Commonwealth Games. He was appointed AIS Director in 2005.

He is Chairman of the Medical Commission of the Australian Commonwealth Games Association and a Member 
of the Medical Commission of the Australian Olympic Committee, and was Medical Director for the Teams to 
Manchester and for the Australian Team to the Athens Olympics.

Peter worked as Team Medical Officer to Australian National Junior Mens Basketball Teams to two World Championships 
and was Team Medical Officer to National Gymnastics Teams to World Championships.

For over 25 years, Professor Fricker has conducted groundbreaking work in key areas of sports science and sports 
medicine, including sports injuries, exercise and immunology, and genetics in sport. He has focused on research 
that supports and enhances the performance and success of Australian athletes and teams.

Official commendations include a medal of the Order of Australia (1993) and the Australian Sports Medal (2001).

Professor Bengt Saltin 
Asics Sponsored Speaker

Bengt Saltin has devoted his life to researching the effects of physical exercise on health and performance. 
He coined the term “humans were meant to move” and his famous “bed rest” study transformed medical practice 
on how people recover from heart attacks, general surgery, or injury. Over the years he has conducted extensive 
research into skeletal muscle function and training, cardiac function in athletes and patients, high level elite 
performance, gene-environment interactions and performance enhancing drugs. His current work focuses on 
exercise and diabetes. He is one of the world’s most respected exercise physiologists and in 2002, he was awarded 
the IOC Prize, an Olympic Gold Medal, for having made the greatest contribution to our understanding of exercise 
for health and performance.
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Dr Murray Phillips

Murray Phillips has a range of research interests in the historical and contemporary dimensions of sport. He has written 
on the historical and contemporary aspects of sport and war, sport and gender, sports’ coaching, golf, rugby league, 
rugby union, sport structures as well as the ontological, epistemological and methodological aspects of sport history.

With these interests in mind, Dr Phillips has received external funding from the Australian Research Council, 
Australian Sports Commission, the Australian Coaching Council, the Australian War Memorial, as well as internal 
funding from the Universities of Canberra, South Australia and Queensland. He was commissioned by the Women 
and Sport Unit at the Australian Sports Commission to write ‘An Illusory Image: A Report on the Media Coverage and 
Portrayal of Women’s Sport in Australia 1996’, has written a history of coaching in Australia entitled ‘From Sidelines 
to Centre Field’ for the Australian Coaching Council, and is currently writing the centennial history of swimming in 
Australia for the National Sporting Organisation, Australian Swimming. In addition, Dr Phillips has been contracted 
to edit a book on the ontological, epistemological and methodological dimensions of sport history that draws on the 
collective experience of twelve of the leading sport historians around the world.

Dr Phillips has been an associate editor and book reviews editor for the Journal of Football Studies and is also on 
the executive committee of the Australian Society for Sport Historians and is the book reviews editor for the national 
journal, Sporting Traditions.

Speakers

ACSMS 2010 oPeNING PLeNARy PReSeNtAtIoN SPeAKeR PRoFILe



14    Hot Topics in the Tropics ‘10 program and abstracts

Speakers

ACSMS 2010 INvIteD SPeAKeR PRoFILeS

Dr John Garvey

John Garvey is a General Surgeon who graduated from the University of New South Wales and undertook 
Surgical Fellowship Training at Royal Prince Alfred Hospital in Sydney. His basic research was conducted in 
the Nuffield Department of Surgery in Oxford under the supervision of Professor Sir Peter Morris.

John became interested in groin injury in 1990, whilst working with Sports Physician, Dr Hugh Hazard at NRL 
Canterbury Bankstown Bulldogs and pioneered the operation of groin reconstruction when he performed the 
first repair in 1995. Since that time he has accumulated over 1500 cases comprising both sports people and 
injured workers and has presented his work in London, Arizona, Singapore, Beijing and Berlin with his next major 
presentation to be at the European Hernia Society in Istanbul later this year. He shot to prominence after his name 
was linked to several international sportsmen in all football codes and he has published a recent article in Europe.

Dr Phil Lucas

Phil Lucas trained as an undergraduate at the University of Sydney with residency and radiology training at the 
Royal North Shore Hospital, Sydney.

He did a fellowship in musculoskeletal radiology at the University of Virginia, USA, 1996. Phil is Clinical Lecturer in 
Sports Medicine Imaging at the University of NSW and Honorary Radiologist for the NSW Waratahs Super 14 Rugby, 
Australian Rugby, Manly Sea Eagles and the West Tigers Rugby League teams and Imaging director for the NSW 
Institute of Sport. He was Visiting Radiologist at the Sydney Olympics 2000.

His special interests are in musculoskeletal ultrasound and MRI and image guided injections and procedures.

Dr evert verhagen

Evert Verhagen, PhD (1976) is a senior researcher of the department of Public and Occupational Health at the 
VU University Medical Centre in Amsterdam. He is a board certified occupational epidemiologist and human 
movement scientist. Evert received his PhD in 2004 after emphasising the preventive effect balance training has 
against ankle sprains. As a former Track & Field athlete who had to cease participating at the elite level at the age 
of 17 due to an injury, he has a natural interest in sports and physical activity injury prevention. He gained his mark 
for his work on the prevention of ankle sprains, but also has a strong focus on safety and injury prevention in youth 
sports and physical activity, as well as the uptake of the interventions within a broad sporting population.

Evert was the project-leader of the recently completed 2BFit (Balance Board Functional instability training) study on 
the preventive effect of proprioceptive training given after usual care. Results of this very effective intervention have 
been accepted for publication in the British Medical Journal. He is also the instigator of the effective iPlay study 
(Injury Prevention Lessons Affecting Youngsters). The iPlay study evaluated a school-based intervention program 
aimed at preventing sports and physical activity injuries in children aged 10–12. Evert is also a current member 
of various Dutch “expert” groups within the field of sports medicine, including the “projectgroup National Sports 
Database”, “the National Sports Injury Registration Platform”, and “the National Sports Injury Prevention Platform”.
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1 tensions, conflicts and exclusion: Sports medicine and sport science during the turbulent decades of the 
1950s and 1960s

oPeNING PLeNARy PReSeNtAtIoN

M. Phillips1*    1The University of Queensland

When World War Two finished, there was a collective sigh of relief with the promise of a less strife-torn world. The 1950s and 1960s, though, were 
almost as tumultuous as the previous decade. More wars, political coups, nuclear threats, assassinations, decolonisation and revolutions in popular 
culture shattered any notions of social, political and economic tranquillity. Sport, too, was caught up in the turmoil. Not only were Germany and 
Japan pariahs in international competitions, but there were revolutions in the way sport was conceived, organised and managed. The emergence 
of sports medicine and sports science in Australia were part of the reconceptualisation of sport that, like the broader political context, suffered from 
tensions that often erupted into enduring conflicts. This presentation examines the tensions and conflicts in the emergence of sports medicine 
in Australia. The nascent sports medicine organisations had to resolve political struggles for power between New South Wales and Victorian 
entities, and had to determine the criteria for membership of the Australian Sports Medicine Federation – a hotly contested issue. Similarly, a 
key component of sports medicine, sport science was in an embryonic stage of development and confronting the concept of “the body as a 
machine” as coaches battled over experimentation with athletes and radically different paradigms of training regimes. As much as sport medicine 
practitioners and sport scientists were fighting internal battles, both struggled with Australian sporting organisations which were responsible for 
athletes at the Olympic Games and Commonwealth Games. Gaining recognition from Olympic and Commonwealth Games officials was a long, 
hard-fought battle for sports medicine practitioners, sport scientists and coaches. In many ways, the struggles of the decades following World War 
Two helped shape the roles of contemporary sports medicine, sport science and coaching in Australian sport.

time Session title Presenter Room Paper

1700 – 1800 Opening plenary 
presentation

Tensions, conflicts and exclusion: Sports medicine and sport science 
during the turbulent decades of the 1950s and 1960s

Murray Phillips Mirage Ballroom 1

WeDNeSDAy 3 NoveMBeR PAPeRS At A GLANCe
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time Session title Presenter Room Paper

0800 – 0900 Workshop Degenerative joint disease and Tendinopathy of the foot and ankle: 
A biomechanical and manual therapy approach

Stuart Imer Mirage Ballroom 1 & 2 2

0800 – 0900 Workshop A hands on approach to the evidence based assessment and management 
of common shoulder problems

Shane Brun and 
Gavan White

Mirage Ballroom 3 3

0800 – 0900 Workshop Global Positioning Systems in physical activity research Mitch Duncan Pandanus Room 4

0800 – 0900 Workshop CPR Certification Mark Brown Il Pescatore Restaurant 5

0930 – 1030 Keynote Exercise science; its role today and through a century Bengt Saltin Mirage Ballroom 6

1100 – 1230 Invited Sports hernia – what is it and what can be done? John Garvey Mirage Ballroom 1 7

1100 – 1230 Free Papers: Clinical – knee Mirage Ballroom 2

A fifteen year prospective comparison of patellar and hamstring tendon 
grafts for ACL reconstruction

Leo Pinczewski 8

Hamstring tendon autograft does not protect the patellofemoral joint from 
osteoarthritis after anterior cruciate ligament reconstruction: 7 year follow-up

Kay Crossley 9

Long term survival of high tibial osteotomy for medial osteoarthritis of the 
knee – 8 to 19 year follow-up in a series of 455 patients

Leo Pinczewski 10

Return to sport following ACL reconstruction surgery: Are our expectations 
for recovery too high?

Clare Ardern 11

Hamstring force control following ACL injury and reconstruction and its 
relation to quadriceps coactivation and dynamic knee joint stability

Adam Bryant 12

Double blinded randomised controlled trial of a Polylactide Carbonate 
(Calaxo) and Tricalcium Phosphate (Milagro®) composite screws for tibial 
fixation in ACL reconstruction

Leo Pinczewski 13

The effects of a Wii Fit-based balance program on knee pain and function 
in patellofemoral pain sufferers

Corinne Sherrard 14

1100 – 1230 Free Papers: Exercise physiology Mirage Ballroom 3

The relationship between heart period variability and VO2peak response 
to high intensity intermittent exercise training

Steve Boutcher 15

Mechanical work and metabolic stress in response to high- and low- intensity 
interval exercise among overweight/obese men

Shaea Alkahtani 16

The dose-response relationship between Pseudoephedrine ingestion and 
exercise performance

Kellie Pritchard-
Peschek

17

Effect of a high carbohydrate meal on serum caffeine concentrations 
following caffeine ingestion

Tina Skinner 18

Effect of intradialytic resistance training on circulating cytokines: 
A randomized controlled trial

Bob Cheema 19

Impact of shear stress on vascular function in humans: Explaining the direct 
impact of exercise on vascular health

Louise Naylor 20

Satellite cell activation/proliferation in response to strength training Emily Thomas 21

Recombinant human growth hormone – effects on cytokine production in 
healthy young males

Sandra Ramos 22

1100 – 1230 Free Papers: Physical activity 1 – children Pandanus Room

Physical and sedentary behavior in New Zealand children: 
Children’s, parents’ and health professionals’ perceptions

Amy Curtis 23

CAFAP: A multi-disciplinary family-centred community-based intervention 
for overweight/obese adolescents

Alexandra 
McManus

24

tHuRSDAy 4 NoveMBeR PAPeRS At A GLANCe
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time Session title Presenter Room Paper

Randomised controlled trial of the Physical Activity Leaders (PALs) program 
for low-active adolescent boys from disadvantaged secondary schools

David Lubans 25

Healthy homework pilot study: Qualitative findings from a physical activity 
and nutrition intervention for primary-aged children

Julia McPhee 26

The plateauing prevalence of childhood obesity and overweight – 
evidence from nine countries

Carol Maher 27

Bringing the community together to promote physical activity in youth: 
Results from the first year of Project InterActive

Julia McPhee 28

1100 – 1230 Football themed poster session Il Pescatore Restaurant

Global Positioning Systems (GPS) and rehabilitation for elite athletes Jo Hanisch 29

Practical application of accelerometers in Australian football Matthew Varley 30

Are GPS devices creating a higher and unnecessary amount of rotations 
within the AFL or just looking after player welfare?

Kelly Foreman 31

Physiological responses and movement demands of elite women playing 
Australian football in the midfield position

Victoria 
Wyckelsma

32

Cold water immersion is most effective for recovery of repeat sprint ability 
and reducing fatigue post an Australian football game

Matthew Varley 33

1330 – 1500 Symposium Managing drugs in sport: The evidence base for second generation policy James Connor Mirage Ballroom 1 34

ASADA: Australia’s driving force for pure performance in sport Chris Owens 35

Attitudes to drug testing and anti-doping education in elite Australian athletes Rhonda Orr 36

Doping and athlete support personnel: What do they know and do? James Connor 37

CleanEdge: Lessons learned about primary prevention of doping among 
adolescents

Lynne Sheehan 38

An integrated framework: Identifying risk and protective factors for doping 
in sport

Corrine 
Dickinson

39

What drives athletes to take performance enhancing drugs? Insights from 
a choice modeling experiment

Twan Huybers 40

Beyond self-report in doping: Validating declared substance use in sport 
with hair sample analysis

Eugene Aidman 41

1330 – 1500 Free Papers: Clinical – tendon Mirage Ballroom 2

Gamma loop pathway dysfunction in osteoarthritic knees Peter McNair 42

Expression of TNF-α and TNFR1 in tenocytes in normal human Achilles 
tendon and tendinosis biopsies

James Gaida 43

Adaptation of tendon tissue to exercise load in pre-adolescent children David Spurrier 44

Overuse tendinopathy is characterised by changes in the metabolism of 
proteoglycans present in the extracellular matrix of tendons

Chris Handley 45

Anterior knee pain severity fluctuates over the female menstrual cycle Natalie Collins 46

The menstrual cycle influences tibial acceleration variability during 
consecutive gait cycles

Ross Clark 47

Do clinical factors predict the return to pre-morbid function following 
surgical repair of ruptured Achilles tendons?

Emmeline 
Downes

48

People with PFJ OA ambulate with altered muscle forces Kay Crossley 49

tHuRSDAy 4 NoveMBeR PAPeRS At A GLANCe
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time Session title Presenter Room Paper

1330 – 1500 Free Papers: Neuromechanics Mirage Ballroom 3

Upper body bone strength in pre-pubertal, non-elite gymnasts and 
non-gymnasts

Lauren Burt 50

The effect of varying musculotendinous length on the construction 
of triceps surae length-tension curves

Ben Hoffman 51

Can running leg stiffness be predicted from anthropometric and running 
kinematic data?

Peter Clothier 52

Corticospinal and motor unit adaptations to rapid isometric strength training Dawson Kidgell 53

Effect of fatigue on landing biomechanics following anterior cruciate 
ligament reconstruction surgery

Kate Webster 54

Ultrasound evaluation of thoracic and lumbar erector spinae surface EMG 
recording sites

Diana Perriman 55

Run performance and neuromuscular control is not affected by cycling in 
elite international triathletes

Jason Bonacci 56

1330 – 1500 Free Papers: Physical activity 2 – adults Pandanus Room

The ManUp Study: Using information technology to promote physical 
activity and nutrition to middle-aged rural men

Gregory Kolt 57

Workplace weight-loss maintenance: A novel initiative based on a 
“Small-Changes” approach

Caryn Zinn 58

Using smartphones to increase physical activity: Usability testing of the 
10,000 Steps iPhone application

Morwenna 
Kirwan

59

The influence of exercise program structure on motivation and adherence Silke 
Motschiedler

60

Exercise or vitamin B for lowering homocysteine levels in cognitively 
impaired adults?

Jannique Van 
Uffelen

61

Walk@Work – feasibility trial of an automated, website walking program 
for Australian office workers

Nicholas Gilson 62

Physical activity interventions improve central processing and choice 
response speed

Kevin Norton 63

1330 – 1500 Tests, measures and technology themed poster session Il Pescatore Restaurant

Blood lactate levels support classification of the 300 m shuttle run as an 
anaerobic capacity field test

Robin Callister 64

Heart rate variability: Standardisation of methodology Christa Janse 
Van Rensburg

65

The importance of site location in girth measurement Nathan Daniell 66

The effect of the use of a mouthpiece and nose clip on heart rate variability Roz Beavers 67

Accuracy of 1 Hz versus 5 Hz GPS devices to measure movement patterns 
in team sport activities

Paul Gastin 68

Using wearable inertial sensors for skill assessment of the tennis serve Amin Ahmadi 69

1530 – 1700 Multidisciplinary 
Grand Round

Multidisciplinary Grand Rounds Clinical session: Lumbo, pelvic, hip and 
lower limb

Lars Engebretsen, 
John Garvey, 
Phil Lucas, 
Amanda Turner, 
Liz Steet, 
Craig Purdam, 
Bruce Mitchell, 
Narelle Wyndow 
and Jason McLaren

Mirage Ballroom 1 70
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time Session title Presenter Room Paper

1530 – 1700 Free Papers: Clinical – shoulder Mirage Ballroom 2

Functional improvements and electromyographic (EMG) changes in 
multidirectional instability of the shoulder after conservative rehabilitation

Nicole Johnson 71

Subscapularis does not stabilize the glenohumeral joint during throwing Craig Boettcher 72

The reliability of fixed versus handheld dynamometer for shoulder 
strength testing

Nader Beshay 73

Expression of neuronal markers in frozen shoulder George Murrell 74

Arthroscopic rotator cuff repair: Clinical outcome of 606 patients Daniel Biggs 75

A comparative study of arthroscopic and open rotator cuff repair outcomes 
of 400 patients followed for two years or longer

Judie Walton 76

Long-term outcomes of arthroscopic capsular release for frozen shoulder George Murrell 77

1530 – 1700 Free Papers: Sports science Mirage Ballroom 3

Monitoring running workloads in field based team sports: A new energetic 
approach using GPS technology

Adrian Gray 78

Validity of GPS housed accelerometer data in running and cutting Kevin Netto 79

The Journal of Science and Medicine in Sport: 50 years on Louise Wiles 80

The effect of green tea extract and high intensity intermittent exercise 
on fat oxidation in overweight women

Steve Boutcher 81

The effect of carbohydrate feeding during cycling on run performance 
within a simulated Olympic-distance triathlon

Kerry McGawley 82

The influence of high speed swimsuits on the lactate curve test among 
competitive swimmers

Takaaki 
Matsumoto

83

Compression garments enhance recovery following Australian Football training Emma Gallaher 84

1530 – 1700 Invited The cost of sports injuries Evert Verhagen Pandanus Room 85

Free Papers: Injury prevention and epidemiology

Patterns of injury and risk factors in junior rugby union football: Under 7 
to under 12 year olds

Andrew 
McIntosh

86

Accuracy of the field-based injury and exposure data collection methods 
in a large scale injury prevention randomised controlled trial

Dara Twomey 87

Trends in cycling injuries 2000 – 2008 Lynda Norton 88

1530 – 1700 Psychology themed poster session Il Pescatore Restaurant

Self-as-a-model training of left foot Australian Football punt kicking in 
two cases using reversed video footage of the player’s right foot kicks

Kylie Steel 89

The effect of block, random and combination practice orders on learning 
variations of the same task

Jadeera Phaik 
Geok Cheong

90

Athlete performance management: A model of strategic significance Brian Hanisch 91

Successful integration of a mental skills program to a specialist sports 
school program

Simon Hood 92

Mental effort ratio: Assessing individual differences in subjective 
fatigue tolerance

Eugene Aidman 93

Teaching mental toughness in tennis Janet Young 94
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20    Hot Topics in the Tropics ‘10 program and abstracts

Thursday 4 Novem
ber

2 Degenerative joint disease and tendinopathy of the foot and ankle: A biomechanical and manual therapy approach

WoRKSHoP

S. Imer1,2,3,4*    1Stuart Imer Physiotherapy: Frankston    2Physiosports: Brighton    3Foot Solutions: Elsternwick    4Lifecare Sports Medicine: Prahran

In this workshop participants will gain an understanding of the mechanical basis to joint and tendon disease of the foot and ankle, and be able to 
adapt their treatment protocols for these conditions accordingly. Intervention will be outlined relevant to influencing factors intrinsic and extrinsic 
to the individual. Manual therapy that influences these biomechanical factors will also be presented. Participants will, at completion, be able to 
recognise and remediate the key mechanical influences on foot and ankle tendon and joint diseases.

3 A hands on approach to the evidence based assessment and management of common shoulder problems

WoRKSHoP

S. Brun1,2*    G. White2,3,4*    1School of Medicine and Dentistry, James Cook University    2Sports Doctors Australia    3Synergy Sports Medicine    4The University of Western Australia

Shoulder assessment can be a daunting prospect for many people involved in clinical practice. The shoulder is anatomically complex and functionally 
complex. Unfortunately, the number of clinical tests are equally complex making it difficult to remember and incorporate into a slick examination 
style. In this workshop, the presenters will provide an update to the evidence when it comes to the assessment of common shoulder problems. 
A systematic approach will be provided outlining and practicing a focused shoulder examination and discussing shoulder “special tests” their usefulness 
and limitations. Within this workshop, a practical guide to the assessment of shoulder pain will be presented based on a regional approach to pain 
presentation. Registrants will be given practical experience in honing assessment skills and defining an examination strategy that is evidence based.

4 Global Positioning Systems in physical activity research

WoRKSHoP

M. Duncan1*    1Institute for Health and Social Science Research, CQUniversity

The aim of this workshop is outline common methodological issues surrounding the use of Global Positioning Systems (GPS) and basic strategies 
that can be used to address these issues. This will include identifying and dealing with spurious data, and integration with other data sources to 
assess physical activity intensity and environmental exposure.

5 CPR Certification

WoRKSHoP 

A. Green1    M. Brown2*    Sports Doctors Australia3    1The University of Queensland    2SMA QLD    3Sports Doctors Australia

This Workshop is designed to provide a CPR update with a Sports Medicine flavour. It provides an ideal opportunity for Sports Medicine Clinicians 
to up skill in a credentialed emergency resuscitation hands on session. It is primarily provided for Doctors, Physiotherapists and Podiatrists 
who require an annual update for their daily work and is designed to fulfill the requirements for their professional education. So it will be a 
multidisciplinary team workshop. In March 2006, the Australian Resuscitation Council released their updated guidelines for Basic and Advanced 
Life Support for Adults, Children and Neonates. Key principles of the new Australian guidelines are:
  Any resuscitation attempt is better than none
  You should minimise any interruptions to compressions
  Compressions should be delivered harder and faster
  Avoid over ventilation
  Rescuers should compress the centre of the chest.
  30:2 ratio (30 compressions to 2 ventilations) for infants, children and adults
  Emphasis on early defibrillation
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6 exercise science; its role today and through a century

KeyNote

Asics Supported Speaker

B. Saltin1*    1Copenhagen Muscle Research Centre, Rigshospitalet and University of Copenhagen

The theme of my presentation, covering a century of exercise science, coincides with the time period during which the field has been an academic 
discipline at the University of Copenhagen (UC). The field was established in 1909 primarily as a teaching discipline for physical education students. 
As Johannes Lindhard was the first to become appointed to develop the field and seeing that he was “housed” in August Krogh´s laboratory, research 
quickly became a key occupation and several of their early joint studies have now become “classics” in the field of exercise science. Exercise science 
can be many things. Exercise may be used as an intervention in unravelling regulatory mechanisms of bodily functions or to establish limits for 
humans to perform or adapt to environmental challenges, but exercise can also be studied to describe demands in specific sports/physical activities 
and today its role in maintaining health is widely investigated. The applied, main “users” of the knowledge brought about by exercise science 
research have been the military and industry with sport and medical/health professions to become interested much later. In the following I shall 
list some issues that will be highlighted in the lecture. The examples will mostly be from the 100 years of research in the Copenhagen laboratory, 
of which I have been part for the last 35 years. In the early 1930’s the consequences of hard physical labour was summarized in a report to the 
predecessor to UN. It had hardly any practical consequences as depression and the upcoming 2nd World War dominated the concern of the society. 
Notable is that the Harvard Fatigue Laboratory was also most active in objectively determining the demands on the worker and in their task also 
incorporated an evaluation of the psychological load. As an example of direct military request for research is the studies by Adolph to prepare for 
US troops to march through the Sahara to open a 3rd front through Southern Italy during the 2nd World War. The results are beautifully presented in 
the book “Man in the desert”. Although sport was late in becoming a popular research issue AV Hill was a frequent user of sport performance for his 
research claiming the advantage of using humans as subjects as they were extraordinary in being able to push themselves to complete exhaustion.
Three issues of more basic nature and highly discussed in recent years are: 
a. the mechanisms and range of muscle adaptation 
b. the true role of the heart in endurance performance and 
c. to quote ”Jerry Morris” why exercise is “the best buy in preventive medicine”
These are areas of research that have been central in our research setting during the last decades.
The last point to be addressed is whether Sport Science today is in fact on the right track.

7 Sports hernia – what is it and what can be done?

INvIteD

J. Garvey1*    J. Read2    1Groin Pain Clinic, Sydney    2Castlereagh Sports Imaging, Sydney

Sports hernia is a component of a more severe injury known as footballer’s groin or groin disruption injury which consists of: 
  Sports (occult) hernia
  Conjoint tendon tear
  Adductor tendinopathy
  Obturator nerve entrapment 
  Osteitis pubis

A sports hernia occurs through torn muscle fibres of the Internal oblique and Transversus abdominis medial to the inferior epigastric vessels in 
Hesselbach’s triangle of the inguinal (groin) canal of the lower abdomen. The presenting symptom is groin pain, discomfort, ache or lower abdominal 
pain without a visible or palpable hernia. Occasionally pain radiates to the testicle or perineum and often radiation occurs to the supra-pubic region.  
Clinical Examination: The findings on clinical examination include a negative cough impulse, pain over the conjoint tendon insertion onto the pubic 
crest during resisted sit-up on the affected side, pain on resisted hip adduction and painful Adductor squeeze test.  
Imaging Findings: Plain radiography shows cortical irregularity of the pubic bone (osteitis pubis) which can be bilateral but tends to be worse on the 
affected side. The pelvis may also show widening of the sacro-iliac joint, limb length discrepancy (shortening on one side), pubic symphysis diastasis and 
pelvic instability on flamingo stress (contra-lateral leg-raised) views. Nuclear bone scan shows increased activity in the symphyseal joint and also around 
the conjoint tendon insertion and the Adductor longus origin. CT imaging may indicate a small direct hernia and Rectus muscle atrophy or wasting.  
Ultrasound: Because of the need of a non-invasive method for accurately diagnosing “sports hernia”, the ultrasound entity of clinically occult (hidden) 
hernia has become widely recognised and is useful in the clinical setting where groin pain exists but swelling and a positive cough impulse is absent. 
This is the scenario that typically occurs with a “sports hernia” and is prevalent in kicking sports such as football (soccer), rugby, ice-hockey, skiing 
and long-distance running. A sports hernia is seen as a small direct convex bulge through the posterior wall of the inguinal canal which is evident on 
straining but reduces spontaneously when the abdominal wall is relaxed.  
Pre-operative management: A trial period of 3 to 6 months of conservative management with physiotherapy is undertaken before determining if 
surgery is indicated. If a sports hernia involving muscle deficiency of the Internal oblique and Transversus abdominis has occurred, these patients 
do not respond well to physiotherapy. Presence of a sports hernia is an absolute indication for reconstructive surgery in a symptomatic player.  
Operative Findings: A small direct inguinal hernia or weakness in the medial inguinal fossa region is found, sometimes in association with a 
transverse split in the conjoint tendon as it inserts along the pubic crest. The Adductor longus insertion tendon will usually be chronically inflamed 
and the obturator nerve lying deep to Adductor longus may be entrapped in a fascial sheath on Adductor brevis. The conjoint tendon and sports 
hernia are repaired and the Adductor tendon and obturator nerve are released.  
Summary: Sports hernia is indicative of a more severe injury known as footballer’s groin or groin disruption injury. The diagnosis of sports hernia is difficult 
clinically and depends upon diagnostic imaging to detect the hernia before it becomes clinically apparent. Clinical judgement is required to place the 
imaging findings into perspective and clinical assessment remains imperative. The treatment is initially by physiotherapy followed by surgical reconstruction.
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8 A fifteen year prospective comparison of patellar and hamstring tendon grafts for ACL reconstruction

L. Pinczewski1*    L. Salmon1    A. Kok1    J. Linklater2    J. Roe1    1North Sydney Orthopaedic and Sports Medicine Centre    2Castlereagh Imaging

Aim: The aim of this prospective study was to compare the long term results of isolated endoscopic ACL reconstruction utilizing 4-strand hamstring 
tendon (HT) or patellar tendon (PT) autograft over a 15-year period with respect to clinical outcomes and the development of osteoarthritis.  
Method: 90 consecutive patients with isolated ACL rupture were reconstructed with a PT autograft and a subsequent 90 patients received 
HT autograft, with an identical surgical technique for both groups. Patients were studied annually for 5 years and then at 7, 10 and 15 years. 
Assessment included the IKDC Knee Ligament Evaluation including radiographic evaluation, KT1000, Lysholm Knee Score, thigh atrophy, 
kneeling pain, donor site pain and clinical outcomes.  
Results: Subjects who received the patellar tendon graft had significantly worse outcomes at 15 years for the variables of loss of motion (p=0.009), 
subjective IKDC score (p=0.02), performance of the single leg hop test (p=0.003), participation in strenuous activity (p=0.02), knee related 
decrease in activity level (p=0.002) and kneeling pain (p=0.02). There was no significant difference between the HT and PT groups in the overall 
ligament evaluation (p=0.35) or overall IKDC grade (p=0.19). ACL graft rupture occurred in 16% of HT group and 8% of the PT group (p=0.10). 
Age, graft type and gender were not associated with ACL graft rupture. Contralateral ACL rupture occurred in significantly more PT patients (24%) 
than HT patients (12%) (p=0.03), and was associated with age < 18 years and the patellar tendon graft.  
Conclusion: There were significant differences identified between the groups at 15 years after surgery which were not seen at earlier reviews. 
The patellar tendon group had significantly worse outcomes on subjective scores, range of motion and functional tests but no significant difference 
in laxity was identified. There was a high incidence of ACL re-injury after reconstruction, to both the reconstructed and the contralateral knee. 

9 Hamstring tendon autograft does not protect the patellofemoral joint from osteoarthritis after anterior cruciate 
ligament reconstruction: 7 year follow-up

K. Crossley1*    C. Lai2    J. Lentzos1    B. Gabbe2    H. Morris3    C. tan3    M. Pandy1    P. Brukner1    M. Makdissi1 
1The University of Melbourne    2Monash University    3Private Practice

Introduction: Early tibiofemoral joint (TFJ) osteoarthritis (OA) frequently develops secondary to anterior cruciate ligament reconstruction (ACLR). 
The few studies that have evaluated patellofemoral joint (PFJ) reported a high prevalence of PFJ OA (~46%) >7 years post surgery. Notably, these 
studies only followed up people who had a patellar tendon autograft, which is known to be associated with PFJ morbidity. This study aimed 
to: (i) describe the prevalence of radiographic PFJ and TFJ OA, 7 years after ACLR using a hamstring tendon autograft (HT); (ii) compare 
OA symptoms, anterior knee pain symptoms, ACLR outcome and activity levels between people with PFJ OA and those who were free of OA; 
and (iii) compare the range of knee motion and functional performance between people with PFJ OA and those with no OA.  
Methodology: 70 people with a HT ACLR from a single surgeon 5–10 years previously were recruited and performed: (i) standard radiographs 
(postero-anterior (PA) to grade the TFJ, skyline to grade the PFJ) (ii) questionnaires including the Knee Osteoarthrits Outcome Score (KOOS), 
Anterior Knee Pain Scale (AKPS), Tegner Activity Scale, International Knee Documentation Committee (IKDC) Subjective Knee Form, International 
Physical Activity Questionnaire; (iii) range of knee movement and functional performance examination.  
Results: Of 70 participants, radiographic PFJ OA was evident in 47% (33/70) and radiographic TFJ OA was evident in 33% (23/70). In total, 48% 
(34/70) exhibited no radiographic evidence of either TFJ or PFJ OA. Of the 36 (51%) people with radiographic OA, isolated PFJ OA was the most 
common distribution (41%), followed by tri-compartmental distribution (31%), then lateral TFJ and PFJ distribution (13%) combined medial TFJ 
and PFJ (8%) and isolated TFJ (8%). Between-group comparisons revealed no differences age, height, weight or activity level for people with 
PFJ OA than those with no radiographic OA. People with radiographic PFJ OA had significantly worse scores on the AKPS, IKDC and most scales 
of the KOOS than those without OA. There was no difference in the range of knee extension between those with PFJ OA and those with no OA, 
but participants with PFJ OA performed significantly worse on functional tests than those who were free of OA. 
Conclusion: PFJ OA is relatively common ~7 years after HT ACLR and is associated with worse symptoms and reduced functional performance.

10 Long term survival of high tibial osteotomy for medial osteoarthritis of the knee – 8 to 19 year follow-up in a 
series of 455 patients

L. Pinczewski1*    C. Hui1    L. Salmon1    A. Kok1    H. Williams1    N. Hockers1    W. van der tempel1    R. Chana1    1North Sydney Orthopaedic and Sports Medicine Centre

Background: The management of degenerative arthritis of the knee in the younger, active patient presents a challenge to the orthopaedic surgeon. 
Surgical treatment options include: high tibial osteotomy (HTO), unicompartmental knee arthroplasty (UKA) and total knee arthroplasty (TKA). The aim 
of this study was to examine the long-term survival of closing wedge HTO in a large series of patients 8–19 years after surgery.  
Methods: The results of 455 consecutive patients undergoing lateral closing wedge HTO for medial compartment osteoarthritis (MCOA) between 
1990 and 2001 were reviewed. Between 2008–2009, patients were contacted via telephone and assessment included: incidence of further 
surgery, body mass index (BMI), Oxford Knee Score, and British Orthopaedic Association (BOA) Patient Satisfaction Scale. Failure was defined as 
the need for revision HTO or conversion to UKA or TKA. Survival analysis was completed using the Kaplan-Meier method.  
Results: Four hundred and thirteen patients (91%) were contacted for follow-up via telephone interview. The probability of survival for HTO at 5, 
10 and 15 years was 95%, 79% and 56% respectively. Multivariate regression analysis showed that age < 50 years (p<0.001) and BMI <25 kg/m2 
(p=0.03) were associated with better odds of survival. Mean Oxford Knee Score was 40/48 (range 17–48). Ninety-three percent (252/272 patients) 
were enthusiastic or satisfied and 91% (247/272 patients) would undergo HTO again at mean 12 years follow-up.  
Conclusions: High tibial osteotomy can be effective for periods longer than 15 years, however, results do deteriorate over time. Age < 50 years and 
normal BMI were independent positive prognostic factors for survival. In appropriately selected patients and circumstances, HTO gives high patient 
satisfaction and affords patients unrestricted activity for many years.



Supplement to Journal of Science and Medicine in Sport    23

Thursday 4 Novem
ber

11 Return to sport following ACL reconstruction surgery: Are our expectations for recovery too high?

C. Ardern1*    K. Webster1    N. taylor1,2    J. Feller1    1Musculoskeletal Research Centre, La Trobe University    2School of Physiotherapy, La Trobe University

An athlete’s desire to return to sport following anterior cruciate ligament (ACL) injury is a major indication for ACL reconstruction surgery. 
Typically, athletes are given clearance to return to sport at 6 to 12 months following surgery, and most are expected to have returned to sport 
within 12 months following surgery.  
Purpose: To investigate the return to sport rate and post-operative sports participation level at 12 months following ACL reconstruction surgery in 
patients who were active in sport prior to injury.  
Methods: Data were analysed for 569 patients following ACL reconstruction surgery. The sole inclusion criterion was participation in competitive 
sport prior to ACL injury. Data regarding pre-operative and post-operative sports participation were collected using a self-report questionnaire. 
The Cincinnati Sports Activity Scale and the Single Assessment Numeric Evaluation were used to evaluate subjective knee function. 
The International Knee Documentation Committee (IKDC) knee evaluation form and hop tests were used to evaluate physical performance.  
Results: Sixty-six percent of patients had attempted some form of sports activity by 12 months following surgery, and 33% had attempted competitive 
sport. Of the patients who had not attempted any sports activity by 12 months, 50% indicated they were planning to return to sports participation 
in the future. Males were no more likely to return to competitive sport than females, and patients who played sports with a year-round competition 
(netball and basketball) were no more likely than patients who played sports with a seasonal competition (soccer and Australian Rules football) 
to have returned to competitive sport by 12 months. Patients with good post-operative knee function and physical performance were no more likely 
than patients with poorer post-operative knee function to have returned to competitive sport.  
Conclusions: A longer post-operative rehabilitation period than typically advocated may be required to facilitate a successful return to competitive sport 
following ACL reconstruction surgery. Post-operative knee function appears to be unrelated to return to sport outcomes at 12 months post-surgery.

12 Hamstring force control following ACL injury and reconstruction and its relation to quadriceps coactivation and 
dynamic knee joint stability

A. Bryant1*    R. Clark1    y. Pua2    1The University of Melbourne    2Singapore General Hospital

Introduction: Typically, isokinetic muscle performance is assessed by measuring the peak or angle-specific torque; yet, another distinct aspect of 
muscle performance relates to torque steadiness – that is, the ability to control muscle force output. Following anterior cruciate ligament (ACL) injury 
and surgery, hamstrings force steadiness may reflect dynamic joint stability. Procurement of the combined semitendinosus and gracilis tendon (STGT) 
graft as an ACL substitute – because the insult incurred to the medial hamstring musculotendinous unit – may potentially alter the hamstrings ability to 
control muscle force output. The purpose of this study was to examine the effects of ACL deficiency (ACLD) and two different types of ACL reconstruction 
(ACLR) on knee flexor torque-time curve smoothness and to elucidate its association with quadriceps (antagonist) activation and physical performance.  
Methods: Thirteen subjects (3F and 10M; 18–35 yrs) who had a unilateral deficiency of the ACL, 39 matched subjects with unilateral ACLR 
performed using a STGT graft (2F and 12M) or bone-patellar tendon-bone graft (PT) graft (11F and 14M), and 33 control subjects (11F and 22M) 
participated. Each subject performed maximal-effort knee flexion repetitions at 180ožs-1 on a Cybex dynamometer with EMG electrodes attached 
to their medial and lateral quadriceps muscles. Physical performance was assessed using the single-limb long hop for distance.  
Results: Wavelet-derived mean instantaneous frequency (Miƒ) of flexor torque-time curves was significantly (p<0.05) higher (i.e. less smooth) in 
STGT subjects compared to the ACLD, PT and control subjects. No significant differences were identified for peak flexion torque or quadriceps 
antagonist EMG activity but STGT subjects demonstrated considerably higher (33%) quadriceps antagonist EMG activity compared to ACLD and 
PT subjects. The control group hopped significantly further than the ACLD, PT and STGT subjects. Significant positive correlations were identified 
between Miƒ of flexor torque-time curves and quadriceps antagonist activity for the ACLD (r=0.797), PT (r=0.467) and STGT (r=0.628) subjects. 
For the STGT subjects, greater Miƒ of the flexor torque-time curves was associated with significantly shorter (poorer) hop performance (r=-0.695).  
Conclusions: Although peak flexor torque was not influenced by ACL-status; STGT subjects demonstrated reduced hamstring force control which 
may reflect residual pain-related excitation of the antagonist motoneuron pool – a maladaptive feature which potentially contributed to the poorer 
physical (hopping) performance. In addition to peak flexion torque, determination of flexion torque steadiness via wavelet analysis yields valuable 
clinical information regarding knee joint function following ACL injury/surgery.

13 Double blinded randomised controlled trial of a Polylactide Carbonate (Calaxo) and tricalcium Phosphate 
(Milagro®) composite screws for tibial fixation in ACL reconstruction

L. Pinczewski1*    v. Kinzel1    L. Salmon1    H. Williams1    J. Linklater2    J. Roe1    1North Sydney Orthopaedic and Sports Medicine Centre    2Castlereagh Imaging

Purpose: A recent development in biodegradable screws for ACL reconstruction is the addition of “osteoconductive” materials with the aim of 
stimulating bone growth. In 2006, a randomised controlled trial was commenced examining 2 “osteoconductive” screws. In 2007 one of the 
screws was withdrawn by the manufacturer. Patient recruitment was ceased but the 60 patients entered in the trial were followed for 12 months. 
The aim of this study was to compare the clinical outcome and screw appearance on imaging of the 2 screw materials.  
Methods: 60 patients were randomised to receive either a calcium carbonate composite screw (Calaxo screw, Smith and Nephew, Andover, 
MA) or a tricalcium phosphate composite screw (Milagro™ screw, Mitek, Norderstedt, Germany) for tibial fixation of hamstring tendon for ACL 
reconstruction. Patients had computerized tomography (CT) of the tibial screw at 1 week, 6 and 12 months. Magnetic resonance imaging (MRI) 
was performed at 12 months. Assessment with IKDC and Instrumented Ligament Testing was performed at 6 and 12 months.  
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Results: A tibial intra-tunnel cyst was apparent in 88% of calcium carbonate screws and 7% of the tricalcium phosphate screws (p=0.001). 
Both screws significantly increased the tunnel volume between 0 and 12 months. MRI at 12 months demonstrated complete resorption of the tibial 
screw in 88% of the calcium carbonate screws and 0% of the tricalcium phosphate screws (p=0.001). Significant ossification of the tunnel was 
not observed with either screw. There was no significant difference between the 2 groups on subjective or objective assessment at 12 months.  
Conclusions: The calcium carbonate composite screw resorbs over 12 months but is associated with a high incidence of intra-tunnel cystic 
formation. Both screws are associated with widening of the tibial tunnel. The addition of “osteoconductive materials” is not associated with 
ossification at 12 months with either tricalcium phosphate or calcium carbonate composite screws.

14 the effects of a Wii Fit-based balance program on knee pain and function in patellofemoral pain sufferers

C. Sherrard1*    D. Parker1    J. Negus1    B. McIntosh2    1Sydney Orthopaedic Research Institute    2Sydney Sports and Orthopaedic Physiotherapy

Introduction: Patellofemoral pain (PFP) is one of the most prevalent knee conditions in the young, active population. When measured for joint 
position sense (JPS) patients have shown poor results, indicating proprioception deficits in the joint. Quadriceps muscle weakness contributing 
to poor lower extremity stability has also been described as one of the main predisposing factors of the condition. The aim of this study was to 
employ a simple balance training program, using the Wii Fit Plus, in conjunction with a standard physiotherapy protocol for PFP using quadriceps 
exercises, taping and hip strengthening exercises to reduce pain and improve function, as well as improve balance and proprioception.  
Methodology: 6 patients were recruited from a private physiotherapy clinic in Sydney, aged between 18–50yrs, which were not suffering from 
any additional musculoskeletal or neuromuscular conditions grossly affecting balance. The Wii Fit Plus software and balance board were used to 
measure single-leg static balance and weight distribution on each leg during walking. Dynamic balance was measured using the Star Excursion 
Balance Test (SEBT). Proprioception was measured as the absolute error in bilateral discrepancy angle between each leg in the seated position. 
Pain and function were measured using VAS and Kujala score. Patients were randomized into standard physiotherapy treatment or standard 
+ balance treatment using block randomization. The intervention involved 6 weeks of physiotherapy treatment plus a home exercise program. 
Measurements were taken at baseline and 6 weeks. Statistical analysis was run using balanced ANOVA and paired t-tests.  
Results and Conclusions: Subjective measures of pain and function showed no significant difference (p>0.05) between treatment groups. Single-leg 
stability on the Wii showed a significant improvement (p=0.02) in the standard treatment group, but not in the standard + balance group. The SEBT 
reach distances for the anteromedial direction (p=0.04) significantly increased when both groups were analyzed together but not when the groups 
were analyzed separately. Between-leg error in joint angle improved significantly in both groups (standard p=0.01, and balance + standard p=0.008). 
Earlier studies have shown that the standard treatment program can improve pain and function in PFP patients. These results suggest that the 
standard treatment program alone can also improve knee JPS and single-leg stability. The outcomes did not support the hypothesis that additional 
balance training using the Wii Fit Plus would improve results in this population. Further investigation is required to determine whether inclusion of 
the balance program is efficient and effective in treating PFP.

15 the relationship between heart period variability and vo2peak response to high intensity intermittent exercise training

S. Boutcher1*    y. Park1    S. Dunn2    y. Boutcher1    1The University of New South Wales    2Pepperdine University

Introduction: Significant individual differences in the VO
2
max response to regular aerobic training have been documented in healthy adults after 

standardized exercise programs. In prior research the mean improvements in VO
2
max have ranged from a 5% decrease to a 40% increase. 

Recently, baseline autonomic nervous system status has been shown to be a contributor to the training response. High frequency power of heart 
period variability (HPV), a measure of vagal influence on the heart, has been shown to predict training response independently after adjustment 
for age, baseline fitness, and BMI. Thus, cardiac vagal modulation of heart rate appears to be an important physiological determinant of training 
response in healthy subjects. Whether baseline HPV also predicts training response to high intensity intermittent exercise training is undetermined. 
Thus, the relationship between baseline HPV and the VO

2
peak response to 12 weeks of high intensity intermittent exercise training was examined. 

Methods: Young females (n=16) exercised three times a week for 12 weeks under supervision. The training consisted of 20 minutes of intermittent 
sprinting on a stationary cycle ergometer (8 s sprint, 12 s recovery) each session. Peak oxygen uptake was assessed using open-circuit spirometry 
(True Max 2400, ParvoMedics). Parasympathetic influence of the heart was assessed through spectral analysis of the inter beat interval.  
Results: Participants were aged 23±1 years and possessed a BMI of 27.7±0.8 kg·m2 and a VO

2
peak of 27.3±1.3 ml/kg/min. Baseline heart 

rate was 67.7±2.6 bpm whereas baseline HPV was 60.3±6.1 (normalised units). The overall increase in VO
2
peak after the 12-week training 

program, despite being anaerobic in nature, was 19.4%. Change in VO
2
peak was significantly correlated with initial baseline HPV high frequency 

in normalized units (r=0.58; p<0.05).  
Conclusions: Cardiac vagal modulation of heart rate appears to make a significant contribution to the aerobic training response after regular high 
intensity intermittent exercise. Mechanisms underlying this relationship are undetermined but may involve genetic factors. Also the cardiovascular 
system of subjects possessing high vagal influence of the heart may have an enhanced capacity to adapt to exercise training. 

16 Mechanical work and metabolic stress in response to high- and low- intensity interval exercise among 
overweight/obese men

S. Alkahtani1*    A. Hills1    N. Byrne1    N. King1    1School of Human Movement Studies and the Institute of Health and Biomedical Innovation – Queensland University of Technology

While exercise is recognised as a cornerstone of weight management therapy, there is a growing interest in the use of intermittent exercise. This study 
aims to compare the effects of mechanically-equal acute bouts of low- and high-intensity intermittent exercise on metabolic variables in the obese. 
Twelve sedentary, overweight/obese males (age 29 years (range 24–38); BMI 29.1 kg/m2 (range 25.5–35) ; %fat mass 31.7(range 25.7–35.3)) 
completed three exercise sessions: an initial graded exercise test to determine maximal fat oxidation rate and maximal aerobic power (FATmax/VO

2
max), 
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as well as two matched-work load interval cycling ergometer sessions – low-intensity (FAT-INT) and high-intensity (HIGH-INT) sessions on separate 
days in random order. The low-intensity interval session involved five-minute repetitions of workloads 20% below and then 20% above the FAT-max 
intensity (FAT_INT). The high-intensity interval session (HIGH_INT) consisted of cycling for alternate bouts of 15 seconds at 85% VO

2
max and 15 seconds 

unloaded recovery. During the sessions and 10 minutes post-exercise, respiratory gases HR and RPE were measured. A multivariate repeated measures 
ANOVA was performed, and three explanatory factors that fitted were: intensity, time intervals and variables (VO

2
, HR, RPE). Participants, on average, 

cycled at 80.7 ±11.1 W and 48 ±0.02 %VO
2
max for 17.5 ±3.9 minutes during the HIGH-INT session, and 49.6 ±12.5 W and 34 ±0.05 %VO

2
max 

for 30 minutes during the FAT-INT session. The total distance cycled during both exercise bouts, adjusted to HIGH-INT time, demonstrated a high level 
of agreement. The gross total aerobic and anaerobic energy expenditure was greater during FAT-INT, but the rate was higher during HIGH-INT. VO

2
, HR, 

RER and blood lactate concentration were significantly higher during HIGH-INT, and RPE was insignificantly higher during HIGH-INT. Considering intensity 
and time, the standardised VO

2
 and HR curve were comparable during interval exercise. Although the standardised RPE curve apparently differed, 

no significant differences were observed between RPE and HR as well as VO
2
 curve. RPE overestimated the metabolic stress observed of HR with 

significance (p=0.01) during FAT-INT compared with the gradual incremental test. In conclusion, obese men can yield equal mechanical work at different 
interval work loads although they work at higher metabolic stress during HIGH-INT. In addition, RPE overestimates the actual metabolic stress observed 
of HR during interval exercise among obese men, but no significant differences were found between the RPE and HR curve during interval exercises.

17 the dose-response relationship between Pseudoephedrine ingestion and exercise performance

K. Pritchard-Peschek1*    D. Jenkins1    M. osborne2    G. Slater3    D. taaffe1 
1The University of Queensland    2Queensland Academy of Sport    3University of the Sunshine Coast

Introduction: Despite the re-addition of pseudoephedrine (PSE) to the World Anti-Doping Agency’s (WADA) Prohibited List, there is evidence to 
suggest that many athletes will still take the drug (in training and competition) to improve their performance. This is despite uncertainty regarding 
its efficacy as an ergogenic aid. Performance improvements have been observed with PSE supplementation, however inconsistencies in the dose 
administered and exercise protocols used make it difficult to interpret its ergogenic effect. The purpose of the present study was to examine a 
possible dose-response between PSE and endurance exercise performance, whilst tracking changes in biochemical markers that could provide 
insight on the mechanisms responsible for improvements in performance.  
Methods: Ten highly trained male cyclists and triathletes (age 26.5 years, range 18–38, mass 75.1 kg, range 65–84, VO

2
max 70.6 ml·kg·min-1, 

range 61.7–81.0) underwent three performance trials in which they completed a 20 min variable-intensity warm up, followed by a cycling time 
trial (TT) in which a fixed amount of work (7 kJ·kg-1 body mass (BM)) was completed in the shortest possible time. Sixty minutes before the start 
of exercise, subjects orally ingested either 2.3 mg·kg-1 or 2.8 mg·kg-1 BM of PSE or a placebo (PLA) in a randomized, crossover, double-blind 
manner. Venous blood was sampled at baseline, pre- and post-warm up and post-exercise for the analysis of pH plus lactate and glucose 
concentration, while plasma [PSE] was measured at baseline, pre-warm up and post-exercise.  
Results: Pseudoephedrine in doses of 2.8 mg·kg-1 and 2.3 mg·kg-1 BM did not significantly improve cycling TT performance compared to 
PLA (23:28.0 ± 2:07.4 min; 24:48.9 ± 2:13.0 min; 25:09.6 ± 2:18.6 min, respectively; p=0.60). Plasma [PSE] increased from pre-warm up 
to post-exercise in both treatment conditions (630.2 ± 127.2 ng/mL; 834.0 ± 86.3 ng/mL 2.3 mg·kg-1; p<0.001 vs. 806.1 ± 204.1 ng/mL; 
953.3 ± 146.9 ng/mL 2.8 mg·kg-1; p<0.001), with the 2.8 mg·kg-1 dose eliciting the highest plasma [PSE] both pre-warm up and post-exercise 
(2.8 mg·kg-1 > 2.3 mg·kg-1 > PLA; p<0.001).  
Conclusion: There was a large individual variation in plasma [PSE] observed among subjects, which may potentially have impacted upon cycling 
TT performance as there were also large individual variations observed in TT time. It is evident there are external factors influencing PSE’s 
bioavailability, and these changes in PSE kinetics may be responsible for the observed variation in cycling performance in the present study. 

18 effect of a high carbohydrate meal on serum caffeine concentrations following caffeine ingestion

t. Skinner1*    J. Folling1    M. Leveritt2    J. Coombes1    D. taaffe1    D. Jenkins1    1The University of Queensland    2Griffith University

Introduction: This study compared changes in serum concentrations of caffeine between two doses of caffeine (6 and 9 mg·kg-1) in fed and fasted 
conditions. It was hypothesised that peak serum caffeine concentrations would be delayed and the total amount of caffeine would be reduced in 
the fed trials.  
Methods: 14 healthy, active males (age 24.8±3.7 yrs, body mass 74.2±5.6 kg) randomly completed four trials, each separated by at least five 
days. Subjects fasted for 12 hours prior to each trial; on arrival at the laboratory subjects either remained fasted or consumed a carbohydrate 
meal (2 g·kg-1 CHO) prior to consuming either 6 or 9 mg·kg-1 anhydrous caffeine. Venous blood was sampled for serum caffeine at baseline and 
at six time-points over four hours following caffeine intake. Subjects remained at rest throughout each trial. Testing procedures were approved 
by The University of Queensland’s ethics committee and all participants provided written informed consent. Data were analysed using one- and 
two-way repeated measures analysis of variance and inter-subject variability was assessed using coefficient of variance.  
Results: There was a significant time and interaction effect between conditions (p<0.001). Peak serum caffeine concentration occurred 60 minutes 
following ingestion for both 6 mg·kg-1 fasted (p=0.001) and 9 mg·kg-1 fasted (p<0.001) whilst time to peak concentration occurred at 
120 and 180 minutes following ingestion for 6 and 9 mg·kg-1 fed (p<0.001), respectively. Mean serum caffeine concentrations over four 
hours were significantly greater (p=0.001) in the 9 mg·kg-1 fasted trial (58.7 µmol·L-1), whilst 6 mg·kg-1 fed (27.5 µmol·L-1) was significantly 
reduced (p=0.001) compared to the other conditions. There was no difference between 9 mg·kg-1 fed (38.8 µmol·L-1) and 6 mg·kg-1 fasted 
(36.1 µmol·L-1) concentrations (p=0.016).  
Conclusions: Consuming a high CHO meal prior to caffeine ingestion significantly reduced serum caffeine concentrations and delayed time to peak 
concentration. Differences in research findings among caffeine supplementation studies may be related to variations in postprandial timing of caffeine intake.
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19 effect of intradialytic resistance training on circulating cytokines: A randomized controlled trial

B. Cheema1,2*    H. Abas1    B. Smith1    A. o’Sullivan3    A. Patwardhan4    M. Chan5    B. Lloyd1    K. Berger6    B. Baune7    M. Fiatarone Singh1,8 
1Exercise, Health and Performance Research Group, The University of Sydney    2School of Biomedical and Health Sciences and Family and Community Health Research Group, 
University of Western Sydney    3Department of Medicine, The University of New South Wales    4Department of Nutrition and Dietetics, Royal Prince Alfred Hospital 
5Department of Nutrition and Dietetics, St. George Hospital    6Institute of Epidemiology and Social Medicine, University of Muenster, Muenster, Germany    7School of Medicine and Dentistry, 
James Cook University    8Sydney Medical School, University of Sydney; Hebrew SeniorLife and Jean Mayer USDA Human Nutrition Center on Aging at Tufts University, Boston, USA

Background: The purpose of this study was to evaluate the effects of a 12-week anabolic exercise intervention (progressive resistance training; PRT) delivered 
during hemodialysis on cytokines in ESRD, and to determine if changes in these markers were associated with skeletal muscle adaptation to exercise.  
Methods: Forty-nine patients (62.6 + 14.2 yr, 0.3–16.7yr on dialysis) were recruited from the outpatient hemodialysis unit of the St. George Public 
Hospital, Sydney, Australia. Patients were randomized to: PRT + usual care (n=24) or usual care control (n=25). The PRT group performed two sets 
of 10 exercises at a high intensity (15–17/20 on the Borg Scale) using free-weights, 3 times per week for 12 weeks during routine hemodialysis 
treatment, while the control group did not exercise. Cytokines collected before and after intervention (n=31) included serum tumor necrosis factor-α, 
interleukin-1β, interleukin-6 (IL-6), interleukin-8, interleukin-10, and interleukin-12. Skeletal muscle cross-sectional area (CSA), intramuscular lipid, 
and intermuscular adipose tissue (IMAT) were evaluated via computed tomography scan of the non-dominant, mid-thigh at both timepoints.  
Results: All pro- and anti-inflammatory cytokines were significantly elevated in this cohort at baseline compared to normal controls. No cytokines 
changed significantly in exercisers compared to controls (p>0.05). However, in the total cohort, increased muscle CSA was associated with 
reduced circulating IL-6 (r= -0.492, p=0.008). No other univariate associations between muscle indices and other cytokines were noted. Our data 
suggest that a 12-week program of intradialytic progressive resistance training does not improve these pro- and anti-inflammatory markers in 
ESRD. However, muscle hypertrophy may be linked to a reduction in circulating IL-6, which has been shown to be catabolic to skeletal muscle. 
Further research is required to elucidate the effect of PRT on cytokines in ESRD and the potential effects on muscle adaptations to anabolic exercise.

20 Impact of shear stress on vascular function in humans: explaining the direct impact of exercise on vascular health

L. Naylor1*    H. Carter1    t. Cable2    D. thijssen3    D. Green1,2    1The University of Western Australia    2Liverpool John Moores University    3Radboud University

Introduction: Endothelial dysfunction independently predicts cardiovascular (CV) events and improvement in endothelial function is associated with 
decreased CV risk. The cardioprotective effect of exercise training may be mediated by improvement in endothelial function, with the proposed 
mechanism involving repeated increases in shear stress. However, exercise is a complex stimulus and the precise role of shear stress in enhancing 
vascular health remains unknown. We examined the contribution of shear stress to vascular adaptation using a repeated shear stress stimulus.  
Methods: Ten healthy males immersed both forearms in warm water (42ºC) for 3x30min/wk across 8 weeks. A pneumatic cuff around one forearm 
unilaterally prevented heating-induced increases in shear, thus creating a within-subjects comparison. Nitric oxide (NO) dependent and independent 
endothelium-mediated conduit artery function were assessed at weeks 0, 2, 6 and 8.  
Results: Forearm heating significantly increased brachial artery blood flow (45±30 vs 286±113 ml/min; P<0.01) and shear (87±83 vs 348±235 s-1; 
P<0.05) in the uncuffed forearm. These responses were attenuated in the cuffed arm (286±113 vs 120±60; 348±235 vs 200±110). 
Repeated exposure to heating induced an increase in brachial artery NO-dependent vasodilation in the uncuffed forearm after 2 weeks 
(8.6±2.5 vs 11.3±2.7%; P<0.05), which returned to baseline levels by week 8 (9.3±2.8%). Endothelium-dependent, but largely NO-independent, 
shear-mediated brachial artery responses to ischemic handgrip exercise increased in the uncuffed arm at week 8 (9.8±2.5 vs 15.2±4.2%; P<0.005). 
Macrovascular parameters did not change at any time point in the cuffed arm.  
Conclusions: These results demonstrate that repeated heating increases blood flow and shear stress in conduit arteries to levels capable of 
enhancing endothelial function. These findings reinforce the importance of direct impacts of hemodynamic modulation on the vascular endothelium 
in vivo and provide insight into the impact of exercise training on vascular adaptation. Heat therapy may represent a viable approach for enhancing 
endothelial function and vascular health in populations for whom exercise is difficult or contra-indicated.

21 Satellite cell activation/proliferation in response to strength training

e. thomas1*    M. Dale2    M. trenerry1    P. Howe2    A. Coates2    G. tomkinson2    J. Buckley2    D. Cameron-Smith1    1Molecular Nutrition Unit, School of Exercise 
and Nutrition Sciences, Deakin University    2Nutritional Physiology Research Centre, Sansom Institute for Health Research, University of South Australia

Introduction: Satellite cells are a population of undifferentiated, mononuclear, quiescent cells that are located in the basal lamina of the muscle fibre. 
Quiescent satellite cells activate momentarily via stimulation from muscular injury then re-enter the cell cycle to instigate proliferation, and either 
fuse to existing muscle fibres or return to quiescence. This fusion causes muscular hypertrophy and strength gains. The aim of this study was to 
investigate the activation of satellite cells in response to 12 weeks of strength training.  
Methodology: Muscle biopsy samples from the vastus lateralis of young, healthy men (n=18, 21.3 ± 3.5 yrs, 1.8 ± 0.06 m, 78.5 ± 7.4 kg) were 
harvested pre and 3 hours post resistance exercise, before and after 12 weeks of strength training. The training protocol consisted of 3 sets 
of 12 reps or failure (weights were set at 80% 1RM) for bench press, hack squat, lat pulldown, 45 degree leg press, weighted dip, bicep curl, 
seated row, seated calf raise, then 3 sets of 20 sit ups. Training sessions occurred 3 days a week with a minimum of 48 hours between sessions. 
All mRNA expression was measured via Real-Time PCR analysis.  
Results: Twelve weeks of resistance training resulted in significant increases in strength gains for the bench press, hack squat, and leg press 
(8%, 27% and 34% respectively). Rapid increases in the mRNA expression of markers of satellite cell activation and proliferation (Pax7, NCAM, 
PCNA, p21, CDK4, MyoD and Myf5) were observed 3 hours following an acute bout of exercise. Each bout of acute exercise resulted in a marked 
up-regulation of these genes, which were not affected by the muscular adaptations resulting from the 12 week training regime.  
Conclusion: Acute exercise elicited increases in the expression of genes associated with satellite cell activation Pax7, NCAM and PCNA. 
In accordance with this, myogenic regulators Myf5 and MyoD were up-regulated indicating myogenic maturation of satellite cells. Interestingly, 
despite increases in strength gains, the acute exercise response was not influenced by 12 weeks of resistance exercise training. The data 
suggests that strength training may not alter the molecular responses associated with satellite cell activation and subsequent muscle repair.
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22 Recombinant human growth hormone – effects on cytokine production in healthy young males

S. Ramos1*    B. Gray1    M. van Driel1    L. tajouri1    S. Marshall-Gradisnik1    1Bond University

Introduction: Growth hormone (GH) has being used for different clinical purposes resulting in improvement of immunological function of patients 
with impaired immune system. However, there is paucity in the literature examining the potential effects of recombinant human GH (rhGH) on 
lymphocytes and cytokine production of healthy populations. The aim of the present study was to investigate the effect of short term (7 days) 
administration of exogenous rhGH on T lymphocytes (CD4 ; CD8) and cytokine production - IL-2, IL-4, IL-6, IL-10, tumour necrosis factor 
(TNF)-α and interferon (IFN)-γ on human peripheral blood mononuclear cells (PBMC), and their relation with IGF-I levels in healthy young males. 
Methodology: 30 young males (25.7 yrs ± 7.80 SD) participated in a 29 days study where either 0.9% sodium chloride or 1mg of rhGH was administered 
from day 1 to day 7. The participants were randomly assigned into either placebo (P; n=15; 26.1+/- 6.6 yrs)) or rhGH 1mg/day (n=15; 24.5 ± 6.5 
yrs). Baseline (day 0) and post injections samples (days 8, 15, 22 and 29) were analysed for IGF-I, T cells numbers and cytokine production at PBMC. 
General Linear Model with repeated measures was applied and Bonferroni correction factor was utilized with p≤0.05 denoting statistical significance.  
Results: T cells numbers and CD4/CD8 ratio presented no difference however Th2 cytokines increased indicating a shift from Th1 to Th2 from 
day 15 to days 22 and 29. Specifically, there was a significant difference between groups for IL-10 (Mean Fluorescence Intensity - MFI) at day 15 
(P= 35.14; ± 19.93 SD, rhGH = 26.63; ± 16.39 SD), day 22 (P= 61.32; ± 20.41 SD, rhGH= 74.99; ± 46.91 SD), day 29 (P= 101.98; ± 67.25 SD, 
rhGH= 107.74; ± 122.58 SD). Plasma IGF-I (ng/mL) increased significantly on day 8 (0.48 ± 0.78 SD) after injections compared to baseline 
(0.31 ± 0.07 SD), day 15 (0.33 ± 0.06 SD), 22 (0.29 ± 0.05 SD) and 29 (0.29 ± 0.06 SD).  
Conclusion: Although the lymphocyte numbers were not significantly different from baseline to day 29 between groups, cytokine production 
showed a significant increase over the post administration. It is conclusive that cytokine release can be affected by short-term rhGH administration 
in healthy young males suggesting that rhGH may act on CD4+T lymphocytes to increase IL-10 production.

23 Physical and sedentary behavior in New Zealand children: Children’s, parents’ and health professionals’ perceptions

A. Curtis1*    e. Hinckson1    t. Waters1    1Auckland University of Technology

Introduction: Overweight and obesity are becoming increasingly prevalent in New Zealand children. Obesity may be a consequence of low 
physical activity or high levels of sedentary behavior. Factors influencing sedentary and physical behaviors in children need to be comprehensively 
understood to successfully implement weight control interventions. The purpose of this study was to explore perceptions of children, their parents 
and healthcare professionals from a low socio economic area in Auckland to determine factors influencing overweight children’s after school 
physical and sedentary behaviors compared to those of healthy weight. These factors will provide the framework and justification for developing 
an after school weight control intervention aimed at decreasing sedentary behavior in children.  
Methodology: We utilized a descriptive qualitative approach. Children between eight to eleven years (mean±9.33, standard deviation±1.22, n=9), 
one of their parents (n=7) and public health nurses (n=3) agreed to participate in this study. Children’s height and weight measurements were 
taken and using international children’s BMI cutoff points, children were separated into overweight and healthy weight groups. Two focus groups 
were held with children. Cameras were given to all children to take photos of the places they perform activities; these were developed and 
utilized as a prompt for discussion in the second focus group. Semi structured interviews were conducted with parents and health professionals. 
Conversations were recorded and transcribed, then coded and categorized by the researcher and cross checked by senior researchers.  
Results: Focus groups revealed that fun and self esteem were important determinants of physical activity, while family support encouraged a 
reduction in sedentary behaviors in children. Parents perceived play and physical activity as similar constructs; however, the main difference was 
that play was perceived as more fun. Children also perceived play as fun. Health care professionals suggested that successful weight control 
interventions needed community support. Focus group discussions using photodiaries encouraged more involvement and produced a greater 
depth of information than the group not using such prompts.  
Conclusion: This is the first study comparing children’s, parent’s and health care professionals’ perceptions on after-school physical and sedentary 
behaviors. Findings suggest that active play and family support should be encouraged for a successful after school weight control intervention. 
Focus groups utilizing photography as a prompt for discussion are a valuable tool for encouraging involvement in children’s discussions.

24 CAFAP: A multi-disciplinary family-centred community-based intervention for overweight/obese adolescents

L. Straker1    A. McManus1*    D. Kerr1    K. Smith1    M. Davis1    M. Weiss1    A. Fielding1    A. Fidzewicz1    C. Stewart1    N. Hamilton1    1Curtin University of Technology

Introduction: Around one quarter of Australian adolescents are overweight or obese. This presents a serious individual and community problem due to 
the related short term and long term physical and mental health issues. Adolescence is seen as a critical period in the development of overweight and 
obesity. Despite this, there is limited evidence of effective interventions. A number of recent reviews have highlighted the gap in evidence but have also 
recommended key intervention aspects based on the available evidence; multi-disciplinary, family-centred and community-based targeting sedentary 
and vigorous activity and diet and cognitive and emotional aspects. Therefore the aim of this study was to develop and evaluate a multi-disciplinary, 
family-centred, community-based intervention targeting activity, food and attitudes in overweight/obese adolescents.  
Method: A tertiary hospital based program for adolescent obesity (Princess Margaret Hospital “Fitmatters” program) was adapted for multi-disciplinary 
community-based delivery. The Curtin University’s Activity, Food and Attitudes Program consisted of twice weekly sessions for adolescents and their parents 
for an 8 week period. Each session was 2 hours in duration with adolescents participating in a gym based exercise program for 1 hour and education and 
support sessions for the second hour. Parents participated in education and support sessions for both hours, some of which were with the adolescents. 
Sessions were facilitated by physiotherapy, dietetics, psychology and social work professionals and undergraduate/postgraduate students. The program, 
promoted via the children’s hospital, GP networks, school community health nurses, community newspapers and posters in community centres, was 
offered during school terms 2, 3 and 4 in 2009. The goal of the program was not weight change but rather to change behaviours to enable sustained 
improvement in health. Evaluation included qualitative assessment of process and participation along with quantitative assessment of key outcomes. 
Sedentary and moderate/vigorous activity behaviour was assessed by accelerometer and questionnaire. Diet behaviour was assessed by 3 day food diary.  
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Results: In total 31 obese adolescents were invited to participate, 24 accepted and started the program and 16 completed the program. 
Qualitative feedback from both adolescent and parent participants found high levels of satisfaction with the program. Attendance rates were high. 
Clinically useful improvements in activity and diet behaviours were recorded by most, though not all, participants.  
Conclusion: This initial study demonstrated the acceptability and feasibility of a multi-disciplinary, family-centred, community-based intervention targeting 
activity, food and attitudes in overweight/obese adolescents. Further research using this approach will evaluate the sustainability of behavioural changes.

25 Randomised controlled trial of the Physical Activity Leaders (PALs) program for low-active adolescent boys from 
disadvantaged secondary schools

D. Lubans1*    P. Morgan1    e. Aguiar1    R. Callister1    1The University of Newcastle

Purpose: Recent studies suggest that approximately a quarter of Australian youth are overweight or obese. While evidence suggests that 
socio-economic status is related to physical inactivity, poor dietary habits and obesity among adolescents, no previous obesity prevention program in 
Australia has specifically targeted economically disadvantaged adolescent boys. The objective of this study was to evaluate the effects of a school-based 
intervention on unhealthy weight gain, physical activity and physical fitness among low-active adolescent boys from disadvantaged schools.  
Methods: Participants were 100 adolescent boys from four secondary schools located in the Hunter Region. Following baseline assessments, 
four schools were randomised to the Physical Activity Leaders (PALs) intervention (n = 50) or a wait list control (n = 50) group. The PALs intervention 
was developed in reference to Bandura’s Social Cognitive Theory and was designed to encourage participants to become physical activity leaders 
in their homes and at school. The intervention included interactive seminars, health-related fitness sessions during school sport and at lunch-time, 
pedometers for self-monitoring and activities designed to engage parents in physical activity and healthy eating. Participants were assessed 
at baseline, 3-month and 6-month follow-up on the following outcomes: height, weight, BMI z-score, waist circumference (umbilicus), body fat 
(bio-electrical impedance) and muscular fitness (isometric leg strength test, 7-stage sit-up test, push-up test). In addition, participants wore 
pedometers for 5-days at baseline and 6-month follow-up.  
Results: The mean (SD) age of participants was 14.3 (0.6) years. Retention rate at 3- and 6-months was 90% and 82%, respectively. At baseline, 
22% of participants were considered overweight and 13% obese. Results revealed significant group x time interaction effects for weight (p<0.001), 
BMI z-score (p<0.001) and percent body fat (p<0.05). Changes in muscular fitness were in the hypothesized direction, but were not significant. 
There were no changes in pedometer step counts over the study period.  
Conclusions: Adolescents in the PALs intervention significantly improved their body composition over the 6-month study period. The PALs program was 
a feasible and efficacious approach to preventing unhealthy weight gain among low-active adolescent boys from disadvantaged secondary schools. 

26 Healthy homework pilot study: Qualitative findings from a physical activity and nutrition intervention for 
primary-aged children

J. McPhee1*    S. Duncan1    G. Schofield1    C. Zinn1    1Auckland University of Technology

Introduction: While most health interventions in children focus on the school setting, evidence suggests that children participate in more unhealthy 
behaviours outside of school. A potential solution is the introduction of a compulsory health-related homework programme into the school curriculum; 
however, the feasibility and acceptability of implementing a non-academic homework syllabus in primary schools is unclear. Thus, the aim of this 
pilot study was to investigate child, parent, and teacher perceptions of an applied curriculum and homework programme for promoting physical 
activity and healthy eating in the home environment.  
Intervention: The 6-week “Healthy Homework” (HH) programme consists of an applied homework schedule comprised of five physical activity and five 
nutrition topics. All practical tasks are designed to encourage independent thinking and to facilitate interaction among family members. The programme 
is supported by a teaching resource that provides educational content aligned with the New Zealand Health and Physical Education Curriculum.  
Methods: The HH Pilot Study was implemented in four Year 5–6 classes from two diverse primary schools in Auckland, New Zealand. A total of 
33 children, 18 parents, and four teachers participated in eight focus groups to elucidate the most enjoyable and productive activities, the barriers 
to completing homework and classroom tasks, and the ways in which HH could be more effective and relevant to the current primary school 
curriculum. Discussions were audiotaped, transcribed and analysed a 3-step qualitative process.  
Results: Our results revealed a high level of acceptance and engagement with the HH programme. Teachers commended the utility and usability of 
the HH syllabus, reporting that the packaged set of teaching resources developed for the programme attributed to the ease of delivery and uptake 
by students. Activities involving walking were identified by children, parents, and teachers as being the most fun and achievable. It was perceived 
that enhanced relationships with family and friends contributed to the sustainability of the programme. Parents reported an increase in activity in 
the home, while an interest in food preparation and an increased understanding in healthy food options both at school and in the home environment 
were observed by parents and teachers. Teachers advocated the integration of the HH programme into the school curriculum on a biannual basis.  
Conclusions: We conclude that compulsory homework designed to teach children to be active and eat well at home is a promising method for 
promoting healthy lifestyles in children and their families.

27 the plateauing prevalence of childhood obesity and overweight – evidence from nine countries

C. Maher1*    J. De Wilde2    L. ells3    M. Hohepa4    L. Lissner5    C. ogden6    S. Peneau7    M. Zimmermann8    S. Zumin9    t. olds1 
1University of South Australia    2Municipal Health Service, The Hague, Netherlands    3University of Durham    4Sport and Recreation New Zealand 
5University of Gethenburg    6Centers for Disease Control and Prevention    7University of Paris 13    8Swiss Federal Institute of Technology    9South Australia Health

Introduction: Despite a widespread belief in the popular media and scientific literature that the prevalence of childhood obesity is escalating, 
high quality evidence has emerged from several countries suggesting that the rise in the prevalence has slowed dramatically, or even plateaued. 
This study aimed to bring together such data from around the globe into one paper.  



Supplement to Journal of Science and Medicine in Sport    29

Thursday 4 Novem
ber

Methodology: Researchers who recently published or presented data indicating slowing or stabilisation in the rate of childhood obesity were 
identified from literature auto-alerts and personal contacts and invited to review recent evidence from large population-based studies in their 
country. Data from all countries was compiled using International Obesity Task Force cut-offs to allow cross-country comparisons. The yearly rate 
of change in obesity and/or overweight prevalence was calculated for each country using linear regression.  
Results: All authors who were contacted accepted the invitation to participate, representing nine countries (Australia, China, England, France, 
Netherlands, New Zealand, Sweden, Switzerland and USA), with data from over 500,000 children aged 2–19 years. The mean rate of change in 
46 reports of overweight and obesity combined was +0.05 (0.58)% per year across all age x sex groups and all countries between 1995 and 
2008. For overweight alone, the figure was –0.01 (0.58)% for 32 reports, and for obesity alone +0.03 (0.25)% for 44 reports. Rates of change 
differed according to sex (the flattening was more marked for girls than for boys), age (the flattening was more striking in younger children), 
socio-economic status (SES; children from lower-SES backgrounds showed small increases in prevalence of overweight and obesity, while children 
from higher-SES backgrounds showed decreases) and in some cases, ethnicity. Prevalence of obesity and overweight combined appears to be 
stabilizing at different levels in different countries, ranging from approximately 13.5% in France to 32.7% in the USA.  
Conclusion: Although levels of pediatric overweight remain unacceptably high, the prevalence of overweight and obesity appears to have flattened 
in many countries. Possible explanations include the intervention hypothesis (that physical activity and nutrition interventions are limiting the rise 
in prevalence), the saturation equilibrium hypothesis (that energy-rich foods and sedentary activities are so readily available that children with a 
predisposition for overweight have become overweight, and the remaining children are resistant to excessive adiposity), and the self-selection 
hypothesis (that due to increased awareness and perceived stigmatization, overweight and obese children declined participation in the latter 
measurement years compared to the baseline measurement years). 

28 Bringing the community together to promote physical activity in youth: Results from the first year of Project 
InterActive

S. Duncan1    J. McPhee1*    C. Kuch1    G. Schofield1    1Auckland University of Technology

Introduction: Physical activity interventions that are based on community input and ownership have demonstrated promising results. The purpose 
of this study was to investigate the effects of a community-focused intervention to promote physical activity in children and adolescents.  
Intervention: Project InterActive is an ongoing community initiative that aims to promote physical activity in young people by aligning existing 
programmes within a vertical cluster of schools previously identified as “inactive”. Collaboration between regional sports trusts, local government, 
participating principals, transport agencies, and health and education professionals provides the basis for a multifaceted intervention targeting 
several key areas. These include providing consistent health promotion messages to participating schools, fostering links to local sport and 
recreation organisations, coordinating regular community fun days, and establishing partnerships among schools. The target community included 
five primary schools, one intermediate school, and one secondary school, all within relatively close proximity with one another. A closely matched 
community from another region of Auckland provided a comparison group.  
Methods: Daily step counts and television watching time of 257 children (177 intervention, 80 control) aged 5–16 years were monitored before 
and one year into the intervention using sealed pedometers and parental proxy- (primary schools) or self-report (intermediate and secondary 
schools) questionnaires.  
Results: Analysis of covariance revealed positive intervention effects on both weekday activity (1,830 steps; 95%CI: 250, 3,410; p = 0.021) 
and weekend activity (2,500 steps; 95%CI: 870, 4,140; p = 0.003) when allowing for differences in sex and school type. Other interesting but 
non-significant trends included a larger intervention effect in boys compared with girls (weekdays and weekends) and in primary schools compared 
with intermediate and secondary schools (weekdays only). No substantial intervention effects were detected for television watching time.  
Conclusions: Project InterActive is an example of a successful community-focused intervention for increasing physical activity in young people. 
Nevertheless, new strategies for reducing television watching in participating children are clearly required.

29 Global Positioning Systems (GPS) and rehabilitation for elite athletes

K. Foreman1    J. Hanisch1*    1University of South Australia

Introduction: This paper presents a rehabilitation model for elite athletes that can be applied to sporting clubs including the Australian Football 
League (AFL) and the National Rugby League (NRL). Considerable costs are incurred each year due to player unavailability resulting from 
injuries/illness. The model can assist with rehabilitation ensuring that players resume their role within the team in a timely manner. By employing 
van Mechelen’s sequence of prevention model combined with Finch’s theoretical TRIPP model, we develop a practical injury management model 
using GPS to assist with the prevention and management of existing player injuries.  
Methodology: A survey of AFL and NRL clubs was conducted in 2009 to determine how the elite sporting clubs use GPS for injury management 
and prevention. Participants included physical performance managers, strength and conditioning coaches, high performance managers and senior 
coaches from AFL and NRL clubs. A total of 20 responses were received, with 15 considered complete from a possible 32, providing a response rate 
of 47%. Data analysis included descriptive statistical analysis and the use of Leximancer software. Leximancer analyses qualitative data in order to 
establish meaningful themes, concepts and relationships from the responses received which are represented in diagrammatic format as a map.  
Results and Conclusions: Currently there is no practical model that explores how injured players can return to on-field performance levels while 
avoiding the risk of re-injury. The player rehabilitation model comprises nine components, commencing by determining the event that precipitated 
the athlete’s injury; for example illness, training or match play. The model then uses GPS data to analyse players’ training sessions and monitoring 
players’ effort by comparison between specific benchmarks set by the coaching team. This model assists coaching staff in the monitoring the 
rehabilitation of injured players ensuring they are working at an appropriate level to return to competition. Based on the six phases of Finch’s TRIPP 
model this provides a practical way to utilise GPS injury management data to assist in injury prevention. The model allows coaching staff to apply 
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GPS data to monitor players’ existing injuries by alerting them when thresholds have been reached. This provides a trigger for the modification 
of training plans; and the evaluation of injury prevention through simulation. Further the model can be used to evaluate individual players and/or 
specific injuries across the team, as well as the effectiveness of specific GPS techniques with a view to future improvements.

30 Practical application of accelerometers in Australian football

L. Boyd1,2    e. Gallaher1    K. Ball1    N. Stepto1    R. Aughey1,2    M. varley1* 
1School of Sport and Exercise Science, Institute of Sport, Exercise and Active Living, Victoria University    2Western Bulldogs Football Club

Introduction: Australian football (AF) integrates high volumes of locomotive activity and physical contact. Currently the demands of AF are determined 
with time-motion analysis using global positioning systems (GPS) and perception of effort, fatigue and soreness, but not specifically physical contact.  
Aims: To determine If accelerometers are a valid tool for measuring physical contact.  
Method: 19 elite AF players each competed in two small-sided games (SSG, Non-contact NC; and Contact, C) with 4 x 3 min quarters on five min, 
4 vs 4 players on a 16 m x 24 m field. During SSG, 100 Hz accelerometer (MinimaxX 2.0, Catapult Innovations) data was analysed in 4 different ways: 
Player loadTM from (1) all (PL-3D); (2) the medio-lateral and anterio-posterior (PL-2D); (3) the medio-lateral vector only (PL-ML); and all vectors when 
movement was < 2 m.s-1 (PL-SLOW). Total movement distance (TD) was measured with GPS. Physiological, performance and perceptual measures 
were taken prior to (Pre) and after (Post) SSG. Measured were myoglobin concentration ([Mb]), perceived muscle soreness and fatigue, ratings of 
perceived exertion (RPE), and flight time (FT) for assessing jump performance. Relationships were expressed as Pearson’s r. Differences in accelerometer 
data and TD between the NC and C SSG were expressed using percentage change and Cohen’s effect size (ES) with a qualitative descriptor.  
Results: TD was 10.1% higher for NC. The NC SSG had unclear differences to C and was 4.7% (ES= 0.24±0.57) higher for PL-3D, 2.8% 
(ES= 0.13±0.55) higher for PL-2D and 3.2% (ES= 0.15±0.55) higher for PL-ML. PL-SLOW was 4.7% (ES= 0.18±0.57) lower for the NC SSG. 
TD had a very large relationship to PL-3D (r= 0.80), PL-2D (r= 0.72) and PL-ML (r= 0.74); and a moderate relationship to PL-SLOW (r= 0.41). 
Small relationships existed between [Mb] and PL-3D (r= 0.16); PL-2D (r= 0.20); PL-ML (r= 0.14), and perceived soreness and PL-SLOW (r= 0.29).  
Conclusions: Player load is strongly related to total distance during SSG. The small to non-relationship displayed between [Mb], perceptual measures 
and jump performance, and accelerometer output suggests that accelerometers represent a different quality. Relationships during AF matches may 
provide a greater insight into accelerometer utility. Differences between NC and C SSG were not detected; this may be due to the greater distance 
covered in the NC compared to the C SSG. Larger sample sizes may potentially show differences between NC and C due to a reduction in type 2 error. 

31 Are GPS devices creating a higher and unnecessary amount of rotations within the AFL or just looking after 
player welfare?

K. Foreman1*    G. Wigley1    1University of South Australia – Systems Architecture and Security Lab

Introduction: Since the implementation of global positioning systems (GPS) within the Australian Football League (AFL) in 2007 the number of 
player rotations to and from the field have increased at a rapid pace. The purpose of this research was to determine if the implementation of GPS 
devices has created a higher and unnecessary amount of rotations within the AFL or the purpose for the rapid increase in rotations was due to the 
focus on player welfare. A tactical and strategical analysis model has been developed to show the links between the coaching staffs game plan and 
player rotations to and from the field.  
Methodology: A survey of AFL clubs was conducted in 2009 to determine how they are using GPS within their individual clubs. The survey was 
posted to relevant staff members, including physical performance managers, strength and conditioning coaches, high performance managers and 
senior coaches from AFL clubs. Multiple surveys were sent to staff members within the club to ensure a better response rate. However, no one 
club returned the survey more than once. 12 responses were received from AFL clubs out of a possible 16 with three deemed unusable due to 
the respondents selecting both yes and no responses for some qualitative questions. This resulted in a valid response rate of 75%.  
Results and Conclusion: AFL clubs having been using GPS units for an average of four seasons (a year before their approval to be used live in 
games) with an average 12 units being owned by each club. The increasing numbers of rotations made by coaching staff are supported by the 
information received from GPS devices. This can be seen as 60% of clubs manage player workloads with GPS devices and 70% of coaching 
staff who monitor player fatigue levels and then decide on player rotations based on these levels. The application of GPS further assists in the 
monitoring and prevention of injuries. Therefore rotations are being made based on GPS data received from players on the field allowing coaching 
staff to determine exactly how the player is looking at one point in time. Eg. If they are fatigued, have run too far, have participated in a significant 
amount of hardball gets or have reached individual benchmarks set by coaching staff. This allows coaching staff to consider the players abilities 
while on the field ensuring their welfare is being taken care of.

32 Physiological responses and movement demands of elite women playing Australian football in the midfield position

v. Wyckelsma1*    R. Aughey1,2    M. McKenna1    1Institute of Sport, Exercise and Active Living, Victoria University    2Western Bulldogs Football Club

Introduction: The rate of female participation in Australian football (AF) is growing with 20,919 female participants in 2009. Female AF matches 
are frequently played as curtain raisers to professional male AF matches. Despite these advancements there is currently is no current literature on 
female AF. This study had three aims; 1) establish performance characteristics of elite women AF players; 2) identify physiological responses and 
movement patterns of elite women during Victorian Women Football League Matches (VWFL) ; 3) Identify movement patterns, hydration status and 
core temperature (Tc) during the Australian Women’s National Championships (AWNC).  
Methodology: Players were tested in the laboratory to establish physical and physiological characteristics. During match day testing blood 
lactate ([Lac-]), blood glucose ([Glucose]) and core temperature (Tc) were monitored pre and post match and at all quarter breaks, while urine 
specific gravity (USG) and body mass were measured at pre match and post match. Player’s movement patterns were monitored by 5 Hz Global 
Positioning System (GPS).  
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Results: The physical characteristic of players were VO
2
peak: 50.4 ± 6.9 ml.kg-1.min-1; 20 m sprint 3.47 ± 0.13 s; and vertical jump of 

45.5 ± 0.13 cm (mean ± SD). During VWFL matches [Lac-] increased (P<0.05) at every quarter (Qtr) from Pre-match peaking at 9.3 mM, 
glucose increased from Pre-match at Qtr 1 & 2 reaching a peak of 10.5 mM . Tc increased (P<0.05) from Pre-match at Qtr’s 2,3 & 4 and reached 
up to 40.95°C in one individual. Players lost 1.5% of body mass (P<0.05) and USG increased from pre to post match (P<0.05). Players covered 
10,237 ± 2,141 m, 16% consisting of high intensity running (HIR). During match one of AWNC, Tc was increased every Qtr. During the AWNC 
Grand Final, Tc increased at Qtr 1 and Qtr 2 (P<0.05) tended to remain elevated for Qtr’s 3 & 4. Players covered 8,885 ± 745.1 m, with 15% of 
this consisting of HIR.  
Conclusion: The study is novel and gives us the first insight into women’s AF. Women AF players display characteristics of female athletes of 
international standard in other football codes. Female AF matches are extremely demanding reflected by large total and HIR distance travelled and 
substantial physiological perturbations with large increases in [Lac-], [glucose] and Tc, This indicates that glycolysis is an important energy source, 
glucose availability is not impaired and that there is considerable thermal strain during these matches. 

33 Cold water immersion is most effective for recovery of repeat sprint ability and reducing fatigue post an 
Australian football game

G. elias1    M. varley1*    v. Wyckelsma1    C. Minahan2    M. McKenna1    N. Stepto1    R. Aughey1,3    1School of Sport and Exercise Science, Institute of Sport, 
Exercise and Active Living, Victoria University    2School of Physiotherapy and Exercise Science, Griffith University    3Western Bulldogs Football Club

Introduction: This study investigated the efficacy of cold water immersion (CWI) and contrast water therapy (CWT) on restoring repeat-sprint ability 
(RSA) and fatigue after a game of Australian Football (AF).  
Methods: Twenty-four AF players participated in a full contact practice match (76 min; temperature 25.8°C; relative humidity 63%). Repeat-sprint 
ability (RSA, 6 x 20 m on 30 sec) was measured immediately pre, immediately post, 24 h and 48 h post game. Perceived fatigue was also measured 
immediately pre, immediately post, 1h, 24 h and 48 h post game. Post game all players were randomly assigned to either control (CONT) (n=8), 
cold water immersion (CWI) (n=8) or contrast water therapy (CWT)(n=8) groups. CWI consisted of submersion (to mid sternum) in 12–14°C water 
for 14 consecutive minutes. The CWT group alternated between hot water (7 x 1 min 37–38°C) and cold water (7 x 1 min 12–14°C) for a total of 
14 min submersion. The CONT group was seated for14 min. Differences between groups were determined on log transformed data and expressed 
as % change and effect size (ES) statistic with 90% confidence intervals (CI). Results are percentage difference between groups and ES±90%CI.  
Results: The game was sufficient to induce fatigue immediately post game (pooled data; 251.9%; 3.01±0.48) which caused decreases in RSA 
(pooled data; 2.7%; 1.00±0.48) for all players. Both CWI and CWT were more effective at enhancing recovery of RSA at 24 h (4.78%; 1.53±0.63 
and 2.86%; 1.28±0.59) and 48 h (2.44%; 0.77±0.64 and 1.07%; 0.47±0.46) when compared to CONT. Comparisons were also made between 
water-based recovery interventions with RSA performance superior to CWT at both 24 h and 48 h post game (1.97%; 0.57±0.62 and 1.39%; 
0.40±0.59 respectively). Both CWI and CWT reduced perception of fatigue 1 h post game (39.6%; 1.95±1.23 and 30.66%; 1.49±0.97). CWI 
was also effective in reducing perception of fatigue 24 h post game when compared to CONT (43.09%; 2.18±1.79).  
Conclusion: The ability to recover quickly from a game in preparation for the following weeks training is important in AF. The application of water 
immersion as a recovery method is common amongst AF teams and both CWT and CWI appear to be effective in reducing fatigue and improving 
the recovery of RSA post game. It is, however, clear that CWI is more effective than CWT, and in this study that may be related to the high ambient 
temperature and humidity during the game.

34 Managing drugs in sport: the evidence base for second generation policy

SyMPoSIuM

J. Mazanov1    J. Connor2*    1School of Business, University of New South Wales    2UNSW@ADFA

After more than 50 years the anti-doping policy, as we currently understand it, is evolving. This evolution is emerging from a growing evidence 
base informing new ways to help sport manage the role of ergogenic, illicit and licit substances in sport. The aim of this symposium is to explore 
the future of the anti-doping policy using existing and cutting edge research from the sports medicine community. That is, we look to the lessons 
learned to see how the future might be shaped as we move towards a second generation of policies to manage the role of drugs in sport. 
ASADA introduces the Australian policy context to managing drugs in sport as a departure point for looking at how research informs anti-doping 
policy. The first two papers examine the response of athletes and athlete support personnel to the anti-doping policy and how this might inform 
where the policy might evolve. The third paper considers how the lessons learned from a primary prevention of doping among adolescents inform 
future anti-doping education at non-elite levels. The final two papers outline new directions for prevention activity by exploring the psychology 
of athlete doping. The symposium concludes with a commentary on how the research can inform the evolution of anti-doping towards a second 
generation policy to manage drugs in sport. 
Paper Title 1: ASADA: Australia’s driving force for pure performance in sport
Paper Title 2: Attitudes to drug testing and anti-doping education in elite Australian athletes. 
Paper Title 3: Doping and athlete support personnel: What do they know and do? 
Paper Title 4: CleanEdge: Lessons learned about primary prevention of doping among adolescents
Paper Title 5: An integrated framework: Identifying risk and protective factors for doping in sport 
Paper Title 6: What drives athletes to take performance enhancing drugs? Insights from a choice modeling experiment
Paper Title 7: Beyond self-report in doping: Validating declared substance use in sport with hair sample analysis
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35 ASADA: Australia’s driving force for pure performance in sport

S. Watt1    C. owens1*    1Australian Sports Anti-Doping Authority

Maintaining the edge against those athletes who chose to cheat at sport through doping is a tough business. In Australia, the Australian Sports 
Anti-Doping Authority (ASADA) is charged with developing a sporting culture free from doping in which performance is based on an athlete’s 
talent, determination, courage and honesty. One of ASADA’s priorities is to protect clean athletes, and the sports in which they compete, 
through comprehensive education around risks and the repercussions of doping. During this session, ASADA will provide the group with: 
  an outline of ASADA mission statement and the Deterrence, Detection and Enforcement strategy
  an overview of ASADA’s education strategy and plan 
  where sports support personnel fit into our education strategy
  clarify the responsibilities of support personnel under the WADA code 
  highlight the importance of research and its use in ASADA programs.

36 Attitudes to drug testing and anti-doping education in elite Australian athletes

R. orr1*    M. Grassmayr1    R. Macniven1    A. Grunseit1    A. Bauman1    1The University of Sydney

Introduction: In 2008–09, ASADA conducted 4212 government-funded drug tests across 57 sports and 3286 user-pays tests for Australian 
sporting bodies or other organizations. A recent survey of Australian athletes endorsed both drug testing as a deterrent against performance 
enhancing drug use and the severity of current punishments for doping in sport. However, despite extensive anti-doping programs, little is known 
of athletes’ knowledge and attitudes towards drug testing procedure and how or where athletes seek information about prohibited substances.  
Methodology: A 53-item, psychometrically-tested questionnaire was administered that surveyed athletes’ knowledge, attitudes, intentions and 
behaviour of anti-doping policy, drug testing, prohibited substances and anti-doping education. The majority of the items required a Likert-type 
scale response. Participants were recruited through National and State Institutes of Sport or via sport governing organizations.  
Results and Conclusion: Two hundred and sixty-two elite athletes (53% male, mean age 20.2 ± 5.2 years) from a variety of team (31%) and 
individual sports (69%) completed the questionnaire. The majority of athletes (62%) competed at national or international level, yet only 26% had 
ever undergone a drug test. Twenty three percent of drug tested athletes had not been tested for over 12 months, 61% were tested on one or 
two occasions in the previous year while 16% were tested 3–6 times. When asked about drug testing, 68% considered an effective drug testing 
program important for their sport and 61% indicated that testing 1–3 times per year would be appropriate. Over half of the athletes did not know 
the penalty for a doping violation in their sport and only 32% considered they were informed of the drug testing procedure. Sixty nine percent 
identified where they could seek information about drug testing; sources included the internet (42%), ASADA (25%), support staff (19%) and 
sporting bodies (11%). However athletes believed that anti-doping education would best be offered by presentations (28%), resource packs (28%), 
internet (20%), email (13%) and/or a hotline (10%). Only 50% of athletes had received information about drug testing and furthermore, only 22% 
of athletes considered they were informed about performance enhancing substances. Indeed 54% reported they did not know where they could 
check if a substance was banned. The majority of athletes do not believe they are well informed about drug testing and performance enhancing 
substances. There is a need to develop more effective anti-doping education strategies.
This study is supported by the Department of Health and Ageing through the Anti-Doping Research Program

37 Doping and athlete support personnel: What do they know and do?

J. Connor1*    J. Mazanov1    S. Backhouse2    F. Quirk3    1UNSW@ADFA    2Leeds Metropolitan    3James Cook University

Background: Under the World Anti-Doping Code (WADC), athlete support personnel have specific obligations in regards to reporting and advice. 
For example, athlete support personnel are required to be knowledgeable about and comply with the WADC. To date, little attention has been paid 
to the level of awareness of these obligations and to what extent education is needed for athlete support personnel.  
Method: A national, on-line survey of Australian athlete support personnel was conducted from late 2009 through 2010. The survey consisted 
of four main parts. The first was a test of knowledge regarding various elements of the WADC. The second was attitude towards performance 
enhancement in sport. The third was a section on when performance enhancing substance use might be acceptable. Finally, self-presentation 
bias was measured to control for social desirability. Following the survey, a range of athlete support personnel from across Australia were 
interviewed for their experience of anti-doping.  
Results/Discussion: Preliminary results indicated that while athlete support personnel had a reasonable grasp of WADC rules and procedures, 
there was confusion about the responsibilities of athlete support personnel. Further, more education around specimen collection, supplement use 
and how a substance is prohibited was necessary. Interview data was unavailable at the time of writing. Overall, the results indicated that if athlete 
support personnel are to be given responsibility under the WADC, national anti-doping organisations need to engage with and support this group 
directly in meeting their anti-doping obligations. 

38 Cleanedge: Lessons learned about primary prevention of doping among adolescents

L. Sheehan1*    1Sports Medicine Australia – Victorian Branch

The aim of this symposium session is present the results of research conducted on CleanEdge. CleanEdge is a collection of on-line resources 
aimed at providing primary prevention of doping with a focus at the non-elite levels of sport, specifically community and adolescent sports. 
The resources are targeted in two ways; the first is exposing users to known methods of enhancing sporting performance excluding doping, 
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and the second is education about the consequences of doping. CleanEdge offers a range of resources and activities for athletes, adolescent 
athletes, teachers, coaches and parents to engage with the issue of how to approach sporting performance enhancement without doping. 
Through 2010, various aspects of the CleanEdge program were evaluated relative to their effect on adolescents (both athlete and non-athlete). 
The results of these efforts are reviewed towards establishing the lessons learned about assessing the effectiveness of primary prevention in 
anti-doping. We discuss the key successes and failures of both the website and the activities assessed under the evaluation and outline plans to 
strengthen the CleanEdge site. These ideas are then extrapolated to broader interventions on doping, exploring opportunities for future research 
and the implications for anti-doping education. 

39 An integrated framework: Identifying risk and protective factors for doping in sport

C. Dickinson1*    F. Quirk1    1James Cook University

Introduction: Literature that addresses the key issues that underpin decision making processes involved with doping in sport has been limited. 
Specific applications of clinical psychology methods and health psychology theories of behaviour were incorporated in a recent study to identify 
attitudes and beliefs relating to the motivations, temptations and decision making processes involved with doping in sport. Models that represent 
the issues and factors participants believed contribute to the decisional process surrounding doping were identified across levels of engagement in 
sport and include the social contextualisation of doping. This research has identified risk and protective factors that contribute to the development 
of an integrated framework for prevention, intervention and support for athletes and support personnel related to doping in sport.  
Methodology: Initial data was sourced (n=234) from questionnaires based on hypothetical scenarios of athletes and statements about doping 
provided to non-active people (n=46), regular exercisers (n=53), amateur sport club members (n=50), professional athletes (n=44), and coaches 
or trainers (n=41). Analysis of this data identified issues and factors that participants believed were related to doping decisions. Factors were 
selected that identified risk of doping behaviour or assessment of attitudes indicating high risk of doping behaviour, and were reviewed by an 
expert panel (n=12) consisting of sport psychologists, athletes, coaches, sport and exercise scientist and drugs in sport experts. The panel 
provided comment on the relevance and importance of each item to the issue of risk of engaging in doping behaviour.  
Results and Conclusions: Five different factors were generated and were termed “core beliefs of doping”, “access”, “likelihood of doping”, 
“structural deterrents”, and “social or personal deterrents”. The factor “core beliefs of doping” was identified as key and relating to both risk and 
protective factors for doping decisions and behaviour. Levels of risk of doping behaviour may be identified by an athlete’s profile on these five 
factors. Identification of risk and protective factors for athletes that take structural, contextual and personal situational variables into account can 
be employed to future doping in sport policy to proactively determine periods of high risk. An anti-doping policy that extends beyond detection 
of actual doping to include the detection of risk of doping and protective factors may allow for the development of an intervention and support 
framework for athletes and support personnel to reduce the risk of non compliance with doping policy.

40 What drives athletes to take performance enhancing drugs? Insights from a choice modeling experiment

t. Huybers1*    J. Mazanov1    1The University of New South Wales

Background: Models of elite athlete decision making around doping issues have been dominated by the social cognitive approach which suggests 
that doping decisions are made as a function of a rational, deliberative process where costs and benefits are carefully traded off. For example, 
the social cognitive approach predicts that athletes carefully trade off the perceived probability of being prosecuted for doping against the potential 
gains for their career. Using an empirical discrete choice model, the current research provides insights into whether athlete decision making in 
relation to doping is rational and, if so, which factors athletes trade off in making their decisions.  
Method: The discrete choice model discussed in this paper was derived from a discrete choice experiment carried out using a sample of 
259 Australian athletes. Around three-quarters of the sample comprised elite athletes at Australian, World or Olympic levels. The choice model 
results suggest that decision making about the use of doping by sportspeople is rational and provides estimates of the trade-offs that athletes 
make when considering the use of banned drugs.  
Results and Conclusions: The results suggest that athletes who can be convinced by a coach or senior athlete of disproportionate immediate gains 
to performance with little or no consequences (e.g. low risk of prosecution) are at risk of doping. Conversely, athletes are less inclined to dope if 
they think doping would kill them, establishing performance benchmarks, large fines ($150,000) or no financial gain. The choice model also allows 
for an assessment of heterogeneity within the sample, for instance in terms of gender and type of sport. Policy implications for managing the role 
of drugs in sport include the suggestion that anti-doping could be improved with precisely timed testing, changing incentive structures within sport, 
concealing test accuracy and to publicly humiliate athletes caught doping.

41 Beyond self-report in doping: validating declared substance use in sport with hair sample analysis

e. Aidman1,2*    A. Petroczi2    I. Hussain2    N. Deshmukh2    t. Nepusz2    M. uvacsek2    M. toth3    J. Barker2    D. Naughton3 
1DSTO    2Kingston University London    3Semmelweis University, Budapest

Background: Studies of psychoactive drug use indicate that self-reporting is characterised by under-reporting. Self-reporting of doping practices is 
likely to be equally under-estimating – if not more so. This calls for more sophisticated methods for such estimation and for independent, objective 
validation of its results. The aims of this study were: i) to contrast self-reported doping use with objective results from chemical hair analysis and ii) 
to investigate the influence of the discrepancy on doping attitudes, social projection, descriptive norms and perceived pressure to use doping.  
Method: A doping attitudes questionnaire (Petroczi & Aidman, 2009) was combined with a response latency-based implicit association test 
(Petroczi, Aidman & Nepusz, 2009) and hair sample analysis for key doping substances in 14 athletes selected from a larger sample (N= 82) 
to form contrast comparison groups.  
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Results: Patterns of group differences in social projection, explicit attitude about and perceived pressure to use doping, vary depending on whether 
the user and non-user groups are defined by self-report or objectively verified through hair analysis. Thus, self-confessed users scored higher 
on social projection, explicit attitude to doping and perceived pressure. However, when a doping substance was detected in the hair of an athlete 
who denied doping use, their self-report evidenced extreme social desirability (negative attitude, low projection and low perceived pressure) 
and contrasted sharply with a more positive estimate of their implicit doping attitude.  
Conclusions: Hair sample analysis for performance enhancing substances has shown considerable potential in validating athletes’ doping attitude 
estimations and admissions of use. Results not only confirm the need for improved self-report methodology for future research in socially-sensitive 
domains but also indicate where the improvements are likely to come from: as chemical validation remains expensive, a more realistic promise for 
large scale studies and online data collection efforts is held by measures of implicit social cognition.

42 Gamma loop pathway dysfunction in osteoarthritic knees

P. McNair1*    D. Rice1    G. Lewis1    1Auckland University of Technology

Introduction: Knee injury and arthritis are associated with an inability to fully activate the quadriceps muscle, a process known as arthrogenic 
muscle inhibition (AMI). A loss of excitatory feedback from primary muscle spindles has been shown to contribute to AMI in patients who have 
ruptured their anterior cruciate ligament (ACL), a deficit termed gamma-loop dysfunction. However, it remains unknown whether this mechanism 
contributes to AMI in other types of knee joint pathology.  
Purpose: The purpose of this study was to determine whether quadriceps gamma-loop dysfunction was present in subjects with knee osteoarthritis (OA).  
Methods: Fifteen subjects with knee OA and fifteen age and gender matched controls participated. Quadriceps and hamstrings force and 
electromyography (EMG) were collected during maximum effort isometric contractions of the quadriceps and hamstring muscles. Thereafter, 
20 minutes of 50Hz vibration was applied to the infrapatellar tendon using an electromechanical tapper. After tendon vibration, maximum effort 
isometric contractions of the quadriceps and hamstrings were repeated. If normal Ia afferent feedback is present, the effect of vibration is to 
decrease strength and EMG levels. If dysfunctional, then strength and EMG root mean square levels (RMS) will not change following vibration. 
One sample t-tests were undertaken to analyse whether percent changes in torque and RMS differed from zero after vibration in each group.  
Results: Following tendon vibration, quadriceps peak torque decreased significantly in the control group (p < 0.05) but did not change in OA 
subjects (p >0.05). Hamstrings peak torque was unchanged in both groups (p >0.05). Similarly, after tendon vibration, RMS of the quadriceps 
(p <0.01) decreased in the control group, but was unchanged in the OA group (p >0.05). RMS of the hamstrings remained unchanged in both 
groups (p > 0.05).  
Discussion: The results suggest that quadriceps gamma-loop dysfunction is present in subjects with OA. Prolonged tendon vibration temporarily reduces 
transmission in Ia afferent nerve fibres. The subsequent loss of excitatory input from primary muscle spindles prevents full activation of the muscle. 
Thus, a decrease in quadriceps peak torque and RMS is expected after infrapatellar tendon vibration, and indicates an intact gamma-loop. In contrast, 
the lack of change in quadriceps activation seen in OA subjects suggests that Ia afferent transmission was already impaired in these patients.  
Conclusion: Gamma-loop dysfunction may contribute to quadriceps AMI in patients with OA, partially explaining the marked weakness and atrophy 
that is often observed in this muscle group.

43 expression of tNF-α and tNFR1 in tenocytes in normal human Achilles tendon and tendinosis biopsies

J. Gaida1,2,3*    J. Bagge2    C. Purdam4    J. Cook1    H. Alfredson3    S. Forsgren2 
1School of Exercise and Nutrition Sciences, Deakin University    2Department of Integrative Medical Biology, Section for Anatomy, Umeå University, Sweden 
3Department of Surgical and Perioperative Science, Section for Sports Medicine, Umeå University, Sweden    4Department of Physical Therapies, Australian Institute of Sport

Background: Tendinosis limits athletic performance and adversely affects quality of life. Tendinosis in horses is associated with increased 
expression of tumour necrosis factor (TNF)-α and the type-1 receptor (TNFR1). In humans, rapid resolution of long-standing insertional Achilles 
tendinosis is reported after treatment with TNF-α antagonists. There is very little information concerning the importance of the TNF-system in the 
more common mid-portion Achilles tendinosis, including no information on expression patterns of TNF-α and TNFR1.  
Objective: To examine whether TNF-α and TNFR1 are expressed in normal and pathological human Achilles tendon.  
Methods: Immunohistochemical techniques were used to evaluate the level of TNF-α and TNFR1 expression. Samples were taken from 17 patients 
with chronic mid-portion Achilles tendinosis and from 6 control participants without tendon problems. Staining intensity was evaluated using 
semiquantitative assessment methods.  
Results: Specific reactions for TNF-α were detected in tenocytes. The intensity of staining was not affected by mid-portion tendinosis (p=0.368). 
Tenocytes with a characteristic tendinosis appearance (oval/widened shape) had the highest intensity of staining. Specific reactions for TNFR1 
were detected in tenocytes. The staining intensity was significantly greater in mid-portion tendinosis (p=0.018). The localization of TNFR1 
immunoreactive material differed according to tenocyte appearance. Sender and spindle-shaped tenocytes had clumps of immunoreactive 
material along the length of the tenocyte, while oval shaped tenocytes had a diffuse pattern of immunoreactivity.  
Conclusions: Expression of TNF-α and TNFR1 was confirmed in tenocytes of the human Achilles tendon. The increased levels of TNFR1 suggest 
that mid-portion tendinosis may be associated with increased responsiveness to TNF-α.

44 Adaptation of tendon tissue to exercise load in pre-adolescent children

D. Spurrier1*    J. Cook2    N. Shields1    1La Trobe University    2Deakin University

Introduction: Children exposed to higher levels of exercise in preadolescent years demonstrate increased bone mass compared to non exercising 
age matched controls. In particular, children exposed to unilateral sports such as tennis, develop increased bone mass and bone size on the 
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dominant side. The sensitivity of bone to exercise load appears to be higher in the pre adolescent years suggesting an optimal time for children to 
influence long term adult bone health. Tendon health may also be dependent on levels of exercise during childhood. There is currently no literature 
available to indicate what occurs to tendon tissue size during development and what if any influence that exercise load may have on tendon tissue.  
Method: A longitudinal cohort of pre adolescent children participating in high level tennis ( 46 boys, 38 girls), and controls (14 boys,11 girls) were 
examined with magnetic resonance imaging of their dominant and non dominant arms and the triceps tendon volume was calculated using 3D 
doctor software. Data on maturation, expose to tennis and arm dominance were collected. Cortical bone mass size and muscle volume of the 
upper limb was also measured to allow the relation between difference in tendon size to bone and muscle size.  
Results and Conclusions: Differences in the morphology of the triceps tendon were noted and three distinct subgroups of tendon shape were 
analysed using Chi square statistics for variance within the preadolescent children. Further analysis of the data investigated differences in tendon 
size between the dominant and nondominant arms of children involved in high level tennis and in controls and also the relation of gender to 
differences in triceps tendon size in the dominant and nondominant arms. The final results will be presented with discussion on the implications 
for exercise on tendon size in preadolescent children. 

45 overuse tendinopathy is characterised by changes in the metabolism of proteoglycans present in the 
extracellular matrix of tendons

C. Handley1,2*    J. Parkinson1,2    t. Samiric1,2    M. Ilic1,2    J. Cook3    J. Feller2 
1School of Human Biosciences, La Trobe University    2Musculosketal Research Centre, La Trobe University    3School of Exercise and Nutrition Sciences, Deakin University

Introduction: Overuse patellar tendinopathy is common in individuals participating in exercise and sport and is characterised by proximal patellar 
tendon pain and tenderness. Studies have shown that a predominant feature of tendinopathy is a change in the organization of the extracellular 
matrix and we have shown that in human patellar tendinopathy there are increased amounts of the large aggregating proteoglycans, aggrecan 
and versican in the extracellular matrix compared to normal tissue. The aim of this work was to investigate the differences in the metabolism of 
proteoglycans between patellar tendon exhibiting chronic overuse tendinopathy and normal patellar tendons in humans.  
Methodology: Rates of synthesis and catabolism of proteoglycans were determined by incubating normal (n=9) and pathologic (n=12) samples 
of human patellar tendon with [35S]sulphate and determining the rate of incorporation of [35S]sulphate into macromolecules and the rate of loss 
of 35S-labelled macromolecules with time in culture. The radiolabelled and total proteoglycans retained in the tissue and lost to the medium were 
analysed by fluorography and Western blotting.  
Results: The rate of synthesis of 35S-labelled proteoglycans and their rate of loss from the matrix were greater in pathologic tendons. 
Fluorography and Western blotting revealed the presence of greater amounts of large proteoglycans (aggrecan and versican) in pathologic 
tendon at the beginning of the culture period, however, these proteoglycans were rapidly lost from the matrix of this tissue with time in culture.  
Discussion: These data suggest that a change in the proteoglycan content of the extracellular matrix of pathologic tendon results from the altered 
metabolism of the cells, reflected in the enhanced synthesis of large proteoglycans aggrecan and versican. Since we have previously shown that 
there are no significant changes in the levels of gene expression of large proteoglycans in human tendinopathy, the increase in levels of large 
proteoglycans most likely involves an alteration in the rates of synthesis and/or catabolism of large proteoglycans. Since inflammatory cells are not 
present in pathologic tendon it is likely that changes in the metabolism of tendon cells in tendinopathy may be driven by locally produced cytokines 
and growth factors. These cytokines and growth factors may also stimulate the activation of matrix degrading enzymes leading to a breakdown and 
disorganisation of the extracellular matrix that is observed in overuse tendinopathy. Hence, growth factors and cytokines are potential targets for 
treating overuse tendinopathy.

46 Anterior knee pain severity fluctuates over the female menstrual cycle

N. Collins1,2*    K. Crossley2    B. vicenzino1    1The University of Queensland    2The University of Melbourne

Introduction: Anterior knee pain (AKP) is a common, chronic condition amongst young active individuals, particularly females. However, due to 
changes in pain sensitivity that occur over the female menstrual cycle, it is possible that AKP is not constant. This study sought to determine 
whether the severity of AKP changes over the menstrual cycle.  
Methods: 45 females enrolled in a 12-month randomised clinical trial recorded daily data regarding oral contraceptive pill (OCP) use, whether they 
were menstruating, and AKP severity (10cm visual analogue scale (VAS)). One normal cycle (28 to 35 days) selected from each participant was 
divided into four phases: i) menstrual (seven days from the beginning of menstrual bleeding); ii) pre-ovulatory (from the end of the menstrual phase 
to the beginning of the post-ovulatory phase); iii) post-ovulatory (seven days starting from 14 days before the next menstrual bleeding); and iv) 
premenstrual (seven days before menstrual bleeding). One-way repeated measures analysis of variance was conducted to compare average AKP 
scores for each phase, with OCP type (none, monophasic, triphasic) included as a between-subjects factor. Significance was set at 0.05.  
Results: There was a significant main effect for menstrual cycle phase (p=0.039), but no significant interaction effect between phase and OCP 
type (p=0.41). Pairwise comparisons indicate that AKP VAS is significantly higher during the menstrual phase than during the post-ovulatory phase 
(mean difference 0.65, 95% confidence interval 0.08 to 1.22) and the premenstrual phase (0.88, 0.26 to 1.5).  
Conclusions: This is the first study to investigate fluctuations in AKP severity over the female menstrual cycle. Findings suggest that, irrespective 
of OCP use, females with AKP tend to experience more knee pain during the menstrual phase of their cycle. Sports medicine practitioners should 
consider potential fluctuations in AKP over the menstrual cycle and may need to advise affected women to exercise caution with aggravating 
activities during menstruation. These findings also highlight the need for sports medicine practitioners to consider non-mechanical contributors 
to AKP in female patients at times of heightened pain sensitivity.
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47 the menstrual cycle influences tibial acceleration variability during consecutive gait cycles

R. Clark1*    S. Bartold2    A. Bryant2    1ASICS Sports Medicine Research Fellow, The Centre for Health, Exercise and Sports Medicine, The University of Melbourne 
2The Centre for Health, Exercise and Sports Medicine, The University of Melbourne

Introduction: The relationship between the phases of the menstrual cycle and injury risk remains unclear. Neuromuscular function may be 
compromised during menstruation, which could result in reduced cyclicality of movement patterns. We hypothesize that mediolateral (varus/valgus) 
knee acceleration during running gait will possess increased variability during menstruation when compared to ≈ovulation in women who do not 
take the monophasic oral contraceptive pill (MOCP).  
Methods: Thirty-six women (18 MOCP users: MOCP group and 18 non-pill users: NP group) performed six-minute treadmill running trials at 
10km.hr-1 with an accelerometer fixed to the proximal tibia. Trials were performed at menstruation and ≈ovulation (for the MOCP group at a similar 
stage of the cycle) in a randomized order. The cyclicality of gross mediolateral tibial acceleration during 15 consecutive strides was assessed using 
combined wavelet and autocorrelation analysis. Longitudinal and anteroposterior accelerations were also examined. Repeated measures ANOVA tests 
were performed to assess differences at each stage of the menstrual cycle (α = 0.05).  
Results: Gross mediolateral acceleration in the NP group had significantly (p=0.022) increased variability at the time of menstruation compared to 
≈ovulation, and was also significantly (p=0.011) more variable than the MOCP group at the corresponding time point. No significant difference was 
observed for any measure in the MOCP group.  
Conclusions: Increased variability in the NP users at menstruation may be a result of compromised motor control strategies. This provides further 
evidence of variability in performance and motor control during menstruation, and may have implications for a female athlete’s risk of injury.

48 Do clinical factors predict the return to pre-morbid function following surgical repair of ruptured 
Achilles tendons?

e. Downes1*    H. McBurney2,3    t. Kapakoulakis4    1Ballarat Health Services    2Monash University    3Latrobe Regional Hospital    4Bendigo Health

Introduction: The Achilles tendon is the most frequently ruptured tendon in the body. Various regimens for the treatment of Achilles tendon ruptures 
(ATR) exist with respect to operative versus conservative management and various post-operative protocols. Previous studies have compared the 
different post operative protocols using impairment measures; however there has been no research into the relationships between impairment 
measures and return to pre-morbid sporting activities following surgically repaired ATR. The aim of this study was to determine whether commonly 
used impairment measures predict patients’ ability to return to pre-morbid sports following surgically repaired ATR.  
Methodology: Twenty participants with surgically repaired ATR took part in a physical assessment and interview. The timing of assessments ranged 
from 7–40 months post surgery. Tendon length, ankle range of motion, calf circumference and calf strength were all tested using measurement 
techniques that are easily reproducible in a clinical setting. Interviews were conducted to determine whether return to pre-morbid levels of sport 
were achieved and the associated reasons. Logistic regression was used to determine which impairment variables best predicted return to 
pre-morbid levels of sport.  
Results: Eight of the 20 participants had returned to pre-morbid levels of sport, three returning to a recreational level and five returning to a 
competitive level of sport. Return to pre-morbid levels of sport was predicted by time since surgery and the difference in heel heights between the 
un-injured and injured legs when performing a double leg raise, the logistic regression equation correctly predicted the return to pre-morbid level 
of sport 90% of participants. For participants who had returned or had not returned to sport, the mean time since surgery was 115.3wks (SD 30.1) 
and 61.2wks (SD 25.1) respectively, and the mean difference in heel height between the un-injured and injured legs was 2.1cm (SD 6.4) and 
1.4cm (SD 7.0) respectively. There was a moderate correlation (r=0.62) between tendon length difference and calf strength difference between 
injured and un-injured legs, however there was no significant differences of tendon length between those who had and had not returned to sport 
(p=0.4). Of the 12 participants who had not returned to sport, 83% cited fear of rupturing the tendon again as one reason for not returning.  
Conclusion: In the sample of patients studied return to sport following surgically repaired ATR could be predicted using clinically relevant 
impairment measures of time since surgery and heel height difference.

49 People with PFJ oA ambulate with altered muscle forces

K. Crossley1*    S. Harrison1    M. Sommers1    H. ozturk1    J. Lentzos1    A. Schache1    M. Pandy1    1Department of Mechanical Engineering, The University of Melbourne

Introduction: Knee osteoarthritis (OA) affects almost one-third of adults aged over 65 years and is associated with significant personal and 
economic burden. The patellofemoral joint (PFJ), one of the three knee joint compartments, is the focus of this research since it is frequently 
affected by symptomatic OA and contributes significantly to the morbidity associated with the disease. Furthermore since the impairments 
associated with PFJ OA are not known, there is limited evidence underpinning conservative treatment approaches. Therefore, the aim of the 
current study was to compare estimated muscle forces during walking in people with and without PFJ OA.  
Methods: 40 people with PFJ OA (ostephytes on skyline radiographs and anterior knee pain with rising from sitting and/or squatting) were compared 
to 20 aged matched, painfree controls. A generic musculoskeletal model (OpenSim) was used to calculate muscle forces during overground walking. 
The model was driven by joint kinematics and ground reaction force data. The musculoskeletal model was comprised of a three-dimensional 9 segment, 
13 degree-of-freedom linkage. Subject specific musculoskeletal models were generated by scaling the generic model according to individual subject 
anthropometry. Muscle forces were found using inverse dynamics and static optimization over a full gait cycle. At each time instant, joint kinematics 
and ground reaction forces were input into the skeletal model to calculate the net joint moments. The net joint moments were then decomposed into 
individual muscle forces by solving an optimization problem that minimized the sum of squares of the muscle activations, while subject to physiological 
bounds on each muscle according to force-length-velocity properties. Muscle forces were evaluated against temporal EMG recordings.  
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Results: Participant characteristics (age, height) were similar between groups, while the PFJ OA group was heavier than controls. The estimated 
muscle force calculations revealed that the participants with PFJ OA utilised different muscle activation strategies than healthy controls.  
Conclusions: This study has identified that people with PFJ OA utilize different muscle activation strategies to ambulate than painfree, 
aged-matched controls. The results of this study has implications for the rehabilitation of this subgroup of people with OA. 

50 upper body bone strength in pre-pubertal, non-elite gymnasts and non-gymnasts

L. Burt1*    G. Naughton1    D. Greene1    G. Ducher2 
1Centre of Physical Activity Across the Lifespan, Australian Catholic University    2Noll Laboratory, Department of Kinesiology, Penn State University

Introduction: Upper body osteogenic effects from participation in elite gymnastics may be site and bone specific. The purpose of this study was to 
compare bone properties of the ulna and radius in female, pre-pubertal, non-elite gymnasts with case-controlled non-gymnasts and, to determine 
if site-specific bone alterations are associated with gymnastics exposure.  
Methods: Eighty-two young girls (8.6 years, range 6–11) were divided into three groups based on their participation in gymnastics: high (HGYM), 
6 to 16 hr.wk-1, low (LGYM), 1 to 5 hr.wk-1 and non-gymnasts (NONGYM). Peripheral Quantitative Computed Tomography (pQCT) was used to assess 
radius and ulna bone properties at the epiphysis (4% of limb length measured distally) and the diaphysis (66% site). Specifically, estimates of bone 
strength and strength/weight index (risk of fracture from a fall) were assessed. Additional bone parameters of area and density were also measured.  
Results: Using a height-adjusted ANCOVA, results showed increased skeletal benefits for gymnasts compared with NONGYM. At the radius, HGYM 
displayed greater bone strength than NONGYM (+22% at the 4% site, p=0.045, +10% at the 66% site, p=0.025). The strength/weight index was 
also +19% more favourable in HGYM than NONGYM at both measured sites for the radius (4% site, p=0.003, 66% site p=0.001). Between-group 
differences for the ulna constantly occurred at the 66% site. Compared with NONGYM, bone strength was +17% greater for HGYM (p=0.006) 
and +11% greater for LGYM (p=0.027). The ulna strength/weight index was +25% higher for HGYM than NONGYM (p<0.0001). Ulna cortical 
bone area was +15% higher in HGYM (p<0.0001) and +9% higher in LGYM (p=0.007), compared with NONGYM. Similar differences were 
observed with ulna total bone area being +10% higher in the HGYM (p=0.013) and +9% higher in the LGYM (p=0.011) than the NONGYM.  
Conclusion: Site- and bone-specific upper body skeletal adaptations may be associated with non-elite gymnastics participation. At the radius, 
increased bone strength and resistance to fracture are greater close to the wrist (4% site). In comparison, skeletal benefits of the ulna are greater in 
the shaft (66% site), at which the ulna is stronger, bigger and less likely to fracture from a low trauma fall. Traditional forearm scans using the pQCT 
only analyse the radius. Results from this study justify expanding analysis to the ulna for future research examining bone benefits in young gymnasts.

51 the effect of varying musculotendinous length on the construction of triceps surae length-tension curves

B. Hoffman1*    t. Carroll1    G. Lichtwark1    A. Cresswell1    1The University of Queensland

Introduction: Exercise-induced muscle damage (EIMD) occurs after a bout of unaccustomed exercise, which has effects that peak approximately two 
days post exercise. Uncertainty exists about the mechanisms and the reliability of some measures of EIMD. A change in the active length-tension 
relationship of a muscle is often used as a determinant of EIMD, but can be difficult to measure in-vivo. The aim of this experiment was to determine 
if active length-tension curves could be accurately constructed from the triceps surae muscle group, in-vivo, using a commercially available isokinetic 
dynamometer. A secondary aim was to examine whether the experimental set-up was sufficiently sensitive to measure small changes in the active 
length-tension curve by manipulating the musculotendinous length of triceps surae.  
Methods: Triceps surae torque twitches (using single and double-pulse (20-ms interval) supramaximal stimulations) were elicited at small 
increments in ankle angle from a neutral foot position (90°) to maximal dorsiflexion. An isokinetic dynamometer was used to rotate the foot through 
this range of motion and a change in the ankle angle was taken to imply a change in triceps surae muscle length. Active tension was calculated 
as the difference between the peak twitch torque and the passive torque prior to the stimulation. Active length-tension curves were produced 
under two conditions: a secured-heel condition and a heel-lift condition. In the secured-heel condition, the foot was attached to the dynamometer 
with inelastic webbing ensuring the heel remained against the footplate throughout the range of motion. In the heel-lift condition, 2-cm thick 
high-density foam was placed under the heel resulting in a shorter muscle length at each ankle position.  
Results: In the secured-heel condition, active length-tension curves, showing both ascending and descending limbs, were produced in most 
subjects. These subjects had a greater dorsiflexion range of motion compared to those subjects whose active length-tension curve had no 
descending limb. Heel-lift resulted in none of the active length-tension curves having a descending limb towards maximum dorsiflexion.  
Conclusions: These results show that length-tension curves, with both ascending and descending limbs, can be accurately obtained from 
the triceps surae with correct securing of the foot to the dynamometer and in subjects with large range of motion. The ability of the current 
experimental set-up to reveal differences between curves with small changes in musculotendinous length indicates this set-up can be used 
to accurately examine the active length-tension relationship of the triceps surae in future experiments investigating EIMD.

52 Can running leg stiffness be predicted from anthropometric and running kinematic data?

P. Clothier1*    L. Janer1    D. Walker1    R. Robergs2    J. McLaren3    1University of Western Sydney    2University of New Mexico    3I.S.P.O.R.T Biomechanics

Human running is a complex motion that has been investigated using the spring-mass model to characterise the movement of the runner. 
The spring-mass model describes the stance leg as a mechanical spring, constantly storing and releasing elastic energy which is measured 
and reported as leg stiffness. The calculation of leg stiffness is commonly performed using force platforms, treadmill ergometry and high speed 
video and is generally restricted to a laboratory setting. These methods can also require solving complicated equations which may be beyond the 
expertise of a running coach or practitioner and are therefore impractical for use in a field setting.  
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Purpose: The purpose of this investigation was to develop and validate a method of calculating leg stiffness from anthropometric and running 
kinematic data that is suitable for use in a field setting.  
Methodology: Seventy participants (43 males and 27 females) completed 10 m running trials at 3.33 m/s across a force platform from which 
kinetic and kinematic performance information was obtained. Participant video data was digitised for various kinematic measures at heel strike 
and mid-stance. A multiple stepwise regression analysis was then performed to determine which independent variables could best predict criterion 
measured running leg stiffness as per the method developed by McMahon & Cheng (1990). The difference between each participant’s criterion leg 
stiffness score and their predicted leg stiffness score was then investigated to assess whether the predicted leg stiffness scores varied significantly 
when compared to the criterion method.  
Results: The prediction equation formulated from the multiple regression analysis was found to explain 87% of the variance in criterion leg stiffness 
scores. A two-tailed paired-sample t-test revealed no significant difference (p < 0.01) between the criterion leg stiffness and predicted leg stiffness 
scores. Correlation analysis between the criterion and predicted leg stiffness scores confirmed a significantly high relationship (r = 0.94; p < 0.01). 
Comparison of criterion and predicted leg stiffness scores also showed an absolute mean error bias of 0.38% further demonstrating that the 
predicted leg stiffness method can produce results within an acceptable tolerance of the criterion method.  
Conclusion: This study demonstrates that running leg stiffness can be accurately determined from running kinematic and anthropometric measures 
and the formulated regression equation is a valid field-based method and tool for assessing running leg stiffness.

53 Corticospinal and motor unit adaptations to rapid isometric strength training

D. Kidgell1,2*    A. Pearce2    1Deakin University, School of Exercise and Nutrition Sciences    2Victoria University, Institute of Sport, Exercise and Active Living

Introduction: Modulation of the corticospinal pathway (CSP) has been suggested to contribute to the rapid development of strength during the first 
4–6 weeks of strength training (ST). However, the exact role of the CSP in regulating neural adaptations is unclear. Since CSP inputs are important 
for motor unit (MU) recruitment, the purpose of this study was to determine the effect of rapid isometric strength training on motor unit discharge 
rate, synchronisation, corticospinal excitability and inhibition.  
Method: 16 subjects (24.1 ± 5.0 years) participated in the study and were randomly allocated into either ST or control group (C). ST subjects (n=8) 
completed 12 supervised ST sessions over 4 weeks that involved 6 sets of 10 repetitions of an index finger abduction task for the right first dorsal 
interosseous (FDI) muscle only. Isometric Strength testing (maximum voluntary contraction, MVC) of the FDI, cross-correlation analysis and mean 
geometric discharge rate from single motor units and Transcranial Magnetic Stimulation (TMS) at 20% MVC were obtained prior to and following 
training. Corticospinal parameters of MT, motor evoked potential amplitude (MEP), and Electromyographic silent period duration (EMG SP) were 
obtained prior to and following training.  
Results: There was a 34% increase in strength of the trained right FDI (p = .001). There was no change within the control group. ST did not affect 
the strength of motor unit synchronisation or mean geometric discharge rate. There were no differences in CSP excitability, however, there was a 
significant reduction in CSP inhibition (SP duration) (p = .03).  
Discussion: The findings demonstrate, at least in a hand muscle, that rapid isometric strength training increases strength as a result of reduced 
inhibition within the CSP and not as a result of alterations in motor unit synchronistaion and discharge rate.  
Conclusion: Rapid isometric strength training reduces CSP inhibition, but has no effect on correlated motor unit activity, suggesting that reduced 
inhibition is important for the expression of strength.

54 effect of fatigue on landing biomechanics following anterior cruciate ligament reconstruction surgery

K. Webster1*    L. Santamaria1    J. McClelland1    J. Feller1    1Musculoskeletal Research Centre, La Trobe University

Background: Results of recent studies have shown that neuromuscular fatigue causes a number of biomechanical alterations that may increase the 
risk of non-contact anterior cruciate ligament (ACL) injury during landing. The purpose of this study was to determine the effects of fatigue on lower 
limb and trunk biomechanics during landing in patients that had undergone ACL reconstruction surgery.  
Methods: Sixteen participants, who had undergone primary ACL reconstruction 15–19 months previously, had 3D lower limb and trunk kinematics 
and kinetics quantified during single limb landings, both before and during progression to fatigue. The single limb landings were a vertical drop from 
a 30cm platform and fatigue progression was measured by vertical jump height. To induce fatigue, subjects performed repetitive bilateral squats and 
the landing sequence until squats were no longer possible or vertical jump height reduced by 20%. Landings were grouped into 3 fatigue conditions: 
pre-fatigue, 50% fatigue and 100% fatigue and comparisons were made using a two-factor (fatigue condition, limb) ANOVA model.  
Results: Fatigue led to reduced flexion in the lower limb, increased hip abduction, increased knee rotation, increased trunk flexion at initial contact 
and reduced knee joint moments. The response to fatigue was however similar between the operated and contralateral limbs.  
Conclusion: Having an ACL reconstruction does not necessarily mean greater vulnerability to the effect of fatigue. Nonetheless some of the landing 
positions, particularly the increase in knee rotation, that were observed with fatigue potentially compromise the knee and integrity of the ACL graft.

55 ultrasound evaluation of thoracic and lumbar erector spinae surface eMG recording sites

D. Perriman1*    J. Scarvell1,2    G. Waddington3    C. Lueck1,2    t. Neeman1    A. Hughes1,2    P. Smith1,2 
1The Australian National University    2The Canberra Hospital    3University of Canberra

Introduction: Surface EMG accuracy is dependent upon minimizing potential crosstalk from other muscles. Effective measurement of the erector 
spinae (ES) activity relies on utilizing aponeurotic windows overlying the target area. A recent anatomical study concluded that T3 and L4 are ideal 
sites for recording the ES because the superficial muscle aponeuroses are wide at these sites. The aim of this study was to investigate these sites 
in vivo using real time ultrasound.  
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Methodology: Ultrasound images from 20 subjects (10 < 30 yrs and 10 > 70 yrs: equal males and females in each group) were acquired during 
rest and in prone extension with the arms in three positions. The most superficial aponeurosis widths were measured.  
Results: The mean T3 aponeurosis width reduced significantly in extension from 4.35 (4.7) mm at rest to 1.8 (2.6) mm in extension; (p < 0.0001). 
Males had significantly smaller T3 aponeurosis widths than females (p = 0.049). The mean L4 aponeurosis width also significantly decreased in 
extension from 35.5 (7.0) mm at rest to 29.4 (7.2) mm in extension (p < 0.0001)) due to “doming” of the aponeurosis.  
Conclusions: T3 is not a reliable site over which to record the ES because the aponeurosis width is too narrow. L4 is a good site if the electrodes 
are placed no more than 2 cms from the midline.

56 Run performance and neuromuscular control is not affected by cycling in elite international triathletes

J. Bonacci1,2*    P. Saunders2    M. Alexander3    P. Blanch2    A. Chapman1,2    B. vicenzino1 
1The University of Queensland    2Australian Institute of Sport    3La Trobe University

Introduction: Running is the most important discipline for success in elite Olympic distance triathlon. However, running at maximum efficiency after 
cycling requires the ability to limit physiological and biomechanical alterations induced by cycling. Cycling has been shown to interfere with running 
muscle recruitment in highly trained triathletes after a short 20 min cycle, but it is not known if this occurs in elite international triathletes or if it 
occurs after a cycle that simulates race conditions.  
Purpose: To investigate the effect of both a 20 min non-fatigue and a 50 min race-simulated cycle on running neuromuscular control and 
performance in elite international triathletes.  
Methods: Seven elite international triathletes participated. Lower limb muscle recruitment (electromyography), kinematics and running economy 
(sub maximal VO

2
) were compared between a control run (no preceding exercise) and a 30 min time trial transition run performed after two 

separate cycle protocols: i) a 20 min non-fatigue cycle and ii) a 50 min race-simulated cycle. The distance ran during the 30 min time trial 
transition run was also compared between the 20 min and 50 min cycles protocols.  
Results: Lower limb muscle recruitment, kinematics and running economy were not different between control and transition runs for either of the two 
cycle protocols (p > 0.05). The distance run during the 30 min transition run was also not different between the two cycle protocols (8,663 ± 757m 
and 8,582 ± 520m for 20 min and 50 min cycles, respectively). As opposed to previous studies on lesser performed triathletes, international elite 
triathletes’ run performance and neuromuscular control was not adversely affected by either the non-fatigue or race-simulation cycle.  
Conclusion: Cycling does not adversely influence neuromuscular control or run performance in elite international triathletes. The preservation of 
neuromuscular control and performance during running after cycling is a unique feature of highly performing elite international triathletes and may 
be a reason for their success.

57 the Manup Study: using information technology to promote physical activity and nutrition to middle-aged rural men

G. Kolt1*    K. Mummery2    M. Duncan2    C. vandelanotte2    A. Maeder1    C. Caperchione2    M. Karunanithi3    M. Noakes4    M. ellison2    e. George1 
R. tague1    P. viljoen2    K. Corry2    1University of Western Sydney    2CQUniversity Australia    3The Australian e-Health Research Centre    4CSIRO Preventative Health Flagship

Introduction: Promoting healthy lifestyles to middle-aged men living in a rural setting is challenging. As such, new methods are required to deliver 
health promotion messages and education to such hard-to-reach groups. The ManUp Study is designed to investigate innovative approaches for 
delivery of physical activity and healthy nutrition messages to men aged 35–54 years living in Gladstone, Queensland, Australia; a region where 
over 50% of the population holds no formal educational qualifications, 40% are low income earners, and 48% work as technicians and trade 
workers, labourers, and machinery operators and drivers.  
Methodology: The substantive ManUp Study involves the development, testing (through randomised controlled trial), and dissemination of health 
promotion interventions delivered through information technology platforms including the internet (with Web 2.0 technologies) and mobile phone 
applications. The focus of this presentation is on the preliminary work required to establish the acceptance and appropriateness of using hand 
held technology to deliver health promotion messages to men. Participants are 300 men (aged 35–54 years) with regular access to hand held 
technology from 5 large workplaces in Gladstone. Data were collected through survey and focus group approaches. The survey requested 
information including current mobile handset, details of service provider and payment/data plan, frequency of use of mobile phone features 
(including downloading applications), and internet usage from phone. Follow-up focus groups were used to collect data on men’s perceptions 
of using the internet and mobile phone to receive health promotion interventions around physical activity and nutrition.  
Results and Conclusion: This initial scoping study provided the basis for the development of the mobile phone technology that will integrate with 
the related internet platform. Data will be presented regarding handset type and usage, as well as perceptions of potential internet and handset 
use for the promotion of healthy eating and physical activity in this target population. The findings from this study are being used to develop and 
test relevant health promotion interventions for this hard-to-reach population group.

58 Workplace weight-loss maintenance: A novel initiative based on a “Small-Changes” approach

C. Zinn1*    G. Schofield1    W. Hopkins1    1Auckland University of Technology 

Introduction: Workplace initiatives have achieved modest short-term weight loss, but there is little evidence of maintenance of weight loss and 
associated health benefits in this setting. Making small changes to diet, exercise or lifestyle is considered easier to implement than more traditional 
restrictive regimes and may therefore allow better adherence and result in more sustainable weight loss. The purpose of this research is to assess 
the effect of a novel small-changes initiative on weight loss and health outcomes in the workplace.  



40    Hot Topics in the Tropics ‘10 program and abstracts

Thursday 4 Novem
ber

Methodology: The initiative includes two novel aspects: small changes in “eating, moving and thinking” that employees select for themselves 
in a motivational-style interview, and ongoing support and monitoring conducted by the employees themselves in their teams. The initiative was 
implemented in two workplaces in New Zealand. The weight loss phase lasted 12 weeks and is currently being followed up with a 9-month 
maintenance phase in a quasi-experimental study. Outcome measures include body weight, waist circumference, lipid profile, blood pressure 
and serum glucose. Outcomes at 12 weeks were assessed using magnitude thresholds calculated from baseline standard deviations: trivial, 
<0.2; small, 0.2–0.6; moderate, 0.6–1.2; large, >1.2.  
Results and Discussion: The mean reduction in body mass was trivial (3.8%, 90% confidence interval 3.3 to 4.4%), but 31% of workers 
experienced a substantial reduction of at least 4.5%. Mean effects on HDL, TC:HDL ratio, serum glucose and systolic blood pressure were also 
trivial, but 49% of workers experienced a substantial HDL elevation of at least 7.6%, 44% of workers experienced a substantial reduction in 
the TC:HDL ratio (at least 8.1%) and serum glucose (at least 4.4%), and 52% of workers experienced a substantial reduction of at least 2.5% 
in systolic blood pressure. There were small to moderate reductions in waist circumference (3.7%, 2.8 to 4.6%), LDL cholesterol (5.0%, 9.6 to 
10.1%), total cholesterol (8.4%, 5.6 to 11.2%), triglycerides (21%, 15 to 27%), and diastolic blood pressure (6.1%, 4.5 to 7.7%); more than 
50% of workers experienced substantial reductions in each of these measures.  
Conclusion: The initiative appears to be effective in the weight-loss phase for a substantial proportion of workers.

59 using smartphones to increase physical activity: usability testing of the 10,000 Steps iPhone application

M. Kirwan1*    C. vandelanotte1    M. Duncan1    K. Mummery1    1CQUniversity

Introduction: The delivery methods of health behaviour change interventions have evolved remarkably in recent years with evidence indicating 
that computers, the internet and mobile technologies are all viable means to increase physical activity. Mobile phones are becoming increasingly 
intelligent, evolving into smartphones (such as Apple’s iPhone), essentially mini-computers that can capture, store and process information. 
Research investigating the development and effectiveness of smartphone applications to lead to behaviour change and positive health outcomes 
is still in its infancy. Although the use of smartphone applications for health promotion is increasing, the lack of published research regarding 
application usability suggests that these applications are being developed without formal evaluation. This study conducted usability testing on 
a newly developed 10,000 Steps iPhone application. 10,000 Steps is a physical activity health promotion project that uses the internet as a 
dissemination tool.  
Methodology: The “iStepLog” application has been developed to allow 10,000 Steps members to use their iPhone/iPod touch to record and view 
their physical activity and then upload this information to the 10,000 Steps website. A combination of qualitative and quantitative techniques 
were implemented during two usability testing sessions (before and after making improvements to the application) to gather data from users 
while completing tasks using the new iStepLog application. Techniques included performance measures (time taken), direct observation 
(participant observation) and subjective user preferences (questionnaire and interview).  
Results: Significant reductions in problems reported, time taken to complete tasks and increased subjective reports illustrated the improvements 
made to the iStepLog. The main issues in using the application were categorised in three themes: design, navigation and learnability. Design issues 
included placement of elements on screen; navigation issues included changes to terminology used, placement and size of navigation elements, 
and the sequencing of the flat non-hierarchical interface. Learnability issues included modifications to the interface to more closely mimic the most 
“popular” iPhone applications.  
Conclusion: The world is in the midst of a wireless communication revolution, with mobile phones now more prevalent than computers or internet 
access across the globe. The usability testing performed in this study significantly improved the design and functionality of the 10,000 Steps 
“iStepLog” application. This research highlights both the importance of usability testing to the design and modification of a health promotion 
smartphone application and illustrates the areas or themes that can be used as a framework for testing and modification.

60 the influence of exercise program structure on motivation and adherence

S. Motschiedler1*    A. Coutts1    1University of Technology Sydney

Introduction: Despite the well-known health benefits of exercise in preventing and treating hypokinesia-related illnesses, the drop-out recidivism 
rates from many exercise programs remain high. An improved understanding of the effects of exercise program structure on motivation and 
exercise adherence might improve exercise prescription and increase participation levels. At present however, the influence of exercise prescription 
variables on an individual’s motivation to exercise and adhere to exercise are not well understood. Therefore, the purpose of the present study was 
to examine the influence of exercise program structure on motivation and exercise adherence.  
Methods: A mixed-methods approach was applied in a randomised, controlled trial to investigate the short-term effects of participating in either a 
structured or unstructured exercise program on motivation and exercise adherence. Nineteen apparently healthy individuals were randomly allocated 
to participate in either a structured (N=10) or unstructured (N=9) exercise program over a six-week period. The structured group completed an 
exercise program that strictly followed the guidelines of the American College of Sport Medicine (ACSM) for developing fitness in healthy adults whilst 
the unstructured group completed constantly varied exercise protocols according to the principles of CrossFit. Training session duration was matched 
between the groups. Psychometric questionnaires (i.e., Exercise Program Motivation Questionnaire and Exercise Program Perception Questionnaire) 
assessed motivational factors pre, mid and post -training. Changes in physical fitness (cardiorespiratory fitness, muscular strength and flexibility) 
were assessed before and after the training period. Daily exercise session attendance, perceived training intensity and enjoyment were recorded.  
Results and Discussion: Quantitative results demonstrated that the unstructured group had higher exercise adherence, increased enjoyment, and 
higher self-selected exercise intensity compared to the structured group (all p<0.05). Reflective journal analysis revealed increased feelings of 
relatedness, enjoyment, competence and personal achievements in the unstructured group. These results show that during the adoption phase of 
an exercise program, less structure in daily sessions may elicit greater levels of enjoyment. This may facilitate compliance to an exercise program 
in the short-term and ultimately the development motivation for long-term adherence to exercise. 
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61 exercise or vitamin B for lowering homocysteine levels in cognitively impaired adults?

J. van uffelen1,2*    M. Gavrovska2    W. van Mechelen2    M. Hopman-Rock2,3    M. Chinapaw2 
1The University of Queensland, School of Human Movement Studies    2Department of Public and Occupational Health and Research Centre Body@Work TNO VUmc,  
EMGO Institute, Institute for Health and Care Research VU University Medical Centre, Amsterdam, the Netherlands    3TNO Quality of Life, Leiden, the Netherlands

Introduction: Increased homocysteine concentrations are associated with decreased cognitive performance in older people and are an independent risk 
factor for the development of dementia. The aim of this study was to examine the effects of moderate intensity aerobic exercise and folic acid, vitamin 
B12 and vitamin B6 supplementation on homocysteine concentrations in older community dwelling adults with mild cognitive impairment (MCI).  
Methods: This was a randomized, placebo-controlled trial with a two-by-two factorial design. One hundred and fifty-two participants with MCI, 
aged 70 to 80 years, were randomly assigned to one year of 1) daily vitamin pills containing 5 mg folic acid, 0.4 mg vitamin B12 and 50 mg vitamin 
B6 (n= 78), or placebo pills (n= 74); and 2) a twice-weekly, group-based, moderate-intensity walking program designed to improve aerobic fitness 
(n= 77), or a low-intensity placebo activity program (n= 75). At baseline and after six and 12 months intervention, blood samples were collected 
to determine plasma homocysteine concentrations. Linear regression was used to examine between-group differences (intention to treat analyses, 
adjusted for baseline plasma homocysteine concentration, vitamin or exercise intervention, gender, age, and session attendance if applicable).  
Results: Mean age (SD) of the participants was 75 (2.9) years and 56 percent were male. Median compliance with the vitamin/placebo 
supplementation was 100 percent and session attendance for the walking program and the placebo activity program was 52 percent. 
Plasma homocysteine concentrations decreased significantly in the vitamin supplementation group, compared with the placebo group 
(between group difference [95% CI]= -3.7 [-4.5; -3.0] micromol/liter and –4.9 [-5.7; -4.0] micromol/liter after six and 12 months follow-up, 
respectively).The prevalence of hyperhomocysteinemia also decreased significantly in the vitamin supplementation group, while a significant 
increase was observed in the placebo group. No significant differences in homocysteine concentrations were observed between participants 
in the walking program and participants in the placebo activity program.  
Conclusion: Twelve months of supplementation with folic acid, vitamin B12 and vitamin B6 significantly reduced plasma homocysteine 
concentrations and prevalence of hyperhomocysteinemia in older adults with MCI, while moderate intensity aerobic exercise did not. 

62 Walk@Work – feasibility trial of an automated, website walking program for Australian office workers

N. Gilson1*    G. Ryde1    1The University of Queensland

Introduction: Web-based physical activity programs have the capacity to reach sick individuals and populations. The aim of this study was to test 
the feasibility of an automated workplace walking intervention delivered through the internet.  
Methods: Office employees (n=47; 44.0 ± 10.2; 32 female; 85% <10,000 daily steps) at two matched, city centre council sites in Brisbane 
participated in the study. The intervention group (n=27) received a pedometer and access to an interactive website containing ecological support 
strategies and a ten week walking program. The program aimed to incrementally increase steps, relative to individual baseline values, by +1000 
(phase I), +2000 (phase II) and +3000 (phase III) steps/day consecutively over a six week period. This was followed by a four week maintenance 
period, and a one week follow-up, a month after completion of the program. The comparison site (n=20), received a pedometer and step count 
diary and were asked to maintain their usual walking behaviour over the same time period as the intervention group. The magnitude of step count 
change was calculated for each phase relative to baseline and intervention effects analysed using an independent sample t-test.  
Results: Step counts at baseline were similar for each group (intervention site=7919±2117 steps/day; comparison site=7473±2342 steps/day). 
Relative to the comparison group, mean step count changes were significantly higher in the intervention group at phase I (difference of 789 steps/day; 
p=0.041), phase II (difference of 1686 steps/day p=0.002), phase III (difference of 1817 steps/day; p= 0.001), maintenance (difference of 1658 
steps/day; p=0.003) and follow-up (difference of 2080 steps/day; p= 0.019).  
Conclusions: Intervention employees did not achieve the set step count target of +3000 daily steps above baseline. However, feasibility data 
showed our automated web-based program was effective at increasing and maintaining workplace walking by around 16–20 minutes/day. 
Ongoing work will use process evaluations to improve website functionality prior to larger, multi-site studies.

63 Physical activity interventions improve central processing and choice response speed

K. Norton1*    L. Norton2    N. Lewis1    1University of South Australia    2Flinders University

Introduction: Response speed [RS] is an important phenomenon in human performance and health. It is the time taken to physically react to 
a stimulus – critical in most sports and in daily living such as balance control and falls prevention. Measurement of RS provides an insight 
into cognitive function because it involves a central processing component that broadly includes processes such as working memory, task 
discrimination, filtering irrelevant information, response selection, and error monitoring as part of decision-making. This study investigated both 
the simple response [SRS] and choice response speed [CRS] before and after physical activity [PA] interventions.  
Methodology: Insufficiently active adults [InSA] 18 – 62 yr undertook daily pedometer-based [n=209] or group-based PA interventions [n=457] 
for 40-days. PA levels increased by an average of about 3,000 and 8,500 kJ/week for the pedometer and group-based subjects, respectively, 
resulting in 89% of these subjects reaching sufficient levels of PA [>150 min/wk] by the end of the intervention. Both interventions and an active 
control group [n=118] had RS measured pre- and immediately post-intervention. RS was assessed using a computerised program that used a 
random fore period of between 1–3 seconds followed by a light switch being illuminated on a keypad. SRS [milliseconds] involved the subjects 
pressing a single, identified key with their index finger as fast as possible after illumination. The CRS involved the same apparatus and protocol 
but the subjects used four buttons and their dominant hand. A random fore period was used together with a random illumination of one of the 
four lights on the keypad. 10 trials were performed for both SRS and CRS.  
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Results: Cross-sectionally, regression [using all subjects] showed SRS does not change [p=0.08] but CRS increases significantly with age 
[p<0.0001] at the rate of about 11% per decade. After adjusting for a learning effect among controls, ANOVA showed no change in SRS over 
time for either PA group [p>0.05] while CRS decreased significantly for the intervention subjects [p=0.024]. This translates to an average 8.9% 
decrease in RS during CRS testing.  
Conclusions: Increasing PA has been shown to improve discriminatory speed in InSA adults over a relatively short time period. PA helps to improve 
and maintain brain function, particularly rapid central processing function and this is critical in our ageing population for activities such as driving 
and in many other aspects of independent living.

64 Blood lactate levels support classification of the 300 m shuttle run as an anaerobic capacity field test

R. Callister1*    A. Miller1    e. Aguiar1    B. Dascombe1    C. Smith1    L. Clark2    t. Rogers2    1The University of Newcastle    2Newcastle Knights

Purpose: The 300 m shuttle run test developed by Moore and Murphy has the potential to be a widely used anaerobic capacity field test, particularly in 
team sports, but whether this test challenges the anaerobic energy systems has recently been questioned. Also, there is little published data with which 
to evaluate performance levels from this test. Therefore the aim of this study was to determine blood lactate levels following the 300 m shuttle run in 
four groups of participants: NRL (n=25) and NYC (n=33) rugby league players, and male (n=29) and female (n=30) PE students.  
Methods: All participants performed a timed 300 m shuttle run then a small blood sample was obtained by venepuncture 3–4 min after completing 
the test for blood lactate analysis (Accusport analyzer).  
Results: Substantial blood lactate levels were obtained in all groups with means (+ SD) ranging from 10.3 + 3.4 (NYC), 11.8 + 3.7 (Female PE), 
12.5 + 2.8 (NRL) to 14.2 + 3.8 (Male PE) mmol.L-1 and values ranging from 4.2 to 21.5 mmol.L-1. Most (54%) lactate values were between 10 and 
15 mmol.L-1 with 25% of values less than 10 mmol.L-1 and 21% greater than 15 mmol.L-1. Individual blood lactate values ranged from 4.2 to 21.5 
mmol.L-1. No gender differences in blood lactate values were observed. Performances on the 300 m shuttle test were significantly faster (p<0.000) 
for males compared to females. Means (+ SD) were 66.9 + 3.1 (NRL), 67.9 + 2.6 (NYC), 69.2 + 3.4 (Male PE) and 79.1 + 6.8 (Female PE). Male 
times ranged from 62.25 to 81.26 s and female times from 67.6 to 96.3 s. Among males, 17% of times were less than 65 s, 59% between 65–70 s 
and 24% greater than 70 s. Among females, 24% were less than 75 s, 33% between 75–80 s and 40% greater than 80 s. In both males and females 
the fastest subgroup had the highest mean lactate levels, but subsequent subgroups had very similar blood lactate concentrations.  
Conclusion: These results support classification of the 300 m shuttle run as a field test of anaerobic capacity and begin to provide an indication of 
good to fair performances on the test for both males and females. 

65 Heart rate variability: Standardisation of methodology

C. Janse van Rensburg1*    R. Grant1    M. viljoen1    J. Sommerville1    N. Strydom1    1University of Pretoria

Introduction: The use of heart rate variability (HRV) as a non-invasive indicator of cardiac function and autonomic nervous system (ANS) function in 
athletes and patients has increased exponentially. However, the availability of clinical acknowledged standards are spares and non-standardization 
in data collection methods produce inconsistent study results. The aim of this study was to determine the influence of a) different tachogram 
lengths (3, 5, 7 and 10 min) and b) to determine whether comparable HRV are obtained when calculated from various 3 minute segments of a 
10 minute tachogram.  
Methodology: Healthy active volunteers (n=150, Age= 20.2 yrs, Mass= 61.11 kg; Height= 165.88 cm) participated. RR intervals were sampled 
for 10 min in the supine position and 10 min during an orthostatic stressor. HRV were quantified with time domain, frequency domain and the 
Poincaré analysis. The SAS procedure MIXED was used to determine the effect of the different time intervals on each of the HRV measurements.  
Results and Conclusions: Results obtained in the supine position showed that the mean values of HRV indicators influenced by parasympathetic 
efferent activity (pNN50, RMSSD, SD1, HFms2) did not differ (p>0.05) when measured over different tachogram lengths. However, these 
indicators did show a tachogram length dependency during an orthostatic stressor. HRV indicators influenced by the sympathetic as well as 
the parasympathetic branches, (STDHR, STDRR, SD2 and LFms) showed significant (p<0.05) tachogram length dependency in supine and 
standing positions. In the supine position the variability indicated by SD2, HFms and HFnu (p<0.05) were influenced by the specific segment of 
the tachogram used. HRV values (RMSSD, pNN50, SD1, LFms2, SD2, HFms2 and LF/HF) determined during the initial period (0–3 min) of the 
orthostatic stressor were significant different from mean values determined during the second dataset (3–6 min standing) and third data set 
(6–9 min standing). These results indicate that, due to the activation and de-activation of normal homeostatic mechanisms for the maintenance 
of blood pressure, the starting time of the tachogram during a posture change is critical. This effect renders comparisons unreliable if recording 
times and periods are not standardised. This study proposes standardized tachogram lengths and starting times that could facilitate comparability 
between studies, thereby strengthening the use of HRV as a non-invasive probe of cardiac function and ANS. 

66 the importance of site location in girth measurement

N. Daniell1*    t. olds1,2    G. tomkinson1    1University of South Australia    2Samsom Institute for Health Research

Aim: The primary aim of this study was to quantify the effect site location has on various girth measurements by using a novel method of three-dimensional 
whole-body scanning. This study also aimed to identify interactions among distances from the criterion site (site variants), sex and BMI categories.  
Method: Two hundred participants were analysed across both genders and all BMI categories. Girth measurements were extracted 5, 10, 
15 and 20 mm distal and proximal to the criterion site. The criterion site was identified by an International Society for the Advancement of 
Kinanthropometry (ISAK) Level 2 accredited anthropometrist. Six of the thirteen girth sites recommended by ISAK were used in this study, in 
addition to four other waist girths commonly used in clinical practice. Error was quantified using technical error of measurement (TEM) with a 
limit of TEM ≤1.0% applied when determining the practical significance of this error at each site location. ANOVA analysis was used to determine 
the interaction effects between site variants, sex and BMI categories. Post hoc analysis was completed using t-tests with sequential Bonferroni 
correction to identify where the significant differences occurred.  
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Results and Conclusion: This study found that site location error can have a significant impact on various girth measurements. The magnitude of 
this error varies according to the girth measurement being taken, sex and BMI. Of the 10 girths examined, only the calf and forearm failed to show 
%TEM values outside of the acceptable range at any of the site variants. This suggests that accurately locating the measurement site for these two 
girths is not critically important. By contrast, the umbilicus and iliac waist girths showed unacceptable TEMs at site variants only 10 mm from the 
criterion site. Results showed that special care should be applied when measuring girths on females, especially waist girths on lean females.

67 the effect of the use of a mouthpiece and nose clip on heart rate variability

R. Beavers1*    S. treacy1    A. Davie1    1Southern Cross University

Aim: The aim of this study was to determine the potential impact of breathing through a mouthpiece and nose clip assembly, such as the Hans Rudolph 
system used in exercise testing, on autonomic modulation of heart rate, as assessed by measures of heart rate variability (HRV) during seated rest.  
Methods: Ten participants (2m and 8 F, mean age 53.5 ± 2.68 years, BMI 25.80 ±3.29 kg/m2) sat quietly for five minutes to establish resting 
conditions, then breathed utilizing the mouthpiece and nose clip (MP1) for five minutes then without for five minutes (NMP1), and repeated 
this procedure (MP2 and NMP2). ECG was recorded continuously for the duration of the test and HRV measures of SDNN, total power, very low 
frequency (VLF); high frequency (HF) and low frequency (LF), LF and HF normalized values and the LF/HF ratio were later calculated using Chart 5 
pro software (Adinstruments).  
Results: ANOVA results show heart rate averages remained within one beat per minute across conditions, while measures of SDNN, VLF and Total Power 
were significantly greater in the NMP2 condition than MP1 and MP2; these measures for the NMP1 condition were also greater in magnitude but did not 
reach significance. LF normalized values were reduced in the MP conditions (MP1 0.566 ± 0.147nu, NMP1 0.708 ± 0.155nu, MP2 0.606 ± 0.129nu 
and NMP2 0.765 ± 0.120nu), while HF normalized values were significantly greater in the comparison of MP1 to NMP1 (p=0.017) and approached 
significance in MP2 and NMP2 (p=0.054). The LF/HF ratio was significantly greater in both NMP1 and NMP2 than both MP1 and MP2.  
Conclusion: the MP condition resulted in changes in measures of HRV. These changes may be the result of alterations in breathing induced by use 
of the MP and/or alterations in autonomic modulation of heart rate between the two conditions. This may be of relevance in studies using HRV in 
exercise testing.

68 Accuracy of 1 Hz versus 5 Hz GPS devices to measure movement patterns in team sport activities

P. Gastin1*    K. Williams1    1Deakin University

Introduction: The use of global positioning system (GPS) devices to measure movement demands in team sports is becoming increasingly popular. 
Manufacturer enhancements to the application of this technology are also evident with sample frequency recently upgraded from 1 Hz to 5 Hz. 
Given the running and frequent change of direction demands associated with team sports activities, it has been suggested that increased GPS 
sampling frequency would provide greater accuracy in measuring these movement patterns.  
Methods: To assess this hypothesis, two team sport athletes were recruited to complete eight bouts of six laps of a 128.5 m intermittent running 
circuit designed to simulate typical team sport running patterns (N = 96). On a subsequent day straight line and zig-zag 50 m repeats at speeds 
relating to walk, stride and sprint were completed (N = 96; 16 trials at each course-gait combination). Distance and speed were assessed 
concurrently using 1 Hz and 5 Hz GPS devices (SPI Elite & SPI Pro, GPSports, Australia).  
Results: Mean lap distances (± SD; N = 96) were within 1 m of the measured circuit for the 1 Hz (127.7 ± 1.9) and 5 Hz (127.5 ± 4.0) devices, 
with the coefficient of variation (CV) being lower for 1 Hz (1.5%) compared to 5 Hz (3.1%). Peak speeds, measured over the last 5 m of a 
20 m sprint within the circuit, were within-1.9% for 1 Hz and +0.2% for 5 Hz of that of a timing gate criterion measure (25.7 ± 1.2 km.h-1). 
Total distance recorded within a very high intensity speed zone (> 20 km.h-1) over a bout of 771 m was significantly greater for the 5 Hz 
(150.3 ± 1.2 km.h-1) compared to the 1 Hz device (135.0 ± 16.3 km.h-1). During straight line efforts the 1 Hz device recorded distances closer to the 
actual distance (50.2 ± 2.4 m compared to 47.9 ± 1.5 m) with no differences being observed between the different gaits. During the zig-zag efforts, 
both units significantly underestimated the actual distance (1 Hz: 45.9 ± 2.6 m; 5 Hz: 46.2 ± 1.6 m), this being more evident at the faster speeds.  
Conclusion: For intermittent running and change of direction movement tasks, increasing sampling frequency of GPS technology from 1 Hz to 5 Hz 
does not appear to enhance the accuracy of measurement for short running efforts, although over a longer distance and time, greater detection of 
very high intensity running is evident.

69 using wearable inertial sensors for skill assessment of the tennis serve

A. Ahmadi1,2*    D. Rowlands1    D. James1,2 
1Griffith University, Centre for Wireless Monitoring Applications    2Queensland Academy of Sport, Centre of Excellence for Applied Sports Science Research

The use of MEMS inertial gyroscopes to assess and improve the skill of tennis players during the first serve was investigated. A marker based 
virtual gyroscope was developed to measure the upper arm internal rotation and other vector based methods were developed to measure the wrist 
flexion and shoulder rotation of a player during the first serve. Athletes from amateur to elite participated in this study. Three gyroscope sensors 
were attached on the hand, chest and upper arm of the subjects. Subjects were asked to perform the first serve and 30 successful serves were 
utilized for the experiment. Results showed that the output of the gyroscopes attached to the athlete’s body and the marker based methods were 
in close agreement. The peak values of the angular velocities for upper arm internal rotation, wrist flexion and shoulder rotation were calculated 
for athletes of different skill levels. These values were plotted and compared with racquet head speed. Clear banding and well separated clustering 
was shown for the different skill levels. Higher level athletes produced greater upper arm internal rotation, wrist flexion and shoulder rotation and 
hence produced greater racquet head speed. A line of best fit through the clusters of all the athletes (as a function of upper arm internal rotation, 
wrist flexion and shoulder rotation) indicated a possible path of improvement from amateur to elite. The line was considered a possible aid for 
feedback to athletes aiming for skill improvement by suggesting which variables could be adjusted. It was concluded that gyroscope sensors can 
be used for skill assessment and skill improvement for a first tennis serve.



44    Hot Topics in the Tropics ‘10 program and abstracts

Thursday 4 Novem
ber

70 Multidisciplinary Grand Rounds Clinical session: Lumbo, pelvic, hip and lower limb

t. Wisbey-Roth1    1Bounce Back Active Rehabilitation Systems

For the first time at the National SMA conference a highly experienced and interactive discussion panels have been complied to discuss 
clinical cases. A Multidisciplinary expert Panel consisting of Sports Physicians, Hip and groin Surgeon, Radiology, Specialist Physiotherapists, 
and Podiatrists will discuss interesting clinical cases. True clinical cases will be presented with history, signs and symptoms outlined. The aim 
of this interactive session is to encourage lively discussion between the expert panel and the audience on processes of Differential diagnosis, 
required investigations and planned treatment approach.

71 Functional improvements and electromyographic (eMG) changes in multidirectional instability of the shoulder 
after conservative rehabilitation

N. Johnson1*    t. Pizzari1,2    L. Watson1,2,3    J. Wickham4    S. Balster3 
1School of Physiotherapy, Faculty of Health Sciences, La Trobe University    2Musculoskeletal Research Centre, Faculty of Health Sciences, La Trobe University 
3LifeCare Prahran Sports Medicine    4School of Biomedical Science, Faculty of Science, Charles Sturt University

Objective: Using a pre-post intervention study design, to evaluate functional changes and EMG characteristics following a conservative 
rehabilitation program for a cohort diagnosed with glenohumeral multidirectional instability (MDI).  
Methods: The Melbourne Instability Shoulder Scale (MISS) questionnaire and the Western Ontario Shoulder Index (WOSI) were used to examine 
functional changes and. EMG analysis was used to determine temporal (onset, peak and termination) and intensity characteristics of 14 shoulder 
muscle segments before and after an 8–12 week individualised rehabilitation program. Previously compiled EMG data for a cohort of asymptomatic 
shoulders (n=24) were also used for comparative analysis.  
Results: Eleven subjects (5 male, 6 female) with a mean age of 22.4 years (range 17–32) were included in the MDI group and participated in 
the rehabilitation program. Post rehabilitation, significant functional improvement was demonstrated on both the MISS (p=0.00) and the WOSI 
(p=0.00) questionnaires when compared with the pre-rehabilitation scores. EMG analysis showed that upper trapezius (p=0.01), upper (p=0.02) 
and lower subscapularis (p=0.02) were activating significantly earlier compared with asymptomatic controls following rehabilitation. The early 
onsets displayed between the pre-rehabilitation MDI data and the controls for supraspinatus, infraspinatus, middle trapezius, middle deltoid and 
lower subscapularis were no longer significant after rehabilitation. The significantly lower intensities noted in supraspinatus pre-rehabilitation 
(p=0.01) also normalised following the program. Potentially the most important EMG finding in the post rehabilitation phase was the development 
of marked variability for most muscles, across all the temporal and intensity EMG characteristics. Prior to rehabilitation all the EMG characteristics 
demonstrated considerably narrower variability when compared with normal data, contrasting with post-rehabilitation data, where variability 
extended beyond the levels displayed in the control group.  
Conclusions: Based on functional outcomes, this study provides support for conservative rehabilitation in MDI. The dynamic systems theory 
would suggest that the broader spectrum of EMG variability identified could be associated with the improved function output. Given the 
associated structural deficits in MDI, it is potentially unreasonable to expect MDI subjects to replicate the activation patterns previously noted in 
an asymptomatic population. Allowing patients with MDI to move with more than one motor strategy disperses soft tissue loads and diminishes 
repetitive microtrauma. Clinically, the notion of motor variability could be beneficial when establishing a functional rehabilitation program. 
Future larger scale EMG studies are needed to generate a more sound understanding of the dynamic systems approach and the relationship 
of variability with optimal functionality. 

72 Subscapularis does not stabilize the glenohumeral joint during throwing

C. Boettcher1*    K. Ginn1    I. Cathers1    1The University of Sydney

During throwing the rotator cuff muscles are considered to function as stabilizers of the shoulder joint as well as accelerators and decelerators 
of the humerus. However, a recent study examining isometric shoulder rotation in an abducted position indicates that the rotator cuff muscles 
are unlikely to be performing a stabilizer function in this position. Furthermore, research from this same laboratory has shown that co-contraction 
of the rotator cuff is not necessary to provide dynamic shoulder stability in all planes of movement. During flexion and extension the rotator cuff 
muscles contract reciprocally, with infraspinatus and supraspinatus active during flexion and subscapularis active during extension, to prevent 
anterior and posterior displacement of the humeral head respectively. Past EMG research comparing shoulder muscle activity in normal pitchers 
and pitchers with anterior instability during the acceleration phase of the pitch demonstrated significantly lower activity in latissimus dorsi in the 
unstable pitchers with no significant difference in posterior cuff (infraspinatus and supraspinatus) activity levels between normal and unstable 
groups. These authors were unable to provide a clear explanation for the instability in light of this altered shoulder muscle activity. It is proposed 
from the results of our recent research that the reduced latissimus dorsi activity may be the cause of anterior instability. That is, both subscapularis 
and pectoralis major may potentially cause anterior translation of the humeral head during the acceleration phase. Activity in the posterior cuff 
(external rotators) to prevent this anterior translation would be counterproductive to the generation of maximum internal rotation torque required 
during the acceleration phase. Contraction of latissimus dorsi, on the other hand, could prevent anterior translation of the humeral head during the 
acceleration phase of pitching while contributing to the generation of internal rotation torque. Significantly lower activity in latissimus dorsi would, 
therefore, result in an inability to produce enough counterbalancing force to prevent pectoralis major and subscapularis from producing some 
anterior humeral head translation resulting in the symptoms of anterior shoulder instability. These findings have implications for the understanding 
and rehabilitation of throwers with shoulder instability.
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73 the reliability of fixed versus handheld dynamometer for shoulder strength testing

N. Beshay1,2*    P. Lam1,2    G. Murrell1,2    1St George Hospital Orthopaedic Research Institute    2The University of New South Wales

Background: Reliable measurements of shoulder strength are important in assessing rotator cuff integrity. Hand-held dynamometry (HHD) is more 
objective and reliable than the traditional manual muscle test. However, the reliability of HHD may be limited by examiner strength. A fixed strength 
assessment device may offer a solution to this potential problem.  
Aim: To determine if a fixed strength assessment device (made by the Orthopaedic Research Institute) is more reliable than HHD when measuring 
the strength of five shoulder movements (internal rotation, external rotation, abduction-supraspinatus, lift-off and adduction).  
Materials and Methods: Twelve asymptomatic and 11 symptomatic subjects participated in the intra-rater reliability assessment. For each 
subject, the strength of five shoulder movements was tested three times using HHD and three times using the fixed device by the same examiner. 
Eleven asymptomatic subjects and 10 symptomatic subjects participated in the inter-rater reliability assessment. Each of three examiners tested 
the shoulder strength of each subject, once using HHD and once using the fixed device. Intraclass correlation coefficients (ICCs) were calculated 
to assess reliability and Bland-Altman plots were constructed to identify any associations between subject strength and reliability of measurements.  
Results: Average ICC values for intra-rater testing for all five movements were 0.97 for asymptomatic subjects and 0.94 for symptomatic subjects 
using the fixed strength device. When tested with HHD, average ICC values were 0.95 and 0.94 respectively. Average ICC values during inter-rater 
testing for all five movements was 0.93 for asymptomatic subjects and 0.92 for symptomatic subjects using the fix strength device and 0.89 and 
0.93 for HHD. The inter-rater reliability of HHD dropped to 0.83 when the subject’s supraspinatus strength was greater than 100 N.  
Conclusion: HHD is a reliable method of measuring shoulder strength in the clinical setting. However, when several examiners are testing the 
supraspinatus strength of stronger subjects, stabilising the dynamometer provides more reliable results.

74 expression of neuronal markers in frozen shoulder

C. Xu1    F. Bonar2    G. Murrell1*    1St George Hospital Orthopaedic Research Institute    2Douglas Hanley Moire Pathology

Frozen shoulder is a condition characterized by pain and loss of motion of the shoulder. It was first described by Codman in 1934, however the 
aetiology of this disease remains unclear and our understanding of the pathogenesis, and why it is so painful is undetermined. The aim of this 
study was to evaluate the innervation pattern of the synovium and capsule of frozen shoulder.  
Methods: Following ethics approval shoulder capsular samples were collected from patients undergoing arthroscopic shoulder capsular release 
for frozen shoulder (n = 8). Control capsular samples were collected from patients undergoing rotator cuff repair (n = 10). Clinical symptoms were 
recorded. Tissue samples were analysed using histological staining, and immunohistochemical analysis using antibodies against a general nerve 
marker (protein gene product 9.5, PGP9.5), a nerve growth marker (growth associated protein 43, GAP43), a nerve growth factor receptor p75, 
an endothelial cell marker (CD34).  
Results: The capsular tissue of patients with frozen shoulder was red and thick at arthroscopy. Morphological analysis showed synovial and 
subsynovial oedema with hypercellularity and hypervascularity. The increased vascularity was confirmed by strongly positive CD34 immunostaining. 
Increased expression of nerve growth factor receptor p75 was also found in frozen shoulder samples compared to controls. The presence of 
PGP9.5-positive and GAP43-positive nerves was significantly higher in frozen shoulder samples (2.8 ± 0.2 and 2.4 ± 0.4 per field) than in the 
controls (1.6 ± 0.3 and 1.3 ± 0.3 per field; p < 0.01 and p < 0.05).  
Conclusion: To our knowledge this is the first time significantly increased expression of nerve growth factor receptor and new nerve fibres have 
been found in the shoulder capsular tissue of patients with frozen shoulder compared with those without a frozen shoulder. The increased 
expression of nerve growth factor receptor and new nerves in the capsular tissue suggest that the in-growth of new nerves to the shoulder 
capsule is an important event in the pathogenesis of frozen shoulder and may help explain the often severe pain in frozen shoulder.

75 Arthroscopic rotator cuff repair: Clinical outcome of 606 patients

D. Biggs1*    B. Haviv1    e. Dolev1    M. Haber1    L. Mayo1    1Central West Orthopaedics and Sports Injuries

During the last decade arthroscopic repair has evolved to become common practice in the surgical treatment of symptomatic rotator cuff tendon 
tears. This paper reports the results of a consecutive series of patients who underwent arthroscopic rotator cuff repair surgery. All patients 
were independently assessed pre and post operatively utilizing the UCLA scoring system. All procedures were performed by a single surgeon, 
with a minimum of one year follow-up. Operative details were noted, including patient age, tear size, type of repair performed and concomitant 
procedures performed. Overall, 87% of patients had a good-excellent result. The results were found to be independent of tear size, tear 
configuration and concomitant procedures performed. This prospective study is one of the largest series of arthroscopic rotator cuff repairs 
reported. According to our results, 87% of patients who underwent arthroscopic rotator cuff repair have maintained good clinical outcomes 
up to 8 years after surgery.

76 A comparative study of arthroscopic and open rotator cuff repair outcomes of 400 patients followed for 
two years or longer

J. Walton1*    G. Murrell1    1St George Hospital Orthopaedic Research Institute

Introduction: Open surgery is regarded as the gold standard for RCR although arthroscopic surgery also both provides excellent results for patients 
in need of rotator cuff repair (RCR). Arthroscopic RCR is less invasive but is thought to require a longer operative time and to result in less secure 
repairs more prone to re-tear. We performed an outcomes study of 400 patients repaired by a single surgeon – 200 with open RCR or 200 with 
arthroscopic RCR – to test the hypothesis that open RCR provides superior outcomes to arthroscopic RCR.  
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Methods: For this study, patients attended clinic pre-operatively and on four post-operative occasions, completing a pain and function 
questionnaire and receiving a systematic shoulder assessment at each visit in accordance with Ethics approval. The data were analysed using 
SigmaStat/SigmaPlot (Systat Software Inc).  
Results: The two RCR groups assessed their night pain, pain during rest and pain during activity similarly. Significantly more open RCR patients 
reported extreme pain. Arthroscopic RCR patients rated their over-all condition more favourably than open RCR patients throughout the 24 month 
follow-up period (p<0.001). Range-of-motion measurements in forward flexion, abduction, external rotation and internal rotation were similar for 
the arthroscopic and open RCR groups. Measurements made with a hand-held dynamometer indicated arthroscopic patients had significantly 
greater strength in internal rotation and external rotation at 3 months (both p<0.01) and more supraspinatus strength at 6 months (p<0.05) 
post-surgery than open RCR patients. Both groups exhibited similar strength for all measurements by the 24 month follow-up visit. The median 
operative times were 40 min for arthroscopic RCR and 60 min for open surgery (p<0.001). The 2+-year re-tear rates were 27% for arthroscopy 
and 51% for open surgery (p<0.001). On balance, this study has shown that arthroscopy is as good as, or better, than open surgery for RCR.  
The findings appear to confirm that arthroscopic RCR provides, inter alia, shorter operative times, more secure repairs, less extreme pain, 
comparable range-of-motion, and earlier strength recovery.

77 Long-term outcomes of arthroscopic capsular release for frozen shoulder

H. Le Lievre1    G. Murrell1*    1St George Hospital Orthopaedic Research Institute

There is data that suggests there are good short-term (2 years or less) outcomes following arthroscopic capsular release for frozen shoulder. 
There is long-term data regarding non-operative management of frozen shoulder where patients have good function, but some limitation in motion 
compared with their contralateral shoulder. There is, however, little information about the long-term (5 years or more) outcomes post-arthroscopic 
capsular release for idiopathic frozen shoulder. The aim of this study was to determine the long-term outcomes of arthroscopic capsular release for 
idiopathic frozen shoulder.  
Methods: Patient-ranked pain and shoulder functional Likert scores and examiner-ranked range of motion data was collected prospectively 
preoperatively and at 1, 6, 12, 24, 52 weeks and 7 years on consecutive patients who had a circumferential arthroscopic gleno-humeral joint 
capsular release for primary idiopathic frozen shoulder by a single surgeon and aggressive post-operative range of motion therapy with a minimum 
five year follow up on 43 patients with 49 shoulders who met the inclusion criteria.  
Results: Arthroscopic capsular release resulted in immediate significant improvements in examiner and patient ranked range of motion, and in 
patient-ranked frequency and severity of pain at rest, at night and with overhead activities, and in patient ranked reduction of difficulty reaching 
behind their back and above their head, and improvements in overall shoulder function (p < 0.001). There were further improvements of the above 
at 1 year (p < 0.001), and at a mean follow-up of 7 years (p < 0.001). Patient ranked level of activity at work at presentation improved at the 
7 year follow up (p < 0.05), but not at the 1-year follow up. Patient ranked highest level of sport did not change throughout the study period (NS). 
At 7 years shoulder motion was comparable to the contralateral shoulder. There were no complications.  
Conclusion: After 7 years, patients that had undergone an arthroscopic capsular release for frozen shoulder had a continued, complication free, 
significant improvement in shoulder motion, reaching behind the back, overhead activities and overall shoulder function, and continued significant 
relief of the severity and frequency of pain with activity, at rest and when trying to sleep. In contrast to that reported for non-operative treatment, 
shoulder range of motion at 7 years was equivalent to that of the contralateral shoulder.

78 Monitoring running workloads in field based team sports: A new energetic approach using GPS technology

A. Gray1*    D. Jenkins1    M. Andrews2    1School of Human Movement Studies, The University of Queensland    2Queensland Academy of Sport

GPS technology has been shown to provide coaches with reliable measures of movement velocity and distance travelled over paths common to 
field sports. Indeed, GPS data have been used in different settings to provide indices which describe the “load” of an exercise bout or training 
session. However, these indices are generally expressed in arbitrary units and their physiological significance is not clear. The purpose of this 
study was to demonstrate how GPS data can be used to provide overall measures of work that coaches can, for example, use in their planning of 
training. Arguably, it is the locomotor demands (walking/running/sprinting, separate to the skill demands e.g. kicking, tackling) in field based team 
sports that are largely responsible for the physiological strain placed upon athletes during training and competition. The energy exchanges during 
human locomotion have been explored using both metabolic and mechanical approaches, across a range of movement speeds from as early as 
the 1920’s. Common to both approaches is that the variables influencing total energy cost (such as kinetic energy changes of the centre of mass, 
stride frequency, duty factor, air resistance) are largely dependent on movement velocity, a variable which current GPS technology can measure 
and log every 200 ms (5 Hz) for exercise bouts in excess of two hours. Where GPS provides the velocity profile, the work done (in Joules) by the 
centre of mass (COM) in the horizontal plane (Whoriz), the vertical plane (Wvert), by the limbs (Wlimb) and due to air resistance (Wair) can be 
determined. The sum of these components is the total mechanical work done due to the locomotor demands of play and can be expressed relative 
to body mass to enable comparison (J/kg). Metabolic power (J/kg/s) and cost (J/kg) are determined by assigning an efficiency which is velocity 
dependent given the contributions from elastic sources. This method allows data obtained in the field to be directly compared (i.e. using the same 
units) with laboratory tests or ergometer based training. The model has been used to evaluate short sprint efforts (20 m) by elite Australian football 
players, where peak power outputs were in the order of 4–5 times their maximal aerobic power. This compares extremely well with previous 
estimations of energy exchanges in the 100 m sprint. Accelerating the COM in the horizontal plane requires significant energy contributions and 
should perhaps be a focus when monitoring running workloads in field sports.
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79 validity of GPS housed accelerometer data in running and cutting

K. Netto1*    J. tran1    P. Gastin1    B. Aisbett1    1School of Exercise and Nutrition Sciences, Deakin University

Introduction: The use of wearable GPS units in team sport is growing rapidly. Housed within these units is a triaxial accelerometer capable of 
logging acceleration data during training and competition. These data have the potential of giving coaches and scientists an indirect measure of 
load experienced by athletes “in-field”. Little study has focused on the validity of GPS housed accelerometers for measuring body loads in running 
and cutting which are basic maneuvers in many team sports. Thus the aim of this investigation was to validate accelerometer data during running 
and cutting tasks against a criterion measure.  
Methodology: Ten participants (5 male, 5 female) performed multiple running and cutting tasks. Acceleration data was measured from a 
24-camera high speed motion analysis system (Eagle-4, Motion Analysis Corp, USA) from three markers (ankle, base of the spine and base of the 
neck). Acceleration was also collected from an accelerometer housed within a GPS unit (SPI Pro, GPSports Pty Ltd, Australia) which was worn at 
the base of the neck. A three-way general linear model ANOVA was used to determine whether the peak acceleration values recorded by each 
measurement tool for each task were significantly different from one another. Percentage coefficient of variation (CV) were calculated between 
the peak acceleration from the motion analysis system and the accelerometer.  
Results: Peak acceleration data from the accelerometer was significantly higher in both the running and cutting tasks when compared to the 
motion analysis data. Further, percentage CV values calculated for both accelerometer variables (vertical load and vector magnitude load) were 
large (>34%) and well above acceptable limits.  
Conclusion: The results of the present study suggest that GPS housed accelerometers placed at the base of the neck, as they are commonly used 
in field team sports, do not provide an accurate measure of load experienced during running and cutting movements. This may be attributed to the 
distance of the accelerometer from the impact site, the effects of impact attenuation, and vibration of the accelerometer within its harness. The data 
from these monitors may however have more utility if appropriate data smoothing routines are applied in post-processing of the data to negate 
the effect of unwanted vibration. Further investigation may also delve into the feasibility of different accelerometer placement sites and attachment 
methods to minimize monitor vibration while addressing accessibility, athlete comfort, and safety factors in the context of team sports use.

80 the Journal of Science and Medicine in Sport: 50 years on

L. Wiles1*    C. Maher1    t. olds1    M. Williams1    1University of South Australia

Introduction: Bibliometrics is commonly used to describe the content and contributors of textual information. The aim of this study was to track 
change over time in the nature of research published in the flagship professional journal of Sports Medicine Australia (SMA).  
Methodology: Following a comprehensive review of the literature, a bibliometric audit tool was developed to collect information on the study 
designs used, data reported and authorship of research articles. Intra-rater (ICC>0.83) and inter-rater (ICC>0.95) reliability of the audit tool was 
established (test-retest). Using this tool, a longitudinal bibliometric audit was conducted of original research articles published in the Journal of 
Science and Medicine and Sport (and its preceding titles) from the first year of publication in 1961 to 2009. Journal volumes were sampled at 
five year epochs and at three monthly intervals, excluding supplemental material.  
Results: Over the last 49 years, there has been a six fold increase in the number of research articles published in the SMA journal. Of the nine 
articles published in 1961, 6 were anecdotal in nature and none used inferential statistical methods. The average article length was 4.9 pages, 
with tables and figures used sparingly (0.1 tables and figures per page). The mean sample size was 56 (median of zero) with no reporting 
of subject gender. Per paper, there was an average of 1.2 authors, 46% of whom were affiliated with an institution located outside Australia. 
In contrast, the typical 2009 paper was a cross-sectional survey (42% of the 57 articles published), had a mean sample of 4903 (median of 19), 
62% of whom were females, and used inferential statistical methods to analyse and report quantitative data (n=24) over 5.8 pages (with 0.3 tables 
and 0.2 figures used per page). The 2009 paper was authored by 3.8 researchers, 68% of whom were located outside Australia.  
Conclusions: Since its inception, there has been a substantial increase in the volume of research published in the SMA journal, with researchers 
in the main employing higher research designs and quantitative data analyses. A paper now involves three times as many authors, who are more 
likely to be from different countries and different institutions. It is likely that these trends will continue over the next fifty years. 

81 the effect of green tea extract and high intensity intermittent exercise on fat oxidation in overweight women

S. Boutcher1*    R. Wang1    e. Ghahramanloo1    1The University of New South Wales

Introduction: The acute combined effects of green tea (GT) and high intensity intermittent exercise (HIIE) upon resting, exercise, and post-exercise 
fat oxidation in seven overweight females was investigated.  
Methods: Twenty four hours before each trial, subjects ingested four capsules containing either GT extract (total of 187.5 mg polyphenols, 
125 mg EGCG, 20 mg caffeine) or placebo (500 mg cellulose) in a double-blinded counter-balanced order. Subjects were monitored for resting 
metabolic rate for 30 minutes, then completed a 20-min HIIE cycling protocol consisting of repeated bouts of 8 s sprint cycling (60% VO

2
max at 

110 revolutions per minute) and 12 s recovery (20% VO
2
max at 40 revolutions per minute), followed by 1 hour of post-exercise recovery monitoring.  

Results: GT significantly increased fat oxidation during rest (GT: 0.065 ± 0.004 g/min, placebo: 0.042 ± 0.003 g/min, p=0.03). During HIIE, 
greater caloric expenditure (p=0.04), and significant changes in VO

2
 (p=0.03) and RER (p=0.04), indicative of a greater fat oxidation rate, were 

demonstrated with GT. During the post-exercise recovery period, there was a trend for greater VO
2
 (p=0.09), energy expenditure (p=0.13), 

and intervention-by-time effect in fat oxidation rate (p=0.08) with GT.  
Conclusions: In conclusion, it was found that GT significantly elevated fat oxidation during rest and exercise. Non-significant trends for increased 
fat oxidation were also observed during the post-exercise phase. 
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82 the effect of carbohydrate feeding during cycling on run performance within a simulated olympic-distance triathlon

K. McGawley1*    o. Shannon1    1University of Bath, United Kingdom

Introduction: The purpose of the present study was to examine the effects of carbohydrate ingestion during the cycle leg of a simulated 
Olympic-distance triathlon (1500-m swim, 40-km cycle, 10-km run) on subsequent running performance.  
Methods: Five well-trained triathletes (4 male, 1 female) volunteered to participate (mean ± SD age: 23.6 ± 4.2 y, body mass: 63.0 ± 7.6 kg 
and VO

2
max: 64.0 ± 9.0 ml·kg-1·min-1). Participants attended three separate testing sessions separated by at least five days. The first session 

involved a 1500-m swim time-trial (STT) followed approximately 30 min later by a graded cycle test to exhaustion for the evaluation of maximal 
aerobic power (MAP). The two subsequent sessions required participants to complete a simulated Olympic-distance triathlon involving a 1500-m 
pool swim to within 5% of the STT, a 40-km stationary cycle at 75% of MAP and a 10-km running time trial. Participants randomly consumed 
either a 14.4% carbohydrate drink containing 1.2 g·min-1 of glucose and 0.6 g·min-1 of fructose (CHO) or a fruit squash placebo (PLA) throughout 
the cycle leg of the triathlon. Fingertip blood samples were collected after every 5 km of the cycle leg and at the end of the run and were 
subsequently analysed for blood glucose (GLU) and lactate (LAC) concentrations. Rating of perceived exertion (RPE) and perceived stomach upset 
(PSU) were also measured after each 5-km cycle period and at the end of the run. Heart rate (HR) was measured throughout the cycle leg only.  
Results and Conclusion: The 10-km run time was 4.2% faster following CHO (38 min 08 s ± 2 min 46 s) compared with PLA (39 min 44 s ± 
3 min 13 s; P<0.05). The improved run time was associated with increased GLU and LAC concentrations in the CHO compared with the PLA 
trial (P<0.05), no difference in HR or PSU between trials (P>0.05) and significantly lower RPE scores in the CHO compared with the PLA trial 
(P<0.05). These results show that a 10-km run at the end of an Olympic-distance triathlon may be significantly improved following ingestion of 
a 14.4% glucose-fructose beverage at a rate of 1.8 g·min-1 compared with a fruit squash placebo, with no additional gastro-intestinal stress. 
This improvement in run performance in the CHO trial may be due to muscle and liver glycogen sparing during the cycle leg, which increased 
carbohydrate metabolism in the latter stages of the triathlon.

83 the influence of high speed swimsuits on the lactate curve test among competitive swimmers

t. Matsumoto1*    t. Wada1    y. Naito1    y. takahashi2    t. Izumi3    D. Inoue4    D. Abe1    t. Asai1    t. Aoba1 
1Kokushikan University, Japan    2Chuo University, Japan    3Toyama College of Wellness Sciences, Japan    4The Jikei University, Japan

The purpose of this research was to clarify the influence of high speed swimsuits on the lactate curve test among competitive swimmers.  
Method: 8 Japanese collegiate student championship participants were evaluated. These students were divided randomly into two groups. Four of 
the subjects wore a high-speed swimsuits (LZRR) and the four remaining subjects wore conventional swimwear, all the members performed the 
lactate curve test on the same day. Lactic acid was measured using Lactate ProR (Arclay, Japan) with CCD enzyme electrode method. The Lactate 
curve was described using analysis program MEQNET Lactate ManagerR from the acquired value, and the velocity of lactic acid was computed 
with values of 2,4,6,8mmol/l. In the lactate curve test all members swam 200m free style swimming 4 times (+40 seconds of best time, 
+30 seconds, +20 seconds , maximal effort). The rest time for each trial was 15 minutes, immediately after swimming lactic acid and HR was 
measured and velocity was computed from the time required. All the subjects were monitored with a video camera (SK-2130, SONY, Japan) with 
a sampling frequency of 60Hz in the sagittal plane to measure the angular displacement of their different joints during the periods of the griding 
motion. A motion analysis system (Frame-DIAS4, DKH, Japan) was used to digitize ten body landmarks. After 3 days, each one wore a different 
swimsuit, and performed a 2nd lactate curve test and motion analyzing. All the members performed the same training programs for all the periods.  
Result and Conclusions: The subjects wore LZRR , in all cases, shifted their lactate curve to the right. The mean of the velocity equivalent to eight 
persons at lactic value 2,4mmol/l(LZRR:1.27±0.03 , 1.33±0.03 conventional swimsuit: 1.25±0.04, 1.31±0.04m/sec), a difference was not 
shown depending on the swimsuits although at the lactic value 6,8mmol/l (LZRR:1.39±0.03 , 1.44±0.04 conventional swimsuit: 1.36±0.04, 
1.41±0.04m/sec )a significant difference (p<0.01) was shown between the LZRR and conventional ones. The required to swim 200m at maximal 
speed in the LZRR was 1.6±0.1m/sec and that of the conventional swimsuit was 1.54±0.1m/sec . It showed a significant difference (p<0.01). 
Moreover, the subjects wore LZRR maintained the highest speed during the gliding motion longer than that of the conventional swimsuit. It was 
thought that the high-speed swimsuits (LZRR) obviously had a different functionality to the conventional swimsuits.

84 Compression garments enhance recovery following Australian Football training

e. Gallaher1*    L. Boyd1,2    N. Stepto1    R. Snow3    R. Aughey1,2    1School of Sport and Exercise Science; Institute of Sport, Exercise and Active Living (ISEAL) Victoria University 
2Western Bulldogs Football Club    3Faculty of Health, Medicine, Nursing and Behavioural Sciences, School of Exercise and Nutrition Sciences, Deakin University

Introduction: This study investigated the efficacy of medical (Med) and sports (Sport) grade compression on recovery from Australian Football (AF).  
Methodology: Twenty-three elite male AF athletes performed a non-contact (NC) handball small-sided game (SSG), followed by the same game 
with full contact (C) 7 days later. Following each SSG, participants were randomised into three groups: no compression (Con); sports grade, 
(Sport); and medical grade compression garment (Med). Compression were worn until 24 hr post, although removed whilst sleeping. The efficacy 
of compression for recovery was determined via physiological, performance and perceptual measures taken prior to (Pre) and 24 h post 
(24 h) the SSG. Measured were myoglobin concentration ([Mb]), visual analogue scale for perceived muscle soreness and fatigue, and single 
countermovement jump recording flight time (FT), flight time:contraction time (FT:CT) and peak power (PP). Differences were determined using the 
effect size (ES) statistic with 90% confidence intervals (CI) and % change. Co-variate analysis (total load) was performed to account for individual 
differences in total work during SSG. Results are % difference between groups and ES±90%CI.  
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Results: Both C and NC increased [Mb], perception of fatigue / soreness and impaired jump performance 24hr post. NC-SSG: Med and Sport were 
better than Con at attenuating the increase in perceived muscle soreness at 24 h compared to Pre (91.6%; 3.46±3.48 and 97.0%; 5.59±4.74). 
Med and Sport were better than Con at attenuating the decline in FT (32.7%; 4.47±1.09 and 32.7%; 5.73±0.97) and PP (50.4%; 3.33±3.43 and 
54.8%; 3.03±2.34) at 24 h compared to Pre. Sport was 5.0% (0.36±0.44) better than Med at attenuating the decline in PP at 24 h compared to 
Pre. There were no differences between groups for [Mb], perceived fatigue and FT:CT. C-SSG: Sport had a 268.1% (7.53±4.93) smaller increase 
in perceived fatigue than Con at 24 h compared to Pre. Med and Sport were better than Con at attenuating the performance decline in FT (27.6%: 
5.61±3.70 and 30.2%; 7.91±4.49) and PP (24.2%; 2.63±2.50 and 28.2%; 2.17±1.48) at 24 h compared to Pre. There were no differences 
between groups in [Mb], perceived muscle soreness and FT:CT at 24 h compared to Pre.  
Conclusion: Performance and perception of fatigue/soreness are integral components of an athlete’s recovery. Consequently compression appears 
useful as a recovery tool following C and NC SSG, proving a practical recovery strategy for use in team sport scenarios where an accelerated 
recovery due to a tight schedule is important. 

85 the cost of sports injuries

INvIteD

e. verhagen1*    1Department of Public and Occupational Health, EMGO Institute for Health and Care Research, VU University Medical Center Amsterdam, the Netherlands

Regular participation in physical activity and sports is beneficial for health. Thereby, safety in sports and PA is an important prerequisite for 
continuing participation in sports, as well as maintenance of a healthy physically active lifestyle. A variety of preventive, diagnostic, and therapeutic 
interventions are commonly used in sports medicine. In addition, an increasing number of randomised trials has evaluated the effectiveness of 
these interventions. Up till now the financial part of sports and physical related injuries and their prevention has been mostly neglected in scientific 
literature. Nevertheless, sports injuries have a huge financial impact on society, because of the costs of the interventions and the costs associated 
with production loss due to work absenteeism and disablement as a result of sports injuries. In the Netherlands alone, in a population of about 
7 million active sports participants, the annual estimated sports injury related costs are just over 3 billion euro’s. Reliable descriptive cost data 
can aid policy makers and governmental agencies in determining “problem” injuries and sports that require further investigation. In addition, it is 
important to obtain insight into the efficiency or cost-effectiveness of sports medicine interventions. Economic evaluations may help policy makers 
in their decision to include an intervention in the public health insurance system and they may help health professionals and patients to make 
decisions in clinical practice. A more efficient use of limited financial resources results in optimal care for more individuals. In short, financial 
analyses are a strong tool for agenda setting and implementation. As yet, only a few full economic evaluations in the field of sports medicine have 
been published. This presentation discusses the theory and methodology underlying economic evaluations in sports medicine in an attempt to 
motivate attendees to start using economic evaluations and to improve the quality of future economic evaluations in this field.

86 Patterns of injury and risk factors in junior rugby union football: under 7 to under 12 year olds

A. McIntosh1*    R. Dutfield1    M. Grimison2    1School of Risk and Safety Sciences, The University of New South Wales    2The Australian Rugby Union

Introduction: Injury incidence and risk factors have been studied extensively in professional and adult rugby union football, but not in children. 
Topics of interest in junior rugby include the number of players on the field and the timing of the introduction of the tackle. The project measured 
the nature and cause of injuries in rugby from U7’s to U12’s in two competitions, one in NSW the other Queensland. Games time was either 30 
or 40 minutes. The study was funded by the Australian Rugby Union (ARU) to assist with the development, implementation and monitoring of 
programs in the Rugby Pathways Program across the two states.  
Methods: Players were recruited from 14 clubs that had agreed to participate. Informed consent was obtained from the parent/guardian according 
to an approved ethics protocol. Player participation and injury were monitored weekly. The operational definition of injury was that the injury 
occurred in a game and resulted in a player missing either a game or training session. Training injuries were also recorded. Injury details were 
obtained through the parent/guardian.  
Results/Discussion: 185 players from 39 teams participated in a total of 1223 hours of rugby. 9 injuries occurred in games. The game injury 
incidence rate was 7.4 per 1000 hours. When only missed game injuries were considered the rate was 4.1 injuries per 1000 hours. 2 injuries 
occurred at training. Overall only 6% of the participants experienced an injury in one season of training and games. Injuries were distributed by 
region and nature. A fractured forearm/hand and knee sprain were the most common injuries. The tackle and accidental falls were the most 
common cause of injury. An unusual injury occurred to one player at training – a vertebral artery tear that may have resulted from a fall and led 
to a cerebral embolus. No injury was observed in a game in participants from the under 7,8 and 9 year teams. The injury rate increased with age 
group, although no significant differences were observed. This is consistent with data collected from older school age players. Factors relating to 
the timing of introduction of the tackle will be discussed.

87 Accuracy of the field-based injury and exposure data collection methods in a large scale injury prevention 
randomised controlled trial

D. twomey1*    C. Finch1    t. Doyle2    D. Lloyd2    B. elliot2    1University of Ballarat    2The University of Western Australia

Introduction: Accurate and reliable data is critical to the success and validity of any research project. In sports injury prevention field trials, data 
collectors are often volunteers or club/team members with immense knowledge of the game but with limited detailed medical backgrounds or 
knowledge of formal scientific processes. The aim of this paper is to determine the accuracy of using trained primary data collectors (PDC) with 
a sport science background and no prior involvement in data collection in a large randomised controlled trial.  
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Methods: During the “Preventing Australian Football Injury through eXercise” project (PAFIX), player participation and injury data were collected 
by trained PDCs at all training sessions and games over the 2007 and 2008 playing seasons in 40 community level Australian football 
teams. All PDCs were exercise and sport science students who attended a comprehensive training course in data collection. To assess the 
case-ascertainment accuracy of the PDCs in collecting player exposure and whether or not a player sustained an injury and subsequently left or 
remained on the field of play after the injury, independent observers (IO) attended one randomly selected game for each of the 40 teams. All IOs 
were provided with clear written instructions on how to correctly complete a standardised data collection form. They were explicitly requested to 
remain inconspicuous to the regular PDC at the game. Tabular frequencies and percentage agreements were calculated for all participation and 
injury data. A Kappa statistic was computed for the categorical data and Intra Class Correlations (ICC) for the discrete numerical data.  
Results: There was almost total agreement (98%) between the PDC and the IO on game date, time, grade and score recorded. There was 79% 
(ICC 0.9, 95%CI 0.85 – 0.95) agreement on the number of players per game and 76% (ICC 0.8, 95%CI 0.69 – 0.91) on the number of injuries 
sustained in the games, once it was adjusted for injuries treated during breaks or at game end. There was 100% agreement on whether the player 
left the field for all injuries collected by both PDCs and IOs.  
Conclusion: The results of this study found that exercise and sport science students are accurate at reporting data for sports injury projects. 
In addition, reporting the results of case-ascertainment assessments should be an integral part of future studies to ensure the accurate 
interpretation of results, correct comparison of injury rates, and effective planning of future injury prevention strategies.

88 trends in cycling injuries 2000 – 2008

L. Norton1*    G. Henley1    J. Harrison1    1Flinders University RCIS

Introduction: Cycling is a popular leisure time activity in Australia and was the fourth most popular physical activity for adults with an estimated 
1.9 million Australians cycling in 2008. The widespread benefits of cycling are now generally recognised and numerous initiatives promoting 
cycling have been adopted by state and local governments and community groups. As participant numbers increase it has been suggested that 
injury incidence rates have also increased. Injury risks from cycling crashes are the focus of concern for both cyclists and health professionals.  
Methodology: The National hospital separations database provides the best whole-population data source on serious injuries and their external 
causes and this allows the measurement of the impact of cycling injury in Australia. Data on hospital separations with a principal diagnosis in the 
ICD-10-AM range S00-T98 [injury] and a first external cause code of V10-V19 [pedal cyclists] were analysed for the period July 2000 to June 2008.  
Results: Age standardised rates of hospitalisations have increased significantly between 2000–01 and 2007–08 for both males [25.7 to 36.7 per 
100,000 population] and females [6.2 to 8.8 per 100,000 population]. The largest rate of increase [132.6%] was seen among those aged 45 to 
64 years. Trends in injury hospitalisations differed by age and sex with changes over time for males ranging from 0.1% for those aged 0–4 years 
to 132.2% for those aged 45–64 years. For females there was a drop in injury rates for girls aged 5–14 years [-5.6%] with increases in all other 
ages. The proportion of hospitalisations classified as on-road incidents has increased from 75.6% in 2000–01 to 121.7% in 2007–08. Upper limb 
and head injuries were the most prevalent for both on-road [42.5% and 25.9%, respectively] and off-road incidents [42.0% and 27.9%, respectively]. 
Fractures were the most common injury type [55%] followed by open wounds [14%].  
Discussion: Significant increases in hospitalised injuries associated with cycling have been seen since 2000, particularly among those aged 45–64 years. 
As governments intensify the focus on increasing active transport for health and climate benefits we would expect to see further increases in injury 
incidence among cyclists. Preventive measures are clearly recommended to help avoid this situation. This might include greater emphasis on transport 
infrastructure to separate cyclists from other road users, safe-cycling educational interventions and reduced road speeds in heavy cycling areas.

89 Self-as-a-model training of left foot Australian Football punt kicking in two cases using reversed video footage 
of the player’s right foot kicks

K. Steel1*    R. Adams2    S. Coulson2    C. Canning2    1University of Western Sydney    2The University of Sydney

Introduction: In Australian Football, bilateral punt kicking skill is desirable, but players’ preferred side kick is often better. To investigate the effectiveness 
of video self-as-a-model for improving performance, two Australian Football players viewed video-clips of kicks by their non-preferred foot (left) in order 
to improve the performance ratio of non-preferred to preferred. To display an apparent left foot kick, video-clips of the athletes performing a right footed 
kick were reversed. Players were asked to observe the video-clip sequence three times a day during the 2-week training period.  
Methodology: The video footage was obtained from two Australian Football players performing 10 kicks each with the right and left foot, while 
aiming at a target placed 50 metres away. Adobe Premier Pro was used to produce a DVD for each player. The DVD displayed footage of their three 
best right foot kicks which was reversed, thus displaying apparent left kicks. The player watched their DVD three times a day for two weeks, after 
which a post-test was conducted, with a retention test at six weeks.  
Results: Both players showed a significant right foot advantage for kick distance after the pre-test, an advantage of 13 metres for player 1 
(p<0.01) and three metres (p=0.02) for player 2. Thereafter, left foot distance was analysed as a proportion of the distance kicked on the right 
foot. Bilaterality of performance over the three sessions showed significant improvement. The L/R ratios were 0.73, 0.79, and 0.83 for player 
1 (linear trend over sessions p=0.01), and were 0.93, 0.96 and 0.99 for player 2 (p= 0.04). In terms of accuracy, although the deviation of the 
kicks from the goal centre lessened over sessions, improvements of 0.8 and 0.2 metres were not significant (p=0.24 and 0.76, respectively). 
Player questioning afterwards indicated that both thought they had been observing good examples of their left foot kicks.  
Conclusion: The training time needed to influence bilateral skill differences is so great that few players or coaches attempt to do so, despite its 
advantage. As such, non-preferred side skills are typically worse. This study used a video editing application to present players with an improved 
version of their apparent left side skill performance. Repeated observation of this performance was associated with a significant improvement in 
the L: R ratio for kick distances in the post-observation period in both cases. Thus further research into innovative and efficient methods of training 
non-preferred-side skills, such as reversed self-as-a-model footage, are needed.
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90 the effect of block, random and combination practice orders on learning variations of the same task

J. Cheong1*    B. Lay1    R. Grove1    R. Razman2    1The University of Western Australia    2University of Malaya

Introduction: Practicing variations of a skill is advantageous for optimising motor learning. The purpose of the present study was to investigate 
the effect of three practice schedules on the acquisition and learning of three variations of a sport skill.  
Methods: Fifty-two undergraduate students with no prior experience in field hockey practiced three height variations of the field hockey flicking 
skill in either block, random or randomised-blocks practice order. Participants in the block group completed 15 practice trials of each variation 
repeatedly before moving on to the next and following variation while participants in the random group practiced 15 trials of each variation 
arranged in random order. The randomised-blocks protocol consists of combinations of block and random practice orders and participants in this 
group practiced three blocks of five trials for each variation with these blocks arranged in random order. In total, participants attended six practice 
sessions and completed a total of 90 practice trials for each variation by the end of the acquisition phase. The dependent variables were accuracy 
and speed of the flick skill and participants were instructed to carry out each task as fast and as accurately as possible. All participants completed 
a pre-test, two acquisition tests which were held at the third and final practice session and two retention tests which were held two weeks apart. 
Data from these tests were subjected to a Mixed Model ANOVA for both the acquisition and retention phases.  
Results and Discussion: During acquisition, overall accuracy increased significantly with time (F=15.67, p=0.00) but overall speed decreased 
significantly with time (F=7.03, p=0.01). During retention, the random group performed significantly better (F=4.03, p=0.02) than the block and 
randomised-blocks conditions for accuracy. Speed had significantly increased in the second retention test (F=25.77, p=0.00) to a level unchanged 
from the pre-test but the groups did not differ across time. The results indicate that the amount of time spent in practice was sufficient for 
improving accuracy and that although initially accuracy was prioritised in favour of speed, in the end, speed performance did not suffer decrements. 
In addition, the random group practicing in a random practice order was more accurate than the block and randomised-blocks groups practicing 
under repetitive or combination conditions respectively. This finding is in line with practice variability and contextual interference research and 
demonstrates that practicing tasks that were similar under random conditions is beneficial for learning a new motor skill.

91 Athlete performance management: A model of strategic significance

B. Hanisch1*    J. Hanisch2    1RMIT University    2University of South Australia

This paper presents a new model entitled the “Elite Athlete Performance Management” model (PERFORM), demonstrating the multidisciplinary 
role of athlete performance management and its strategic significance to achieving a competitive advantage for elite sporting clubs, both on and 
off the field. The research outcomes are significant for practitioners in the discipline areas of information systems, medical, sports science and 
the professional areas involved in the development of elite athletes, because for the first time a comprehensive model of the business processes 
involved in elite athlete performance management has been constructed and articulated.  
Methodology: This research was exploratory and adopted an interpretive case study research methodology. Research data were collected 
principally by over 40 in-depth interviews during numerous meetings between April 2005 and March 2008 in an elite sporting club which is 
of national significance and prominence. The interviews were informal and semi-structured with non-directive, open-ended questioning to 
encourage interviewees to describe the complexities of their practices, experiences and problems. Participants were selected from all the business 
areas associated with injury management at the club, including: physical performance; strength and conditioning; training; management; medical 
(general practitioners); rehabilitation; and physiotherapy. The research explored the influences of modern technologies on an elite sporting club’s 
injury management business process. Other empirical data were collected using techniques such as participant observation and written data 
sources such as e-mail, memos, organisational and association policy documents, and field notes.  
Results and Conclusions: The research identified that injury management alone is not strategic to an elite sporting club. Even though injury 
management is important, injuries and injury management are not strategic. Of significance is that a new process, PERFORM, focusing on the 
ongoing performance management of the elite athlete, emerged from the research. An unexpected outcome from this research is that the athlete’s 
performance, and not the injury is strategic to the elite sporting club and that PERFORM (which includes injury management) leads to a competitive 
advantage. The creation of this foundation model enables the development of best practice management of elite athlete performance. Of importance 
to practitioners is that the business implications of PERFORM extend beyond a set of business functions, to include a community of practice which 
facilitates multi-disciplinary knowledge sharing and which is a key contributor to an organisation’s competitive advantage.

92 Successful integration of a mental skills program to a specialist sports school program

S. Hood1*    e. Peers1    A. Klarica2    1MY Tennis School Box Hill Senior Secondary College    2Elite Performance

Introduction: The purpose of this paper is to review the effectiveness of a Sport Psychology program delivered to 60 students ranging from year 5 
to year 12 that are part of a tennis development program at a sports specialist school. While there have been some holistic personal development 
programs delivered through Physical Education settings, there is limited research into the integration of a specific Sport Psychology program to 
enhance sport performance. In addition, one aspect of the program was the development of a mission statement to enhance the overall “team” 
culture for students. Staff and coaches also rated their perception of students development in the areas presented. Findings indicate the overall 
program being successful and mean player national rankings also improving.  
Methodology: Students participated in formal classroom and on-court practical Sport Psychology sessions through-out a one year period. 
In addition, students participated in the development of a Mission Statement to assist their performance and the overall culture of the program. 
At the conclusion of the program students completed a survey to self rate specific Sport Psychology skills as well as adherence to the Mission 
Statement to ascertain their perceived benefits of the program from the start to the end of the year. As an on-going aspect of the program students 
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also rated their goals for the following year. Specific Sport Psychology components taught to students included goal setting, trigger words, dealing 
with nerves, routines and emotional control. The Mission Statement comprised four domains of positive, committed, disciplined and working 
together. The data was collected and presented in error bar plots, difference score distributions, distributions and difference score error bars.  
Results: The results identified that there was a perceived improvement in all mental skills, as well as an actual improvement in mean rankings 
of students on the national ranking system. The number of students who completed the analysis ranged from 59 to 63.  
Conclusions: The results concluded that the program was effective. This was measured by the results from the survey as well as the AR Rankings 
of the students at the school. The school identified that a Sports Psychology program complements the other programs that the school conducts 
and the overall aim for students to improve their tennis and general behaviour both on and off the court. Future recommendations surround 
modifying and extending the program for even greater effectiveness through the topics introduced, providing additional support materials and 
more practical sessions.

93 Mental effort ratio: Assessing individual differences in subjective fatigue tolerance

e. Aidman1*    R. Crameri1    1DSTO

Background: Since Borg’s (1970) invention of the Ratings of Perceived Exertion (RPE), both effort perception (in short-term work) and perceived 
fatigue (in long-term work) have been considered as key factors influencing physical performance and its resourcing (cognitive and metabolic). 
The concept of mental effort tolerance (MET; Dornic, Ekehammar & Laakasonen, 1991) has been instrumental in generating cognitive explanations 
for the effects of effort perception. Generally defined, MET represents the extent to which the individual is able to tolerate subjective discomfort 
when persisting in a difficult task (Dornic, Ekehammar & Laakasonen, 1991).  
Method: The series of studies reported here were aimed at developing and validating a method of estimating individual differences in subjective 
tolerance to fatigue and physical exhaustion. Following Borg’s (1973, 1982) discovery of exercisers’ ability to detect first signs of perceived 
exertion, the proportion of exercise time after this detection has been found to be relatively stable (Ilyin, 1980; Aidman 1995) and individually 
distinct. This proportion was termed “mental effort ratio” (MER) and a psychometric procedure for its measurement has been developed using 
a modified hypoxemic (breath-holding) test.  
Results: The paper reviews results of a series of studies with elite endurance athletes (Aidman, 1995, 2005; Miotti, 1996) and military personnel 
(Aidman & Crameri, 2006) that examined the relationship between MER, endurance performance and health costs associated with it.  
Conclusions: Results to date confirm the validity of MER measurement in predicting important performance parameters, such as aerobic capacity, 
at the high end of fitness range. It is also useful in estimating health risks of endurance training, such as metabolic inefficiency, overtraining 
and burnout. This makes it an attractive practical addition to assessment protocols used for selection into physically demanding occupations. 
Potential applications and future development of the tool will be discussed.

94 teaching mental toughness in tennis

J. young1*    A. Pearce1    1Victoria University

Introduction: It is somewhat incongruous that National Player Development programs place considerable emphasis on developing “mentally tough” 
tennis players yet there is a general lack of knowledge of how mental toughness can be taught. The aim of this study was to address this void with 
an examination of former champions’ perceptions on teaching mental toughness to aspiring male and female players.  
Method: As part of a larger study endorsed by the International Tennis Federation, 18 (8 male and 10 female) recently retired top world-ranked 
Australian tennis players responded to a questionnaire that asked them what recommendations they would make to guide players to be mentally 
tough and, specifically, what needs to be taught, how and by whom. A series of inductive content analyses was conducted to analyse the qualitative 
data obtained from participants’ responses.  
Results: Male participants nominated coaches, sport psychologists and former elite players as those best equipped to teach mental toughness 
to aspiring players. This was consistent with responses from female participants who extended the nominees to also include parents and fitness 
advisors. The data analyses also revealed that the teaching of mental toughness involved mastering several challenges including those of being self 
confident and having sound self-awareness skills, a strong work ethic and a balanced perspective on development (versus winning). To address 
these challenges male participants recommend a range of strategies including the adoption of routines, visualisation, match plans, breathing 
techniques and rigorous training focused on developing a player’s strengths. These strategies were endorsed by female participants who also 
highlighted the need for those teaching mental toughness to consider emotional (e.g., concern with one’s body image) and support group factors.  
Discussion: The study’s findings support that mental toughness is a much sought and desired attribute that, in many instances, differentiates a 
good player from a “great” player. Participants in the study endorsed the notion that mental toughness can be taught (coached) as well as “caught” 
(socialised). The main similarity between male and female participants’ perspectives highlighted the need for those teaching mental toughness to 
take an individual approach with the player. This study’s value is to provide those entrusted with teaching, or instilling the values inherent in, mental 
toughness with the conviction, and a range of strategies, that the road to tennis excellence is attainable to players willing to embrace a mentally 
tough approach to fulfilling their potential.
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time Session title Presenter Room Paper

0800 – 0900 Workshop Retraining graded and functional control of the hip region to optimise 
dynamic activity

Trish 
Wisbey-Roth

Mirage Ballroom 1 & 2 95

0800 – 0900 Workshop Management of knee disorders in the middle aged recreational athlete Leo Pinczewski Mirage Ballroom 3 96

0800 – 0900 Workshop Sports podiatrists: Foot orthotic and running shoe matching Andrew Bull Pandanus Room 97

0800 – 0900 Workshop CPR Certification Shane Brun Il Pescatore Restaurant 98

0930 – 1030 Keynote Are our treatment methods in orthopaedics sports traumatology 
evidence based?

Lars 
Engebretsen

Mirage Ballroom 99

1100 – 1230 Multidisciplinary 
Grand Round

Multidisciplinary Grand Rounds Clinical session: Upper limb, cervical and 
thoracic spine

Lars Engebretsen, 
Phil Lucas, 
Rod Whiteley, 
Peter Larkins, 
Hugh Hazard, 
Bruce Mitchell, 
Mary Magarey 
and Tania Pizzari

Mirage Ballroom 1 100

1100 – 1230 Free Papers: Clinical – foot and ankle Mirage Ballroom 2

Foot function in healthy adults with hallux abducto valgus compared to 
controls: Preliminary results

Sheree Nix 101

A preliminary report of the immediate neuromotor effects of in-shoe foot 
orthoses in normal and symptomatic individuals

Kathryn Mills 102

The effects of Cricket-specific footwear on lower limb kinematics and 
kinetics in fast bowling

Chris Bishop 103

Different measures of plantar-flexor flexibility and their effects on landing 
technique: Implications for injury

John Whitting 104

Do foot orthoses change lower limb muscle activity in flat-arched feet 
towards a pattern observed in normal-arched feet?

George Murley 105

Quality of single leg squat performance is associated with clinical 
improvements with foot orthoses in people with patellofemoral pain syndrome

Kim Jennison 106

Footwear and sports-surface influence dynamic neurological screening for 
sport-related concussion

Anthony 
Schneiders

107

1100 – 1230 Free Papers: Recovery and fatigue Mirage Ballroom 3

Ice vs. Gel, best strategies to reduce skin temperature? Patrick Lam 108

The limits to prolonged exercise in the heat. Heart or brain? Phillip Chapman 109

The effect of water immersion on the recovery of team-sport-specific exercise Kerry McGawley 110

The effect of hydrotherapy on cardiac parasympathetic recovery and 
exercise performance

Jamie Stanley 111

The effect of short-term sprint-interval training on repeated-sprint ability Kerry McGawley 112

Effects of high-intensity short-duration warm-ups during a football-specific 
fatigue protocol

James Zois 113

One minute rolling sampling periods: The most sensitive method for 
identifying transient fatigue in soccer

Matthew Varley 114

1100 – 1230 Free Papers: Physical activity 3 – adults Pandanus Room

Healthy men in active neighborhoods: Characteristics of physically active 
and inactive men in low socio-economic communities

Meghan Casey 115

Validity of active Australia physical activity questions in older adults Kristiann Heesch 116

FRIDAy 5 NoveMBeR PAPeRS At A GLANCe
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Physical activity and psychological distress in older men: Findings from the 
NSW 45 and Up Study

Emma George 117

Older adults’ responses to sitting-time questions; do we get the information 
we ask for?

Jannique 
Van Uffelen

118

Population trends in adults physical activity, sedentary behaviour and 
overweight and obesity

Mitch Duncan 119

1330 – 1500 Free Papers: Clinical – hip and groin Mirage Ballroom 1

Peripheral nerve field stimulation for chronic pain: A consecutive 
100 case series

Bruce Mitchell 120

Rating lumbo-pelvic stability – Experienced therapists are more consistent 
individually but not between raters

Mark Opar 121

Perceived risk factors for hamstring muscle strain injuries in the Australian 
Football League (AFL)

Tania Pizzari 122

Greater Trochanteric pain syndrome is not a benign condition to be ignored Angela Fearon 123

Can the adductor longus transmit force across the pubic symphysis? 
Implications for the pathophysiology of athletic groin pain

Ross Clark 124

Single leg squat is not the best test for lumbo-pelvic stability Marg Perrott 125

1330 – 1500 Free Papers: Exercise and physical activity in chronic disease Mirage Ballroom 2 & 3

Bone remodeling and type 2 diabetes: Effects of acute exercise Itamar Levinger 126

Insulin sensitivity in response to resistance training in those at risk for 
Type II Diabetes Mellitus

Katie Schofield 127

Efficacy of an exercise program on the functional capacity and disease 
activity in females with Rheumatoid Arthritis

Christa Janse 
Van Rensburg

128

The effects of a supplemental, theory-based physical activity counselling 
intervention for adults with type 2 diabetes

Ron Plotnikoff 129

The effects of an exercise-based lifestyle change program on cardiovascular 
reactivity of overweight women

Steve Boutcher 130

Improving health behaviour outcomes through motivational interviewing in 
patients with chronic disease

Frances Quirk 131

Comparison of physical activity prescriptions on markers of cardiovascular 
disease in sedentary middle-aged women

Allanah 
Somerfield

132

The muscle-bone unit in patients with Crohn’s Disease: Implications for the 
exercise prescription

Dennis Taaffe 133

1330 – 1500 Free Papers: Injury aetiology and prevention Pandanus Room

Shoulder proprioception is associated with humeral torsion in adolescent 
baseball players

Rod Whiteley 134

The investigation of shoulder forces in Rugby Union Juliana Usman 135

Patterns of brain loading in concussive impacts in football Andrew McIntosh 136

Reduced humeral torsion predicts throwing related in jury in high level 
adolescent baseball players

Rod Whiteley 137

Changes in size and symmetry of the hip flexor muscles during the 
football season

Dilani Mendis 138

Changes in musculoskeletal indices of an Australian Army cohort 
during deployment

Regina Crameri 139

The state of (Smart) play for injury prevention and management in sport Pamm Kellett 140

FRIDAy 5 NoveMBeR PAPeRS At A GLANCe



56    Hot Topics in the Tropics ‘10 program and abstracts

Friday 5 Novem
ber

95 Retraining graded and functional control of the hip region to optimise dynamic activity

WoRKSHoP

t. Wisbey-Roth1*    1Bounce Back Active Rehabilitation Systems

Pelvic and hip stability encompasses much more than simply the SIJ and hip joint structures; it is a complex interplay of the proprioceptive input 
from both joints and muscles of the spine, pelvis, hips and limbs. Optimal dynamic pelvic and hip function is the end result of muscle control 
(tonic / phasic function), muscle recruitment patterns and segmental joint stability. Fundamental for restoration and progression of dynamic pelvic/hip 
function is the retraining of correct muscle recruitment patterns in the lumbo/pelvic/hip complex, while minimising excessive activity in compensatory 
muscles. Optimising proprioceptive input from the pelvis and hip can prove vital in breaking down dysfunctional muscle recruitment patterns in the 
hip region. The Wisbey-Roth Functional stability grading system described in this workshop is a graded and sports specific assessment used to 
establish the level of lumbo/pelvic/hip motor control presented by the athlete. This workshop will focus on designing a specific graded and functional 
dynamic retraining program for the hip. The important principles of the functional grading assessment will be presented to workshop participants so 
the concept can be adjusted to suit a wide variety of sports. The principles of the 5 level grading system can be incorporated into a functional muscle 
retraining program to improve the specificity of exercise intervention for the hip region and utilised to gauge improvement in dynamic Hip function. 

96 Management of knee disorders in the middle aged recreational athlete

WoRKSHoP

L. Pinczewski1*    1North Sydney Orthopaedic and Sports Medicine Centre

The management of the degenerative knee in the middle aged patient can present difficulties. In this workshop Dr Leo Pinczewski, an orthopaedic knee 
surgeon, will review the history and examination of the common knee disorders seen in this population. Patient cases will be presented demonstrating 
the typical history and physical examination findings, as well as appropriate management principles. Relevant radiological findings will also be presented.

97 Sports podiatrists: Foot orthotic and running shoe matching

WoRKSHoP

A. Bull1*    1Sydney Sports Podiatry

When a patient requires pre-fabricated or prescription orthotics, there is then the need to determine the correct shoe to complement the orthotic. 
One pair of orthotics will perform 100 different ways in 100 different pairs of shoes. This can completely distort the result we are after or potentially 
even injure the patient if they are left to choose for themselves, or get less than expert advice. In this session I will discuss how to observe an 
athlete’s existing shoes for indications of wear, certain gait irregularities which can result in injury and as a guide to the next pair. We will discuss 
how and why we choose certain sports shoes, especially running shoes to match a new orthotic prescription. We will run through the system we 
use that can be helpful for sports podiatrists who don’t have the luxury of having a running shoe store next door. We will have a large number of 
highly recommended ASICS shoes on hand to examine their features, and check how they would match prescription orthotics, and some trouble 
shooting guides for getting shoe and orthotic to work without fitting issues or athlete discomfort.

98 CPR Certification

WoRKSHoP

A. Green1    M. Brown2    Sports Doctors Australia3*    1The University of Queensland    2SMA QLD    3Sports Doctors Australia

This Workshop is designed to provide a CPR update with a Sports Medicine flavour. It provides an ideal opportunity for Sports Medicine Clinicians to 
up skill in a credentialed emergency resuscitation hands on session. It is primarily provided for Doctors, Physiotherapists and Podiatrists who require 
an annual update for their daily work and is designed to fulfill the requirements for their professional education. So it will be a multidisciplinary team 
workshop. In March 2006, the Australian Resuscitation Council released their updated guidelines for Basic and Advanced Life Support for Adults, 
Children and Neonates.
Key principles of the new Australian guidelines are:
  Any resuscitation attempt is better than none
  You should minimise any interruptions to compressions
  Compressions should be delivered harder and faster
  Avoid over ventilation
  Rescuers should compress the centre of the chest.
  30:2 ratio (30 compressions to 2 ventilations) for infants, children and adults
  Emphasis on early defibrillation
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99 Are our treatment methods in orthopaedics sports traumatology evidence based?

KeyNote

Asics Supported Speaker

Lars’ travel to Australia is supported by Club Warehouse Sports Medical

L. engebretsen1,2,3*    1Department of Orthopaedic Surgery, University of Oslo    2Oslo Sports Trauma Research Center 
3International Olympic Committee, Medicine and Science Department, Lausanne, Switzerland

This talk will highlight the current situation for evidence based medicine in orthopaedic sports traumatology. By using examples from my own research 
I will tell you why I became interested in this field. Then we will go through new studies and current status in the fields of cartilage treatment, ligament 
reconstruction with a specific eye towards non surgical and surgical treatment and the relatively new field of prevention of sports injuries. These slides 
will highlight our current short comings and suggest improvement. The talk will be summarised with an example of perfect design, implementation and 
publication in hip surgery and with the rules of randomized controlled studies. 
1. Studies should be prospective with a clearly defined hypothesis and one clearly defined primary end point. They should be randomized 

controlled trials with an adequate randomization procedure and power analysis for the primary end point. Secondary end points should only be 
used as supportive evidence to the primary hypothesis.

2. Patient inclusion and exclusion criteria should be clearly established and reported. The recruitment rate should be reported, and attempts 
should be made to account for eligible patients who are not included and those who are lost follow-up.

3. The outcome measure should be validated for use on patients with the injury being researched.
4. Outcome assessment should be made by an independent investigator. The assessment should be in a written form and ideally be completed by 

the patient without investigator assistance.
5. The timing of the outcome assessment should be clearly stated. Results from various time-points after surgery should not be reported as one 

outcome. Assessments should be both clinical and functional. The minimum duration of follow-up should be more than twenty-four months.
6. Detailed rehabilitation protocols should be established and reported. Attempts should be made to monitor compliance. The protocols should be 

applied in a standardized manner to both patient cohorts.

100 Multidisciplinary Grand Rounds Clinical session: upper limb, cervical and thoracic spine

t. Wisbey-Roth1    1Bounce Back Active Rehabilitation Systems

This Multidisciplinary expert panel will include Specialist Physiotherapists and Sports Physicians discussing real and complex patient presentation. 
Particularly in the upper quadrant differential diagnosis is vitally important however can at times be confusing with overlapping signs and 
symptoms. Real case studies will be presented that lend themselves to the Multidisciplinary treatment model, with differential diagnosis and 
treatment strategies discussed. This session aims to be both very clinical and interactive between the expert panel members and the audience.

101 Foot function in healthy adults with hallux abducto valgus compared to controls: Preliminary results

S. Nix1*    M. Smith1    B. vicenzino1    1The University of Queensland

Background: There is some evidence that hallux abducto valgus (HAV) deformity is associated with impaired gait patterns, poor balance and 
an increased risk of falls in the elderly. However, functional limitation in healthy adults with various degrees of HAV deformity has not been 
investigated. The aim of this study was to investigate self-reported function and performance in various physical outcome measures in a group 
of healthy adults with HAV compared to age and gender matched controls.  
Methods: Thirteen subjects with a hallux valgus angle >15 degrees (eleven bilateral and two unilateral cases) and thirteen matched control 
subjects participated in this study (20 female, 6 male; aged 43.6±16.8 years). To assess self-reported functional limitations, the Foot Health Status 
Questionnaire (FHSQ), Manchester Foot Pain and Disability Index (FPDI), and Foot and Ankle Ability Measure (FAAM) were administered on a single 
occasion. Physical outcome measures included stair ascent and descent times, measurement of flexion force under the hallux using the paper grip 
test and a 50kg load cell, and postural sway in six different standing conditions on a force plate. Differences between HAV and control groups were 
examined using t-tests, Wilcoxon rank-sum tests, and Chi-squared analysis (p<0.05).  
Results: Questionnaire scores indicated poorer self-reported function in people with HAV compared to controls (FHSQ: p=0.04; FPDI: p=0.003; 
FAAM: p=0.04). Slower stair ascent times (p=0.03) and descent times (p=0.045) were measured in HAV subjects, who were also more likely to 
fail the paper grip test (χ2 20.4, p<0.001) and had lower maximum hallux flexion force compared to controls (p=0.007). No significant differences 
were found between groups for postural sway measures (p>0.05).  
Conclusions: Preliminary data from this study suggest that HAV deformity has a significant impact on foot function and performance. These results highlight 
the importance of managing this common foot deformity in clinical practice, in order to maintain optimum physical function in otherwise healthy adults.

102 A preliminary report of the immediate neuromotor effects of in-shoe foot orthoses in normal and 
symptomatic individuals

K. Mills1,2*    P. Blanch2    B. vicenzino1    1The University of Queensland    2Australian Institute of Sport

Introduction: In-shoe foot orthoses are frequently used in the prevention and treatment of various lower limb overuse injuries, e.g., anterior knee 
pain (AKP). Ensuring an orthosis is comfortable is important not only for compliance, but also hypothetically as an important neuromotor influence. 
We investigated if there is a difference in the immediate neuromotor effects of orthoses of different density and contouring, and if neuromotor 
effects are influenced by orthosis comfort in individuals symptomatic and asymptomatic of AKP.  
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Methodology: The immediate neuromotor effects of different orthoses (soft and hard contoured and soft flat) were measured for 7 lower limb muscles 
in 8 subjects clinically diagnosed with AKP and 8 non-injured individuals during jogging. At the conclusion of the study, subjects nominated their 
preferred and least preferred orthoses. Two-way ANOVAs were used to compare the main effects of group and density (soft and hard), group and 
contouring (contoured and flat) and group and comfort (preferred and not).  
Results: Time of offset for Tibialis Anterior and time of onset of Medial Gastrocnemius occurred significantly later into the gait cycle for individuals with 
anterior knee pain. For both muscles, density, shape and comfort of the orthoses had no effect. Likewise, peak activation of Medial Gastrocnemius 
was significantly higher in individuals with AKP regardless of contouring or perceived comfort compared with normal individuals. There were small 
(SMD 0.26) but significant interactions between the groups and orthosis design for peak activation of Medial Gastrocnemius. Subjects with anterior 
knee pain exhibited higher peak activation wearing the soft orthosis, but normal subjects had higher peak activity when wearing the hard orthosis. 
Similar interactions were present in peak activation of Vastus Lateralis between contoured, (higher in AKP group) and flat orthoses (higher in normal 
group) (SMD 0.14), as well as between preferred (higher in normal group) and non-preferred (higher in AKP group) orthoses (SMD 0.16).  
Conclusion: The majority of differences observed between subjects with and without AKP occur in the shank. The group effect appears to be larger 
than the effect of orthosis design and preference. The Vastus Lateralis muscle was the only thigh muscle observed to alter activity. The type of 
orthosis as well as the presence of knee pain appears to influence this neuromotor effect as does the comfort level of the orthosis. 

103 the effects of Cricket-specific footwear on lower limb kinematics and kinetics in fast bowling

C. Bishop1*    D. thewlis1    S. Bartold2    W. Spratford3,4    M. Portus4 
1University of South Australia    2The University of Melbourne    3Australian Institute of Sport    4Cricket Australia

Introduction: The mechanical effect of footwear construction and custom modification common to fast bowling in cricket is poorly understood. 
The aim of this study was to investigate the effect of three cricket shoes commonly used by elite male fast bowlers on lower limb biomechanics 
in the delivery stride, which included two bowling shoes from different lasts and a custom modified shoe.  
Methodology: Four male cricket fast bowlers were included in the study. A 20 camera VICON Mx system was used to collect three-dimensional 
kinematic data of the lower limb at 250 Hz. A 6DOF marker set was used to track and model the lower limb. Four 0.6 x 0.9m piezoelectric force 
platforms (Type 9287 BA, Kistler) were positioned at both back and front foot strike to capture kinetic data. The force platform data were sampled 
at 1000 Hz. Six successful trials were analysed for each bowling condition. Each bowler bowled in three different shoes; 2 commercially available 
cricket shoes (ASICS 170no and ASICS Gel Strike Rate) and 1 modified Cross Trainer (ASICS Gel 490TR). Freidman two-way ANOVA with post hoc 
pairwise comparison was used to analyse the differences between shoes.  
Results: A significant difference was not identified between shoes for any backfoot strike variables. The peak front foot lateral GRF was significantly 
different between shoes (P < 0.05). Post-hoc pairwise comparison identified an increased lateral force of 0.7 BW in the 490TR relative to the 
170no (P = 0.022). The front foot peak knee angular velocity in the sagittal plane and front knee varus/valgus angle at initial contact were both 
significant (P < 0.05) between shoes. Post-hoc pairwise comparison identified a significant decrease in coronal plane knee joint angle at initial 
contact between the 490TR and Strike Rate from a neutral knee joint angle by 3° towards varus (P = 0.008) and a significant decrease of 115°/s 
in maximum front knee sagittal plane angular velocity between the 490TR and the Strike Rate (P = 0.022). The peak front foot torsional knee joint 
moment was significantly different (P = 0.022) between footwear. Post-hoc pairwise comparison identified an increase in extension moment in the 
490TR by 0.08 Nm/kg relative to the 170no (P = 0.008).  
Conclusion: This study presents pilot data for quantifying the effects of footwear on lower limb biomechanics during the fast bowling delivery stride. 
Further research is required to identify the clinical significance of these findings.

104 Different measures of plantar-flexor flexibility and their effects on landing technique: Implications for injury

J. Whitting1*    J. Steele1    D. McGhee1    B. Munro1    1University of Wollongong

Researchers have speculated that some lower limb injuries, particularly those incurred during repetitive landing movements, may be associated with 
decreased dorsiflexion range of motion (ROM). As dorsiflexion ROM in healthy individuals is determined, predominantly, by flexibility characteristics 
of the plantar-flexor muscle-tendon complex, the purpose of this study was to determine how various measures of plantar-flexor flexibility affected 
lower limb loading during landings. Forty eight physically active males were tested for passive dorsiflexion ROM in weight-bearing (SROM; goniometer) 
and non weight-bearing (PROM; KinCom dynamometer) positions. Each participant was also tested for passive plantar-flexor stiffness (PPS) and 
passive stretch tolerance (PST) while their ankles were dorsiflexed at 5°.s-1 (KinCom). Three-dimensional ankle and knee joint kinematics were then 
quantified (OptoTrak 3020) while the participants performed drop landings onto a Kistler force platform at a vertical decent velocity of 3.2 m.s-1. 
Outcome variables characterising ankle and knee kinematics and forces generated during landing were then compared between the participants, 
who were grouped as having high and low plantar-flexor flexibility according to each of the plantar-flexor flexibility tests (independent t-tests, 
p<0.05). A series of Pearson correlations revealed that SROM and PROM tests were not significantly correlated (r=0.11–0.19) and that only weak 
correlations existed among the PST, PPS and PROM tests (r=0.37–0.46). The effects of SROM on landing mechanics showed that participants 
with a low SROM (37.7°, range 33–40°), did not differ significantly in most of the outcome variables characterising landing mechanics, when 
compared with participants who had a high SROM (48.4°, range 46–55°). However, a low SROM caused participants to absorb external loads 
generated during landing with the entire plantar-flexor unit in a significantly lengthened position. Similarly, participants with high PPS (1.0 Nm.°-1, 
range 0.7–1.2 Nm.°-1), absorbed their peak Achilles tendon forces at a significantly greater percentage of their PROM and were significantly 
more dorsiflexed at the time of their peak eversion angle than their low PPS (2.2 Nm.°-1, range 1.8–2.8 Nm.°-1) counterparts. The implications 
of these findings in repetitive landing movements are that low SROM and high PPS participants may be more likely to overload their plantar-flexor 
muscle-tendon units on a regular basis, thereby potentially exposing themselves to a higher likelihood of incurring overuse injuries. Furthermore, 
while some dorsiflexion ROM tests may not be able to predict characteristics of plantar-flexor flexibility, such as passive stiffness or stretch tolerance, 
various plantar-flexor assessments may still be useful in predicting similar, and potentially injurious, landing mechanics.
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105 Do foot orthoses change lower limb muscle activity in flat-arched feet towards a pattern observed in 
normal-arched feet?

G. Murley1,2*    K. Landorf1,2    H. Menz2    1Department of Podiatry, La Trobe University    2Musculoskeletal Research Centre, La Trobe University

One of the hypothesised mechanisms by which foot orthoses obtain their clinical effect is by influencing muscle activity, however previous studies 
have reported highly variable findings. The aims of this study were to; (i) investigate whether modified prefabricated and customised FOs influence 
lower limb muscle activity, and if so, (ii) whether they optimise or “reverse” the abnormal lower limb muscle activity previously observed in people 
with flat-arched feet. Thirty young asymptomatic adults with flat-arched feet were recruited. Flat-arched foot posture was categorised using two 
clinical measurements and four skeletal alignment measurements from weightbearing foot x-rays. Electromyographic activity was recorded while 
walking from tibialis posterior and peroneus longus via in-dwelling wire electrodes, and from tibialis anterior and medial gastrocnemius via surface 
electrodes. Four experimental conditions were assessed; (i) barefoot, (ii) shoe-only, (iii) a heat-moulded (modified) prefabricated foot orthosis, and 
(iv) a 20-degree inverted-style customised foot orthosis. Orthotic comfort was also measured during the experimental period to evaluate orthotic 
comfort over time and to determine if there were differences in comfort between the two devices, which may have affected electromyographic 
activity over and above the direct effects of the orthoses. The results demonstrated that the foot orthoses significantly altered tibialis posterior 
and peroneus longus electromyographic amplitude. During the contact phase of gait, tibialis posterior electromyographic amplitude decreased 
significantly with the prefabricated orthosis (19% decrease) and the customised orthosis (12% decrease) compared to the shoe only condition 
(P < 0.008). In contrast, during the midstance/propulsive phase, peroneus longus electromyographic amplitude increased significantly with the 
prefabricated orthosis compared to the shoe-only and customised orthosis conditions (19% increase and 14% increase, respectively; P < 0.030). 
There were no significant differences in comfort between the modified prefabricated and customised foot orthoses at either the dispensing session 
or following two weeks of habituation. In conclusion, both foot orthoses had a significant effect on electromyographic amplitude of the tibialis 
posterior and peroneus longus muscles, however only the modified prefabricated orthosis changed peroneus longus electromyographic amplitude 
towards a pattern observed with normal-arched feet. Otherwise, there were few differences found between the modified prefabricated and 
customised orthoses. Further research is needed to determine if these changes observed occur in patients with foot pain and disability.

106 Quality of single leg squat performance is associated with clinical improvements with foot orthoses in people 
with patellofemoral pain syndrome

K. Jennison1*    C. Barton1    K. Crossley1,2    t. Pizzari1    1La Trobe University    2The University of Melbourne

Introduction: There is growing evidence supporting pre-fabricated foot orthoses for the treatment of patellofemoral pain syndrome (PFPS). 
However, research to identify those most likely to benefit from the provision of foot orthoses is currently limited.  
Methodology: Twenty-three individuals (mean 25 years; range 18–35 years) with PFPS were issued three quarter length pre-fabricated foot orthoses 
(Vasyli Pro, Vasyli International). At baseline, single leg squat (SLSq) quality with and without foot orthoses in each participant was assessed using 
a novel assessment tool applied by an experienced and reliable assessor (Intra-rater Қ=0.615). Quality was determined as “poor”, “fair” or “good”, 
using the following criteria; overall impression, weight transfer, and alignment of the lumbar spine, pelvis, leg and foot. Assessment for each 
participant and condition was completed during a single rating session using video footage (anterior and lateral views) of five consecutive SLSqs. 
Footage order was randomised and the assessor remained blinded to the presence or absence of foot orthoses. Change in SLSq quality between the 
two conditions was evaluated using a Wilcoxin signed rank test. Medium term foot orthoses success was rated at 12 weeks on a 5-point Likert scale 
(markedly better, moderately better, same, moderately worse, or markedly worse). The association of improvement level with (i) baseline SLSq quality 
with and (ii) without foot orthoses, and (iii) change in quality of SLSq between conditions was evaluated using Spearman Rho statistics.  
Results: Prefabricated foot orthoses did not change baseline SLSq quality (p = 0.782). Of the 22 participants who completed the study, 32% 
(n=7) reported moderate improvement and 36% (n=8) reported marked improvement. Single leg squat quality with foot orthoses at baseline was 
associated with 12 week outcomes (p<0.05, r=0.46). Specifically, marked improvement at 12 weeks increased to 50% (n=7) in those rated to 
have fair or good SLSq quality with the foot orthoses (n=14). Additionally, marked improvement reduced to 13% (n=1) in those rated to have poor 
SLSq quality with the foot orthoses (n=8).  
Conclusion: When considering foot orthoses prescription for individuals with PFPS, rating baseline SLSq quality while wearing the orthoses may 
help to determine the likelihood of medium term (12 weeks) improvements. Specifically, individuals possessing fair to good quality motion when 
completing a single leg squat with foot orthoses are more likely to have better medium term outcomes than individuals with poor quality. 

107 Footwear and sports-surface influence dynamic neurological screening for sport-related concussion

A. Schneiders1*    S. J. Sullivan1    M. olsson2    t. yden2    J. Kvarnstrom2    S. Marshall3    1University of Otago    2Umeå University    3University of North Carolina

Introduction: The Sport Concussion Assessment Tool (SCAT) is a standardised global assessment for the identification of sport-related concussion 
(SRC). The SCAT was designed to assess a number of specific concussion indicators including physical signs and symptoms; memory and cognitive 
performance; and a neurological screen of motor performance. The updated SCAT2 recommends a qualitative measurement of gait performance; 
however, there is no specific assessment protocol associated with the item and it is thus open to differing interpretations. This issue has been recently 
addressed by the development of a timed Tandem Gait (TG) task that evaluates locomotion, dynamic balance and lower limb coordination. The test 
requires the individual to walk in a heel-toe manner along a three metre line, turn and return to the starting position as quickly as possible without losing 
their balance. The TG task has been shown to be reliable in young non-concussed barefoot individuals in a controlled environment and norms have been 
developed, however, it is not known how performance of TG is affected by the surface/footwear interactions encountered in various sporting environments. 
The purpose of this study was to investigate the effect of footwear and sporting surface on the time to perform a standardised Tandem Gait (TG) task.  
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Methodology: One hundred and eight amateur athletes were recruited and three common sports surfaces (grass, hardwood court, artificial turf) 
were compared. All groups were tested barefoot and with sports-surface specific footwear. A mixed model ANOVA, controlling for covariates and 
including a post hoc Bonferroni correction procedure, were used to investigate the influence of footwear and sports-surface on TG time (s).  
Results: The results demonstrated that times for a defined TG task in healthy athletes depended on footwear, sports-surface, and the specific 
athletic population. The study showed a significant interaction (F2,104 = 3.35 p=0.039) between groups (grass, hardwood court and artificial turf), 
and times were faster wearing footwear compared to barefoot (F2,138 = 26.31, p = 0.001). In contrast to the footwear conditions, there was no 
statistical difference between the barefoot conditions on any of the sport-surfaces.  
Conclusions: These findings suggest that clinicians should standardise footwear and the testing surface at baseline in order to accurately assess 
motor performance tests when SRC is suspected. Where no baseline is available, athletes should be assessed barefoot and their times compared 
with established normative data.

108 Ice vs. Gel, best strategies to reduce skin temperature?

P. Lam1*    M. Kelly1    G. Murrell1    1Orthopaedic Research Institute, St George Hospital

Introduction: Cold therapy is commonly used after sports injury, trauma and surgery to reduce pain and swelling. The ideal therapy should 
lower skin temperature quickly when applied and keep the injured area cool during the treatment period. There have been recent advances in 
technology to deliver cold therapy. However, little is know about how the products should be used and whether they are any better at reducing 
skin temperature than traditional ice/water combinations. The aim of this study, therefore, was to determine whether gel pack was better at 
reducing skin temperature than ice pack, and the optimal preparation of these products prior to cold therapy.  
Methods: Two types of cold therapy devices were tested in this study, a rubber bag with cap, strapped to the limb with neoprene and Velcro 
(ICE‘N’EASY, Bokarina, QLD, Australia) and a Gel pack (DuraSoft) consisting of purified water and a non-toxic gel combination (DonJoy-Orthopaedic 
Pty Ltd, Normanhurst, NSW, Australia). Eight experimental groups (n = 6 for each) were tested. ICE’N’EASY ice pack was divided into two 
subgroups, one with the rubber bag filled with ice cubes and the other filled with ice cubes and tap water with all the ice cubes submerged 
under water. The Gel packs were divided into six subgroups; according to the time (18, 24, 36, 48 60 and 72 hours) the gel packs were stored 
in a -15°C freezer prior to application. Skin surface temperature was measured via a computer based temperature sensor. The sensor was placed 
under a standardised surgical dressing on a rubber human knee model. Gel pack/ice packs were placed into their respective slings, wrapped 
around the model and monitored for 3 hours with the temperature recorded at 1-minute intervals.  
Results: All preparations reduced the skin temperature quickly from 25°C to 15–10°C. There was no difference between ice cubes and the 
addition of water to ice cubes in the rubber bag. The gel packs were more effective at reducing probe temperature and produced a temperature 
1.4°C to 3.7°C cooler than ice and water combinations (p < 0.05). Interestingly, the freezing time of gel pack stored in a freezer before application 
affected probe temperature, with a freezing time of 36 hours being the most effective freezer time before application.  
Conclusion: Gel packs were more effective at cooling than ice and water combinations. The optimal freezing time for the DuraSoft gel pack was 36 hours.

109 the limits to prolonged exercise in the heat. Heart or brain?

P. Chapman1*    1School of Exercise Science, Australian Catholic University

Introduction: Prolonged exercise in the heat is characterised by an increasing heart rate (HR) and a concomitant decrease in stroke volume (SV), 
known as cardiovascular drift. This mechanism has traditionally been believed to limit exercise in the heat as HR drifts towards a maximum rate. 
However recent research has proposed that a critical core temperature and/or an anticipatory mechanism mediate a reduction in exercise intensity 
during prolonged exercise in the heat. The present study investigated the relationship between HR drift, the rate of heat storage (S) and rating of 
perceived exertion (RPE) in different climatic conditions during prolonged exercise.  
Methods: Seven well trained cyclists performed five 60min trials in 10, 20, 30, 35 and 42°C (60% humidity for all trials) at a “clamped” HR of 
~85% of maximum HR via external adjustment of the power output by the researchers. Immediately after the HR clamp trial an incremental cycle 
test was performed to determine VO

2
max.  

Results: From the 15th minute onwards power output decreased (p<0.01), rectal temperature (Trec) increased (p<0.01), and S decreased 
(p<0.05) significantly in all conditions. From the 40th to 60th minute a plateau was reached for power output, Trec (~38.8°C) and S (~0 kJ.min-1) 
in all conditions except the 42°C condition. RPE remained unchanged at ~16 in all trials (p<0.05). VO

2
max was significantly lower than baseline 

in 35 and 42°C (10 and 37% lower respectively; p<0.01) due to a significant decrease in stroke volume (SV; 144 ± 20 to 108 ± 17ml and 
138 ± 21 to 68 ± 7ml respectively, p<0.01).  
Discussion: Work rate decreased in all conditions without anticipation from the subjects. Whilst RPE was ~16 in all trials including the 42°C trial 
where Trec was ~40°C indicating body core temperature per se was not limiting. Trec reached a plateau at the same temperature (except in the 
42°C trial) despite different ambient conditions and work rates indicating a strong relationship with the clamped HR.  
Conclusion: A strong relationship exists between HR drift, S and RPE with RPE linked to cardiovascular strain and percent VO

2
max and not to 

body core temperature. Neither an anticipatory mechanism nor a critical core temperature mechanism was observed in this protocol as it was 
cardiovascular drift that mediated the reduction in exercise intensity in order for the body to maintain thermal equilibrium with the environment.
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110 the effect of water immersion on the recovery of team-sport-specific exercise

K. McGawley1*    K. tyler1    1University of Bath, United Kingdom

Introduction: The purpose of the present study was to examine the effects of two hydrotherapy techniques, cold-water immersion (CWI) and 
contrast-water therapy (CWT), on the recovery of team-sport-specific exercise tests following muscle-damaging exercise.  
Methods: Seven male, team-sport players (mean ± SD age: 21 ± 2 y, body mass: 76.8 ± 7.2 kg) completed a preliminary familiarisation trial for 
three team-sport-specific exercise tests (TESTS), which included an all-out 30-m sprint test, two agility T-tests (left and right) and a vertical jump test. 
Three experimental trials were subsequently carried out, each separated by one week, using a counter-balanced cross-over design. On each visit a 
resting fingertip blood sample and a rating of perceived muscle soreness (PMS) was collected. Participants then performed the TESTS, followed by 
a 5-min rest period. A repeated sprint exercise (RSE) protocol was then performed to induce muscle damage, which comprised of 15 x 30-m sprints 
with a 10-m deceleration zone. Sprints were separated by 1 min. A second fingertip blood sample and PMS score was collected immediately after 
the RSE and a second set of TESTS were performed 10 min after the RSE. Participants then received either CWI, CWT or no water immersion (CON). 
The next day (24–28 h later) a final fingertip blood sample and PMS score was collected and a final set of TESTS were completed.  
Results and Conclusion: There were no changes in plasma CK over time and no significant interaction effects between the three intervention 
groups (P>0.05). The PMS increased from baseline to 24–28 h in the CON group (P<0.05), but was not different from baseline at 24–28 h for 
the CWI or CWT groups (P>0.05). The PMS was significantly higher for CON compared with CWT after 24–28 h (P<0.05), but no other differences 
were found between groups (P>0.05). There were no significant differences in performance during the TESTS between the three intervention 
groups across any of the three time points (pre RSE, post RSE or after 24–28 h; p>0.05). These data suggest that the RSE may not have induced 
sufficient muscle damage to increase plasma CK levels, which may explain why the recovery interventions did not have a significant effect on 
performance of the TESTS. However, the differences in PMS changes indicate that hydrotherapy may be effective in suppressing the perception 
of muscle soreness when biochemical and performance markers are unchanged.

111 the effect of hydrotherapy on cardiac parasympathetic recovery and exercise performance

J. Stanley1,2*    J. Peake1,2    M. Buchheit3    1The School of Human Movement Studies, The University of Queensland 
2Centre of Excellence for Applied Sport Science Research, Queensland Academy of Sport    3ASPIRE, Academy of Sports Excellence, Doha, Qatar

Introduction: Restoring autonomic nervous system (ANS) function after intensive exercise is thought to be important for recovery. This study 
examined the effect of hydrotherapy on the time course of ANS recovery following a high-intensity training session, and assessed whether ANS 
recovery influences subsequent exercise performance.  
Methods: Eighteen well-trained cyclists completed a 1 h high-intensity training session on three separate occasions. Following each session, 
the athletes completed a 10 min recovery intervention of either cold water immersion (CWI), contrast water immersion (CWT), or passive rest 
(PAS). For ~2.5 h after each recovery intervention, athletes continued supervised passive recovery. Heart rate variability was measured at regular 
intervals to assess ANS function. The square root of the mean squared differences between successive R-R intervals (rMSSD) was determined to 
provide an indication of parasympathetic activity. After the recovery period the athletes completed a standardized time trial based on the following 
formula: total amount of work = 0.75 × peak power output × 900 s.  
Results: rMSSD was similar 5 min after all three training sessions (P>0.181) indicating that the training induced consistent physiological stress. 
After the recovery intervention, mean rMSSD was higher following CWI compared with PAS (P<0.001) and CWT compared with PAS (P<0.001), 
but was similar between CWI and CWT (P=0.109). Time trial performance was fastest after CWT, followed by PAS and CWI, but the differences 
were not statistically significant (P>0.3). Mean rMSSD did not correlate significantly with time trial performance (r=−0.097, P=0.609).  
Conclusion: Hydrotherapy enhanced parasympathetic reactivation compared with passive rest following high-intensity training, but this did not 
translate to better time trial performance. Ongoing analysis of other indices of ANS activity will help to clarify the effectiveness of hydrotherapy 
as a recovery modality.

112 the effect of short-term sprint-interval training on repeated-sprint ability

K. McGawley1*    D. taylor1    1University of Bath, United Kingdom

Introduction: The purpose of the present study was to investigate whether short-term sprint-interval training (SIT) would enhance repeated-sprint 
ability (RSA) via improvements in power output, work decrement and oxygen uptake in recovery.  
Methods: Eight male, recreational team-sport players (mean ± SD age: 21 ± 2 y, body mass: 78.1 ± 4.3 kg) completed a repeated-sprint test 
(RST) and a graded cycle test to exhaustion for the evaluation of VO

2
max before and after two weeks of SIT. The RST consisted of 7 x 5-s cycle 

sprints interspersed with 25 s of passive recovery. Peak power output (PP), mean power output (MP), decrement in MP (MPdec) and total work 
done (TWD) were recorded. In addition, VO

2
 was measured during the 25-s passive recovery periods between each sprint. The SIT involved six 

sessions (three sessions per week) of 4, 5 or 6 x 30-s, all-out sprints interspersed with 4.5 min of light recovery. The number of sprint repetitions 
increased by one after every two training sessions.  
Results and Conclusion: Although there was no change in PP for any of the 7 x 5-s sprints following SIT (P>0.05) there were significant increases 
in MP for each of the 7 x 5-s sprints (P<0.05) and in TWD during the RST (mean ± SD: 27.6 ± 3.0 versus 29.4 ± 2.6 kJ from pre- to post-training; 
P<0.05). The MPdec decreased from 12.4 ± 6.8 to 7.4 ± 2.9% from pre- to post-training (P<0.05) but VO

2
 between sprints was unchanged 

(P>0.05). Furthermore, VO
2
max was not different following training (45.7 ± 7.7 versus 45.0 ± 5.4 mL·kg-1·min-1 from pre- to post-training; 

P>0.05). These findings suggest that short-term SIT may be an effective intervention for improving RSA within team-sport athletes via increases 
in work done during each sprint and reductions in the decrement in work done over a series of sprints. This does not appear to be due to greater 
oxygen uptake during the 25-s recovery periods between sprints or improvements in peak power. Other metabolic adaptations to SIT that maintain 
muscle force during high-intensity exercise may explain the current findings.
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113 effects of high-intensity short-duration warm-ups during a football-specific fatigue protocol

J. Zois1*    D. Bishop2    R. Aughey1,3    1School of Sport and Exercise Science; Institute of Sport, Exercise and Active Living (ISEAL), Victoria University 
2Institute of Sport, Exercise and Active Living (ISEAL), Victoria University    3Western Bulldogs Football Club

Introduction: Team-sport warm-ups should enhance acute performance while minimising subsequent performance decrements. Whilst current 
warm-up durations exceed scientific recommendations, the subsequent physiological and performance effects have not yet been investigated. 
This study investigated the prolonged performance and physiological effects of a current team-sport warm-up and two alternative, high-intensity 
short-duration protocols; post activation potentiation and small-sided games during a soccer-specific fatigue protocol. Post activation potentiation 
and small-sided games were hypothesised to better maintain performance following a team-sport fatigue protocol.  
Methods: Ethics approval/informed consent were obtained before commencing the randomised cross-over study. Ten male soccer players 
performed a current team-sport warm-up, a five repetition-maximum leg-press warm-up or small-sided game warm-up before completing 
two 15-min fatigue protocols. Tests included counter-movement jump, repeated sprint-ability, reactive agility, core temperature, blood lactate, 
rating of perceived exertion and heart rate. Data were analysed using effect size statistics with 90% confidence intervals and percentage 
change determining magnitude of effects.  
Results: Post activation potentiation improved counter-movement jump height post first fatigue protocol (3.2% effect size: 0.43±0.74) and was 
4.6% > team-sport (effect size: 0.52±0.75) post second fatigue protocol. Post fatigue protocol one reactive agility was 3.1% faster in post 
activation potentiation compared to small-side games (effect size: 0.61±0.75) and 4.2% faster in fatigue protocol two compared to team-sport 
warm-up (effect size: 0.57±0.75). Following fatigue protocol one core temperature in the team-sport warm-up was 0.7% > post activation 
potentiation (effect size: 0.46±0.81), while blood lactate was highest in the post activation potentiation warm-up post fatigue protocol one (6.2±2.4), 
compared to team-sport (5.3±2.4) and small-sided games (4.6±1.2 mmol.L-1) and fatigue protocol two (post activation potentiation= 4.5±1.2, 
team-sport= 4.1±1.7, small-sided games= 3.0±0.8 mmol.L-1).  
Conclusion: A post activation potentiation warm-up can reduce performance decrements during a soccer-specific fatigue protocol as compared 
to small-sided games and current team-sport warm-ups.

114 one minute rolling sampling periods: the most sensitive method for identifying transient fatigue in soccer

M. varley1*    R. Aughey1,2    1School of Sport and Exercise Science, Institute of Sport, Exercise and Active Living, Victoria University    2Western Bulldogs Football Club

Introduction: Analysis of the movement demands of athletes during team sports provides information on match fatigue and the physical capabilities 
of the athlete. High-velocity running (HiVR) is a valid physical performance measure as it is critical to match success and may distinguish between 
levels of play. More detailed examination has reported a decrease in the HiVR distance in the period immediately after the most intense epoch. 
However, that examination was based on pre-defined 5-min periods and therefore the actual peak 5-min of play in a match may have been 
missed, and using rolling periods may overcome this. Further, significant fatigue could be expected after intense 1 or 2 min periods, but this 
has not yet been investigated.  
Method: Using rolling 1-, 2-, and 5-min periods of matches, the greatest total (TD) and HiVR (>4.17 m.s-1) distance and the subsequent 
1-, 2- or 5-min epoch were identified in fourteen elite youth level male soccer players monitored using global positioning system technology 
(MinimaxX, Team Sports 2.0, Catapult Innovations, Melbourne, Australia) over five Men’s Under 21 matches. Differences were determined and 
expressed as % change and effect size (ES) statistic with 90% confidence intervals (CI).  
Results: Total distance was reduced substantially in the subsequent epoch following each 1-, 2- and 5-min period containing the highest TD 
in both the 1st and 2nd half of the match (1-min; -47.2%, -5.63±0.56; and 52.5%, -4.73±1.58; 2-min; 40.2%, -4.98±0.52; and 36.5%, 
-4.22±0.54; and 5-min; -24.6% -2.89±0.38; and 24.5%, -2.51±0.31 respectively). High-velocity running followed the same pattern for 
both halves (1-min; -89%, -4.12±0.33; and -92.8% , -3.71±0.32; 2-min; -80.4% -3.38±0.26; and -73.4%, -3.29±0.33; and 5-min; 
-65.7% -2.51±0.30 and -65.3% -2.46±0.31 respectively)  
Conclusion: When compared to the literature reporting pre-defined 5-min periods, rolling 5-min periods had a ~15% greater reduction in HiVR in the 
epoch following the peak. Using HiVR instead of total distance identified greater decrements in performance, and the largest decrements were visible 
using shorter sampling periods. In this study only 1-min rolling periods showed greater fatigue in the subsequent 1-min period in the second compared 
to the first half, and therefore may be the most sensitive measure of transient fatigue in soccer games. Future research could apply this model to the 
investigation of fatigue in elite adult players to aid in our understanding of the transient fatigue experienced by these players during matches. 

115 Healthy men in active neighborhoods: Characteristics of physically active and inactive men in low 
socio-economic communities

M. Casey1*    R. eime1    K. Ball2    W. Payne1    1University of Ballarat    2Deakin University

Introduction: Physical activity (PA) research amongst men experiencing socioeconomic disadvantage is relatively scarce, despite the high risk of 
inactivity experienced by this group. This qualitative study compares experiences of men from low SES communities who have successfully and 
unsuccessfully engaged in PA.  
Methodology: Men aged 25–65 years from metropolitan inner-city suburbs and a non-metropolitan city were invited to participate through 
neighbourhood renewal and community health staff, and community advertisements. Data collection methods/instruments comprised a demographics 
form, semi-structured interview, and administration of the International Physical Activity Questionnaire (IPAQ). Neighbourhood renewal and 
community health staff were also invited to participate in interviews. The socio-ecological model of health guided the interviews to explore individual, 
interpersonal, organisational, community, environmental and policy influences on PA. Content analysis was applied to identify key themes in the 
transcripts. Men were defined as active or inactive according to their total PA score based on the IPAQ, using a cutpoint of 600 MET minutes/week.  
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Results: 25 men, aged 44.8 (range: 28–65) years participated; 12 were from metropolitan suburbs and 13 from a non-metropolitan city. They lived 
alone (n=12), were not working (n=7) or permanently unable to work (n=11), and had no formal qualifications (n=9) or Year 10 equivalency (n=7). 
The context of participation in PA for both groups of men was mostly walking for leisure (n=11 and n=5 respectively) and/or transport (n=10 and n=4 
respectively). Five active men had access to a free 3-month gym program. Both groups of men reported that they had poor health, financial barriers, 
were unfamiliar with community PA facilities and programs, had limited social support, and lived in unsafe neighbourhoods. Participation in PA for 
inactive men was compounded by their inability to cope with their poor health and as a result they felt disconnected from life; they did not identify 
positive PA outcomes for various reasons including limited exposure to PA in childhood and negative experiences in school physical education; 
they seemed consumed by stressful life situations; and had little trust for medical personnel or insight into their bodies. Active men generally 
reported the inverse of these barriers, however, they also identified barriers to existing programs such as the exclusive culture of PA facilities.  
Conclusion: It is important that personal circumstances are understood to gain trust and set realistic goals and outcomes for men from low 
SES communities. Physical activity programs must address financial and cultural barriers to participation in PA.

116 validity of active Australia physical activity questions in older adults

K. Heesch1*    R. Hill2    J. van uffelen2    W. Brown2 
1Institute of Health and Biomedical Innovation, Queensland University of Technology    2School of Human Movement Studies, The University of Queensland

Introduction: The Active Australia physical activity survey (AAS) is used for physical activity (PA) surveillance in the general Australian adult 
population. Given the ageing of the population and the health benefits of PA for older adults, this group should be included in PA surveillance 
and, for comparison with younger adults, be asked the same PA surveillance questions. However, the appropriateness of the AAS for older adults 
has not been evaluated. Our aim was to examine the criterion validity of the AAS questions in older adults. Three criterion measures were used: 
pedometer step counts, body mass index (BMI), and self-reported physical function.  
Methods: Participants were 51 community-dwelling adults, aged 65–89 yrs, who reported the ability to walk at least 100 meters. They completed 
a self-administered version of the AAS as part of a larger study of older adults. They also completed a physical function survey (SF-36 function 
scale) and had their weight and height measured, for calculating BMI. During the 7 days prior to the interview, participants each wore a YAMAX 
Digiwalker SW200 pedometer and recorded their daily steps in a diary. Using the AAS data, daily walking minutes and daily total PA minutes 
(walking, moderate-intensity PA, vigorous-intensity PA) were compared with the three criterion measures using Spearman rank-order correlations.  
Results: 26 men and 25 women (mean age = 72 yrs, SD = 6) completed the AAS. Median daily walking minutes were 34.4 (IQR 17.1, 60.0), 
and median daily total PA minutes were 72.9 (IQR 35.6, 120.0). Both walking minutes and total PA minutes were significantly correlated with 
pedometer steps (Spearman correlation r = 0.42, for each, p < 0.01). Total PA minutes were significantly correlated with physical function scores 
(r = .38, p < 0.001), but walking minutes were not (r = 0.14). Neither walking minutes nor total PA minutes were significantly correlated with BMI 
(r = -0.13 and -0.15, respectively).  
Conclusions: This initial examination of the psychometric properties of the AAS for older adults suggests that this surveillance tool has adequate 
criterion validity for ambulatory older adults. 

117 Physical activity and psychological distress in older men: Findings from the NSW 45 and up Study

e. George1*    L. Jorm2    G. Kolt1    H. Bambrick2    S. Lujic2 
1School of Biomedical and Health Sciences, University of Western Sydney    2School of Medicine, University of Western Sydney

Introduction: The ageing population places significant strain on healthcare systems and poses a substantial economic burden worldwide. 
Whilst many governments encourage older adults to remain active, participating in enough physical activity to afford health benefits can be 
challenging. Participation in regular physical activity has been associated with a range of health benefits, including improved mental health and, 
in particular, a reduction of depressive symptoms. Studies examining this association in older men are, however, sparse. The aims of this study 
were to: examine the association between levels of physical activity and psychological distress in older men; determine whether this association 
varied with remoteness of residence; and establish whether any confounding or mediating factors contributed to this association.  
Methods: This representative sample comprised 17,689 men aged 65 years and over, drawn from the 45 and Up Study – a longitudinal cohort 
study providing data on a broad range of health and demographic characteristics in approximately 260,000 participants from across New South 
Wales, Australia. Baseline data on physical activity (Active Australia Survey) and psychological distress (Kessler-10) were used in this study for 
cross-sectional analysis. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using logistic regression.  
Results: A total of 5% of men within the sample experienced high/very high levels of psychological distress, with this proportion being highest in 
men aged ≥85 years (6.8%). A total of 4.7% of participants reported participating in no sessions of physical activity in the past week. This proportion 
increased with age (12.9% of men aged ≥85) and was slightly higher in rural men (5.2%) compared with urban men (4.5%). A significant association 
between sessions of physical activity and levels of psychological distress was found (p <0.001). In comparison to those not participating in any 
sessions of physical activity, those undertaking 1–6 sessions per week showed reduced odds of experiencing high/very high psychological distress 
(OR 0.42, 95% CI 0.33–0.54). Remoteness was not significantly associated with psychological distress (p=0.301). The factors most strongly 
associated with psychological distress were experiencing moderate or severe functional limitation, being a current smoker, and having been born 
overseas and speaking a language other than English at home.  
Conclusion: These findings demonstrate a significant association between physical activity levels and psychological distress, independent of other 
factors, and support a focus on interventions to increase physical activity in this population group.
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118 older adults’ responses to sitting-time questions; do we get the information we ask for?

J. van uffelen1*    K. Heesch1,2    R. Hill1    W. Brown1 
1The University of Queensland, School of Human Movement Studies    2Queensland University of Technology, School of Public Health and Institute for Health and Biomedical Innovation

Introduction: There is emerging evidence that sedentary behaviour (i.e. time spent sitting) may be negatively associated with health, independently 
from participation in physical activity (PA) and exercise. While questions to assess time spent sitting are included in PA surveillance, little is known 
about people’s understanding of these questions. The aim of this study was to document older adults’ understanding of sitting time questions from 
the International PA Questionnaire (IPAQ) and the Physical Activity Scale for the Elderly (PASE).  
Methods: Participants were 55 Australian community-dwelling adults aged 65–89 years. They each completed the IPAQ and PASE in a 
face-to-face semi-structured interview. Both surveys assess sitting in the last 7 days, but in a different format. The IPAQ uses an open-ended 
question to assess time spent sitting. The PASE asks for the number of days spent in sitting activities in the past week (never, 1–2 days, 3–4 days, 
or 5–7 days), the activities done (open-ended), and the hours per day spent doing these activities (< 1 hour, 1–<2 hours, 2–<4 hrs, or >4 hours). 
Participants answered these questions using the “think-aloud” method, in which they expressed their thoughts out loud as they formulated their 
answers. They were then probed about their responses. Interviews were recorded, transcribed and coded into themes.  
Results: Mean age of the 27 male and 28 female participants was 73 yrs (SD = 6, range 65–89 years. Participants were unclear what sitting 
activities to include in their answers to the sitting questions. For example, some participants wondered if “cycling” should be included in their 
answer. Participants used a variety of strategies to respond, for example subtracting the time they spent being physically active from a 24 hour day. 
These strategies differed from those used to answer questions about PA and exercise. For some participants, the IPAQ sitting question was too difficult 
to answer. In general, participants preferred to chose one of the predefined answer formats in PASE over the IPAQ open-ended sitting time question.  
Conclusions: We suggest instructions be added to the questionnaires on an appropriate strategy for answering sitting time questions.

119 Population trends in adults physical activity, sedentary behaviour and overweight and obesity

M. Duncan1*    C. vandelanotte1    C. Hanley1    C. Caperchione1    K. Mummery1    1Institute for Health and Social Science Research, CQUniversity

Introduction: Levels of both physical activity (PA) and sedentary behaviour (SB) have shown to be important to reduce the risk of many chronic 
diseases including weight gain. This study examined trends in the prevalence of different levels of PA and SB in a population sample of Australian 
adults, and evaluates trends in the prevalence of overweight and obesity (O/O) over time in groups engaging in different amounts of PA and SB.  
Methods: Data was obtained from a telephone survey of Central Queensland adults conducted annually from 2002 to 2008. A total of 8656 adults 
participated in seven cross-sectional surveys and were pooled for analyses. PA was assessed using the Active Australia Questionnaire, standard 
scoring methodologies were used to classify participants as sufficiently active (SPA) or insufficiently active (IPA). SB was assessed using two 
separate questions; time spent watching TV and working in front of a computer in the last week. The combined total of SB was dichotomized at 
21 hours/week, into Low SB (LSB) and High SB (HSB). Data were pooled and four mutually exclusive activity groups were then created LSB/SPA, 
LSB/IPA, HSB/SPA and HSB/IPA. Logistic regression was used to examine likelihood of O/O in each activity group (pooled analysis), change in 
the prevalence of each activity group over time (trend analysis), and change in the prevalence of O/O over time in each group (trend analysis). 
All analyses were stratified by gender and adjusted for age, gender, education, employment status and smoking status.  
Results: Compared to those who engaged in LSB/SPA, those who engaged in HSB/SPA (Men OR=1.37; Women OR=1.23) and HSB/IPA 
(Men OR=1.42; Women OR=1.83) were significantly more likely to be classified as O/O. The proportion of men and women engaging 
in LSB/IPA decreased over time (OR=0.96, 0.95 respectively), the proportion of both genders engaging in HSB/SPA increased over time 
(OR=1.05, 1.04 respectively). For men, the prevalence of O/O did not significantly change over time in any activity group. For women, 
the prevalence of O/O changed significantly over time in the HSB/IPA (OR=1.10) group only.  
Conclusion: These findings suggest that although the prevalence of SPA appears to be gradually increasing, it is occurring in conjunction with 
an increased prevalence of HSB. Increasing proportions of O/O were observed only in women in the HSB/IPA group, highlighting the need to 
simultaneously increase PA and reduce SB to reduce the risk of O/O in this group. 

120 Peripheral nerve field stimulation for chronic pain: A consecutive 100 case series

P. verrills1     B. Mitchell1*    D. vivian1    C. Sinclair1     A. Barnard1    1Metro Spinal Clinic, Melbourne

Background: Neuromodulation involves the selective stimulation of afferent nerve fibres with a programmable pulse waveform to relieve pain. 
This treatment is most indicated in cases of severe localised pain, intractable to analgesics and other conventional therapies. In Peripheral Nerve Field 
Stimulation (PNFS), leads are subcutaneously placed to stimulate the region of affected nerves, cutaneous afferents, or the dermatomal distribution of 
the nerves, which converge back to the spinal cord. PNFS has the advantage of being able to provide paresthesia to regions such as the face through 
to the inguinal regions, not previously reachable with spinal cord stimulation. This study evaluates PNFS as an alternative treatment for chronic pain.  
Methods and Materials: Over a 3.5 year period we assessed 100 successful PNFS trial patients who were subsequently implanted with octrode 
percutaneous leads within the major area of pain in their craniofacial, thoracic, lumbar/sacral or abdominal/pelvic areas. Outcome measures 
assessed via surveys and patient histories were; pain, analgesic use, disability (Oswestry disability index (ODI)), anxiety (State and Trait anxiety index) 
and depression (Zung depression index). A follow up rate of 86% was achieved with an average follow up of 8.1 ± 4.7 months (range 1–23 months). 
Ethical approval was obtained. Statistical analysis was performed with a p value of <0.05 considered statistically significant.  
Results and Conclusions: An average pain reduction of 4.2 ± 2.5 pain scale points, on an 11-point scale was reported (pre implant pain score of 
7.4 ± 1.7 to a follow up average of 3.2 ± 2.3 pain scale points) (p ≤ 0.00). Patients receiving PNFS implants in their occipital/craniofacial, thoracic 
or groin area achieved a significant reduction in pain with an average 4.7–4.9 points. A statistically significant reduction in pain was observed in 
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the lumbosacral group with a reduction of 3.3 ± 2.3 pain scale points (p ≤ 0.000). Overall 72% of patients reduced their analgesic use following 
PNFS. Patients receiving a lumbosacral PNFS reported a significant reduction in their ODI score. Of the 100 cases, no long-term complications 
were reported. PNFS has the potential to fundamentally change the way we think about pain management. These findings suggest that PNFS is 
a safe, reversible and effective treatment alternative to traditional pain management. 

121 Rating lumbo-pelvic stability – experienced therapists are more consistent individually but not between raters

M. opar1*    M. Perrott1    t. Pizzari1    J. Cook2    1School of Physiotherapy, La Trobe University    2School of Exercise and Nutrition Sciences, Deakin University

Introduction: Functional tests of lumbo-pelvic stability (LPS) are thought to assess deficiencies in normal movement that may increase the risk of 
injury. Functional tests such as the single leg squat (SLS) are commonly used clinically to examine LPS, however the reliability of many of these 
tests is yet to be determined. Reliability of any test is required for it to be confidently employed. To improve generalisability, reliability should be 
demonstrated between a number of therapists with different levels of experience. This study aimed to examine the inter and intrarater reliability 
of rating criteria for three functional tests of LPS; the SLS, dip test (DT) and runner pose test (RPT) in experienced and inexperienced therapists.  
Method: Rating criteria were developed for the three tests to allow trials of each test to be rated as good, poor or neither good nor poor. 
Ten physiotherapy students (inexperienced group) and nine experienced physiotherapists (experienced group) rated 134 trials of the three tests. 
Interrater reliability was calculated using Fleiss’ generalised kappa (κ) while weighted kappa (κw) was used to measure intrarater reliability.  
Results and Discussion: Fair levels of interrater reliability for all three tests were found for both groups with inexperienced raters (κ = 0.29–0.36) 
slightly more reliable than experienced raters (k= 0.24–0.26). Higher levels of intrarater reliability were recorded across both groups for the three tests. 
Individual experienced raters (κw = 0.74–0.84) were more able to consistently rate identical trials compared to inexperienced raters (κw = 0.70–0.76). 
As more autonomous raters of LPS tests the experienced individuals demonstrated greater intrarater reliability values, however, the inexperienced group 
recorded higher interrater reliability values. Perhaps experienced therapists were less able to modify existing individual rating methods and apply the 
new criteria. The DT was the most reliable test for both groups as therapists were required to focus on fewer important cues to rate the test .  
Conclusion: These results suggest that therapists, irrespective of experience, should not compare ratings for the SLS, DT and RPT. 
Individual therapists appear capable of consistently assessing the performance of LPS tests, particularly the DT. 

122 Perceived risk factors for hamstring muscle strain injuries in the Australian Football League (AFL)

t. Pizzari1,3*    v. Wilde2    P. Coburn3    1School of Physiotherapy, La Trobe University    2Lifecare CBD Physiotherapy, Melbourne    3Mill Park Physiotherapy, Melbourne

Introduction: Hamstring muscle strain injuries are a significant problem in the AFL and research to date has demonstrated that the cause of such 
injuries is complicated and multi-factorial. The lack of a clear understanding of the risk factors associated with hamstring strains may be a feature 
in the high rate of hamstring strain incidence and recurrence. The purpose of this study was to survey the physiotherapists of all AFL clubs to 
understand their perceptions of risk factors for first-time and recurrent hamstring strain.  
Method: Semi-structured interviews were conducted with 26 medical personnel. Interviews were audio-taped and transcribed verbatim. 
The transcripts were imported into QSR-NUD*IST software to organisation and analysis the transcript data.  
Results: Respondents identified key non-modifiable risk factors as previous hamstring strain, age (very young players and older players), 
concurrent lower back pathology, indigenous background, previous knee surgery, and recent lower limb muscle injuries to the quadriceps or calf. 
The key perceived modifiable risk factor identified by nine clubs was poor lumbo-pelvic control. Similarly, sacro-iliac joint or pelvic dysfunction 
(4 clubs), limited hip extension (4 clubs), hamstring fatigue (4 clubs), reduced hamstring eccentric strength (4 clubs), reduced hip rotator strength 
(2 clubs) and gluteal strength and function (2 clubs) were also identified as modifiable risk factors. High intensity running volumes, kicking volumes, 
and general conditioning were the loading risk factors reported by respondents from six clubs. Other factors noted included; poor back care prior 
to training or playing (2 clubs), footwear (1 club), general strength (1 club), hip joint range of movement (1 club), ankle dorsiflexion range (1 club), 
gluteal/hamstring recruitment (2 clubs), poor running technique (1 club), altered lower limb movement discrimination (2 clubs), and back stiffness 
(1 club). Most respondents noted that there was limited evidence for many of these variables as true risk factors for a hamstring strain and that a 
characteristic that appears to put one player at risk may not adversely influence another player. “It’s such a multi-factorial cause” and this made 
the recognition of players at high risk somewhat difficult.  
Conclusion: Future research into risk factors for hamstring muscle strain should take into account the perceptions of those dealing with the 
injuries on a regular basis and must acknowledge the multi-factorial cause of the condition. Further research into this area is warranted since 
understanding the individual risk factors for injury is an important basis for developing preventive measures.

123 Greater trochanteric pain syndrome is not a benign condition to be ignored

A. Fearon1,2*    J. Cook3    J. Scarvell1,2    W. Cormick4    P. Smith1,2    1ANU Medical School, College of Medicine, Biology and the Environment, Australian National University 
2Trauma and Orthopaedic Research Unit, Surgery, Canberra Hospital    3Centre for Physical Activity and Nutrition Research, Deakin University    4Canberra Imaging Group

Introduction: Greater trochanteric pain syndrome (GTPS) has a prevalence of up to 26% in women and 6% in men. The mild form is a nuisance 
and easily diagnosed. The severe form is frequently misdiagnosed as low back pain or hip arthritis, it can be disabling.  
Purpose: The purpose to of this study was to explore measures of adiposity, activity level and work participation in people with GTPS.  
Methods: Thirty two symptomatic participants and 23 age and sex match control participants had a detailed history taken and underwent a clinical 
examination. Collaborative imaging was undertaken. 29/32 symptomatic participants and 22/23 asymptomatic participants were female. The mean 
(SD) age of the symptomatic group was 54.2 (13.1) and the asymptomatic group 52.5 (10.9) (p = 0.63).  
Results: Of the symptomatic participants 18/32 had had their symptoms for more than two years and 5/32 had had their symptoms for less than 
12 months. The symptomatic group was trending towards a higher BMI (p=0.07), had a higher waist (p=0.04) and hip (p=0.01) girth. 25% of 
symptomatic participants undertook no exercise per fortnight due to pain, compared to 13% of the asymptomatic participants who did not exercise 
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(citing time constraints) (Chi2 ; p=0.023). 40% of symptomatic participants compared to 70% of asymptomatic participants were involved in full 
time work participation with normal duties (Chi2 ; p=0.01). 32% of symptomatic participants compared to 21% of asymptomatic participants were 
not in any paid employment (Chi2 ; p= 0.31).  
Conclusions: We found that people with GTPS had higher measure of adiposity, lower activity levels and lower work participation levels than an 
age and sex matched asymptomatic control group. GPTS may result in activity level modification that impacts not only on weight management, 
the cardiovascular, endocrine and musculoskeletal systems, but also on work participation and therefore income and productivity. Further research 
needs to be undertaken to find effective and long lasting treatments for GTPS so that fitness levels and work participation will mirror those of the 
asymptomatic population.

124 Can the adductor longus transmit force across the pubic symphysis? Implications for the pathophysiology 
of athletic groin pain

R. Clark1*    K. Norton-old2    A. Schache3    P. Priscilla2    t. Dettmann4    S. Harrison3    C. Briggs2 
1ASICS Sports Medicine Research Fellow, The Centre for Health, Exercise and Sports Medicine, The University of Melbourne    2Department of Anatomy and Cell Biology,  
The University of Melbourne    3Department of Mechanical Engineering, The University of Melbourne    4Department of Physiotherapy, The University of Melbourne

Introduction: Athletic groin pain (AGP) is a common injury in sports that involve repetitive sprinting, kicking and rapid twisting movements, and can 
often be of long-standing duration. Unfortunately, its pathogenesis is poorly understood at present. A more complete understanding of the 
biomechanical inter-relations among the anatomical structures commonly implicated in AGP is therefore required.  
Methods: Force transfer across the pubic symphysis in eight cadaveric specimens was examined by simulating an adductor longus (AL) contraction 
and assessing elongation in the contra-lateral abdominal rectus sheath (RS). This was performed by applying a variety of controlled loads to the AL 
and measuring tissue strain in the contra-lateral distal RS using calibrated strain gauges.  
Results: A Wilcoxon Signed Rank test was performed on the data, and it was observed that the RS underwent statistically significant elongation 
when load was applied to the contra-lateral AL. In addition, observations made during the anatomical dissection revealed that fibres of the AL 
tendon extended above its insertion into the pubic tubercle in multiple directions, including direct connections with the RS.  
Discussion: The results of this study indicate that AL has the capacity to transmit force across the pubic symphysis. These findings have 
implications for the pathogenesis of the AGP. The presence of strong connections between the AL and RS would suggest that these tissues are 
likely to be subjected to high loads during athletic activities. Targeted strengthening exercises for these particular muscles might therefore be 
of importance in the rehabilitation of AGP. 

125 Single leg squat is not the best test for lumbo-pelvic stability

M. Perrott1*    t. Pizzari1    J. Cook2    1La Trobe University    2Deakin University

Introduction: Single leg squat (SLS) is a commonly used test for assessing lumbo-pelvic stability (LPS). However, the quality of the SLS movement 
can be influenced by ankle dorsiflexion range of motion. Our research demonstrated that athletes with limited ankle dorsiflexion were more likely 
to be rated as having poor LPS. Therefore a test with less demand on dorsiflexion range of movement may be a better indication of LPS. Dip test, 
performed with one foot resting on a support is a similar test to SLS, that reduces dorsiflexion and balance demands. The aims of this study were to 
examine the criterion validity of rating criteria for dip test and to determine the suitability of dip test as an assessment of LPS in comparison to SLS.  
Methods: Twenty-two athletes: 8 with good LPS and 14 with poor LPS performed dip test and SLS with three-dimensional kinematic measures 
being recorded. These measures included the range of dorsiflexion used. Criterion validity of the rating criteria for dip test was examined by 
comparing the kinematic measures of those with good or poor LPS.  
Results: Dip test allowed all participants with limited dorsiflexion to use up to 3.7° less ankle dorsiflexion than when performing SLS. Those with 
poor LPS showed distinct movement patterns in dip test with higher: hip adduction of the trial leg, hip abduction of the support leg, pelvic obliquity, 
and trunk rotation than those with good LPS (p<0.01). Those with poor LPS sideflexed their trunk more towards the trial leg than those with good 
LPS (p=0.017). Participants with poor LPS also had higher oscillatory motion, when performing the dip than those with good LPS. This higher 
oscillatory motion, measured from one time point to the next, occurred in the trunk, pelvis and thigh in the frontal and transverse planes (p<0.01). 
Conclusion: The rating criteria for dip test are valid and demand less ankle dorsiflexion range than the SLS. Our previous research has also 
demonstrated higher reliability of the dip test when compared with the SLS. The dip test may be the better choice when assessing LPS in 
recreationally active athletes. 

126 Bone remodeling and type 2 diabetes: effects of acute exercise

I. Levinger1*    R. Zebaze2    G. Jerums2    D. Hare3    S. Selig1    e. Seeman2    1Institute for Sport, Exercise and Active Living, School of Sport and Exercise Science, 
Victoria University    2The University of Melbourne and the Department of Endocrinology, Austin Health    3The University of Melbourne and the Department of Cardiology, Austin Health

Background: Bone via osteocalcin (OC) in its undercarboxylated (unOC) form may contribute to glucose homeostasis. Exercise improves insulin 
sensitivity. We examined whether acute aerobic and power exercise mediate the beneficial effects on glycaemic control through unOC in individuals 
with type 2 diabetes (T2DM).  
Methods: Men and women aged 52.5±1.0 (mean±SEM) with (n=23) and without T2DM (n=26) were randomised to 45min of aerobic (cycling at 75% 
of VO

2
peak) or power (leg press at 75% of 1RM plus jumping sequence) exercises. Blood samples were taken at baseline and up to 2h post-exercise.  

Results: Diabetics had lower OC (3.2±0.3 versus 5.7±0.4ng•mL-1,p<0.001), unOC (4.0±0.4 versus 5.2±0.4ng•mL-1, p=0.004) and 
high-molecular-weight adiponectin (HMW-AN, 1.7±0.3 versus 2.6±0.44ng•mL-1, p=0.061) compared to non-diabetics. In diabetics, aerobic and 
power exercise reduced serum glucose (p<0.05). Aerobic exercise increased unOC (7.1±2.6%, p=0.029) and unOC/OC ratio (28.2±9.9%, p=0.022) 
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whilst power exercise improved the unOC/OC ratio (16±4.4%, p=0.003). Changes in glucose levels correlated inversely with changes in unOC 
(r=-0.45, p=0.021). Neither form of exercise altered HMW-AN. Similar results were observed in non-diabetics, but HMW-AN increased with both 
forms of exercise and changes in HMW-AN correlated inversely with glucose (r= -0.52, p=0.005). For the whole cohort, those with higher baseline 
glucose levels had a greater reductions in glucose after exercise (r=-0.30, p=0.02). LBM and muscle strength correlated inversely with the change 
of unOC (r=-0.34, p=0.049, r=-0.27, p=0.032 respectively).  
Conclusions: Acute aerobic and power exercise increased serum unOC, associated with lower serum glucose after exercise in diabetics. Those with 
low muscle mass and muscle strength and those with higher glucose exhibited larger increase in unOC and reduction in glucose levels. Benefits of 
exercise on glucose metabolism may be explained partly by effects on a bone derived protein.

127 Insulin sensitivity in response to resistance training in those at risk for type II Diabetes Mellitus

K. Schofield1*    N. Rehrer1    A. Ross2    t. Perry3 
1School of Physical Education, University of Otago    2NZ Academy of Sport, South Island, NZ    3Department of Human Nutrition, University of Otago

Introduction: Insulin sensitivity increases with endurance training, however, studies observing insulin sensitivity with resistance training is limited, and with 
detraining studies moreso. This study examined insulin sensitivity and strength in offspring of Type II diabetics after resistance training and detraining.  
Method: Six (1 male, 5 female; 21.3±1.8 yr, 164.7±4.6 cm, 62.2±7.1 kg, mean±SD) familial insulin resistant (FR) and 10 (4 male, 6 female; 
23.0±2.9 yr, 169.7±10.6 cm, 69.3±14.1 kg, mean±SD) controls (C) completed 9 wk of resistance training: squat (SQ), leg press (LP), 
leg extension (LE), leg curl (LC) and box jump, followed by 9 wk detraining. Measures at baseline (T1), after training (T2) and after detraining (T3) 
included an oral glucose tolerance test and performance tests (3RM; vertical jump). Repeated measures ANOVA were conducted.  
Results: There was a significant change in SQ, LP, LE and LC 3RM over time (P < 0.05). From T1 to T2, increases of 78±28, 67±40, 103±46 
and 69±28%, resp., were observed in men, and 81±27, 47±25, 109±46 and 65±33%, resp., in women. 3RM decreased from T2 to T3 
in men (-11±7, -8±5, -15±5, -12±7%, resp.) and women (-8±6, -5±6, -16±4, -11±8%, resp.). Fasting glucose did not change over time 
in FR (4.7±0.5, 4.7±0.2, 4.7±0.2 mmol/L, T1, T2, T3, resp.) nor in C (5.1±0.2, 4.9±0.4, 4.8±0.2 mmol/L, resp.), and was similar in both. 
Fasting insulin did not change over time in FR (8.8±3.8, 8.2±3.4, 8.5±4.0 uU/ml resp.) or C (7.4±3.7, 6.4±2.9, 6.3±2.1 uU/ml, resp), with no 
significant difference between FR and C. Insulin area under the curve (AUC) did, however, differ (P=0.02) across time (T1, T2, T3) and between 
FR and C (P=0.03). There was a significant interaction (P=0.02), with a greater decrease in Insulin AUC in FR than in C with training and an 
increase in Insulin AUC in FR, but not in C, with detraining.  
Conclusions: Resistance training for 9 wk produces similar increases in strength in both FR and C, and decreases in strength with detraining. 
Responses to a glucose load, however, are different. Those with familial insulin resistance exhibit a greater training effect of reducing Insulin 
AUC and, in contrast to controls, an increase with detraining. While this population did not show clinical signs for diabetes, resistance training 
can increase insulin sensitivity and may reduce future risk of Type II diabetes. 

128 efficacy of an exercise program on the functional capacity and disease activity in females with Rheumatoid Arthritis

C. Janse van Rensburg1*    L. Fletcher1    M. viljoen1    C. Coertzen1    R. Grant1    M. Ramagole1    R. Collins1    J. Ker1    1University of Pretoria

Background: Rheumatoid Arthritis (RA) is a chronic, immune-inflammatory disease of unknown aetiology affecting the synovial membrane of joints 
and surrounding tissues. Typically RA affects both large and small joints in a bilateral, symmetrical, poly-articular fashion. Degradation of bone, 
cartilage and muscle eventually lead to a reduction in physical function. The purpose of this study was to determine the efficacy of an endurance 
exercise program on the fitness parameters (flexibility, strength, and aerobic measurements), quality of life (visual analogue scale and health 
assessment questionnaire) and disease activity (DAS 28(4) version with CRP) of female RA patients.  
Methods: Female RA patients were randomly allocated to the Experimental Group (EG) (n=19) and the Control Group (CG) (n=8). All participants 
went through a battery of tests before the intervention, and again after completion of the study. The 12 week training program consisted of three, 
45 minute training sessions per week and included walking or aquatics, as well as stretches and isotonic strengthening exercises. The Mann 
Whitney U test was used to compare measurements between groups. The Wilcoxon signed-rank test was used to compare baseline and 
post-intervention measurements within each group.  
Results: At the initiation of the study the CG and the EG were comparable for fitness, quality of life and disease activity. At completion of the training 
program statistically significant improvements at the 5% level of significance were seen between the EG and CG, in favour of the EG, for left 
lateral flexion (p=0.015) and the 1 mile walk test (p=0.011). Within the EG there were improvement of knee flexion left (p=0.026), knee extension 
(right p=0.011; left p=0.009), scratch test (right p=0.007; left p=0.01), chair sit and reach (right p=0.011, left p<0.001), strength parameters 
(p<0.05), 1 mile walk test (p<0.001), VO

2
 max (p=0.01) and DAS scores (p<0.001). Within the CG improvements were shown for knee extension 

(right p=0.05; left p=0.013).Although their strength parameters improved significantly it was not in the same order as for the EG. The CG had a 
decline in their aerobic measurements, but their HAQ score improved (p=0.03).  
Conclusion: An endurance exercise program combined with isotonic strengthening exercise and stretching improves the functional capacity, quality 
of life and disease activity of female patients with RA. Attention received during the study may have lead to some placebo-induced improvements in 
control subjects, but not to the same extent as those involved in exercise programs.
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129 the effects of a supplemental, theory-based physical activity counselling intervention for adults with type 2 diabetes

R. Plotnikoff1*    M. Pickering2    N. Glenn2    S. Doze4    M. Reinbold-Matthews2    L. McLeod4    D. Lau3    G. Fick3    S. Johnson2    L. Flaman2 
1The University of Newcastle    2University of Alberta    3University of Calgary    4David Thompson Health Region

Introduction: Among individuals with type 2 diabetes mellitus (T2DM), participation in regular physical activity (PA) has been linked to improvements 
in cardiovascular risk profile, increased cardiorespiratory fitness, and an overall improved quality-of-life. In spite of these benefits however, current 
prevalence estimates of PA indicate the majority of adults with T2DM remain either sedentary or insufficiently active to achieve health benefits. 
This study explored the effects of a standard diabetes education program compared to a supplemental PA intervention on diabetes-related 
health outcomes.  
Methodology: Adults aged 25–78 years with physician confirmed diagnosis of T2DM were recruited from voluntary-enrollment diabetes education 
programs, in Red Deer, Alberta, Canada. Using a prospective two-armed design, individuals who completed baseline assessment (n=96) were 
randomly assigned to either standard care (DEP group; diabetes education program; n=49) or standard care supplemented with an 8-week, 
individualized-counseling and community-based physical activity component (DEPplusPAS group; n=47). Measurements were taken at baseline, 
3, 6 and 12-months. Primary outcomes were changes in PA and HbA1c. A number of secondary outcomes were also assessed. Between group changes 
were compared using analysis of covariance (ANCOVA) (adjusting for baseline scores) and group changes over time using repeated-measures ANOVA.  
Results: Compared to baseline values, participants in the DEP group reported non-significant increases in mean weekly METmins of 125.9 and 
95.0 at 3- and 6-months respectively, and a decrease of 33.9 METmins, at 12-months. The DEPplusPAS group reported significant increases 
of 601.6, 549.1, and 654.2 METmins (p<0.01) across the three respective time points. The differences in PA behavior change scores between 
groups were significantly larger for the DEPplusPAS group at all three time points (p<0.01). HbA1c levels declined (p<0.05) from baseline to all 
time points in the standard care group. Cardiorespiratory fitness improved for the DEPplusPAS group at 3-months (p<.05) and 6-months (p<.01). 
Reduction in cholesterol-ratio (p<.01), increase in HDL (p<0.05), and reductions in blood pressure, resting heart rate and BMI (approaching 
statistical significance p’s<0.10) were also reported for both groups.  
Discussion: This study offers support for the effectiveness for improving PA and some clinical and physiological measures in the short and 
long-term among adults with T2DM. Further, the study provides support for the addition of a supplemental PA program for improving PA behavior, 
fitness and cardiovascular disease risk profile among this population. In conclusion, our results suggest an effective and potentially feasible 
program for promoting long-term PA behavior change can improve fitness among individuals with T2DM.

130 the effects of an exercise-based lifestyle change program on cardiovascular reactivity of overweight women

S. Boutcher1*    y. Park1    y. Boutcher1    S. Dunn2    1The University of New South Wales    2Pepperdine University

Introduction: The effect of a lifestyle intervention involving 12 weeks of high intensity intermittent exercise training combined with a 
Mediterranean-style eating plan and fish oil supplement (1.8 g per day) on cardiovascular response during and after mental challenge 
(Stroop Colour-Word Task) was examined in 32 overweight (BMI 27.7±0.6 kg·m2) untrained premenopausal young women (22.0±0.6 years).  
Method: Peak oxygen uptake was assessed using open-circuit spirometry (True Max 2400, ParvoMedics) and body composition was measured 
using DEXA (dual energy X-ray absorptiometry; DPX-IQ, Lunar Radiation). Forearm blood flow was assessed using plethysmography. The surface 
electrocardiogram and continuous beat-to-beat arterial blood pressure were also monitored.  
Results: Results indicate that compared to the control condition, the 12-week exercise group significantly reduced body fat (p<0.001) and 
improved aerobic fitness (p<0.001). No changes in cardiovascular response to Stroop was found after 12 weeks of lifestyle intervention except 
for a marginal decrease in rate pressure product (p=.126) suggesting decreased myocardial oxygen consumption. However, in terms of recovery 
response from the Stroop, heart rate (p<0.01) and rate pressure product (p<0.05) for the exercise group were significantly reduced after 
12 weeks of exercise.  
Conclusion: In conclusion, a lifestyle intervention that included intermittent exercise training, a Mediterranean-style eating plan, and a fish oil 
supplement significantly enhanced the cardiac and vascular recovery to mental challenge of young, overweight women.

131 Improving health behaviour outcomes through motivational interviewing in patients with chronic disease

F. Quirk1*    C. Dickinson1    B. Baune1    A. Leicht1    J. Golledge1    1James Cook University

Introduction: Peripheral arterial disease (PAD) is a group of disorders leading to impaired blood supply to vital organs. PAD is more common in the 
elderly and people with poor health behaviours, such as those who smoke and the obese. Poor nutrition, smoking and lack of physical activity are 
significant modifiable risk factors associated with poor outcome for these patients. It has been previously demonstrated that obesity is an important risk 
factor for PAD and if it remains uncorrected predicts poor outcomes during follow-up. As many as 80% of patients with PAD are overweight or obese. 
Effective methods of motivating health behaviour change with elderly patients are needed to improve the outcome for patients who currently have the 
problem. A 12 week pilot study was conducted to assess the effect of Motivational Interviewing (MI) to improve health behaviours for patients with PAD.  
Methodology: 19 participants diagnosed with PAD were randomised to receive MI intervention (n=8) or a control with no MI (n=11). Participants in 
the intervention group received up to four MI sessions over an eight week period that focused on their barriers to change and motivation for engaging 
in physical activity, medical compliance, dietary improvement and smoking cessation. Outcome was assessed in terms of these behaviours and 
quality of life at entry and 12 weeks.  
Results and Conclusions: At the end of the 12 week study, participants in the MI intervention group reported a higher level of physical activity 
(+33 Mets-minutes/week) than the control group (-66 Mets-minutes/week). Participants in the MI intervention group also reported increased 
consumption of healthy foods (Wilcoxon signed-rank, p=0.01) and reduced consumption of fast foods (Wilcoxon signed-rank, p=0.014) over the 
duration of the study. Quality of life parameters showed improvements in perceived pain for the MI group compared to controls (SF-36 Bodily Pain, 
Wilcoxon Signed Rank p=0.08). MI may have a value in improving quality of life and health behaviours in patients with PAD but larger and longer 
term studies are needed.
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132 Comparison of physical activity prescriptions on markers of cardiovascular disease in sedentary middle-aged women

A. Somerfield1*    M. Duncan1    K. Mummery1    A. Fenning1    1CQUniversity

Introduction: The aim of this study was to evaluate the effectiveness of the current recommendation of physical activity (30 minutes/day at least 
5 days/week or the increasingly popular 10,000 steps/ day) in reducing the risk of cardiovascular disease (CVD) in women. An additional aim of this 
study was to assess if novel markers of CVD such as hsCRP (high sensitivity C-reactive protein), MDA (malondialdehyde), IL-6 (interleukin 6), adiponectin 
and NO (nitric oxide) could provide a more specific assessment of CVD loading in these patients compared to traditional biochemical measures such 
as cholesterol fractions. It is also hoped that these novel markers would be more sensitive to changes following physical activity interventions.  
Methods: A total of 35 women aged between 35 and 60 years completed the intervention. Participants were randomly divided into three groups with 
control (6 subjects), time-based physical activity (16 subjects) and step-based physical activity (13 subjects) prescriptions. Prior to the beginning of 
the intervention each participant was examined and baseline data collected. This included anthropometric measures (weight, height, BP, age), tradition 
biochemical endpoints (LDL, HDL), serum markers of oxidative stress (MDA, NO), and serum markers of inflammation (IL-6, hs-CRP, adiponectin) 
suggestive of CVD. Sampling was then repeated at the end of the 12-week intervention. Data presented as mean±SEM (ANOVA * = 0.05).  
Results: No significant between group changes were noted in lipid profiles, weight, BMI, IL-6, hsCRP, MDA, adiponectin and NO. A small but 
non-significant change was observed in hsCRP, total cholesterol, triglycerides, BMI, adiponectin and IL-6 values and were trends at best. 
Time-based intervention had a significant difference in hs-CRP values between initial and final values (3.69±0.89 mg/L to 3.42±0.64* mg/L) 
and also there was a significant difference between control final and time-based intervention final values, after the 12 weeks training intervention.  
Conclusion: This suggests that physical activity from both interventions, may improve the inflammatory state, by significantly increasing adiponectin 
levels and lowering but not significantly, IL-6 and triglyceride values and maintaining hsCRP values. This lowered state of inflammation therefore 
potentially mitigated the relative risk of CVD in this cohort. Although no changes were noted in lipid profiles or for markers of oxidative stress, 
these still play an important role in the pathogenesis of CVD during other disease states. 

133 the muscle-bone unit in patients with Crohn’s Disease: Implications for the exercise prescription

N. Lee1    P. eser2    A. Croft3    C. Chapman-Kiddell3    G. Radford-Smith4    D. taaffe1* 
1The University of Queensland    2University Hospital Bern, Berne, Switzerland    3Royal Brisbane and Women’s Hospital, Queensland    4Queensland Institute of Medical Research

Introduction: Low bone mass is a frequent complication of Crohn’s disease (CD) and is associated with increased risk for fracture compared to 
healthy populations. The pathogenesis of bone loss in CD is multifactorial although we have previously shown that muscle mass is a significant 
contributor to bone density in CD. However, it remains unclear if the muscle-bone unit, which provides insight into whether bone strength is 
adequately adapted to muscle mass or strength, is at an adequate level and similar to that in non-CD persons. The status of the muscle-bone unit 
has implications in the design of exercise programs for this clinical population. For instance, if bone mass is not adequate for muscle mass then a 
specific bone-loading program would be required. Therefore, the aim of this study was to assess the muscle-bone unit in CD patients.  
Methods: Twenty-two male CD patients aged 20–53 years with apparently good medical control and 20 similarly aged healthy controls served 
as subjects. Bone strength parameters and body composition were assessed using peripheral quantitative computed tomography (pQCT) and 
dual-energy x-ray absorptiometry (DXA). Isometric and isokinetic strength was determined by dynamometry.  
Results: For pQCT measures, CD patients had lower (P < 0.05) tibial shaft mass, tibial shaft cortical cross-sectional area (CSA), and proximal 
tibia bone mineral density (BMD). CD subjects also had significantly lower areal BMD by DXA than controls at the total body (P = 0.038) and hip 
(P = 0.019). Controls had consistently higher isometric and isokinetic muscle force values than the CD group; however these differences did not 
reach statistical significance except for knee extensor strength. There were no significant differences between groups for any of the muscle-bone 
indices assessed, such as bone mineral content (BMC) / muscle CSA and bone CSA / muscle strength.  
Conclusions: These results suggest that bone mass/size is adequate for muscle mass/strength in our CD patients. This implies that a specific 
bone-loading regimen or a specific anabolic exercise program to enhance muscle mass to re-establish an appropriate bone-muscle unit 
relationship is not required. However, these results are preliminary and need to be confirmed in larger samples of CD patients of both genders 
and with varying levels of disease management. 

134 Shoulder proprioception is associated with humeral torsion in adolescent baseball players

R. Whiteley1*    R. Adams1    K. Ginn1    L. Nicholson1    1University of Sydney

Introduction: Measures of proprioception in throwing athletes have consistently shown poorer performance in their dominant arms. Little work 
has been performed examining skeletal features and their relation to proprioception. It is known that throwing athletes demonstrate, on average, 
an increase in dominant arm humeral retrotorsion. This study aimed to determine any relationship between the amount of humeral torsion and 
a measure of active proprioception in adolescent male throwing athletes.  
Methods: Participants were 16 adolescent male baseball players (15.0–18.1 years old, mean 16.3) holding baseball scholarships at the NSW 
Institute of Sport. A measure of active proprioception (shoulder rotation, in 90° of arm abduction moving towards external rotation, using the Active 
Movement Extent Discriminating Apparatus) and humeral torsion (using an ultrasound-assisted method previously having demonstrated excellent 
inter-rater reliability), were measured bilaterally.  
Results: A strong (r = 0.88) and significant (p < 0.001) correlation was found between increasing humeral retrotorsion and better active proprioceptive 
acuity in the non-dominant arm, while the relation was weaker (r = 0.41) and did not reach statistical significance (p = 0.120) for the dominant arm.  
Discussion: Greater humeral retrotorsion confers greater shoulder external rotation. The measure of obtained proprioception was conducted at 
a fixed angle (approximately 90° shoulder abduction and approximately 85° of shoulder external rotation). Subjects with greater retrotorsion, 
therefore, were closer to their mid-range, hence this research would suggest that obtained proprioception, in these athletes, is better closer to 
mid-range. Accordingly, it would appear that better proprioceptive information is being gleaned from muscle spindles than capsular receptors in 
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this experiment. A cognitive processing capacity model, which suggests that greater humeral retrotorsion reduces neural processing requirements, 
has been proposed to explain the direct relationship between proprioceptive acuity and humeral retrotorsion. If, as this data suggests, there is 
a strong relation between humeral torsion and proprioception, this method can identify subjects with reductions in proprioceptive acuity as an 
individual’s proprioceptive acuity can be predicted from their humeral torsion in a manner simlar to identifying overweight subjects according to 
measures of their height and weight. Such an analysis allows us to identify those subjects for whom their dominant arm proprioceptive acuity is 
truly diminished, and may allow for more accurate clinical intervention.

135 the investigation of shoulder forces in Rugby union

J. usman1*    A. McIntosh1    B. Frechede2 
1School of Risk and Safety Sciences, The University of New South Wales    2Biomechanics and Impact Mechanics Laboratory, Department of Mechanics, University of Lyon, France

Tackling or being tackled is the main skill associated with shoulder injury in rugby union. Little is known about the relationship between the forces 
in the tackle and the specific mechanisms by which injuries occur.  
Objective: To investigate shoulder forces during the rugby tackle and the effect of shoulder padding.  
Method: Rugby players were recruited that met the criteria: 1) age between 18–25 years old, 2) have played at least 3 years of rugby season, 
and 3) have played at least a season of rugby within the last 3 years. A tackle bag weighing 45kg was use in the study and instrumented with 
a forceplate designed at UNSW comprising of 5 ELF Tekscan sensors sandwiched between two wood plates. The forceplate was placed at hip 
height. All sensors were calibrated statically and then dynamically by dropping a weight onto the forceplate mounted on a Kistler force platform. 
A gymnastics crash mat was placed under the tackle bag to protect the participants. Participants tackled the bag five times in each of the four 
conditions: tackling on the dominant and non-dominant sides with and without shoulder pads. Each participant performed 20 tackles in total in 
counterbalanced order. IRB approved shoulder pads were used in the study.  
Results: A total of 15 participants will be presented. The following results are from two participants. The average force for tackling without wearing 
shoulder pads on the dominant shoulder was 2129N against 1414N for non-dominant. With shoulder pads, the average tackle force recorded was 
1859N for the dominant side and 1143N for the non-dominant side. The shoulder pads reduced the peak impact forces by an average of 13% in 
the dominant side and 19% for the non-dominant side. These forces compare to estimated tolerance thresholds for sternoclavicular joint (SCJ) and 
glenohumeral joint (GHJ) of 500N to 2500N.  
Discussion: Shoulder pads reduce the peak impact force during a tackle. Knowledge on human tolerance threshold is limited. Estimate for SCJ and 
GHJ injury threshold are in the range of 500N to 2500N. Although shoulder force in the tackle normally tolerated without injury, their magnitude is 
within the reported tolerance threshold range. The direction of the applied load and shoulder posture are critical factors related to tackle technique. 
The ball carrier must also be able to tolerate high impact force.

136 Patterns of brain loading in concussive impacts in football

A. McIntosh1*    D. Patton1    S. Kleiven2    P. McCrory3    1School of Risk and Safety Sciences, The University of New South Wales 
2Neuronic Engineering, School of Technology and Health, KTH – Royal Institute of Technology, Sweden    3Centre for Health, Exercise and Sports Medicine, The University of Melbourne

We have analysed and reported on the dynamics of concussive and non-concussive impacts in football using rigid body methods. This is a unique 
data set on concussion as it contains unhelmeted impacts. However, the underlying brain loading remains unclear due to limitations in these 
methods. Finite element analysis offers the possibility of studying the stress-strain characteristics of the brain arising from selected head impacts.  
Objective: To study patterns of brain loading in concussive impacts in football. Specifically to examine the location of the highest strain, eg. cortical 
and sob-cortical, and relate these to symptomatic presentation.  
Method: Acceleration outputs from rigid body modelling of head impacts were applied to the KTH finite element human head model. The model 
was validated against cadaveric data for intracranial pressure, relative brain motion, and intracerebral acceleration The model geometry mirrors 
the structure of the brain and other intracranial structures. The mesh comprises 26898 nodes, 11476 brick elements, 7939 shell and membrane 
elements, 22 2-node truss elements. Tissues properties were considered including: skull, brain (grey and white matter), meninges, cerebro-spinal 
fluid The data set of 27 concussive and 9 non-concussive head impacts will be included in the analysis. The model is run using LSDyna. 
Stress-strain patterns are assessed by region and level.  
Results: Impacts with an estimated energy of up to 123 J and head acceleration up to 180 gravities are analysed. The results will report on the 
estimated brain stress-strain patterns and a comparison between the regions of greatest loading and symptomatic presentation, eg. loss of 
consciousness and posturing.  
Discussion: This method offers new insights into the patho-mechanics and pathogenesis of concussion. A greater understanding of the 
patho-mechanics will lead to methods to reduce the incidence of concussion.

137 Reduced humeral torsion predicts throwing related in jury in high level adolescent baseball players

R. Whiteley1*    R. Adams1    K. Ginn1    L. Nicholson1    1The University of Sydney

Introduction: The amount of torsion in the humerus is determined by both genetic and activity-related factors, and effects the external rotation 
range of motion available at the shoulder. The non-dominant arm of a throwing athlete provides a “genetic snapshot” of this individual’s humeral 
torsion, while their throwing arm will provide information regarding their genetic predisposition along with the effect of their throwing activity. 
Previous research has shown athletes participating in throwing sports to have a greater amount of humeral retrotorsion in their dominant arm. It is 
supposed that greater humeral retrotorsion, and hence greater available shoulder external rotation range of motion, would be protective of injury in 
the cocking phase of throwing. The purpose of this study was to investigate the predictive ability of both the genetic and activity-related aspects of 
humeral torsion regarding throwing-related injury.  
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Methods: The amount of humeral torsion in both arms of 35 high level adolescent male baseballers (mean age 16.6 years ± 0.6 years) was 
measured at study commencement using a technique previously demonstrated to have excellent inter-rater reliability. These athletes were 
followed for a period of 30 months, and any injury to their throwing arm which resulted in missing either a game or practice was recorded. 
Receiver Operator Characteristic (ROC) curve analysis was used to determine the predictive ability of humeral torsion with respect to the 
occurrence of injury to the throwing arm.  
Results: Significantly increased humeral retrotorsion in the dominant arm compared to the non-dominant arm was found (p<0.01). Of the 
35 athletes, 19 suffered a throwing arm injury. Area Under the Curve (AUC) values derived from ROC analysis showed humeral torsion in the 
non-dominant arm (AUC: 0.679, 95% CI: 0.502 to 0.857), as well as the average of the humeral torsion in both arms (0.692, 0.512 to 0.873), 
to be predictive of injury. Torsion in the dominant arm was not a significant throwing arm injury predictor. Thus non-dominant arm humeral torsion 
(the genetic contribution) was found to be the predictor of throwing arm injury.  
Discussion: This work demonstrates that the genetically driven aspects of a skeletal feature – humeral torsion – are significant predictors of injury 
in throwing athletes. There are implications of this work in pre-participation screening of throwing athletes as well as in prescription of throwing 
workloads tailored to an individual’s makeup.

138 Changes in size and symmetry of the hip flexor muscles during the football season

D. Mendis1*    S. Wilson1    W. Stanton2    J. Hides2    1The University of Queensland    2Australian Catholic University

Introduction: In Australian Rules football (AFL), players are required to perform high intensity activities such as running, jumping and kicking. The hip 
flexor muscles play an important role in their ability to perform the required sports specific skills. Due to the repetitive nature of these activities, 
muscle imbalances or asymmetry can develop which may impact on the player’s performance and their susceptibility to injury. Previous research 
has found asymmetry of the psoas major muscle at the lumbar spine but no investigation of this muscle or the other hip flexor muscles has been 
conducted at the hip. The aim of this study was to investigate hip flexor muscle size in 46 elite AFL players during the football season.  
Methods: Magnetic resonance imaging (MRI) was used to scan their hip and pelvic region at the start and end of the football season. 
Cross-sectional areas (CSAs) of the iliacus, psoas, iliopsoas, and sartorius muscles in the stance and kicking leg were measured.  
Results and Conclusions: By the end of the football season, there were significant increases in the iliopsoas and sartorius muscle CSA but no 
significant change in the iliacus and psoas muscle CSA. Asymmetry was found in the psoas muscle at the hip, with a significant difference in 
muscle CSA between the stance and the kicking leg by the end of the season. These results indicate that asymmetry within the hip flexor muscles 
can develop during the playing season. Muscle asymmetry in the hip flexor group could affect hip joint biomechanics and function, and may lead 
to increased susceptibility to injuries. Asymmetry in muscle size between the stance leg and the kicking leg may affect a player’s ability to perform 
the required sports specific skills. These findings are relevant for health professionals who develop training and rehabilitation programs for elite 
athletes such as football players.

139 Changes in musculoskeletal indices of an Australian Army cohort during deployment

R. Crameri1*    W. Roberts1    N. Johnson2    t. Sachinwalla3    1Human Protection and Performance Division, Defence Science and Technology Organisation 
2Discipline of Exercise and Sport Science, The University of Sydney    3Department of Magnetic Resonance, Northside Medical Imaging Hornsby

Introduction: Musculoskeletal injures in the Australian Defence Force are higher than in any other Australian industry. Significant musculoskeletal 
injury rates have been suggested to result from deployment in war zones however little has been done to measure the impact of these 
deployments on returning soldiers. This study aimed to determine the lower limb muscular changes that resulted from a 6 month deployment 
in Australian soldiers and relate these to injury, performance and blood parameters.  
Methodology: Thirty two Australian soldiers were tested for performance parameters (VO

2
max; push ups; heaves; deadlift dynamometer; 

upper-body dynamometer; standing vertical jump) and blood indices prior to and following a 6 month deployment. A small cohort of 10 soldiers 
volunteered for a MRI of the lower limbs which was performed pre- and post-deployment. An injury questionnaire was completed post-deployment.  
Results: Of the 32 soldiers tested pre-deployment, only 15 soldiers were able to repeat all physical tests post-deployment. Musculoskeletal 
injuries excluded an additional 10 soldiers from all or part of the post-deployment physical tests, while 7 soldiers were not in barracks during 
the post-deployment tests. All soldiers were reported to have sustained at least 1 musculoskeletal injury during deployment requiring treatment. 
Injuries reported on the day of the post-deployment testing were noted in the following anatomical areas (back: 8/15; shoulder: 3/15; knee 2/15 
and other 4/15). MRI scans of the 1 axial slice from the lower limbs post-deployment showed significant decrements in mid-thigh mean circumference 
(mean: -4; range: -0.2 to -9.5%; p<0.05) and muscle cross-sectional area (mCSA) (mean -6% range: -2.8 to -9.2%; p<0.005) when compared to 
pre-deployment measures. A significant decrease in absolute VO

2
max (pre: 4.7 ± 0.1 ml.min-1 v post: 4.5 ± 0.2 ml.min-1; p<0.003) was noted 

which matched the reduction in mCSA. No significant changes were noted in any other performance parameter measured, however, this is likely 
due to the small numbers tested post-deployment and our inability to retest the injured soldiers. Blood indices (platelets, HGB, MCH, MCHC, MPV, 
%neutrophils, %lymphocytes and RBC) were significantly (p<0.005) although sub clinically altered, indicating reduced oxygen carrying capacity in 
the blood and a potential viral or bacterial infection post-deployment.  
Conclusion: The large musculoskeletal injury rate noted in deployed Australian soldiers in this study can have a significant socioeconomic, physical 
and psychological impact on the returning soldier. A larger prospective study of deployed soldiers should be undertaken to determine the long term 
cost of routine deployments.
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140 the state of (Smart) play for injury prevention and management in sport

P. Kellett1*    1Deakin University

Introduction: Injury prevention is a critical to sustaining participation in sport and recreation activities. Despite the abundant literature on injury 
prevention in sport science, the operationalisation and implementation of injury prevention has not been a subject of investigation in sport 
management. That is, the role of managers in coordinating and streamlining injury prevention management has not been addressed. This research 
examined Smartplay (delivered via Sport Medicine Australia – Vic branch) to understand injury management.  
Method: Both qualitative and quantitative methods (including desk research, policy audits, focus groups, stakeholder interviews and a quantitative 
survey) were used to develop a comprehensive understanding of the operationalisation and implementation Smartplay. Each of the data collection 
methods provided different insights about the issues inherent in the operating environment of Smartplay and the delivery of its programs.  
Results: Despite the lack of managerial attention given to injury prevention in many sports, Smartplay has a positive impact on injury prevention in the 
sport and non-sport sectors. This research has found that Smartplay reaches a broad audience with 438 organisations from over 47 different sports. 
All of the current Smartplay resources have been rated as “good” or “excellent” by consumers. Smartplay resources were reported to have an impact 
on awareness of injury, managerial practices, education and decreased injury rates. Although Smartplay materials reach a broad audience, it was found 
that implementation is less successful. This may be due to a number of factors. First, injury prevention (and the management of it) is under-developed 
in most tertiary level courses that educate individuals in the management of sport. Second, injury prevention (and specifically Smartplay in the case 
of this research) is not part of sport insurance or government legislation (as injury prevention is in other industries, and other countries). There are no 
incentives for its implementation – rendering it less important for managers to operationalise and implement. These factors impact how Smartplay is 
delivered and structured and will be discussed further.  
Discussion: This research also uncovered broader issues. Currently, there are a range of stakeholders who are each providing policy or other 
activities in the sphere of injury prevention. For example, SRV and VicHealth fund, whilst VicSport run programs in the area of injury prevention that 
compete with Smartplay. There is lack of clarity for policy development, operationalisation and implementation in injury prevention which creates 
competition between providers – leading to decreased ability to attract funding and support, and confusion for those delivering injury prevention 
programming. This further reinforces the lack of attention that sport gives to injury prevention. There is a need for an audit of activities in injury 
prevention and collaboration between key agencies to bring clarity to the sector. The efficacy of a cluster strategy will be discussed.
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The epidemiology of injury for an elite junior Australian Rules Football cohort Mary Magarey 141

The effect of different outrigger canoeing paddling techniques on back movement and potential back injury risk in females Rebecca Sealey 142

The epidemiology of shoulder injuries in Rugby Union Football Juliana Usman 143

The impact of compliance on sports injury prevention effect estimates in randomized controlled trials Evert Verhagen 144

Potential economic savings of a programme that prevents ankle sprain recurrences Evert Verhagen 145

Use it or lose it: Ankle movement performance capacity and the USE theory Gordon Waddington 146

Prevalence and severity of lower back injuries in Australian professional Golfers Rhonda Orr 147

Perceptions of role modeling and junk food advertising in elite and sub-elite athletes Rhonda Orr 148

Clinical measures in athletes with and without Achilles tendinopathy and their relationship to tendon-aponeurosis strain Sally Child 149

Sydney 2009 World Masters Games: Participants medical and health history survey Mike Climstein 150

Case study: Of arthritic knees and mountains Peter Dornan 151

Resistance training for people with post-polio syndrome: A systematic review of the literature Calum Downie 152

Time management skills: A prerequisite for all Australian elite athletes? An evaluation of athlete perceptions of ACE 
assistance upon their athletic performance

Lisa Fraser 153

Post-menopausal cardiovascular health: A review Janet Kelly 154

ACL repair might induce further abnormality of gamma loop in the intact side of the QF Yu Konishi 155

Conservative management of Achilles tendinopathy: A systematic review and meta-analysis Sam Leitch 156

Radiofrequency neurotomy for sacroiliac joint pain – predictive factors and treatment outcomes Bruce Mitchell 157

Lower limb biomechanics during running in individuals with Achilles tendinopathy: A systematic review Shannon Munteanu 158

Turnover time in arthroscopic shoulder surgery: A reduction of 18% by three simple strategies George Murrell 159

Ultrasound measurement of shoulder capsule thickness for diagnosing frozen shoulder George Murrell 160

Doping in sport: Prohibited substances changes Chris Owens 161

Management of hamstring muscle strain injuries in the Australian Football League (AFL): A survey of current practice Tania Pizzari 162

The pathomechanics of compressive load on tendon: Clinical implications for quick fix or load management David Spurrier 163

Drug-Free, polymeric membrane topical dressing decreases open and closed injury site inflammation, 
edema, bruising and pain

Sherri Steward-Ganz 164

The medial collateral ligament of the human knee is stronger but not stiffer than its lateral counterpart Scott Wearing 165

Shoulder pain in water polo: Impact on performance in training and playing Marilyn Webster 166

Neuromotor control of the triceps surae during gait in people with and without Achilles tendinopathy Narelle Wyndow 167

Effects of hydrotherapy on lower limb function in post-stroke patients Shi Zhou 168

Intermittent hypoxic training. A biomedical engineering perspective Oleg Bassovitch 169

Effect of fatigue on hamstring co-activation during repeated-sprint exercise in males and females Francois Billaut 170

Cerebral oxygenation and pacing strategy in male and female middle-distance runners Francois Billaut 171

Is plyometric training effective for correcting altered running neuromotor control post cycling in triathletes? Jason Bonacci 172

Beverage temperatures at aid stations: Port Macquarie Ironman 2010 Catriona Burdon 173

Upper limb strength of Malaysian tenpin bowlers: Relationship with bowling average and ball release velocity Jadeera Phaik Geok 
Cheong

174

Effects of Taekwondo training on neuromotor control of large and small muscles Polly Yee Man Chung 175
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Please note: the poster session will be held from 1700 – 1900 in the Mirage Ballroom.
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Yoshinori Kitabatake 201

Determinants of physical activity among Japanese adults: A structural equation modelling Koichiro Oka 202

The good and bad of accelerometry Melody Oliver 203

Relationships between different self-report measures of physical activity Warren Payne 204
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Validity of the Actical accelerometer step count function in children Richard  Rosenkranz 206

Validity of the Actigraph accelerometer step count function in children Richard  Rosenkranz 207

Awareness and belief about the role of physical activity in colorectal cancer prevention among Japanese adults Ai Shibata 208

Issues related to substance use among Australian university student athletes Johanna Thomas 209
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141 the epidemiology of injury for an elite junior Australian Rules Football cohort

M. Magarey1*    e. Scase2    M. Heynen3    S. Bailey1 
1School of Health Science, University of South Australia    2Australian Institute of Sport    3Port Adelaide Football Club

Australian Rules Football (ARF), as a contact sport, leads to many injuries. Little is known of the impact of injury on junior levels of ARF. The South 
Australian National Football League (SANFL) established a new level of elite Under 18 competition in season 2009, providing the ideal opportunity 
to establish an injury surveillance program.  
Aims: To establish a baseline understanding of the impact of injury on participation in the SANFL Under 18 competition and to establish 
a database for injury reporting that could be ongoing.  
Method: Injury surveillance was undertaken across all players in the competition throughout the season, using the model implemented by the AFL. 
As for the AFL injury report, an injury was defined as one which resulted in a missed game. This model included the following steps: a club 
representative completed a Player Movement Record for each game, on which registered club players playing and not playing were recorded, 
including those not playing as a result of injury. For every injured player, an Injury Report Form was completed, including details of the injury, 
defined using the Orchard Sports Injury Classification System (OSICS). Results were presented as a report of total numbers of injuries, injury 
incidence, prevalence, mechanism and the nature of injuries.  
Results: 532 players from nine participating clubs were tracked through the season, excluding finals, with an injury report completed for all 
256 injuries. The results indicated a high injury incidence (25.2 new injuries per club per season), and prevalence (93.4 missed games per club 
per season) with 7% of players unavailable each week as a result of injury. “Ankle sprains and joint injuries” were the most common type of injury 
and “collision with another player” was the main injury mechanism. “Risk taking behaviour”, defined as “injuries considered avoidable by coaches 
and medical staff”, as a cause of missed games, was recorded in the study for the first time in an ARF epidemiological investigation. 12.5% of 
injuries were recorded under this category.  
Discussion and Conclusions: The level of injury is high, as expected in a contact sport, however is in line with injury rates reported for players in the 
same age group and playing level in Victoria, but lower than in the AFL. The aims of the study were fulfilled. Injury data collection will be ongoing in 
this cohort. Collection of injury statistics is essential to ensure that implementation of injury prevention programs is appropriately targeted.

142 the effect of different outrigger canoeing paddling techniques on back movement and potential back injury 
risk in females

R. Sealey1*    A. Leicht1    K. Ness1    1James Cook University

Introduction: Back pain has been reported in rowing and kayaking with pain attributed to repeated back flexion and rotation and a rapid rate 
of force production during fast stroke rates. Outrigger canoeing similarly involves repeated back flexion and rotation and therefore competitors 
may be at risk of back pain. The aim of this study was to document back movement that occurs during outrigger canoeing; and the influence 
of different paddling techniques on this back movement.  
Methodology: Sixteen trained female outrigger canoeists completed three, 1000 m outrigger ergometer time trials using different paddling 
techniques: Australian (61 strokes·min-1); Hawaiian (≤ 55 strokes·min-1); Tahitian (≥65 strokes·min-1). Back flexion (paddling and non-paddling 
side) and rotation throughout the propulsive phase was measured via three-dimensional analysis of 24 strokes completed on the left-side 
(6 strokes each at 100m, 400m, 600m and 900m). Back angles were measured clockwise from the upward vertical with positive and negative 
nomenclature representing extension and flexion range of motion. One-way repeated measures ANOVAs with post-hoc Tukey HSD tests were 
used to determine significant (p<0.05) differences in back movement across interventions.  
Results: All techniques started the propulsive phase of the stroke with similar paddling-side back flexion (23.6–31.4°) that became more upright 
(back extension) throughout propulsion. As stroke rate increased, total paddling-side flexion-extension movement decreased, with the Tahitian 
technique range of movement significantly smaller (9.0±8.8°, p<0.05) than the slower Hawaiian (17.3±13.9°) and Australian (14.5±14.1°) 
techniques. The non-paddling side commenced propulsion at 18.9–23.1° flexion across all techniques. While the Hawaiian and Australian 
techniques demonstrated slight extension of the non-paddling side throughout propulsion (0.3±8.8° and 1.8±10.8°), the faster Tahitian technique 
elicited a significantly greater range of motion (-4.3±8.0°, p<0.05) and increased flexion movement. A similar amount of back rotation throughout 
propulsion occurred for all techniques (21.3±9.3°, 18.3±9.2° and 17.8±7.5° for the Hawaiian, Australian and Tahitian techniques, respectively).  
Conclusions: The 19–31° back flexion noted at the start of the outrigger canoeing stroke is similar to rowing but larger than kayaking. 
The significantly smaller extension movement of the fast Tahitian technique may be offset by the increased flexion movement of the non-paddling 
side during rapid, force-producing propulsion. Similarly, the non-significant 3.5° greater back rotation evidenced with the Hawaiian technique may 
increase the risk of back pain in the future. The Australian technique resulted in mid-range flexion-extension and rotation movements and therefore 
is a technique that may attenuate overall risk of back pain in female outrigger canoeists.

143 the epidemiology of shoulder injuries in Rugby union Football

J. usman1*    A. McIntosh1    J. Best2    1School of Risk and Safety Sciences, University of New South Wales    2Orthosports

Shoulder injuries are a significant risk in rugby union. They account for 8–17% of all injuries and on average, result in 3.4 weeks of absence 
from rugby participation. Although shoulder injuries are well understood medically, the aetiology and risk factors are not. Objective: To describe 
the incidence, severity and risk factors for shoulder injuries in community level rugby union football using a recursive model of injury.  
Method: A shoulder injury surveillance study was carried out in 2009 involving 75 rugby players from two clubs in the Sydney Metropolitan Region. 
A shoulder injury was defined as an injury to the shoulder that caused players to miss subsequent game/s. Participants were required to complete 
a weekly online survey. Respondents provided information about their daily training activities and any shoulder impairment. Three shoulder 
assessments were carried out; pre-season, mid-season, and end of season.  
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Results: The study involved a total of 1138.1 player participation hours (pph). Five shoulder injuries were reported with the overall shoulder injury incidence 
rate of 4.4 injuries per 1000 pph and an average severity of 1.0 game missed per injury. Trends of risk factors for shoulder injuries were observed. 
The intrinsic risk factors were age and previous injury. Players between 30 to 35 years old had an injury incidence rate of 2.63/1000 pph. 80% of 
the injuries occurred in players with no history of shoulder injury in the last 3 years (injury incidence rate of 3.5/1000 pph). Extrinsic risk factors were 
shoulder pads and player position. 36% players used shoulder pads during games. An injury incidence rate of 3.5/1000 pph was recorded for players 
not wearing shoulder pads during a match compared to 0.8/1000 pph for wearers. Back Five positions had the highest injury incidence rate of 7.9/1000 
pph. Being tackled and tackling were the two mechanisms of injury that contributed to 67% of the total time loss. During the season, 41% of participants 
reported experiencing shoulder pain but that did not stop them from participating in matches and did not appear to be correlated with injury risk.  
Discussion: A recursive injury model was applied to the study design and analysis. Shoulder pain or impairment did not appear to be associated 
with injury. Tackling, either as a tackler or being tackled is the main inciting event for shoulder injuries, which is consistent with other studies on 
injury in rugby union. Recursiveness may not be relevant to shoulder injury risk.

144 the impact of compliance on sports injury prevention effect estimates in randomized controlled trials

e. verhagen1*    M. Hupperets1    C. Finch2    W. van Mechelen1 
1EMGO Institute / VU University Medical Center, The Netherlands    2School of Human Movement and Sport Sciences, University of Ballarat

Introduction: By using an intention-to-treat approach (ITT), randomised controlled trials (RCT) aim to remove potential for selection bias and placebo 
type effects influencing the conclusions. However, poor compliance to an intervention dilutes treatment effects established in an ITT approach. 
Analysis by treatment actually received, per-protocol analysis (PP), goes around this problem. The objective of this study was to determine the 
difference in outcome effects of an injury prevention study when analysed by ITT versus PP principles.  
Methodology: For the purpose of this study we used data derived from a RCT on the prevention of ankle sprain recurrences by means of home 
based individual neuromuscular training program. A total of 522 athletes (256 intervention; 266 control) with a current ankle sprain, were followed 
prospectively for a period of 12 months. Athletes randomised to the intervention group received an eight-week neuromuscular training programme 
after cessation of usual care. Data on ankle sprain recurrences and compliance to the intervention program were gathered by means of a monthly 
online questionnaire. The primary outcome measure of this study was ankle sprain recurrence incidence by self-rated compliance with the training 
programme. Cox regression analysis was used to compare ankle sprain recurrence risk within the intervention group, using compliance as an 
independent variable.  
Results: Twenty-three percent of the intervention group indicated to have fully complied with the home based training programme, whereas 35% 
was classified as not compliant. Significantly fewer ankle sprains were reported in the fully compliant group compared to the none complaint 
group (RR=0.63; 95% CI: 0.43–0.99). Significantly fewer ankle sprains were found in the intervention group compared to the control group when 
analysed according to the ITT principle (RR=0.63; 95% CI: 0.45–0.88). A PP analysis showed a stronger effect in favour of the intervention group 
(RR=0.19; 95% CI: 0.07–0.53).  
Conclusions: Differences in effect sizes can be found depending on the type of analysis that is chosen. In determining effect size of an preventive 
intervention it is best to adopt the ITT principle, since an intervention is eventually applied to a general public in which not every patient will be 
compliant to a preventive programme. Nevertheless, a PP analysis should be presented alongside ITT analysis to provide more insight into the 
effectiveness of the intervention in only those who adopt the intervention as per the protocol specifications.

145 Potential economic savings of a programme that prevents ankle sprain recurrences

e. verhagen1*    M. Hupperets1    M. van tulder1    W. van Mechelen1    1EMGO Institute / VU University Medical Center, The Netherlands

Background: Next to the individual burden of an injury in terms of e.g pain and absence from sports participation, injuries also have an economic 
impact. Dutch annual sports related ankle sprain costs alone, can roughly be estimated at €187,200,000. Thereby, successful prevention of these 
common injuries may result in substantial monetary benefit. The purpose of this study was to gain insight into the costs and effects of a home 
based unsupervised neuromuscular training programme aimed at preventing lateral ankle sprains recurrences.  
Methodology: For the purpose of this study cost-effectiveness analysis was performed alongside a randomised controlled trial. A total of 522 athletes 
(256 intervention; 266 control) with a current ankle sprain, were followed prospectively for a period of 12 months. Athletes randomised to 
the intervention group received an eight-week neuromuscular training programme after cessation of usual care. Athletes in the control group 
received care as usual. Data on ankle sprain recurrences were gathered by means of a monthly online questionnaire. Costs related to ankle 
sprain recurrences were measured from a societal perspective using online cost diaries that were completed weekly until fully recovered. 
Bootstrapping was used to analyse the cost-effectiveness data.  
Results: Mean total costs in the intervention group were €81 (SD €134) per athlete and €114 (SD €325) per injured athlete. Mean overall costs 
in the control group were €149 (SD €836) per athlete and €447 (SD €1,403) per injured athlete. Statistically significant differences in total costs 
were found per athlete (mean difference −€69; 95%CI: −€200 to −€2) and per injured athlete (−€332; 95%CI: −€741 to −€62). The incremental 
cost-effectiveness ratio of the intervention in comparison with usual care was −592, meaning that the prevention of one ankle sprain recurrence in 
the intervention group was associated with €592 cost savings.  
Conclusions: The use of a neuromuscular training programme after usual care of an ankle sprain is cost-beneficial for the prevention of ankle 
sprain recurrences in comparison with usual care alone. In the Netherlands, an estimated annual €35.9M in medical and lost productivity costs 
can be saved solely by advocating a neuromuscular training programme as investigated in the present study.
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146 use it or lose it: Ankle movement performance capacity and the uSe theory

G. Waddington1*    R. Adams2    G. Piggott2    1University of Canberra    2The University of Sydney

Study Design: Repeated measures.  
Objectives: To examine the ability of subjects to discriminate equivalent magnitudes of active ankle inversion and plantarflexion movements made 
to physical stops, for movement sets centered around mean depths of 8° (range 6.5–9.5), 11o (range 9.5–12.5) and 14° (range 12.5–15.5) 
degrees from horizontal.  
Background: Most walking is on surfaces that deviate approximately 3° eversion to 8° inversion from horizontal, and from 10° dorsiflexion to 
20° plantarflexion. The Usual Sensory Experience (USE) hypothesis predicts that for inversion movements only the proprioception arising from 
the inversion depths around 8° would be processed as accurately as plantarflexion.  
Methods and Measures: 25 participants (20 F, 5M) were tested in balanced upright standing on the ankle Active Movement Extent Discrimination 
Apparatus, for one randomly selected ankle, making active movements on a pivoted plate stopped by a physical block. After practice with 
feedback with the six movements in the randomly selected set, 48 movements were made, at each of the 8°, 11° and 14° sets in inversion 
and plantarflexion. After each movement participants judged which particular depth, from 1–6, they thought they had just moved to.  
Results and Conclusion: Discrimination for inversion movements declined linearly with depth, (p<0.001) whereas discrimination for plantarflexion 
movements at the 11° set was as good as at the 8° set, but declined significantly the deepest set (p=0.03). Ankle movement discrimination in 
the inversion and plantarflexion directions is consistent with the practice effect predicted by the USE hypothesis. This supports the concept that 
movement patterns in rehabilitation should be designed to match those of the sport activity as closely as possible.

147 Prevalence and severity of lower back injuries in Australian professional Golfers

M. Grassmayr1    J. Steinweg2    P. trainor2    e. Ferdinands1    B. vanwanseele1    R. orr1*    1The University of Sydney    2PGA Tour of Australasia

Introduction: The golf swing places unique musculoskeletal forces on the body generating considerable stress which may result in injuries for 
professional golfers. Research conducted on the US Men’s and Women’s Professional Golfers Association tours established that professionals 
sustain an average of two injuries per year with the lower back the most reported injury. The current study aims to investigate lower back injuries 
for male and female Australian professional golfers.  
Methodology: A Golf Injury Survey with severity classification was developed following analysis of tournament injuries reported on the Australasian 
Tour from 2004–2009. Participants were asked to rate injury severity on a scale from one to four: minor symptoms with no interference to play (I), 
mild symptoms with some interference but no treatment required (II), moderate symptoms where play improves following treatment (III), and severe 
symptoms where play is not possible (IV). The survey was distributed to the members of the Professional Golfers Association of Australia and 
Australian Ladies Professional Golf. Completed surveys were analysed using the statistical package SPSS (SPSS Inc., v17.0); values are reported 
as mean ± standard deviation, statistical significance was set at p <.01.  
Results and Conclusion: Responses were collected from 469 professional golfers (414 male, 41.7±14.1 years of age; 55 female, 31.9±7.7 years 
of age). These players had an average of 26.2±14.1 years’ playing experience with 94.2% being right handed. They practised for 106±84 minutes, 
10±8 times per month with the majority (84.2%) hitting 101–150 balls per session. Ninety two players (19.6%) reported experiencing lower back 
injuries in the previous 12 months, 38% of these injuries (n=35) were current at the time of the survey. Players classified these injuries as; severity I: 
n=8 (8.7%), severity II: n=29 (31.5%), severity III: n=33 (35.9%) and severity IV: n=22 (23.9%). Players with previous lower back injuries were likely 
to see a recurrence of their injury (r=.52, p<.01). Severity of injury was significantly related to total practice time with those players practicing for 
longer reporting a higher injury severity rating (r=.31, p<.01). The golf swing is physically demanding resulting in lower back injuries for Australian 
professional players. Players need to consider their injury history and volume of play regarding the possibility of lower back injury. 

148 Perceptions of role modeling and junk food advertising in elite and sub-elite athletes

R. Macniven1    R. orr2*    M. Grassmayr2    A. Grunseit1    S. Colagiuri3    A. Bauman1    1Cluster for Physical Activity and Health, The University of Sydney  
2Discipline of Exercise and Sport Science, The University of Sydney    3Boden Institute of Obesity, Nutrition and Exercise, The University of Sydney

Introduction: Lifestyles of elite athletes are prominent in the media and their actions influence the public, particularly young people. Therefore they 
may hold an important role in determining healthy behaviours such as physical activity, diet and alcohol consumption. This study examines 
perceptions of elite and sub-elite athletes regarding the importance of “the spirit of sport”, their role in modeling of healthy behaviours, prevention 
of obesity in the community and acceptability of junk food advertising.  
Methodology: Data came from a multi-item, psychometrically tested questionnaire on anti-doping and other health behaviours completed by athletes 
recruited through National and State Institutes of Sport or via sport governing organizations. Athletes indicated their degree of agreement to six 
statements on a 5-point Likert scale from strongly disagree to strongly agree (1–5). Scores on each statement were formally compared by gender.  
Results and Conclusions: Six hundred and eighty-two (57.6% male) athletes currently competitive at least at state level in Australia in athletics, 
basketball, rugby league or swimming completed the questionnaire. Athletes value the “spirit of sport” with almost all (94%) agreeing it is important 
to them. The majority perceived they should be role models for the general community to be active (92%) and have a role in obesity prevention 
(63.8%). Despite a fifth (20.9%) believing junk food and alcohol advertising in sport to be acceptable, few (3.7%) thought elite athletes should 
promote junk food or alcohol. A sizeable minority (19.1%) believed advertising involving high profile athletes promoting junk food or alcohol increases 
their consumption of such products. Analysis of variance revealed a statistically significant gender effect for three statements: athletes should be 
role models for the general community to be active (mean: male 4.41; female 4.55, p=.01; acceptability of junk food & alcohol advertising in sport 
(mean: male 2.83; female 2.28, p<.01) and involvement of elite athletes in product promotion (mean: male 2.03; female 1.59, p<.01) with males 
less likely to disagree that junk food and alcohol advertising in sport is acceptable and females more likely to agree athletes should be healthy role 
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models. The remaining three statements did not reach statistical significance for gender differences. Overall, elite and sub-elite Australian athletes 
perceive themselves as having a role in promoting healthy lifestyles to the general public and do not favour junk food or alcohol advertising or 
involvement of athletes in product promotion. 
This study is supported by the Department of Health and Ageing through the Anti-Doping Research Program. 

149 Clinical measures in athletes with and without Achilles tendinopathy and their relationship to 
tendon-aponeurosis strain

S. Child1*    A. Bryant1    R. Clark1    K. Crossley1    1The University of Melbourne

Introduction: Achilles tendinopathy (AT) is a debilitating condition that commonly presents to sports medicine clinics. We recently completed a study 
indentifying that Achilles tendon-aponeurosis strain is higher in male athletes with tendinopathy when compared to healthy controls. However, the 
assessment of tendon-aponeurosis strain in vivo using ultrasonography is laboratory based and requires the use of specialised equipment and a 
highly skilled operator. The purpose of this study was to compare several clinical measures in male athletes with and without Achilles tendinopathy 
and to investigate the inter-relationships of these clinical measures with Achilles tendon-aponeurosis strain.  
Methods: Twenty five males (23–58 years) who had clinical signs and symptoms of AT (>3 months) together with 25 uninjured males, matched for 
weekly running volume and age, participated in the study. All participants were screened using greyscale and Doppler ultrasound and were running 
> 20 kms/week. Ankle joint dorsiflexion range of motion (1), arch stiffness (2), hop for distance (3), first metatarsophalangeal joint stiffness (4) and 
foot posture (5) were compared between the groups. Correlations between these clinical measures and tendon-aponeurosis strain in a subset of 
14 males with AT and 15 uninjured males were also investigated.  
Results: More people in the control group had a pronated foot type when compared to the AT group (p<0.05). There were no other between-group 
differences in clinical measures. In the control group, there were no relationships between Achilles tendon-aponeurosis strain and each of the 
clinical measures. However in the AT group, increased Achilles tendon-aponeurosis strain was significantly correlated with increased arch stiffness 
(r = 0.44), increased hop for distance (r = 0.57) and a more pronated foot type (r = 0.70).  
Conclusion: The results of this study provide evidence that increased foot pronation may not be a feature of AT. Furthermore, the study provides 
preliminary evidence for relationships between Achilles tendon-aponeurosis strain and clinical measures. 

150 Sydney 2009 World Masters Games: Participants medical and health history survey

M. Climstein1*    S. Burke1    J. Walsh1    K. Adams2    M. DeBeliso2    I. Heazlewood3    J. Kettunen4    N. Medic5    B. young6    K. Brock7 
1Faculty of Health Science, School of Exercise Science, Australian Catholic University    2Kinesiology Department, CSU Monterey Bay, USA    3Faculty Education,  
Health and Science, Charles Darwin University    4ORTON, Invalidisäätiö , Helsinki, Finland    5School of Exercise, Biomedical and Health Sciences, Edith Cowan University 
6École des sciences de l’activité physique, University of Ottawa, Canada    7The University of Sydney

Introduction: World Masters Games athletes have either pursued a physically active lifestyle for an extended period of time or have initiated 
exercise/sport in later life. Regardless of their motivation(s), this unique cohort of middle- to older-aged adults remains relatively uninvestigated 
with regards to the incidence of diverse chronic disorders.  
Purpose: To investigate the different aspects of health of the Sydney 2009 World Masters Games participants.  
Methodology: An online survey was utilized to investigate three primary areas of interest: 1. participants demographics, 2. physiological measures of 
health and 3. medical health history (diseases and disorders diagnosed by participants GP/specialist and participants prescribed (Rx’d) medications).  
Results: A total of 8,070 participants responded (response rate 30%) (mean age 51.6yrs, range 25 to 91yrs) representing 83 countries completed 
the survey, 25.11% reported having previously competed in the World Masters Games. Top 5 sports in which participants competed were athletics 
(10.2%), rowing (9%), soccer (9%), swimming (9%) and softball (7%). A very few (3.6%) reported currently smoking with a current average 79cigs/wk, 
17.7% were ex-smokers, 66.1% non-smokers; alcohol consumption (73.5%) with an average consumption of 6.8 drinks/wk, 13.5% non-consumers, 
0.8% ex-drinkers. Top 5 chronic disorders reported by participants were: hypertension (HTN, 9.5%), rheumatoid arthritis or osteoarthritis (8.9%), 
asthma (8.7%), hyperlipidemia (6.4%), and depression (6.3%). Participants also reported angina (1%), acute myocardial infarction (1%), and cardiac 
failure (0.5%). Top 3 operative treatments reported were: knee replacement/repair (10.3%). hernia repair (5.8%) and shoulder reconstruction (2.3%). 
Top 4 Rx’d meds taken by participants were: anti-HTN (7.4%), hypolipidaemic (4.9%), NSAID’s (4.6%), and bronchodilator (4.0%). A total of 16.8% of 
the participants experienced at least one of the following injuries in preparation for the Games: muscle/tendon (9.4%), joint pain (5.4%), inflammation 
(4.6%), and muscle pain (4.6%) with the incidence per body part reported as leg (6.7%), knee (4.9%), shoulder (3.1%), spine/back (3.0%) and ankle 
(2.7%). These injuries resulted in an average of 47.4 days off training (range 1 to 1,100) and an average of 17.6 days off work (range 1 to 400).  
Conclusion/Discussion: Based upon normative comparisons, the incidence of chronic diseases/disorders reported by Sydney’s 2009 World Masters 
Games participants seems to be low for the incidence of HTN, hyperlipidemia, and arthritis and higher incidence of asthma and depression. 

151 Case study: of arthritic knees and mountains

P. Dornan1*    1Peter Dornan Physiotherapy

Introduction: There are three common medical options for the management of mild-moderate forms of knee osteoarthritis – hyaluranon injections, 
cortisone injections and surgical (arthroscopic chondroplasty). The author proposes that an intensive and aggressive physiotherapy program should 
be considered as a valid alternative. A case study of a male patient is presented.  
Methodology: The patient, age 58 years, in 2001 suffered a partial tear of the medial meniscus of his left knee while dancing the hornpipe. 
There was no prior history of knee pain. After an arthroscopy, in 2003, he successfully reached the summit of Mt Kilimanjaro in Africa, 
at 20,000 feet. In 2007, at 64 years while training over mountainous terrain, knee pain was suffered again. After six months of conservative 
functional retraining, the pain did not diminish. A subsequent MRI revealed a complex tear of the body and posterior horn of the medial meniscus. 
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There was generalised thinning of the medial cartilage with degenerative changes, and chondromalacia patellae. The consulting orthopaedic 
surgeon advised against surgery and recommended self management. The patient undertook an intensive and aggressive closed kinetic chain 
resistance exercise program. Using a DeLorme boot and following a simple progressive resistance exercise program, he built up to 3 sets 
of 10 repetitions lifting 17 kilograms for sitting knee extension and 15 kilograms for standing hamstring curl. After six months, his knee was 
symptom free. He continued functional activity carrying a 15kilogram backpack over mountainous terrain.  
Results: In December 2009, at 66 years of age, he climbed 23,000 feet Mt Aconcagua in the Andes. His knee has remained symptom free.  
Conclusion: An aggressive and intensive physiotherapy resistance exercise program should be considered as a valid management intervention 
for patients with mild/moderate knee osteoarthritis.

152 Resistance training for people with post-polio syndrome: A systematic review of the literature

C. Downie1*    A. Pearce1    1Victoria University

Introduction: A systematic review of randomized controlled trials (RCT) of resistance training for people with post-polio syndrome (PPS) was conducted.  
Methodology: A literature search of interventions was performed using Medline (1966–present)/PubMed, Cinahl, SportDiscus and The Cochrane 
Central Register of Controlled Trials databases using the search strategy terms: “muscle strength” AND “resistance training, or strength training, 
or weight training” AND “polio”. Two reviewers independently evaluated studies to determine whether they met the inclusion criteria of RCT, 
measurement of muscle strength or force, and presentation of mean data (SD).  
Results: Four RCT studies met the inclusion criteria; however, due to the disparate nature of the resistance training interventions, a meta-analysis was 
not able to be conducted. Two studies showed improvements in muscular strength/force in PPS patients following prescribed own body weight training 
or resistance training; one study found no change in muscular strength but improvement in cardiovascular measures following aquatic resistance 
training in PPS patients; and one study showed improvements in both muscular strength and endurance following prescribed weight training.  
Conclusions: This review highlights the limited quantity and quality in research investigating the use of resistance training interventions to improve 
muscle strength and motor function in people with PPS. Moreover, no investigations reviewed in this study, to date, have examined neural 
mechanisms underpinning the functional outcomes presented. Further research investigating neurophysiological responses is required with 
specific training protocols in order to provide a targeted approach in using RT as a meaningful therapy for people with PPS.

153 time management skills: A prerequisite for all Australian elite athletes? An evaluation of athlete perceptions 
of ACe assistance upon their athletic performance

L. Fraser1*    G. Fogarty2    M. Albion2    1University of the Sunshine Coast    2University of Southern Queensland

Introduction: Interest in the holistic development of athletes emerged from studies indicating that athletes experience many difficulties with 
development of life skills, career planning, decision-making, identity foreclosure, and transition away from sport. The Athlete Career and Education 
(ACE) program was set up to address these issues by providing an integrated program of support for Australia’s elite athletes. Based on the 
Victorian Institute of Sport ACE program which commenced in 1990, the National ACE program was developed in 1994 and implemented in 1995. 
Previous evaluations of the program have revealed positive results, with most athletes shown to be aware of the various services offered through the 
program and to be generally satisfied with the usefulness, delivery, and quality of those services. However, these evaluations have not measured the 
perceptions of the athletes using these services in relation to the impact that ACE assistance may have had in relation to their sporting performances. 
The current study aimed to gauge whether the athletes who have used ACE services perceived that the service had contributed to the improvement 
of their athletic performance in any way.  
Method: The participants in the study were 286 athletes (171 females) linked with the Australian Institute of Sport who had indicated that they had 
previously used ACE services. 256 participants were current sporting scholarship holders, while 30 participants had retired from elite sport and 
were therefore no longer on scholarship. Each athlete was asked to respond to a brief questionnaire designed for the study which asked them to 
indicate whether a) they had accessed ACE services in five specific areas, and b) to what degree they felt that the assistance that was provided to 
them by ACE contributed to the improvement of their athletic performance.  
Results/Discussion: Of those athletes who indicated that they had accessed one of the five ACE services investigated, at least 78% of athletes in any one 
instance reported that accessing the service contributed to the improvement of their athletic performance. 91% of those athletes who accessed time 
management assistance through ACE felt this way. Implications of these and other findings in relation to gender and career status will be discussed.

154 Post-menopausal cardiovascular health: A review

J. Kelly1*    C. Christie1    1Rhodes University, South Africa

Counteracting the risk of cardiovascular complications in women immediately prior to and during the climacteric is of importance. Hormone replacement 
therapy (HRT) has been supported as an effective means of replacing the lost endogenous estrogen with a synthetic variant, thus precluding the onset 
of cardiovascular complications related to the vasculature. HRT has also been cited as being linked to increased occurrence of certain cancers, most 
particularly breast cancer. In the context of this contradictory information, lifestyle choices are an alternative. Diet and programmes of physical activity 
are commonly cited as effective tools in reducing the risk of cardiovascular health decline, and prevention of chronic conditions. Despite the literature 
in existence there remain unanswered questions. Aerobic exercise appears to positively affect the health status of post-menopausal women as far 
as weight control and bone density are concerned, but the literature is less clear on whether this form of activity is beneficial in reducing cholesterol 
levels and blood pressure and preventing cardiovascular incidents. Resistance training is even less well defined, and there is very little available 
literature on the effect of a resistance training regime on health indices such as blood lipid profiles in women who have entered the climacteric. 
This lack of conclusive clarity affects the recommendations offered by clinicians and renders the lay-person confused and uninterested. This paper 
will aim to present the current arguments in the literature, while noting areas for future research toward the understanding of health, post-menopause.
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155 ACL repair might induce further abnormality of gamma loop in the intact side of the QF

y. Konishi1*    1National Defence Academy, Japan

Introduction: A series of previous studies demonstrated evidence that bilateral dysfunction of the gamma loop existed in the QF in patients with 
ruptured and repaired ACL since their alpha motor neurons responded abnormally to prolonged vibration stimulation to the QF. More recently, we 
compared alpha motor neuron activity of the QF in response to prolonged vibration stimulation between short-term (<12 months after repair) and 
long-term-group (>18 months after repair) of patients with ACL repair. As a result, the bilateral dysfunction of the gamma loop of the QF remained 
in patients at <12 months after repair, but the neurophysiological abnormalities on the uninjured side were recovered more than 18 months after 
ACL repair. These results indirectly suggested that surgery procedure might affect to the function of gamma loop in the QF of the patients with ACL 
injury. The purpose of present study is to investigate the effect of surgery on the function of gamma loop in the QF of the patients with ACL injury.  
Methodology: For this purpose, we compared the response to vibration stimulation in patients with ACL repair, patients with ACL rupture, and normal 
subjects, by measuring the maximal voluntary contraction (MVC) and integrated electromyograms (I-EMG) of the quadriceps muscles. Pre-vibration 
data were obtained from each subject by measuring the MVC of the knee extension and the I-EMG from the vastus medialis, vastus lateralis, and 
rectus femoris muscles. Vibration stimulation was applied to the infrapatellar tendons, followed immediately by repeating the MVC and I-EMG 
recording. Results and Conclusion: The results of present study indicated that alpha motor neuron activity of the intact side of the VL in response to 
prolonged vibration stimulation was altered by the effect of the surgery, but no effect was detected in the injured side. Whereas, the results of present 
study provided the evidence that the abnormality of gamma loop existed even in the QF of patients with ACL rupture since the vibration stimulus failed 
to elicit changes in ACL-rupture group as compared with those of normal subjects. Considering these results together, the abnormality of gamma loop 
in the intact side of QF would probably induced by the ACL rupture, and further abnormality of gamma loop in the QF was induced by surgery.

156 Conservative management of Achilles tendinopathy: A systematic review and meta-analysis

S. Leitch1*    A. Bialocerkowski2    S. Warden3    K. Crossley1    1The University of Melbourne    2University of Western Sydney    3Indiana University

This systematic review and meta-analysis was conducted to provide a clear guide for the best evidence based approach to conservatively manage 
Achilles tendinopathy. A recent systematic review provided a descriptive summary of the evidence with the absence of a quality assessment of 
the study methodologies. A systematic literature search was conducted to identify randomised, controlled studies using pain or function outcome 
measures which were published in English. Quality assessments were performed using the Modified PEDro rating scale. The search strategy yielded 
22 studies whose methodological quality rated between 2 and 12 out of 14 on a Modified PEDro rating scale. Studies were grouped by their primary 
intervention (eccentric exercise, shock wave therapy, ultrasound, night splints and other conservative management options). Follow up times were 
predominantly within three months. A meta-analysis will be performed if sufficient homogeneity is present. This systematic review emphasises the 
need for a consistent use of valid and reliable outcome measures, larger subject numbers and longer follow-up times to build a larger body of high 
quality evidence and a greater opportunity to perform meta-analyses using studies that examine conservative interventions for Achilles tendinopathy. 

157 Radiofrequency neurotomy for sacroiliac joint pain – predictive factors and treatment outcomes

B. Mitchell1*    t. MacPhail1    P. verrills1    D. vivian1    A. Barnard1    1Metro Spinal Clinic, Melbourne

Background summary: Radiofrequency neurotomy (RFN) for diagnosed sacroiliac joint (SIJ) pain aims to provide pain relief for chronic SIJ pain 
sufferers. Given the limited literary evidence assessing predictive factors and treatment outcomes, this study evaluates the impact of mode of 
injury and medical coverage on treatment outcomes over two distinct follow up time periods.  
Materials and Methods: During a 10 month period, survey data was collected from 82 patients undergoing a fluoroscopically guided SIJ RFN. 
The procedure involved treating the L4 MBB and L5 to S3 dorsal rami with 18G 1cm active tip RF needles. Mode of injury and medical coverage 
information was collected. The patient survey assessed pain, analgesic use and patient satisfaction. Data was collected at either 5–7 or 8–13 
months post-RFN to establish mid- and long-term treatment benefits. Statistical analysis was performed with a p value of <0.05 considered 
statistically significant.  
Results and Conclusion: Mode of injury was collected for 73/82 patients. Patients were classified into the following categories; motor vehicle 
accidents, fall/slips, overload/work injury, no incident or other. Patients unable to determine the cause of their condition (ie. “no incident”) were 
least likely to report excellent pain relief following RFN. To determine outcome measures over time, the 82 patients were divided equally into two 
follow up groups, 5–7 months and 8–13months. Sixty eight percent of the 8–13 month group reported an improvement in their pain, with 60% of 
these patients describing a good to excellent improvement and an average drop of 4.6 ± 1.8 pain points. In contrast, only 44% of the 5–7 month 
group reported an improvement in their pain, with 50% of these patients describing good to excellent pain relief and an average reduction of 
4.3 ± 2.1 pain points. Analgesic use was reduced in 48% of the 8–13month group and in 35% of the 5–7 month group. Similarly, 63% of patients 
in the 8–13 month group were satisfied with their procedure, compared with 56% in the 5–7 month group. Reduction in pain was directly 
correlated with reduced analgesic use and increased satisfaction. When assessing the impact of medical coverage on outcomes, non compensable 
patients reported a statistically significant reduction in pain following RFN, with the greatest decrease observed in the 8+months follow up group. 
In comparison, no significant reduction in pain scores were observed in the compensable work cover groups for either time periods, suggesting 
that positive outcomes to SIJ RFN depend primarily on follow up time and secondarily on medical coverage. 
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158 Lower limb biomechanics during running in individuals with Achilles tendinopathy: A systematic review

S. Munteanu1,2*    C. Barton2,3 
1Department of Podiatry, La Trobe University    2Musculoskeletal Research Centre, La Trobe University    3School of Physiotherapy, La Trobe University

Introduction: Achilles tendinopathy is common and its aetiology is considered multifactorial. Abnormal biomechanics of the lower limb has been 
speculated to be a risk factor for Achilles tendinopathy. The aim of this study was to systematically review the existing literature to identify, 
critique and summarise lower limb biomechanical factors associated with Achilles tendinopathy.  
Methodology: We searched electronic bibliographic databases (Medline, EMBASE, Current contents, CINAHL and SPORTDiscus) in January 2010. 
All prospective cohort and retrospective case-control studies that evaluated biomechanical factors (temporospatial parameters, lower limb kinematics, 
dynamic plantar pressures, kinetics [ground reaction forces and joint moments] and muscle activity) associated with midsubstance Achilles 
tendinopathy were included. Methodological quality of included studies was evaluated using the Quality Index. To evaluate the magnitude of differences 
between cases (those with Achilles tendinopathy) and controls (those without Achilles tendinopathy), effect sizes (Cohen’s d) were calculated. 
Results/Discussion: Nine studies were identified. Two studies were a prospective cohort study design and seven were case-control studies. 
The methodological quality of the identified studies was varied, with Quality Index scores ranging from 4 to 15 out of a possible score of 17. 
All studies analysed running biomechanics. Cases were found to have increased eversion range of motion of the rearfoot, reduced maximum 
leg abduction, reduced ankle joint dorsiflexion velocity, reduced knee flexion during gait, altered plantar pressures and ground reaction forces as 
well as reduced peak tibial external rotation moment. Further, cases displayed differences in the timing and amplitude of a number of lower limb 
muscles. Notably, the onset of tibialis anterior was delayed and the duration of soleus and lateral gastrocnemius was increased. In addition, cases 
displayed reductions in the amplitude of gluteus medius and rectus femoris.  
Conclusions: There are differences in lower limb biomechanics between those with and without Achilles tendinopathy. These findings have implications for 
the prevention and management of the condition. However, future well-designed studies are required to determine if interventions such as foot orthoses 
and/or physical therapy targeting identified differences in those with Achilles tendinopathy are effective at preventing and/or treating the condition.

159 turnover time in arthroscopic shoulder surgery: A reduction of 18% by three simple strategies

Q. yang1    G. Murrell1*    1St George Hospital Orthopaedic Research Institute

The time between surgical cases varies from one surgical faculty to another. We hypothesised that simple strategies could be designed to reduce 
the time. The aim of the study was to determine if three strategies: parallel anaesthetic induction, improving first case start times and dedicating 
porters to surgical theatres could reduce turnover times.  
Methods: A prospective interventional clinical study of operating room processes was conducted over a 10 week of observation period, 
then a 2 week education period, followed by a 10 week intervention period in a day surgery facility during arthroscopic shoulder surgery. 
Three intervention strategies were used: (1) parallel anaesthetic induction, defined as performing the anaesthetic induction on the next patient 
during the intra-operative period of the currently anaesthetised patient, (2) a dedicated porter system, where the porter remained with the same 
theatre for the entire turnover period, and (3) starting the first case within 10 minutes of scheduled start time. The major outcome was turnover 
time – the time between end of skin closure of the first patient to knife to skin of the next patient in the same theatre. Minor outcomes included 
porter time (wheel out to wheel in), first case start times and cost savings.  
Results: Intervention of the three strategies reduced turnover time by 9 minutes (18%), from 51 ± 10 mins (mean ± SD) to 42 ± 9 mins. Porter times 
were reduced by 6 minutes (27%). First case start times improved by 12 minutes. Total time savings per day was 61 minutes. The reduction in 
turnover time and improvements in first case start times resulted in a minimum net financial benefit of $430 per day to the day surgery facility.  
Conclusion: Parallel anaesthetic induction, improving first case start times and dedicating porters to theatres can significantly decrease turnover time.

160 ultrasound measurement of shoulder capsule thickness for diagnosing frozen shoulder

G. Lee1    L. Briggs1    G. Murrell1*    1St George Hospital Orthopaedic Research Institute

Frozen shoulder or adhesive capsulitis is a condition characterised by a restriction of glenohumeral joint movement and pain. It involves thickening 
and contracture of the capsule surrounding the shoulder joint. Currently the diagnosis of frozen shoulder is based upon the presenting symptoms 
and clinical examination of the patient, with arthroscopic examination being the gold standard. MRI is not routinely used to diagnose frozen 
shoulder due to time and expense constraints. The aim of this study was to determine whether diagnostic ultrasound could reproducibly measure 
the thickness of the rotator cuff interval capsule and diagnose frozen shoulder.  
Methods: 128 shoulders of 126 individuals, (76 women, 52 men), mean age 54 years (range 40–63 years), underwent high resolution 
ultrasonography to measure the thickness of their rotator cuff interval capsule; 37 progressed to surgery, (16 women and 21 men), where their 
passive range of shoulder motion was recorded and via arthroscopy their shoulder condition was diagnosed. Post hoc patients were divided into 
two study groups: those with frozen shoulder (n=5) and those with painful shoulders (without frozen shoulder) (n=32). The rotator cuff interval 
capsule thickness was compared between the two groups using Kruskal-Wallis and Wilcoxon-Mann-Whitney-U tests.  
Results: The rotator cuff interval capsule was identified by ultrasound in 5 out of 5 shoulders in the frozen shoulder group (100%), 30 out of 
32 shoulders in the painful shoulder group (94%). There was a weak positive relationship between rotator cuff interval capsule thickness and the 
duration of the illness (0.17), but a strong negative relationship with passive range of shoulder internal rotation (-0.7). The thickness of the rotator 
cuff interval capsule thickness was significantly greater in frozen shoulder (2.98 ± 0.73 mm) than in the painful shoulders (2.08 ± 0.78 mm; 
p < 0.05). A rotator cuff interval capsule thickness of ≥ 2.8 mm had a sensitivity of 80% and specificity of 73% for a diagnosis of frozen shoulder.  
Conclusion: Rotator cuff interval capsule can be identified by ultrasound. A thickened rotator cuff interval capsule (≥ 2.8 mm) is suggestive of 
frozen shoulder.
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161 Doping in sport: Prohibited substances changes

C. owens1*    S. Watt1    1Australian Sports Anti-Doping Authority

Maintaining the edge against those athletes who chose to cheat at sport through doping is a tough business. In Australia, the Australian Sports 
Anti-Doping Authority (ASADA) is charged with developing a sporting culture free from doping in which performance is based on an athlete’s talent, 
determination, courage and honesty. ASADA recognises the important role that support personnel—and particularly the medical fraternity—play in 
helping athletes to avoid decisions that can lead to deliberate and/or inadvertent doping. In presenting to the SMA community, ASADA will further 
enhance the medical fraternity’s knowledge and understanding of doping and highlight the important role the fraternity plays in ensuring that athletes 
do not violate the World Anti-Doping Code. In October of each year, the World Anti-Doping Agency updates the Prohibited Substance List (to commence 
on 1 January). This means, that we can tailor our presentation to some of the important updates coming out of the Prohibited Substance List update. 

162 Management of hamstring muscle strain injuries in the Australian Football League (AFL): A survey of current practice

t. Pizzari1*    v. Wilde2    P. Coburn3    1School of Physiotherapy, La Trobe University    2Life Care CBD Physiotherapy, Melbourne    3Mill Park Physiotherapy Centre, Melbourne

Introduction: Hamstring muscle strain injuries are the most common and prevalent of all injuries in the AFL. The desire to improve the management 
and prevention of hamstring muscle strain injuries in the AFL required an initial comprehensive understanding of what is “current practice” among 
AFL physiotherapists. The purpose of this project was to survey the physiotherapists of all AFL clubs to detail their management of hamstring 
injuries in AFL players.  
Method: Semi-structured interviews were conducted with 26 medical personnel from all AFL clubs. Interviews were audio-taped and transcribed 
verbatim. The transcripts were imported into QSR-NUD*IST software to organisation and analysis the transcript data.  
Results: The respondents reported management in three phases: the acute phase, the rehabilitation phase and the pre-return to sport phase. 
The principles of the acute phase centred around restoring hamstring mobility, restoring normal lower back and pelvic mechanics, reducing pain 
and regaining hamstring muscle functioning. The major variations between clubs in this phase occurred with the period of rest. Respondents from 
all clubs except one reported postposing the use of non-steroidal anti-inflammatory drugs (NSAIDs) or avoiding them completely where possible. 
Injection therapy for lower back pathology and pelvic instability was commonplace at most clubs where any hamstring pain was thought to have 
some contribution from the spine. Local injections to the hamstring muscle were avoided by the majority of clubs, although respondents from 
three of the clubs used injections of Traumeel into the hamstring routinely following a strain. In the rehabilitation phase, the key component was 
a return to running and a progression towards the running intensity required for a return to play. The rehabilitation phase involved beginning to 
load the muscle and three systems of loading emerged among the clubs. One system involved a focus on agility and functional exercise programs 
with little pure strengthening of the hamstrings, another system included mostly traditional strengthening exercise with little emphasis on agility 
training, and the third system undertaken by several clubs was a combination of both agility and pure hamstring strengthening. The third phase, 
the pre-return to sport phase involved a graded progression back to full training. The criteria for commencing this phase were commonly the 
successful completion of the running program, return to long kicking, and the absence of symptoms on clinical testing.  
Conclusion: These findings can be used to guide management principles at all levels of Australian football and guide future research into 
hamstring strains.

163 the pathomechanics of compressive load on tendon: Clinical implications for quick fix or load management

D. Spurrier1*    J. Cook2    1Mitcham Rehabilitation Clinic, South Australia    2Deakin University

The continuum of connective tissue from muscle to bone provides a scaffold for the transmission of muscular force to bone. Tendon tissue in 
particular, is highly responsive to physical load. The effect of both increased and decreased tensile load dramatically influences the structural and 
mechanical behaviour of tendon. Change in tendon morphology from altered load can lead to pathological tendon states which can significantly 
impede physical activity and ultimately influence bone health. Recent evidence indicates that compressive load can also alter tendon structure and 
function and may lead to tendon pathology. Adaptation of tendon via expression of matrix proteins in response to compressive loads is reported 
within hours of load application. Knowledge of tendon adaptation to compressive forces can assist in the development of effective exercise 
rationales aimed at musculo-tendon-bone conditions. The structural, pathological changes observed in tendon tissue under compressive load are 
primarily governed by local mechanobiological factors. A clear understanding of these factors with respect to tendon under load can assist the 
clinician to assess and manage tendon disorders. This presentation will review current evidence on pathomechanics of compressive load on tendon 
and highlight clinical implications of this process.

164 Drug-Free, polymeric membrane topical dressing decreases open and closed injury site inflammation, 
edema, bruising and pain

S. Steward-Ganz1*    R. Sessions2    1Ferris-Sports Medicine, USA    2Emergency Medicine Physician, Fellow of American College of Emergency Physicians

Purpose: Sports medicine professionals are keenly aware of the importance of rapid management of inflammation, edema, bruising and pain as an 
integral part of the injured athletes’ treatment plans. Edema and inflammation are often managed with RICE and with anti-inflammatory medication, 
which is recognized to impair healing. This report will examine the evidence available regarding polymeric membrane’s ability to relieve and/or 
reduce the formation of edema, inflammation, bruising and pain in sports medicine, burn management and chronic wound management using both 
patient and laboratory methods. The scientific physiological explanation of how topically applied drug-free polymeric membrane dressings provide 
inflammation, edema, bruising and pain relief will be summarized and the benefits of immediate use at the time of injury will be discussed.  
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Methodology: Two scientific studies – an incisional study on a rodent model and a blunt trauma animal model – state that polymeric membrane 
dressings reduce nociceptor activity, which can result in significant reduction in edema and inflammation with an accompanying dramatic increase in 
pain relief. The poster will examine the evidence that the dressings reduce edema, bruising and pain when used on open or closed injuries. We also 
will review elite athlete use of the dressings related to improved recovery times as well as post-arthroscopic surgery benefits of the dressings.  
Results and Discussion: Polymeric membrane dressings, used without compression, significantly reduce bruising in blunt trauma model (p<.001) 
compared to ace wrap compression. The dressings significantly relieve wound pain (p<.001) in 2nd degree burn patients, while speeding recovery 
(p<0.01). Post-arthroscopic surgery patients reported lower overall pain scores (p<0.02). Of 83 patients with persistent wound pain reported 
as a problem prior to management of chronic wounds with polymeric membrane dressings, 94 % reported pain relief with use of the dressings. 
A marathon runner, whose chin was split to the bone during a race, had virtually scarless healing without primary closure. An elite bicyclist who 
suffered severe road rash was able to compete and win the national championship only seven days later and attributed his ability to compete to 
the rapid pain-free recovery provided by the dressings. Research demonstrates that polymeric membrane dressings inhibit the nociceptor response 
at the wound site, which can account for the reduced inflammation, edema, ecchymosis and pain along with the rapid recovery experienced when 
dressings are used on both open and closed injuries.

165 the medial collateral ligament of the human knee is stronger but not stiffer than its lateral counterpart

W. Wilson1    S. Wearing2,3*    A. Payne1    F. Picard4    A. Deakin4    1Laboratory of Human Anatomy, University of Glasgow, United Kingdom 
2Bioengineering Unit, University of Strathclyde    3Centre of Excellence for Applied Sports Science Research, Queensland Academy of Sport 
4Department of Orthopaedic Surgery, Golden Jubilee National Hospital, United Kingdom

Introduction: The lateral collateral ligament (LCL) is an important stabilizer of the knee joint and assists in countering the adduction moment 
generated at the knee during gait. LCL injury is an increasingly recognized, though commonly overlooked, entity often associated with concomitant 
ligament disruptions of the knee. Varus instability arising from LCL injury has been suggested to place considerable stress on cruciate ligament 
grafts, often resulting in failure of reconstructed ligaments. However, in contrast to the medial collateral ligament (MCL), relatively little is known 
about the mechanical properties of the LCL, presumably because it is less commonly injured. The aim of this study was to compare the structural 
properties of the collateral knee ligaments in vitro.  
Methods: Nine fresh frozen cadaveric knees were obtained from four male and five female donors (mean age, 80±11 years). All knees were 
free of gross musculoskeletal pathology. Following thawing and dissection, bone–ligament–bone specimens were prepared and potted using a 
two–component styrene–based filler. Specimens were subsequently mounted in a uniaxial material testing machine and preloaded to 1.5N while 
the initial length, width and thickness of the ligaments were measured with vernier calipers. Following preconditioning (10 cycles, 3.5% strain at 1Hz), 
specimens were extended to failure at a rate of 500mm/min (~20%.s-1). Force and crosshead displacement were sampled at 100Hz and used 
to calculate principal structural properties of the ligaments including failure strength, work to failure, stiffness and yield strength. Paired-sample 
t tests were used to investigate potential differences between ligaments.  
Results: The fan-shaped MCL was significantly longer (60%), wider (680%) but thinner (19%) than the cord-like LCL (P<0.05). While failure of the 
MCL primarily involved the femoral attachment (n=7), the LCL failed at either the midsubstance (n=4) or fibular attachment (n=5). The ultimate 
tensile strength (799±209 N) of the MCL was approximately twice that of the LCL (392±104 N, P<0.05). However, there was no statistically 
significant difference in stiffness between ligaments (MCL 63±14 N/mm vs LCL 59±12 N/mm).  
Conclusion: Despite obvious differences in the morphology and strength of the two ligaments, there was no significant difference in the tensile 
stiffness of the MCL and LCL when tested in vitro. The latter, would not only provide similar frontal plane stability to the knee during dynamic 
tasks but may also ensure comparable stretch of afferent receptors involved in the reflexive regulation of muscular stiffness.

166 Shoulder pain in water polo: Impact on performance in training and playing

M. Webster1*    M. Morris1    G. Williams1    1The University of Melbourne

The purpose of this two part study was to examine the incidence, demographics and impact of shoulder pain on training and playing in elite level 
water polo players.  
Methodology: Part one used a questionnaire on a sample of 89 athletes (18–40 years) to gain information on the demographics, incidence of pain 
and behaviour of players with shoulder pain when training and playing water polo. Part two consisted of 14 water polo players diagnosed with 
chronic shoulder pain completing an activity-based 7 day diary, divided into half-day sessions. The athletes recorded their shoulder pain intensity 
on a 10cm line prior to, during and within 30 minutes of their match or water polo training sessions in and out of the water. If they did not attend 
training they were still required to record their shoulder pain intensity.  
Results: Part one, 52 athletes (58%) were currently found to have shoulder pain ranging from one month to 23 years and 14 were found to have 
shoulder pain for greater than 3 months. The majority of athletes did not stop training or playing matches, however six of the athletes avoided water 
polo training to prevent further aggravating their shoulder pain. The 14 athletes with chronic shoulder pain trained more hours (10.4hrs) in the pool 
per week than the athletes with no shoulder pain (6.9hrs) or those with current shoulder pain (8.9hrs). The majority of those with chronic shoulder 
pain were national players. Part two shows all water polo activities resulted in an increase in shoulder pain intensity. Pain was shown to be higher 
during water polo training, swimming and gymnasium training than after these activities. Water polo training sessions were found to have the highest 
increase in pain intensity (19.1mm), compared to swimming (17.3mm) and gymnasium training (12.6mm). In contrast shoulder pain was found to 
be higher after a match (11.5mm) than when playing water polo matches (5.8mm). Paired differences analysis using water polo skills training and 
match play revealed the greatest difference in mean pair scores (p < 0.05).  
Conclusions: Early recognition of shoulder pain in elite water polo players aided by daily feedback from the athletes might assist in the 
management of these athletes. This may assist in reducing the high incidence of chronic shoulder pain in this group of elite athletes.
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167 Neuromotor control of the triceps surae during gait in people with and without Achilles tendinopathy

N. Wyndow1*    S. Cowan2    K. Crossley2,3    t. Wrigley2    1Center for Health, Exercise and Sports Medicine, Melbourne Physiotherapy School, The University of Melbourne 
2Melbourne Physiotherapy School, The University of Melbourne    3Department of Mechanical Engineering, Melbourne School of Engineering, The University of Melbourne

Achilles tendinopathy (AT) is a common injury among physically active populations. It has been proposed that changes in neuromotor control of the 
triceps surae may increase differential intratendinous forces and thus be associated with the pain and pathology seen in this condition. However it 
is not known if neuromotor differences actually exist between those with and without this condition. Thus the primary purpose of this research was 
to investigate whether neuromotor control of the triceps surae in long distance runners with AT is altered compared to controls.  
Methods: Surface electromyographic measures were taken from the Soleus (Sol), Lateral Gastrocnemius (LG) and Medial Gastrocnemius (MG) 
of 34 male subjects (15 with AT, 19 controls) while subjects ran overground at 4m/sec in a running sandal. Force plate data was acquired to 
determine heel strike and toe off events. Comparisons were made between the relative timing of each of the three muscles for EMG onset and 
offset, i.e. Sol-LG, Sol-MG and LG-MG  
Results: A significant difference was found between Sol and LG offset times (P=0.015) in the AT group, but not the control group. There were no 
significant differences for EMG onset between AT and control groups.  
Discussion: Subjects with AT display altered neuromotor control of the triceps surae compared to controls. Sol offset times were significantly 
earlier than LG offset times. It is unknown whether this is as a result of the pathology or is an aetiological factor in the genesis of AT. Conservative 
interventions that target triceps surae function may improve clinical outcomes, however further research is required to understand the genesis of 
the neuromotor differences first.

168 effects of hydrotherapy on lower limb function in post-stroke patients

y. Wang1    L. Huang1    S. Zhou2*    1Tianjin University of Sport    2Southern Cross University

Introduction: The purpose of this study was to investigate the effects of four weeks of hydrotherapy on muscle function and gait of patients who 
were recovering from a stroke.  
Methods: Twenty patients diagnosed by CT or MRI with conditions of Brunnstrom Stage 3 and capable of performing knee extension and flexion 
exercise volunteered for the study. The average time from the stroke was 8.05months (SD 4.3months, range 2–15months). They were randomly 
allocated into a Hydrotherapy group (n=10, mean age 41.4years, SD 15.3years) or a Control group (n=10, mean age 41.5years, SD 17.6years). 
Both groups continued with their normal rehabilitation exercise prescribed by the hospital, with the Control group exercised for 45min per session 
and the Hydrotherapy group performed 20min of normal exercise plus 25min hydrotherapy exercise per session. A total of 14 sessions was 
completed in four weeks by each group. Pre and post the four weeks all participants were assessed for their maximum isometric voluntary 
contraction (MIVC) force in ankle dorsiflexion and plantarflexion, and knee extension and flexion, with surface EMG recorded from the tibialis 
anterior, gastrocnemius (lateral head), rectus femoris and biceps femoris (long head) muscles. The participants were also assessed using the 
Fugl-Meyer Assessment for sensorimotor recovery, and the Ashworth Scale for muscle spasticity. Paired Student T-test and one-way ANOVA 
statistical analyses were used to compare the within- and between-group differences in mean values of the assessments.  
Results: The MIVC of ankle plantarflexion (+24.1%, P<0.05) and knee extension (+23.4% P<0.05) demonstrated a significant increase in the 
Hydrotherapy group after the four weeks of rehabilitation. Generally, no significant change was found in the integrated surface EMG of the muscles, 
neither in the co-contraction ratio between the agonist and antagonist of the ankle and knee joints, except that the co-contraction ratio between 
the knee extensor and flexor of the Hydrotherapy group showed a significant within-group decrease post the intervention (-16.3%, P<0.05). 
The Hydrotherapy group demonstrated significantly higher scores than that of the Control group in the Fugl-Meyer Assessment (2.7% higher, 
P<0.05), but not in the Ashworth Scale.  
Discussion and Summary: The four weeks of hydrotherapy plus normal rehabilitation exercise on land appeared to be superior to exercise on 
land only in improving muscular strength of both ankle and knee muscle groups, the coordination of the knee extensor and flexor, and the motor 
function in walking and control of balance. However, the intervention had no significant effect on muscle spasticity.

169 Intermittent hypoxic training. A biomedical engineering perspective

o. Bassovitch1*    1Biomedtech Australia Pty Ltd

Introduction: The cellular mechanisms underlying responses to hypoxia have been extensively studied over the last decade. It is now well established 
that the mitochondrial chain reaction at the cellular level occurs as a result of reduced pO2, and is triggered by HIF-1α. For simulated altitude training 
at sea level, in order to produce a readily detectable stress response, arterial oxygen saturation should fall below 90% (SpO2 < 90%). The question 
remains about the stressor duration required to trigger and fulfil transcription of the responsible genes. Research data indicates that HIF-1α physiological 
responses are evident even after only a few minutes of hypoxia and are facilitated by HIF-1α release. Using relatively new, simple technology of pulse 
oximetry, the arterial pO2 can now be monitored non-invasively and the “training dosage” can be measured more directly and precisely.  
Discussion: The rationale behind short term intermittent hypoxia / reoxygenation is that it is possible to produce a hypoxia challenge that is sufficiently 
strong and enduring, while avoiding any tissue damage or harm to the exposed individual. Repetition of such intervention several times has a 
cumulative effect on the improvement of human performance. Empirically identified values of 76–83% of SpO2 intermittently delivered for a few 
minutes, alternating with reoxygenation, have been shown to perform well provided that this range is tolerated by the individual. The optimal levels 
of arterial oxygen saturation SpO2 required to achieve an optimal performance improvement result are yet to be established. To our knowledge there 
have been no reported adverse physiological effects of this hypoxia training protocol. New Measurement Concept: Hypoxic Training index (HTi) has 
been developed and is being currently validated. Knowledge of HTi (proportional to the integrated hypoxia level / duration at SpO2 <90%) can be used 
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to alter the training regime for different individuals. This compensates for individual variability, and can also be used in scientific studies to ensure that 
the hypoxic exposure was correctly controlled for each subject. Considerable individual variability in response to the same hypoxia challenge hampers 
delivery of an equal training dosage of hypoxia. To solve this problem new fully automatic biofeedback-controlled hypoxicators have been developed 
for individual sedentary and exercise hypoxic training that adjusts the hypoxia level, aiming to target the desired level of SpO2. Further research is 
being conducted in order to discover the optimal regimes and treatment protocols that can be used to cater for individual variability.

170 effect of fatigue on hamstring co-activation during repeated-sprint exercise in males and females

F. Billaut1*    K. Smith2    1Victoria University    2University of Lethbridge

Preventing noncontact anterior cruciate ligament (ACL) injuries has been a major focus of athletic trainers and sport scientists, especially in team 
sports. Inherent to these sports is the higher risk of ACL injury relative to other sports due to change of direction or cutting manoeuvres combined with 
deceleration, landing from a jump in or near full extension, and pivoting with knee near full extension and a planted foot. Curiously, female players 
have a higher risk than their male counterparts, and it has been hypothesised that sex differences in muscle activation may contribute to the increased 
incidence of ACL injuries in females. The purpose of this study was to evaluate whether quadriceps muscle fatigue alters the co-activation time and 
the co-contraction amplitude of the hamstring muscle during repeated-sprint exercise (RSE), and to determine if the response is different between 
male and female team-sport players. Players (n=18) matched for initial-sprint performance performed a RSE (10 x 10-s sprints; 30-s rest) on a cycle 
ergometer. Electromyographic (EMG) data were recorded from the vastus lateralis and biceps femoris muscles during every sprint. Mechanical work 
performed during the sprints decreased (22%) indicating fatigue. The hamstring EMG co-activation time (9%) and co-contraction amplitude (12%) 
decreased with fatigue of the quadriceps. However, when normalized to the decrease in mechanical work these parameters increased (8 and 11%, 
respectively), indicating an increase in hamstring co-activation during fatigue. These responses were similar in males and females. Results indicate that 
co-activation increases during RSE-induced fatigue, and that the rate of increase is independent of sex. Therefore, when exercise intensity during RSE 
is controlled (i.e., mechanical work is matched), muscle activation patterns do not explain the greater risk of ACL injury in female team-sport players.

171 Cerebral oxygenation and pacing strategy in male and female middle-distance runners

F. Billaut1*    J. Davis2    1Victoria University    2University of Lethbridge

Females usually display greater endurance abilities than males in varied tasks, which is often accompanied by greater maintenance of muscle 
activation. Interestingly, cortical activation of efferent motor neurons is influenced by changes in cerebral oxygenation (Cox). Yet it is unknown whether 
cerebral hypoxia contributes to sex differences in endurance performance. The study investigates the cerebral oxygenation and pacing strategies 
of male and female middle-distance runners (mean 20.2 years, range 19–26) during a 5-km running time trial. Rating of perceived exertion (RPE) 
and surface electromyogram (EMG) of four lower limb muscles were recorded every 0.5 km. Changes in Cox (prefrontal lobe) were monitored via 
near-infrared spectroscopy through concentration changes of oxy- and deoxyhaemoglobin (Δ[O2Hb], Δ[HHb]). Changes in total Hb were calculated 
(Δ[THb] = Δ[O2Hb] + Δ[HHb]) and used as an index of change in regional blood volume. During the trial, RPE increased to 19 ± 1 without showing sex 
dimorphism, indicating maximal exertion for both sexes. However, compared with males, females adopted a more conservative pacing strategy at the 
beginning of the trial and were able to run at a higher percentage of their initial pace thereafter. Cox rose similarly in males and females from baseline 
to 2.5 km (↑Δ[O2Hb], ↑Δ[HHb], ↑Δ[THb]). Thereafter, both males and females displayed evidence of deoxygenation (↑Δ[HHb], ↔Δ[THb]), but changes 
occurred earlier and were larger in the males. The decline in Cox at the end of the trial coincided with a final end spurt in treadmill speed and 
concomitant increase in skeletal muscle activation (as revealed by higher lower limb EMG) in both sexes. These findings suggest that females adopt a 
more conservative pacing strategy during a 5-km time trial, and that Cox may contribute to the sex difference in strenuous endurance performance.

172 Is plyometric training effective for correcting altered running neuromotor control post cycling in triathletes?

J. Bonacci1,2*    D. Green2    P. Saunders2    M. Franettovich1,2    A. Chapman1,2    P. Blanch2    B. vicenzino1    1The University of Queensland    2Australian Institute of Sport

Introduction: Cycling alters neuromotor control during running in some highly trained triathletes. This altered neuromotor control is associated 
with exercise-related leg pain and may have performance implications for triathletes. Accordingly, identification of training interventions that 
could minimise this interference may aid in the prevention of injury and augmentation of run performance.  
Purpose: To investigate the effectiveness of adding plyometric training to regular endurance training on triathletes neuromotor control and running 
economy in those in which it is aberrant.  
Methods: We conducted a randomised controlled trial. 15 well-trained triathletes participated. Neuromotor control (lower limb muscle recruitment) 
and running economy (sub-maximal VO

2
) were compared between control (no previous exercise) and transition (preceded by 45 min of cycling) 

runs performed at 12km.hr-1 for 4 min. Triathletes who exhibited altered neuromotor control during running after cycling were randomised to a 
control (endurance only) or plyometric (endurance plus plyometric) training program for 8 weeks.  
Results: Eight of the 15 triathletes exhibited aberrant neuromotor control and were randomised to control or plyometric groups. The plyometric group 
demonstrated favourable neuromotor adaptations during running after cycling beyond that of the control group at 8 weeks (relative risk = 2.5; numbers 
needed to treat = 2). There were significant differences between groups at 8 weeks for the difference in amplitude of muscle activation (p = 0.04) 
and root mean square error (p = 0.01) between control and transition runs. Running economy was not different between groups at 8 weeks.  
Conclusion: The addition of plyometric training to endurance training corrected neuromotor control in those triathletes in which it was aberrant. 
The correction in neuromotor control was not associated with an improvement or impairment in running economy and may have utility in the 
prevention and/or rehabilitation of injury. 
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173 Beverage temperatures at aid stations: Port Macquarie Ironman 2010

C. Burdon1*    H. o’Connor1    N. Johnson1    P. Chapman2    1Exercise and Sport Science, The University of Sydney    2Australian Catholic University

Background: Beverage temperature is known to effect palatability, fluid volume consumption and performance when athletes exercise for long 
durations, especially in the heat. Athletes anecdotally report that aid station beverage temperature ranges widely and is often unpalatable 
(22–30°C) when competing in endurance events. No field study has reported on aid station beverage temperatures.  
Method: Data was collected at the Port Macquarie Ironman from 0800–1800h. Environmental temperature (mean and range or SD) was measured 
every 30min and beverage temperature (mean and SD) every 10min. Three locations on the cycle and two on the run course were monitored. 
Temperature of drink bottles with (n=4) or without (n=4) a temperature insulating cover (Gatorade SkinsTM) either placed in direct sunlight or 
shade was also monitored during the race (for 210 min). Plastic jugs (5L) of pre-mixed sports drink (GatoradeTM) and cola were cooled in ice 
at aid stations prior to dispensing (750ml bottles for cycle and 200ml cups for run course). Water was dispensed from mains or water trucks.  
Results: Dry bulb temperature was 26.3°C (19.4–29.7°C) with an average relative humidity of 68±8.8%. Radiant temperature, calculated from 
black globe, was on average 38.6±7.0°C and reached a maximum of 41.5°C. WBGT was 25.2±2.4°C (range 20.5°C to 28.1°C) was within the 
increased risk category for heat illnesses. On the cycle course, competitors received water at 16±6.9°C between 0800–1000 h however this rose 
to 25.6±2.5°C between 1200–1300 h. A similar trend was observed with sports drink temperatures, commencing at 20.1±3.7°C and rising to 
26±3.3°C. Discarded fluid in bottles on the cycle course was 28.0±3.2°C. Water on the run course was warmer (26.3±2.3°C) compared to the 
cycle; sports drink and cola were similar (25.2±1.8°C and 24.7±4.4°C respectively). Higher beverage temperatures on the run compared to the 
cycling course are likely the result of a smaller thermal mass (178.2±74.8g vs. 477.5±111.3g) and higher radiant temperature (39.9±6.3°C vs. 
38.1±7.8°C). Gatorade SkinsTM significantly reduced the rate of temperature rise compared to a naked bottle in both the sun (6.4±1.4°C·h-1 vs. 
7.1±1.9°C·h-1 respectively, p<0.01) and the shade (4.6±1.1°C·h-1 vs. 4.7±0.9°C·h-1 respectively, p<0.001). Beverages remained palatable 
(<20°C) longer with the skin than without (sun: 45±23min vs. 20±8min, p<0.05; shade: 110±37min vs. 50±26min p<0.001).  
Conclusion: Beverage temperature was influenced by environmental conditions and aid station cooling practices. Strategies including shade to reduce 
radiant heat, adequate ice cooling and insulated drink holders for beverages help to reduce the rise in beverage temperature to unpalatable ranges.

174 upper limb strength of Malaysian tenpin bowlers: Relationship with bowling average and ball release velocity

R. Razman1    J. Cheong2*    1Sports Centre, University Of Malaya    2School of Sport Science, Exercise and Health, The University of Western Australia

Introduction: Reasonable muscle strength is required to maintain full control of the heavy bowling ball and stay consistent throughout a tenpin 
bowling tournament. The aim of this study was to compare selected upper limb strength variables in bowlers with the normal population. 
In addition, the study examined how these strength variables relate to bowling scores and ball release velocity.  
Methods: 17 male (Age 22.4±3.6 years) and 13 female (Age 21.7±4.8 years) national bowlers were measured, while 14 male (Age 22.0±1.6 years) 
and 19 female (Age 22.6±1.4 years) sedentary university students were assigned to the normal population group. Isometric strength tests were 
taken on the dominant side and scores were normalized to body mass. The measurements were finger pinch force between the index to thumb, 
middle finger to thumb, third finger to thumb, arm flexion, wrist flexion, internal rotation and external rotation. The bowlers also had their bowling 
scores averaged over three tournaments and ball release velocity recorded. Significance level was set at p<0.05.  
Results and Discussion: The male bowlers significantly differed from the normal population in arm flexion (t29 = 3.48), wrist flexion (t29 = 2.75) and 
internal rotation (t29 = 2.71), while the females differed only in internal rotation (t30 = 2.01). It is unclear whether these differences were a result of 
the bowlers having more strength to begin with or gained strength through bowling participation. In addition, results indicate that arm flexion (r=0.55), 
wrist flexion (r=0.45), internal (r=0.51) and external rotation (r=0.62) were all significantly correlated with ball release velocity, but more importantly 
was that none of the strength variables were related to the average bowling score. Furthermore, no significant relationship existed between ball release 
velocity and average bowling performance. Therefore, even though upper limb strength seems essential to ball release velocity, the impact it has on a 
bowler’s average seem insignificant. In conclusion, there is a difference in upper limb strength between bowlers and the normal population, but further 
research is necessary to find cause and effects relationship of bowling participation. The results also suggest that some form of upper limb strength is 
required in delivering the ball at high velocities but its relationship to the overall bowling score is negligible. Finally, as it was observed that internal rotation 
was present in all significant comparisons and correlations, it appears to be a key strength element in bowling and thus warrants further investigation.

175 effects of taekwondo training on neuromotor control of large and small muscles

P. Chung1*    G. Ng1    1The Hong Kong Polytechnic University

Introduction: Fast reactions are important for good competitive performance in combat sports such as Taekwondo (TKD). Hitherto, no study has 
investigated the effect of TKD training on the neuromotor control mechanism thus this study aimed to examine the difference in pre-motor time, 
movement onset timing and electromechanical delay (EMD) between skilled TKD practitioners and non-athletes.  
Methodology: 20 professional TKD athletes, 20 amateur TKD practitioners and 20 non-athletes aged 18–29 years participated. Reaction timing 
of flexors pollicis brevis (FPB) and rectus femoris (RF) to audio stimulus, non-sport specific and sport specific visual stimuli was tested. The audio 
stimulus was a “beep” sound, the non-sport specific visual stimulus was a green light appearing randomly on a computer screen whereas the sport 
specific stimulus was an attack motion image popped up on the computer screen. Subjects responded to the stimuli by pressing a switch with their 
dominant thumb or kicking with their dominant leg, on which an accelerometer was attached to the tibial tuberosity. Surface electromyography 
(EMG) of FPB and RF were recorded and the time lag between the stimuli and EMG onset was determined as the pre-motor time. Movement onset 
of the thumb and leg were indicated by triggering of the thumb switch and the accelerometer signals respectively. EMD was measured by the time 
lapse between EMG onset and movement onset.  
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Results: Professional TKD practitioners showed significantly longer pre-motor time and movement onset of FPB (p<0.01) and RF (p<0.01) to audio 
stimulus comparing to other two groups. Slower movement onset of FPB (p=0.022) and RF (p=0.001) to the non-sport specific visual stimulus 
were also found in professional TKD practitioners. However, professional TKD athletes have shorter pre-motor time of FPB 228 ms (p=0.03) and 
RF 250ms (p=0.51) to sport specific visual stimulus than non-athletes. No significant difference in EMD was found between three groups.  
Discussion: Professional TKD athletes were found to have slower reactions to simple audio and visual stimuli, but faster reactions to sports specific 
pictures comparing to amateur TKD players and controls. Slower reaction times to simple stimulus may indicate that intensive TKD training inhibits the 
athletes’ sensitivity to the visual and audio signal of the surrounding due to intense concentration on the opponent’s movements. Shorter pre-motor 
time and similar EMD found in this study signify that fast reactions to sport specific stimulus were due to better cognitive performance rather than 
improved mechanical properties of the muscles.

176 Reprogramming Nintendo gaming controllers for sports science: the creation of gym and field based athlete 
testing systems

R. Clark1*    K. Paterson2    R. McGough2    A. Bryant3    1ASICS Sports Medicine Research Fellow, The Centre for Health, Exercise and Sports Medicine,  
The University of Melbourne    2The School of Exercise Science, Australian Catholic University    3The Centre for Health, Exercise and Sports Medicine, The University Of Melbourne

Introduction: The balance board and hand controllers associated with the Nintendo console are wireless tools which are commonly used to 
interact with video games, and consist of strain-gauge type force platforms, infra-red cameras, accelerometers and gyroscopes. These devices 
can be reprogrammed to create a wide array of real-time performance acquisition and analysis systems, including timing light, standing balance, 
exercise performance monitoring, hand-eye coordination and motion tracking programs which can be used in a field, clinical or research setting. 
This presentation focuses on the application of the Nintendo controllers in the sporting environment.  
Methods: The concurrent validity of the controllers was first established by comparing them against the appropriate “gold standard” devices, such 
as laboratory grade force plates. The devices were then incorporated into custom-designed computer programs specific to the testing demands of 
a number of professional sporting organisations and rehabilitation clinics.  
Results: The sensors used in the Nintendo controllers were found to be reliable and comparable to the gold standard laboratory grade components. 
For example, assessment of intraclass correlation coefficients, minimum detectable change scores and Bland-Altman plots from data recorded 
during a range of balance tasks performed on either the Nintendo Wii Balance Board or an AMTI force plate revealed good to excellent concurrent 
validity. The results of field testing of the data acquisition and analysis programs performed with a number of professional sporting organisations 
suggest that the systems are suitable for use.  
Discussion: The wireless, widely available and multi-purpose nature of these components makes them particularly suitable for use in a field or 
clinical setting. The low cost of these components and the ability to create custom-designed assessment systems which incorporate them allows 
the practitioner to monitor a far greater range of exercises and functional tasks than was previously available. They offer a genuine alternative to 
some of the more cost, availability and space prohibitive assessment tools which are currently being used. 

177 the correlation between player feedback and performance: A comparison between the AFL and NRL

K. Foreman1*    G. Wigley1    1University of South Australia – Systems Architecture and Security Lab

Introduction: Player based performance feedback is a critical part of any elite sport as it allows players to strive for a specific goal, ensures they 
are motivated and allows players to be focused on areas of their game or role within the team they need to improve on. This paper explores the 
correlation between providing AFL and NRL players with feedback about their performance during training sessions and games and how this 
information/feedback or lack thereof then affects their performance during the game. The purpose of this paper is to compare and contrast the 
differences between AFL and NRL and their approaches to providing performance based feedback to players and develop a best practices model.  
Methodology: A survey of AFL and NRL clubs was conducted in 2009 to determine how AFL and NRL clubs are using GPS. The survey was 
posted to relevant staff members, including physical performance managers, strength and conditioning coaches, high performance managers 
and senior coaches from AFL and NRL clubs. 12 responses were received from AFL clubs out of a possible 16 with three deemed unusable. 
While 8 responses were received from NRL clubs out of a possible 16 in which 2 were deemed unusable. Responses were deemed unusable 
as respondents selected both yes and no responses for some qualitative questions. A total of 20 responses were received, 15 were completed 
responses and 5 incomplete responses providing a valid response rate of 75%.  
Results and Conclusion: NRL staff members have an advantage over their AFL counter parts when providing individualised and team performance 
feedback to players on game day. Currently there are no restrictions within the NRL about the number of players who can wear GPS devices during 
a game, whilst only ten players can wear GPS devices within the AFL during a game. This gives the NRL an advantage in providing individualised or 
group specific feedback to players. Although this advantage is not utilised as 60% of NRL teams do not use GPS live during a game. Currently there 
is no practical model that explores the dissemination of performance-based feedback to players within the AFL or NRL therefore a recommended 
performance feedback model has been developed from the results of the survey for application within both codes of football. This model outlines the 
best techniques for dissemination of information to players both during the game and post-game allowing players to perform to the best of their ability.

178 energy deficiency and stress may affect testosterone levels in male olympic athletes

M. Hagmar1*    B. Berglund2    K. Brismar3    A. Lindén Hirschberg1    1Department of Women´s and Children´s Health, Division of Obstetrics and Gynecology,  
Karolinska Institutet    2Department of Medicine, Karolinska Institutet    3Department of Molecular Medicine and Surgery, Karolinska Institutet

Purpose: Endocrine balance is essential for top elite performance. However, while sportswomen at risk for energy deficiency and hormonal 
disruptions have been the focus of a considerable amount of research during the past two decades, male athletes have not received the same 
degree of attention regarding these serious issues. The objective of this study was therefore to characterize the endocrine balance and body 
composition of male Olympic athletes participating in different disciplines.  
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Methods: Forty-five Swedish male Olympic athletes participating in a variety of disciplines underwent determination of body composition 
(body fat, lean body mass, bone mineral density) by dual energy x-ray absorptiometry, and blood samples were collected for the analysis of 
steroid hormones, biomarkers of energy availability and stress.  
Results: All athletes had values of body composition within normal limits. Age-adjusted levels (SD-score) of insulin-like growth factor 1 (IGF-1), 
a biomarker of nutritional status, correlated positively to serum levels of free testosterone (S-fT) (r= 0.39, p=0.009) and negatively to serum cortisol 
(r=-0.32, p=0.03). A subgroup of eight athletes exhibited pathologically low IGF-1 SD-scores (< -1.0) in conjunction with lower S-testosterone 
(18.83 (17.08-19.68) vs. 21.09 (18.86-24.88) nmol/L (median, Q25-Q75), p=0.036) and higher S-cortisol (p=0.005) than the other 37 sportsmen. 
These differences were not dependent on body composition or sporting discipline.  
Conclusions: Despite a normal body composition, 18% of the Olympic athletes had indications of energy deficiency and/or stress, and lower serum 
levels of testosterone than the other athletes. Our findings indicate the need for increased attention to male elite athletes’ nutritional and training 
habits in order to optimize performance and prevent injury and illness. 
This study was financed by grants from the Swedish Research Council (20324), the Swedish Olympic Committee, the Centre for Athletic Research 
and the Karolinska Institutet in Stockholm.

179 Increased physical performance by using a nutritional supplement: Fact or fantasy?

C. Janse van Rensburg1*    C. tabane1    R. Grant1    P. Wood1    1University of Pretoria

Introduction: There is evidence suggesting that oral supplementation with a variety of micronutrients are useful in reducing the risk of disease 
and small ergogenic effects may be produced with oral Adenosine triphosphate (ATP) supplementation. The aim of this study was to determine 
the effect of an oral nutritional supplement containing Adenosine triphosphate (ATP) on physical performance in middle aged men.  
Methodology: A randomized, double-blind, placebo-controlled, pre-test – post-test, group comparison study design was used. Healthy, sedentary 
males 30–60 years of age were randomly assigned to one of two groups for the study. One group (N=18) took the active supplement, 6 sprays 
daily as recommended by the suppliers. Another group (N=18) received a placebo oral liquid spray for use in the same way. Both groups received 
introductory progressive exercise programs involving walking for 20–60 minutes, 3–5 times per week for the duration of the study. Both groups 
were requested to follow the exercise programme for the 60 day intervention period. Parameters measured included anthropometry, resting 
blood pressure and heart rate. Anthropometrical assessment for estimation of body composition was done; thereafter subjects completed a timed 
Rockport Test (one-mile maximal effort walking test) on a standard athletics track. The parameters, including the VO

2
 max, were measured once 

more immediately on completion of the walk test.  
Results: The scores of the active and placebo groups were not significantly different during the pre-test Rockport measures. Statistically significant 
differences existed between the Active and Placebo groups on post-test measurements for walk time and peak heart rate, between the estimated 
VO

2
max (relative) pre-test and post-test data within the Active group and between pre- and post-test Rockport measurements for resting diastolic 

blood pressure within the Placebo group.  
Conclusion: Oral supplementation containing ATP does appear to relatively improve performance when parameters such as walking time, VO

2
 max 

and peak heart rate are taken into consideration. Statistically significant differences were found between the two groups pre- and post test, which 
indicate an improved physical performance with oral ATP supplementation. However, specific indicators of aerobic and anaerobic endurance such 
as blood lactate showed no significant difference. A longer study period, adopting different measures of determining the VO

2
 max and modifying 

both inclusion and exclusion criterion, to decrease the inherited differences might address some of these inconsistencies and eliminate ambiguity.

180 effect of acute exercise and dietary manipulation on hepatic triglycerides

N. Johnson1*    D. van overbeek1    P. Chapman2    M. thompson1    t. Sachinwalla3    1Discipline of Exercise and Sport Science, The University of Sydney 
2School of Exercise Science, Australian Catholic University    3Department of Magnetic Resonance, Northside Medical Imaging

Introduction: Exercise fat oxidation is increased with exercise duration and when exercise is preceded by short-term low-carbohydrate high-fat diet. 
However, the relative contribution of tissue lipids to fat oxidation remains unclear and cannot be accounted for by the oxidation of adipose-derived 
free fatty acids (FFAs). This has implicated a role for other fat sources such as muscle and/or hepatic triglycerides in exercise metabolism. No study 
has measured hepatic triglyceride concentration (HTGC) before and after exercise in humans. In rodents, acute exercise has been shown significantly 
reduce HTGC during the hours following exercise cessation. Demonstration of a reduction in HTGC during and/or after exercise in humans may have 
important implications for non-alcoholic fatty liver disease (NAFLD).  
Methods: Five endurance-trained men (VO

2
max 63.3 ± 6.0 ml×kg-1×min-1; body mass 75.5 ± 4.3 kg; age 30.4 ± 3.8 yrs) undertook two 

bouts of prolonged cycling exercise (65% of VO
2
max) after 67 h of a: 1) mixed diet (50% carbohydrate; 35% fat; 15% protein) (Mixed) and 2) 

low-carbohydrate high-fat diet (2% carbohydrate; 83% fat; 15% protein) (LCHO), via a double-blinded cross-over design. HTGC was measured 
before and after exercise by localised magnetic resonance spectroscopy. All participants were informed of the study protocol and risks before 
providing their written consent. The study was approved by the Human Research Ethics Committee of The University of Sydney.  
Results: Fat oxidation was significantly higher during exercise in LCHO versus Mixed (p <0.01). The rise in FFAs was greater in LCHO versus Mixed 
(p <0.05). There was no effect of diet on HTGC before or after exercise (p >0.05) yet HTGC increased during exercise in both conditions and was 
significantly higher than pre-exercise 4.5 hrs after exercise cessation (p <0.05).  
Conclusion: Hepatic triglyceride concentration is not altered by short-term dietary manipulation but is increased during and following prolonged 
aerobic exercise in endurance-trained humans. This increase may reflect the fact that exercise increases adipose-derived plasma FFAs, whose 
uptake into the liver may exceed hepatic triglyceride removal via oxidation and/or triglyceride export. These data suggest that the benefit of 
regular exercise in NAFLD is not due to acute benefits.
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181 the open window of susceptibility to infection after acute exercise in healthy young male elite athletes

M. Kakanis1,3*    J. Peake2,3    S. Hooper3    B. Gray1    S. Marshall-Gradisnik1    1Faculty of Health Sciences and Medicine, Bond University 
2School of Human Movement Studies, The University of Queensland    3Centre of Excellence for Applied Sport Science Research, Queensland Academy of Sport

Introduction: The “open window” theory describes the purported short-term suppression of the immune system following an acute bout of 
endurance exercise, which may lead to an increased susceptibility to upper respiratory illness (URI). Although many studies have found evidence 
of a decrease in immune function after intense exercise, these studies have not documented the changes in immune function past 2 hours after 
the completion of exercise. It is unclear whether these immune functions return to resting levels before a second bout of exercise on the same day.  
Methodology: Ten male “A” grade cyclists (age 24.2 ± 5.3 years; body mass 73.8 ± 6.5 kg; VO

2
peak 65.9 ± 7.1 mL.kg–1.min–1) exercised for 

2 hours at 90% of their second ventilatory threshold. Blood samples were collected before, immediately after, and 2, 4, 6, 8, and 24 hours after 
exercise. Immune variables examined included total leucocyte counts, neutrophil function, lymphocyte subset counts, natural killer (NK) cytotoxic 
activity, and NK cell phenotypes.  
Results: Total lymphocyte numbers increased from before to immediately after exercise (p<0.01), decreased at 2 hours after exercise (p<0.001), 
and returned to resting level 24 hours after exercise. CD4+ T-cell counts increased from before to 4 hours (p<0.05) and 6 hours after exercise 
(p<0.01), and remained elevated at 24 hours after exercise. NK cell numbers decreased significantly from before to 4, 6 and 8 hours after exercise 
(p<0.05), and returned to resting level by 24 hours after exercise. CD56brightCD16– NK cell counts increased from before to immediately after 
exercise (p<0.01) and returned to baseline level by 2 hours after exercise. NK cytotoxic activity and neutrophil oxidative burst activity did not change 
significantly after exercise. However, neutrophil cell counts increased from before to immediately after exercise (p<0.05) and 2 hours after exercise 
(p<0.01), and returned to resting level by 24 hours after exercise. Neutrophil phagocytic function decreased from 2 hours to 6 hours and 8 hours 
after exercise (p<0.05). Eosinophil cell counts increased from 2 hours to 6 hours and 8 hours after exercise (p<0.05).  
Conclusion: This is the first study to show changes in immune cell counts and function for up to 8 hours after exercise. These long-lasting changes 
in total lymphocyte and NK cell counts and neutrophil phagocytic function following exercise may contribute to the risk of URI associated with 
intense endurance exercise training in athletes who train more than once a day. Funding: Queensland Academy of Sport 

182 the effect of self-determined pace on muscle activity and leg motion in water walking and deep-water running

K. Kaneda1*    H. Wakabayashi2    D. Sato3    y. ohgi4    t. Nomura5 
1The Japan Society for the Promotion of Science, Keio Research Institute    2The Japan Society for the Promotion of Science, Kyushu University 
3Niigata University of Health and Welfare    4Graduate School of Media and Governance, Keio University    5NPO Tsukuba Aqua Life Research Institute, University of Tsukuba

Introduction: We have revealed the characteristics of water walking (WW) and deep-water running (DWR) on muscle activity and leg motion. 
Moreover, we also discussed about the effectiveness of WW as a walking practice for reacquiring land walking. In this study, the objective was 
to examine the effect of self-determined pace on muscle activity and leg motion in WW and DWR.  
Methodology: Nine healthy young males (mean age, height, weight and %fat were 24.9 ± 2.2 yr, 172.0 ± 3.8 cm, 69.3 ± 3.7 kg, and 19.4 ± 4.1%) 
participated as subjects. They performed WW and DWR at self-determined slow, moderate and fast pace for 8 seconds with two repetitions. At the 
first trial, subjects performed at their comfortable pace (moderate); then they performed at a faster or slower pace than the moderate pace. A floating 
device, an aqua jogger, was attached to the subject’s waist during DWR for making a floating vertical position. The water depth was set to 1.1 m 
for WW. The muscle activity of the tibialis anterior, soleus, medial gastrocnemius, rectus femoris, vastus lateralis, and long head of the biceps 
femoris were measured by using surface electromyography. 2-D motion analysis was adopted to detect the ankle, knee and hip joint angles in the 
sagittal plane. The data were averaged by two repetitions for calculation.  
Results and Conclusions: The locomotion speeds were significantly increased by pace inclement in the WW and DWR. The all measured muscle 
activity was also significantly increased by pace inclement. In the WW, the faster the locomotion pace, the more flex position in the all joint at both 
heel-contact and toe-off phase. On the other hand, the DWR tended to the flex position in ankle and hip joints by pace inclement at maximal knee 
extended position. Moreover, the range of motion of hip joint became smaller when the pace was increased. Those results showed that when 
locomotion speed was increased, the muscle activity was basically increased in both WW and DWR, the motion of the WW become much flex 
position, and the motion of the DWR tended to be smaller. As a conclusion, the exercise instructors should consider the change of muscle load 
and leg motions by changing locomotion speeds for making much suitable water exercise program especially in rehabilitation program.

183 Influence that stopping movement by coordination training exerts on dynamic balance ability

N. Kobayashi1*    A. Mochizuki2    t. Matsumoto3    t. Mishima4    K. takeuchi2    t. omori6    t. yoshida7    F. Watanabe7    M. takayama7 
1J-PEC White Swim Club/Graduate School of the Kokushikan University    2The Teikyo Heisei University    3The Kokushikan University    4The Hachinohe University 
6North Sanya Elementary School, Tokyo    7Tokyo Adchi Life study public corporation

Recently, decreased physical strength by a decrease in the idle time of childhood has society come into question in the children in Japan. 
The number of children who injure the body balance by the stumbled over it is not possible to take when a sudden body stops because of the 
decreased physical strength increases. Then, it aimed to examine the influence that the stopping movement by the coordination training exerted 
on the dynamic balance ability in the present study and to tie to the physical strength improvement of children. The object classified into the 
coordination training group that contained the movement that stopped with a general coordination training group for 135 elementary school students 
of 6 to 8 years old(6.9±0.7 years old) up to now, without the coordination training experience and investigated the change in the measurement test 
of 20 m dash (sec)/Pro Agility test (sec)/ Standing long jump (cm)/ Side step (times)/ Vertical jump (cm). In the result, the improvement of the record 
indicated a large value from a general coordination training group in the children of the coordination training group that contained the movement that 
stopped especially though had seen in either county more intentionally in each measurement test. As a result, it was suggested to be promoted by 
improving the speed, quickness, and the agility by executing the coordination training where the stopping movement was included.
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184 Sport ethics – an oxymoron?

e. Livingston1*    1University of Notre Dame

Introduction: The purpose of this research was to determine if the conflicting demands usually found in elite level sport can be reconciled with a 
concept of “ethical” conduct. Many factors and competing demands influence sport at an elite level, including business aspects, public image, 
sponsors demands, competition performance, behaviour of athletes, staff and even spectators. Each of these elements can affect decision making 
of those involved, and lead to actions that can be critiqued in the media as “unethical”, and sometimes as unlawful, as has been the case in recent 
years with instances of drug use and sexual harassment.  
Methods: The method used to address the question was a literature review of publications over the last ten years that have addressed the issue of 
ethics in sport. While the focus was on articles in peer reviewed journals, and book publications, consideration was also given to the representation 
of sport ethics in the popular press, as this is a domain where different parties are represented, and alternate points of view are often first discussed  
Results: This research has shown that while there is interest and debate around the topic of ethics in sport, the area is, in many ways, in it’s infancy. 
This is due to limited formal training, and subsequently a limited knowledge base, for many of those who are central to the debate, such as the 
athletes, coaching, medical and allied health staff as well as management / business interests.  
Conclusion: The investigators hope that this research will lead to increased debate within the relative professions, and ultimately more consideration 
will be given to the ethical aspect of decision making within the elite sport arena. To this end further research is being developed that will investigate 
the methods used to teach ethics in allied health professions, using exercise physiology as a specific example.

185 optimising breast support in female patients through correct bra fit. A cross-sectional study

D. McGhee1*    J. Steele1    1University of Wollongong

Introduction: Ill fitting bras and insufficient breast support can lead to the development of musculoskeletal pain and inhibit women participating in 
physical activity. A correctly fitted, supportive bra has been found to alleviate up to 85% of these pain symptoms, allowing women to exercise in 
greater comfort, possibly removing the need for breast reduction surgery. This study aimed to systematically determine the best method for women 
to independently choose a well-fitted bra.  
Methodology: The bra size of 104 women (age = 43.5 ± 13.2 years; average bra size = 12B; band size range = 10–14, cup size range = A–DD cup; 
Australian Sizes) was determined through self-selection and bra size measurements in a single style and make of bra. This was compared to a “correct 
bra size” as determined by professional bra fitting criteria. The criteria were also used to assess the bra fit of each participant’s own bra, with a ranking 
of pass or fail. This assessment determined the ability of each subject to correctly select bra size from a large range of styles, brands and sizes.  
Results and Conclusions: Eighty-five percent of the participants own bras failed the bra fit criteria. Bra sizes determined by self-selection or using 
common commercial bra-sizing measurement systems were found to be significantly different to the correct professional fitted bra size (p < 0.001), 
in that 58% of the self-selected and 89% of the measurement systems bra sizes were incorrect. Only 8% of participants reported to routinely use 
professional bra fitting services and 41% reported exercise-induced breast discomfort. This investigation is the first to use a professional bra fitter 
to assess bra fit and to systematically compare bra size determined using a variety of methods. The participants’ ability to independently choose 
a well-fitted bra was poor, and did not improve by trying on several bras, increased bra choice or use of bra sizing measurement systems. It is 
therefore recommended that the Australian Standard guidelines for bra sizing measurement systems be reviewed. Education of women by medical 
practitioners and allied health professionals during routine consultations of professional bra fitting criteria may improve the ability of women to 
independently choose a well-fitted bra. This in turn, could assist in the promotion of physical activity and prevent the development or progression 
of musculoskeletal disorders associated with poor bra fit.

186 Coordination training vs. sports activity: effect on motor fitness in children

t. Mishima1*    A. Mochizuki2    e. Watanabe3    N. Kobayashi4    1Hachinohe University    2Teikyoheisei University    3Senshu University    4Kokushikan University

Coordination training leads to increase not only muscle tissue and the cardio-respiratory systems but also the network of the central nervous system in 
children. However it is unclear that this effect is only vigorous physical activity or an effect of Coordination training itself. Therefore, the purpose of this 
study was to investigate the effects of Coordination training on motor fitness in children compared with sports activity. The subjects of the study were 
41 children of both genders (mean age, 8.7 +/- 0.9 years) and consisted of Coordination training group (COT, n = 10), soccer players (SO, n = 9), 
basketball players (BA, n = 7) and control group (CON, n = 15). COT participated in Coordination training class one time a week for 12 weeks. SO and 
BA have done their regular training same periods. Motor fitness was assessed 2 times at 0 weeks and 12 weeks. Measuring items of motor fitness 
were 20 m dash, Pro Agility test, standing broad jump, side steps, vertical jump, rebound jump index and tennis ball-throwing. For analysis of motor 
fitness, a one-way ANOVA for repeated measures was used to test for statistical differences. In all case, statistical significance was set at p < 0.05. 
After 12 weeks training period, COT demonstrated significantly improvement in 20 dash (p < 0.01), Pro Agility test (p < 0.001), side steps (p < 0.01), 
vertical jump (p < 0.05) and rebound jump index (p < 0.05). Both SO and BA showed that significantly increased in vertical jump (p < 0.05). No significant 
differences were observed CON. These results suggest that Coordination training itself improve speed, agility and ballistic movement in children.
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187 Reduction of the bilateral deficit following unilateral strength training: A tMS study

A. Pearce1*    D. Kidgell2    1Victoria University    2Deakin University

Introduction: Cross education and bilateral deficit phenomena are well documented within the literature; however, the precise mechanisms are 
still remaining to be elucidated. The aims of this study was to measure changes in the bilateral deficit following 4 weeks of unilateral (single arm) 
strength training and associate these with neurophysiological testing using transcranial magnetic stimulation (TMS) at tonic contraction levels 
between 10%–40% of MVC.  
Methodology: Twenty right handed participants (29.5 ± 7.0 years) were randomly allocated into either strength training (n=10) or a control group 
(no training, n=10). Prior to and post 4 week training, all participants undertook maximal strength test (1 repetition maximum) and neurophysiological 
measures using TMS. The strength training group completed fully supervised, dominant arm, bicep curl training of 4 sets of 8 repetitions at 80% 
of their measured 1RM, at a speed of 3 s concentric/ 4 s eccentric, with a 3 min recovery between sets. The principle of progressive overload was 
employed, when participants were able to complete the 8 repetitions comfortably, the training weight was increased by 5%.  
Results: No differences in strength and the bilateral deficit were observed between groups prior to the training intervention. Similarly, no differences 
were observed between groups in corticospinal measures of latency and excitability before the training intervention. Following the training period, 
the training group increased strength in the trained arm by 26.4% with a cross education transfer effect to the untrained left arm of 16.3%, and a 
reduction in bilateral deficit 12.9%. The training group showed increased corticospinal excitability projecting from the contralateral motor cortices 
projecting to the biceps at 20%, 30% and 40% of MVC. No changes in strength, bilateral deficit or corticospinal excitability were observed in 
the control group. Correlations at 20%, 30%, and 40% showed moderate (-0.70, -0.65, -0.66) inverse correlations with increased corticospinal 
excitability to the reduction in bilateral deficit.  
Discussion: Increases in strength to the trained arm, improvement in cross-education to the untrained arm and reduction in bilateral deficit 
occurred following the period of unilateral strength training. Further, the observation of increased corticospinal excitability and association to the 
reduction in bilateral deficit suggests that neurophysiological mechanisms may underpin these findings following unilateral strength training.

188 400-meter walk performance in older adults: Relationship with lower extremity muscle and physical function

D. taaffe1*    t. Henwood1    D. Galvão2    1The University of Queensland    2Edith Cowan University

Introduction: The 400-meter walk test is a relatively recent measure of cardiorespiratory fitness in older adults and uses a specific distance to 
walk rather than a specific period of time. Moreover, it is a convenient test comprised of a 20-meter out and back course that can be undertaken 
in a corridor and, as such, is suitable for use in multiple settings. However, the relationship of test performance with various measures of lower 
extremity muscle and physical function is unclear or if relationships are consistent across gender. Therefore, we examined the associations 
between 400-meter walk time (400MWT) with standardised measures of muscle and functional performance in well-functioning older persons.  
Methods: Ninety-eight community dwelling men (n = 49) and women (n = 49) aged 65–84 years underwent a battery of tests that included the 
400-meter walk, 6-meter usual and fast walk, 6-meter backwards walk, floor rise to standing, stair climb and repeated chair rise. Lower extremity 
muscle strength (1RM) and endurance was determined by the leg press exercise. In addition, body composition, whole body and hip bone mineral 
density (BMD) were determined by dual-energy x-ray absorptiometry (DXA).  
Results: As expected, men were taller, heavier, with greater lean mass and less fat mass, higher BMD and muscle strength, and better lower extremity 
function then women (p < 0.05), although there was no difference between men and women for physical activity level, number of medications or falls. 
400MWT was significantly better (p < 0.001) in men (233 seconds) than women (263 seconds). In women, those with better 400MWT had greater 
leg strength (r = 0.336, p < 0.05) and better physical function (r = 0.291–0.610, p < 0.05), except for the backwards walk. In men, 400MWT was 
related to all measures of lower extremity function (r = 0.408–0.638, p < 0.01) but not muscle strength. In addition, those with greater fat mass or 
% fat were slower (p < 0.05). These associations were not substantially altered after controlling for age, body size or physical activity.  
Conclusions: 400MWT is significantly associated with several standard measures of lower extremity function, albeit of a generally moderate nature, 
and are consistent across gender. 

189 Ball and goal location as constraints on decision making in team sports

K. Davids1    L. vilar2,3*    B. travassos2,4    D. Araújo2    1Queensland University of Technology    2Faculty of Human Kinetics, Technical University of Lisbon, Portugal 
3Faculty of Physical Education and Sports, Lusófona University of Humanities and Technologies, Portugal    4University of Beira Interior, Portugal

Analysis of pattern forming dynamics in team sports can reveal potential collective variables that capture preferred coordination modes and interactions 
between players. Interpersonal interactions can be considered as in-phase (0º), corresponding to symmetrical relations between agents, or anti-phase 
(-180º or 180º), corresponding to anti-symmetrical relations (Kelso & Engstrom, 2006). We investigated how behaviour of attacker-defender dyads in 
Futsal was constrained by the ball and goal location. We identified phase relations and transitions in dyads when a goal was scored. Ten futsal games 
in the 2009 Lusophony Games in Lisbon were digitally recorded (25 Hz). 30 Sequences of play with a goal scored were analysed. Sequences were 
digitized with TACTO software, filtered by a low pass filter (6Hz) (Fernandes et al., 2007). From x and y coordinate data on spatial locations of attackers 
and defenders and the ball, we computed distances between all defenders and all attackers. We computed distance of each dyad agent to the ball and 
centre of the goal and calculated angles between dyad agents and the goal centre. As an order parameter, using a Hilbert transform, we computed 
relative phase values for three pairs of variables: (i) distance of attacker and defender to the ball, (ii) distance of attacker and defender to the goal, 
and (iii) angle of the attacker and defender and the goal. Agents in each dyad coordinated their relative distances to the goal, revealing an attractor in 
in-phase mode. Both system agents coordinated their relative angle with the goal in an in-phase mode, illustrating how the defender tried to maintain 
a line between the goal and attacker. As distance to goal decreased, higher levels of dyadic system variability emerged. Analysis of distance of each 
dyadic agent to the ball revealed interpersonal interactions to acquire a stable in-phase mode of coordination. Data suggested that both ball and goal 
location constrained dyadic agent behaviour, although the latter established a higher level of constraint on attacker and defender interactions.
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190 Improving proprioception through the use of tai Chi Chaun

A. Shim1*    D. Crider2    S. Drum3    C. Wenande4 
1The University of South Dakota    2Kutztown University of Pennsylvania    3Western State College of Colorado    4Dakota State University

Introduction: Proprioception is a skill which can be improved through specific motor skill activities. Based on its autonomic response, it is often 
overlooked for improving this early evolutionary sense until an injury occurs, based on reduced proprioceptive stimuli.  
Purpose: The purpose to this study was to determine if a 14 week Tai Chi course could improve proprioceptive stability scoresin college-aged students.  
Methods: A one group pre-test/post-test design (n=42) was selected for the study. All subjects were assessed pre and post stability scores via 
computerized posturography (Bertec Inc., Columbus, OH) to determine Center of Pressure (CoP) balance scores on a perturbed surface with their 
eyes opened and eyes closed. The group practiced three times a week for 45 minutes, during 14 consecutive weeks. A dependent t-test (p < .05) 
was selected to determine any significance with pre and post test scores with eyes open and eyes closed CoP balance.  
Results: The group did show significant improvement in CoP balance scores on a perturbed surface with the eyes open (.004 sd+ .18) after 14 weeks 
of training. The same group also showed significant improvement in CoP scores with their eyes closed (.007 sd+ .25) on a perturbed surface.  
Conclusion: This study has demonstrated that performing Tai Chi three times per week for forty-five minutes can be effective towards improving 
proprioceptive scores in college-aged students. A recommendation would be to assess other styles of Tai Chito see if they also improve 
proprioceptive balance scores in college-aged students, as well as in the elderly population.

191 Determinants in senior adults and the relationship of strength training

A. Shim1*    L. Chase2    S. olson2    1The University of South Dakota    2Dakota State University

Introduction: Proper strength training has been shown to improve balance and metabolic rates in older adults. More senior adults are realizing the 
importance of performing strength training on a regular basis. It is important for exercise facilities to recognize common characteristics that may 
exist among those seniors who do perform strength training. This information could assist fitness program managers increase participation among 
the older age groups.  
Purpose: The purpose of this study was to develop a demographic profile of older adults who currently participate in strength training activities 
in order to determine factors that could predict strength training participation.  
Methods: A predictive non-experimental design was selected for this study. Subjects (n=16) consisted of the Madison Community Center members 
who were over the age of 60 (sd + 3.2 years) who volunteered for this study. A period of 3 months of minimum strength training was required to 
qualify for the study. Each exercise session began with 5 minutes of a general neuromuscular warm-up at a low intensity. Participants exercised 
2–3 times a week for 30 to 45 minutes. A modified questionnaire consisting of 11 characteristics were selected and given to the participants 
anonymously submitted in secured envelopes. These results were analysed for interpretation. A multivariate logistical regression (p < .05) was 
selected to analyse the association between strength training and the respondents’ characteristics.  
Results: SPSS PASW 18.0 demonstrated 3 areas that were significant in the performance measures (p <.05) between subjects. The characteristics 
that were significant within subjects were gender (.001), type of strength training (.007), and weekly training frequencies (005).  
Conclusion: This study demonstrates that as one gets older, strength training activities become less popular, especially among women. It is further 
recommended that strength training facilitators employ different strength training methods to attract more seniors to partake in strength training 
activities. 

192 the journey to the professional ranks for Australian female talent

J. young1*    A. Pearce1    1Victoria University

Introduction: The pursuit of sporting excellence is considered a long-term commitment for athletes. It is seldom a journey taken alone by an athlete 
but rather is one where significant others (e.g., parents and coaches) play important roles. The aim of this study was to examine the roles of parent 
and coach in developing Australian female professional tennis players.  
Method: Ten top Women’s Tennis Association ranked Australian singles players, 10 parents and 10 coaches responded to questionnaires adapted 
from Cote’s (1999) and Wolfenden and Holt’s (2005) interview protocols. Participants were asked to recall their tennis background and describe 
the current role of parent and coach and compare these to possible earlier roles. Participants were also asked to make recommendations to 
parents and coaches who wanted to help a player develop her talent. A series of inductive content analyses was conducted to analyse the data.  
Results: The analyses revealed that parents’ roles had evolved from primarily providing financial and logistical support to currently embrace those 
of confidante, friend and mentor. The coaches’ roles had also changed from primarily one of providing technical and coaching support to currently 
providing psychological and player management support and overseeing the player’s fitness and nutritional programs. Both parents and coaches 
played dominant early roles in identifying talent with parents making considerable sacrifices to allow their daughter to pursue a tennis career. 
In terms of what players wanted of their parents and coaches, players reported, in the main, that they wanted “parents to be parents” and to 
encourage and support irrespective of match results and for coaches to adopt a developmental, balanced and player-centered approach.  
Discussion: The study’s findings highlighted important, but changing, roles of parent and coach in a developmental process extending over 10 years. 
Specifically, the findings support the influence of a caring, respectful and fun learning environment for aspiring players in which parents and coaches 
play different but complementary roles with the player’s well-being and needs to the forefront. As such, the value of this study is to extend previous 
tennis identification and development research with an examination of the roles of both parents and coaches. Future research may include 
investigation of tennis players, parents and coaches across a number of different nationalities, as well as male professional players, in order 
to provide a basis for comparative evaluation with this study’s participants. 



94    Hot Topics in the Tropics ‘10 program and abstracts

Friday 5 Novem
ber

193 Lessons learnt from conducting a multi-sport gym program for persons with an intellectual disability

J. young1*    A. Browne1    A. Pearce1    1Victoria University

Introduction: This presentation reviews a multi-sport gym program for persons with an intellectual disability and, in doing so, highlights key 
principles associated with successfully coaching this special population of athlete.  
Method: Twenty eight (16 female and 12 male) Victoria University First Year Physical Education students delivered two 5-week series of gym 
sessions to 24 (10 female and 14 male aged 8–16 years) persons with an intellectual disability (predominantly persons with downs syndrome 
and autism). The sessions focused on providing a range of activities (e.g., throwing, catching, rolling and hitting soft balls, skipping) designed to 
develop the client’s fundamental motor skills. At the conclusion of the two blocks of sessions, Victoria University students were asked to evaluate 
their experiences. A series of inductive content analyses was conducted to analyse the data.  
Results: The data analyses revealed key factors associated with successful coaching include: (a) identify the athlete’s abilities, interests and goals; 
(b) adapt activities to encourage inclusive for all; (c) ensure one’s communication is attentive, clear, positive and encouraging at all times, and  
(d) challenge the athlete in a fun and safe environment.  
Discussion: The program’s findings endorse recognised coaching principles for athletes with disabilities (Hanrahan, 2003) and, further, suggest the 
opportunity exists for coaches to be resourceful and take a proactive approach to identify and target often overlooked populations of athletes. If our 
program is any indication, working with persons with an intellectual disability can be a most rewarding, insightful and stimulating experience for 
coaches. It certainly highlights the joy and pleasure that is derived from sports participation when persons with an intellectual disability are given “a go”!

194 Healthy club program and evaluation

D. Bow1*    F. Boys1    1Sports Medicine Australia (WA Branch)

A Healthy Club is a sporting club that provides and promotes a healthy and safe environment for players, coaches, officials and spectators. 
The Healthway funded program has been available to sporting clubs since 2001 with over 1800 clubs participating over this period. The aim of this 
program is to provide financial support to local sporting clubs to develop, promote and implement Healthy Club policies and practises, conducive to 
healthy and safe sporting environments. The aim of this study was to evaluate Healthy Club strategies, project administration and club characteristics.  
Methods: Data was collected from a self-administered questionnaire. This survey was posted to all sponsored clubs in March and September 
2008. The survey consisted of questions relating to sport safety, smoking and safe alcohol/drug initiatives. The data was analysed using SPSS 
for Windows. Frequencies and descriptive statistics were generated.  
Results/Findings: As a result of the program over 71% of clubs had introduced sport safety initiatives; including warm up/cool down, safe playing surfaces, 
the use of protective equipment as well as introducing sport injury prevention training. Clubs that served alcohol indicated that the program had encouraged 
them to promote and adopt safer alcohol serving practices and provide Responsible Service of Alcohol training to staff. Over 59% of clubs indicated that 
they introduced healthier menu alternatives when serving food within their clubs. Over 65% of clubs now had designated outdoor smoking areas.  
Conclusions: The Healthy Club Sponsorship Program provides encouragement and support for local sporting clubs to implement Healthy Club 
policies and practices. Overall, the majority of sporting clubs that participated in this study were observed to be proactive in implementing 
Healthy Club initiatives and all had appropriate Healthy Club policies in place. 

195 Active girls healthy futures program and evaluation

F. Boys1*    D. Bow1    1Sports Medicine Australia (WA Branch)

Purpose: The Active Girls Healthy Futures (AGHF) pilot program was a community based physical activity and healthy eating initiative run by Sports 
Medicine Australia (WA Branch) based in the City of Swan. The program was conducted in 2009 and targeted girls aged 11–13 years. The aim of this 
program was to facilitate healthy eating habits and encourage participants to engage in school/community based physical activity prior to the time when 
many adolescent girls withdraw from organised sport. The purpose of the evaluation was to assess whether or not program objectives had been met.  
Methods: Participant data was collected via an age appropriate pre and post test (paper based) survey. The survey asked questions about physical 
activity and healthy eating status, attitudes/beliefs and participation in sporting activities. The parents of participants were asked to complete an 
online survey relating to their child’s physical activity and healthy eating behaviour and program satisfaction.  
Results/Findings: As a result of participating in the program, the majority (95%) of participants indicated that their awareness of the benefits 
of physical activity and healthy eating had increased. There was an increase in physical activity levels reported (19%) and an increase in the 
consumption of vegetables at recommended levels reported (11%). Participants reported that their consumption of snack/junk foods had reduced 
(5%). The majority of participants planned to continue exercising (89%) after the program had finished. Parents also indicated that their child had 
continued to exercise following the end of the program (93%). Satisfaction with the program was high amongst both participants and parents (98%).  
Conclusions: The program was successful at promoting physical activity and healthy eating to 11–13 year old girls. If funding was available,  
it was recommended that the program continue.

196 Pole-walking and the older adult: A thematic analysis

J. Choong1*    W. Payne1    1University of Ballarat

Purpose: This qualitative study examined intrapersonal, interpersonal, organisational and environmental factors which relate to PA maintenance 
in older adult participants of three pole walking groups in rural Victoria. This study is the first to examine pole walking for older adults from a 
qualitative perspective.  
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Methodology: Data were collected from 13 women and eight men in focus group interviews following completion of a questionnaire to collect 
demographic information. Data were analysed using thematic analysis methods.  
Results: The main intrapersonal themes identified were health benefits, enjoyment, self-efficacy and autonomy. Key interpersonal themes were 
social support, the non-competitive nature of the exercise, and leadership. Within the organisational arena, the major themes were health 
professional support, provision of equipment and ongoing organisational support. Finally, the physical environment themes were aesthetics, safety, 
and local location. Pole walking emerges as an activity that is perceived as interesting and enjoyable; possibly because of its uniqueness. It also 
is perceived as having the flexibility to cope with differing abilities of physical function while still being able to challenge participants. The social 
aspect of groups was perceived as being very important to the continued participation of those involved.  
Conclusions: The study showed that pole walking as an exercise, combined with group structure and social environment was successful in participant’s 
maintenance of physical activity. The need for exercise prescribers to choose creative and flexible types of exercise, such as pole walking as well as to 
consider the social aspect of group exercise can be seen as a successful strategy in increasing exercise behaviours in rural areas. Several variables 
related to physical activity maintenance presented in both qualitative and quantitative literature are confirmed and enhanced in this study. 

197 Determinants and outcomes of sports club membership among adolescent girls

R. eime1*    J. Harvey1    M. Craike2    C. Symons3    1University of Ballarat    2Cancer Council Victoria    3Victoria University

Introduction: The health benefits of physical activity (PA) are well documented, but the effects of the settings in which PA takes place are less 
understood. We investigated differences between members and non-members of sports clubs.  
Methodology: Levels of PA in two cohorts of adolescent girls in 31 schools (Year 7 n=489; Year 11 n=243) were investigated using a Previous 
Day Physical Activity Recall (PDPAR) questionnaire. Also included were questions regarding demographic characteristics of respondents and their 
parents/caregivers; self-reported height and weight; and a range of questions about attitudes, perceptions and preferences. Data from the PDPAR 
was used to calculate MET minutes of PA for the day prior to the survey. Body mass index (BMI) was calculated from self-reported height and 
weight. Within each year level, the MET minutes and BMIs of sports club members and non-members were compared using t-tests. Chi-square 
tests of association were used to test the relationships between club membership status and various categorical characteristics.  
Results: In both cohorts, sports club members reported significantly higher MET minutes than did non-members (Year 7 mean±SD = 2298±582 
vs 2063±407, p<0.001; Year 11 2468±571 vs 2300±610, p=0.048). In the Year 7 cohort, sports club members reported significantly lower 
BMI (Year 7 19.03±3.18 vs 20.01±4.07, p=0.021; Year 11 21.30±3.64 vs 21.40±3.61, p=0.839). Sports club members in both cohorts also 
reported significantly more positive perceptions of sports clubs, better access to PA facilities, higher levels of perceived PA competency, different 
modes of behaviour regulation, more PA-oriented leisure preferences and life priorities, fewer barriers to participation in PA, more support and 
encouragement from parents and friends, and more positive influences of boys and of other girls on PA participation, than did non-club members.  
Conclusion: The significant differences between sports club members and non-members encompass a wide range of indicators, many of which 
(such as perceptions of sports clubs, life priorities, access to facilities, leisure preferences and barriers to participation in PA) probably influence the 
decision to join a sports club. Differences in other key indicators such as perceived competency, reported MET minutes of PA and BMI, while they 
may to some degree also be markers indicating a predisposition to sports club membership, may also be outcomes of sports club membership. 
Thus, while being inherently limited in this regard by its cross-sectional design, this study has uniquely identified factors influencing sports club 
membership and demonstrated some possible benefits of sports club membership.

198 Which cyclists experience harassment from motorists? Findings from Queensland

K. Heesch1*    J. Garrard2    S. Sahlqvist3    1Institute of Health and Biomedical Innovation, Queensland University of Technology 
2School of Health and Social Development, Deakin University    3Medical Research Council – Epidemiology Unit, Addenbrooke’s Hospital

Introduction: Harassment from motorists is an aggravation that has been reported anecdotally by cyclists. Harassment may lead to anxiety, fear of 
cycling, and possible injury. Little is known, however, about the prevalence of harassment and potential correlates of harassment. Our aim was to 
examine prevalence of harassment from motorists and explore possible correlates of harassment, in a sample of Queensland adult cyclists.  
Methods: In an online survey of cyclists’ attitudes, behaviours and experiences, members of Bicycle Queensland (aged 18–90 years) reported 
whether they had experienced intentional harassment from motorists, or their passengers, in the previous year (yes; no; I don’t cycle on the 
road). Those who reported harassment were asked to tick which of seven types of harassment they experienced. They also reported demographic 
characteristics (age, sex, measures of socioeconomic status), and cycling behaviour (cycling frequency, years spent cycling, reasons for cycling 
[recreation, competition, transport]) that could potentially be correlates of self-reported harassment. Univariate and multivariate logistic regression 
modelling was used to examine the associations between potential correlates and harassment. Respondents who reported that they cycled less 
than monthly or that they did not cycle on the road and thus did not experience harassment from motorists were excluded.  
Results: Of 1935 respondents, 1472 (76%) reported harassment. The types of harassment reported were deliberately driving too close causing 
fear/anxiety (67%), shouting abuse (65%), making obscene gestures (46%), deliberately blocking the respondent’s path (24%), throwing objects 
(17%), tailgating (15%), and sexual harassment (2%). Half of respondents (51%) reported three or more types of harassment. In univariate and 
multivariate models, respondents were less likely to self-report harassment if they were the youngest (18–34 yrs) or oldest (55+ yrs) respondents, 
compared with mid-age (45–54 yrs) respondents; if they cycled <3 days/week, compared with those who cycled 5–7 days/week; or if they had 
cycled <2 yrs as adults, compared with those who had cycled 10+ yrs. Respondents were more likely to self-report harassment if they cycled for 
recreation or competition, compared with those who did not cycle for these reasons.  
Conclusions: These findings suggest that mid-age cyclists who cycle frequently (1–2 days/wk) for recreation or competition and have been cycling 
for many years are the ones most likely to perceive that motorists are intentionally harassing them. Efforts to decrease harassment should include 
a closer examination of the circumstances that give rise to harassment, as well as fostering safer social and physical environments for cyclists. 
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199 environmental, psychological, and social influences on physical activity among Japanese adults: 
A structural equation modelling

K. Ishii1*    A. Shibata1    K. oka1    1Faculty of Sport Sciences, Waseda University, Japan

Background: An understanding of the contributing factors to engaged physical activity is important for promoting population-based physical activity. 
The environment influences long-term effects on population-based health behaviour. Personal variables, such as self-efficacy and social support 
was mediators of the predictive relationship between the environment and physical activity. Only a few studies have examined both the direct and 
mediated effects of these correlates on physical activity. The present study examines the direct and indirect effects of environmental, psychological, 
and social factors on walking, moderate-intensity activity excluding walking, and vigorous-intensity activity among Japanese adults. 
Methods: The participants included 1,928 Japanese adults aged 20–79 years. Seven sociodemographic attributes (e.g., gender, age, marital status, 
education level, employment status), psychological variables (self-efficacy, pros, and cons), social variables (social support), environmental variables 
(home fitness equipment, access to facilities, neighbourhood safety, aesthetic sensibilities, and frequency of observing others exercising), and the 
International Physical Activity Questionnaire were assessed via an Internet-based survey. Structural equation modeling was used to determine ways 
in which environmental, psychological, and social factors may be associated with physical activity.  
Results: For the overall study sample, the mean age was 43.6 (13.0) years. The percentage of higher educated individuals was 47.7%. The percentage 
of those who were married was 67.8%, and of those who were employed was 54.4%. The mean minutes of walking per week (SD) was 222.1 (458.9), 
for moderate-intensity activity excluding walking per week was 94.3 (333.8), and for vigorous-intensity activity was 55.2 (202.2). Environmental factors 
could be seen to have indirect effects on physical activity through their influence on psychological and social variables such as self-efficacy, social support, 
and pros and cons (walking: GFI=.921, AGFI=.908, RMSEA=.047, moderate-intensity activity excluding walking: GFI=.921, AGFI=.908, RMSEA=.047, 
Vigorous-intensity activity: GFI=.921, AGFI=.908, RMSEA=.047). The strongest indirect effects could be observed by examining the consequences 
of environmental factors on physical activity through variables such as cons and self-efficacy. The total effects of environmental factors on physical 
activity were 0.02 on walking, 0.02 on moderate-intensity activity excluding walking, and 0.05 on vigorous-intensity activity.  
Conclusions: The present study indicates that environmental factors had indirect effects on walking, moderate-intensity activity excluding walking 
and vigorous-intensity activity in Japanese adults, especially through the effects on these factors of self-efficacy, social support, and pros and cons. 
The findings of the present study imply that interventionist strategies to promote more engagement in physical activity for population-based health 
promotion may be necessary.

200 Walk the talk – Influencing public policy physical activity health promotion

B. Johnston1*    1Queensland Health

Introduction: Promoting physical activity (PA) is important in reducing risk factors for a range of chronic diseases. Walking is an effective way to 
achieve appropriate levels of PA and the more walkable the environment; the more likely people will walk for transport and recreation. To increase 
walking, a whole of community approach is required to educate, collaborate and advocate for healthy public policies at the local level. The aim of 
this project is to promote PA in two rural towns in North West Queensland. This will be achieved through a walkability audit, linking with current PA 
programs, and by working in partnership with local councils. This work will also contribute to the delivery of the state-wide Supportive Environments 
for Physical Activity and Healthy Eating (SEPAHE) strategies and state-wide Q2 targets.  
Methodology: This project has two distinct phases. Phase one is the development of a walkability audit tool in conjunction with councils to produce a locally 
appropriate and practical audit tool. 10,000 Steps challenge participants will focus test and conduct the audit. Results of the audit will be disseminated 
to all stakeholders. Phase two will identify the priorities councils can address to make their communities more walkable. Agreed strategies will be 
implemented and evaluated using process and impact evaluation tools. Key council staff will be encouraged to attend SEPAHE workshops in their region.  
Results and Conclusion: Phase one will be completed by 30 June 2010, with Phase two by October 2010. Initial contact with councils and community 
members were made through the 10,000 Steps challenge project. Councils agreed to the project and are currently developing an appropriate 
walkability audit tool for implementation and analysis. This presentation will outline Queensland Health’s process and success in engaging with local 
councils to promote PA. It will provide information on the process and outcomes and their role in fostering effective relationships with councils. It is 
anticipated that through the implementation and evaluation of the study and by attendance at the SEPAHE workshops, this process will influence 
councils’ community and corporate plans and works schedules. This project uses the principles of the Ottawa Charter for health promotion, namely, 
developing personal skills, strengthening community action, building health public policy and creating supportive environments. It is envisaged that 
by having this focus and integrated working approach it will result in increased participation in PA through improved knowledge and infrastructure. 

201 the relationship between sleep patterns and depression in community-dwelling elderly people who took part 
in a health seminar measurement

y. Kitabatake1*    t. Nagamatsu1    1Physical Fitness Research Institute, Meiji Yasuda Life Foundation of Health and Welfare, Japan

Introduction: Recently, the number of people suffering depression has been increasing in Japan, therefore it is necessary to find ways to combat 
and prevent depression. We have developed a program to combat and prevent depression through physical exercise. We can report that exercise 
was able to alleviate symptoms of depression in community-dwelling elderly people. Sleep patterns are considered to be one of the risk factors 
leading to depression. We hypothesize that exercise helps improve sleep patterns and reduces the number of sleep related complaints. It is vital 
to conduct research among community-dwelling elderly people who suffer the highest number of sleep related complaints and problems.  
Purpose: The purpose of this study is to gauge the relationship between depression and sleep patterns in community-dwelling elderly people who 
took part in our health seminar measurement.  
Methods: This study was a cross-sectional study. Two hundred and five community-dwelling elderly people (male, n=66, mean (SD) 76(5) yr, 
female, n=139, 75(6) yr) volunteered to take part in this health seminar measurement. We used the GDS (Geriatric Depression Scale) as our 
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mental health index. People are judged to be suffering from depression if they score five or more points on the GDS. We used the Pittsburgh Sleep 
Quality Index (PSQI-J) to measure sleep quality. People are judged to be suffering from a sleep disorder if they score over 5.5 points on this PSQ-J. 
Statistical analysis used partial correlation analysis which was age adjusted.  
Results: The average GDS score in men was 2.8 points (0–11: minimum–maximum) whereas the average GDS score in women was 2.5 points (0–12). 
22.7% of men and 17.3% of women exhibited signs of depression. The average PSQI-J score in men was 4.1 points (0–16) whereas the average score in 
women was 4.5 points (0–17). 27.3% of men and 31.7% of women exhibited signs of sleep disorders. We confirmed a significant relationship between the 
GDS score and the PSQI-J scores in both men and women by utilizing partial correlation analysis (Male: r=0.441, P<0.001 Female: r=0.359, P<0.001).  
Discussion: Higher levels of depression were observed in people who have difficulty sleeping well. This doesn’t necessarily indicate a causal relationship, 
however this does support studies showing that poor sleep patterns are a risk factor leading to depression. We proposed that exercise helps to improve 
sleep patterns reducing the number of sleep related complaints and consequently leading to a reduction in the number of cases of depression.

202 Determinants of physical activity among Japanese adults: A structural equation modelling

K. oka1*    K. Ishii1    A. Shibata1    1Waseda University, Japan

Background: Perceived environmental, psychological, and social factors are important determinants for physical activity promotion. Previously, 
there are numerous studies on the direct effects of these correlates on physical activity. Although the ecological perspective emphasizes that 
behavior is influenced by a complex interaction of factors across such multiple levels, only a few studies have been examined the direct and 
mediated effects of these correlates on physical activity.  
Purpose: The purpose of the present study was to examine the direct and indirect effects of perceived environmental, psychological, and social 
factors on physical activity among Japanese adults using structural equation modeling.  
Methods: Internet-based cross-sectional survey was conducted to 2,000 Japanese adults aged 20–79 years. Seven sociodemographic attributes 
(sex, age, marital status, employment status, living status, educational attainment and household income), psychological variables (self-efficacy for 
exercise, pros and cons for exercise), social variables (social support for exercise), and environmental variables (home fitness equipment, access 
to facilities, neighborhood safety, aesthetics, seeing others exercising) were assessed by self-administered questionnaire. The physical activity was 
estimated from the Japanese version of the short form of the International Physical Activity Questionnaire. The data were analyzed for 1,932 adults 
who provided complete information for the study variables. All the analyses were stratified by gender. The structural equation modeling was utilized.  
Results: The respondents mean (SD) age was 43.6 (SD=13.0). The model indicated good fit (male: GFI=.904; AGFI=.888; RMSEA=.049; 
female: GFI=.912, AGFI=.897, RMSEA=.046). For both gender, environmental factors had indirect effects on physical activity through self-efficacy, 
social support, and pros and cons for exercise. The strongest indirect effects were the path of environmental factors on physical activity through 
pros to self-efficacy for exercise. However, the different model for male and female was found. The total effects of environmental factors on 
physical activity were 0.06 of males and 0.04 of females.  
Conclusion: The results of the present study indicate that perceived environmental factors had indirect effects on physical activity through psychological and 
social factors among Japanese adults. The results also revealed different direct and indirect associations of these factors for men and women with regard 
to engaging in physical activity. These results could contribute to the development of the population-based physical activity promotion strategies in Japan.

203 the good and bad of accelerometry

G. Schofield1    M. oliver1*    1Centre for Physical Activity and Nutrition, Auckland University of Technology

Measuring the physical activity (PA) behaviours is imperative in developing public health PA guidelines. Such guidelines have been developed on the 
basis of data gained from self-report instruments which may misrepresent the overall levels of PA and miss important lower intensity behaviours. 
The present research has two aims. The first aim was to understand the prevalence of light, moderate and vigorous PA measured objectively in a large 
population sample measured concurrently with accelerometry and self report methods in 500 New Zealand adults. The second aim was to understand 
the amount of activity correctly classified in 15-second accelerometry epochs when observing preschool children’s free play on a second by second 
basis. For the adults, we observed substantial differences between self reported activity and that observed by accelerometry. Overall, 86% achieved 
at least 30 minutes of objectively measured moderate activity minutes/day, yet only 54% achieved 150 minutes of self-report moderate PA on at least 
5 days in the same week. The children’s PA when collapsed into 15 sec epochs misclassified much of the moderate and vigorous PA that had a median 
duration of 3 seconds. Many researchers report that self report instruments often over report objectively measured PA. Our data and interpretation of 
these data show that this interpretation may not be believable when considering the overall amount of movement an adult makes in a day. For children, 
the sporadic nature of PA behaviours makes anything other than a very short epoch analysis likely to misclassify the bulk of behaviours.

204 Relationships between different self-report measures of physical activity

W. Payne1*    J. Harvey1    R. eime1    M. Craike2    C. Symons3    1University of Ballarat    2Cancer Council Victoria    3Victoria University

Introduction: Level of physical activity (PA) is multi-dimensional (e.g., nature of the activity, intensity, duration and frequency) and is measured on 
different time scales (e.g., daily, weekly; specific, typical). The purpose of this study was to determine to what extent different self-report measures 
of PA are correlated with one another and their correlation with key proxy health measures such as Body Mass Index (BMI).  
Methodology: Data were collected from 732 adolescent girls in four cohorts (Years 7 and 11 of 31 secondary schools, located in metropolitan 
and non-metropolitan Victoria). Level of PA ranged from the temporally and conceptually broad to specific detail about the immediate past. 
Six self-report measures of PA were calculated: perceived general level of PA, days of last seven above PA threshold, 24-hr intensity-weighted PA 
(unadjusted and adjusted) and 24-hr MET minutes (unadjusted and adjusted). Because it was anticipated that levels of PA would depend on the 
day of the week, both the self-intensity-weighted total PA and the total MET minutes were adjusted for day of the week. Self-reported BMI was 
also assessed. Pearson correlations were calculated between each of the six PA measures and BMI, for the entire sample and for each cohort. 
General level of PA was further investigated using measures of association appropriate for ordinal data.  
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Results: Complete data were collected from 447 respondents. The correlations between the adjusted and unadjusted 24-hr self-intensity-weighted 
total PA and between the adjusted and unadjusted 24-hr total MET minutes were r=0.99 (p<0.001). Comparing the temporal scope, the highest 
correlation was between general level of PA and days of last seven above PA threshold (r=0.59, p<0.001). The lowest correlations were between 
general level of PA and the adjusted and unadjusted versions of 24-hr total MET minutes (r=0.28, p<0.001; r=0.26, p<0.001). All PA measures 
showed weak negative correlations with BMI; however the only statistically significant association was with general level of PA (r=-0.23, p<0.001). 
When these analyses were repeated for the separate cohorts, the patterns of correlations were similar.  
Conclusions: There is a weak to modest relationship between different measures of self-report PA. The further apart are the conceptual bases, 
the lower are the correlations. Therefore, caution should be exercised when comparing the findings of studies using the different self-report 
measures of PA. The only self-report PA measure significantly correlated with BMI was the simplest and most general measure, both temporally 
and conceptually – a single 5-point Likert-scale question.

205 Children’s physical activity promotion and school shoes, what is known?

S. Penkala1*    1University of Western Sydney

Introduction: International and national physical activity guidelines endorse the immediate and long-term health benefits of daily activity. 
Childhood is critical for exploring and establishing healthy patterns of ongoing participation in a range of physical, leisure and play activities in 
and out of school hours. According to 2007 data 26% of Australian children, aged 9 to 14 years, do not meet national physical activity guidelines. 
Recently 28% of children in a sample of 272 reported foot problems of which 26% stopped activity. Footwear was linked to children’s foot pathology 
by almost half of parents. Footwear is included in the Sports Medicine Australia physical activity safety guidelines for children. Given compulsory 
school shoe regulations, and programs encouraging daily physical activity at school little empirical evidence exists about the shoes worn. The aim 
of this study was to identify the shoes styles worn at school by children aged 4 to 12 years and the gender influences.  
Methodology: A multistage cluster stratified sampling procedure was employed to recruit a representative cross section of parents, of school 
children, from Sydney. A self-administered survey was distributed once via schools and returned by mail. Pearson Chi square was used to identify 
the associations between categorical data.  
Results: The distribution of school shoes selected for children were traditional lace-up (33%), athletic (40%), Mary Jane sandal (21%) and high-heel 
style shoes (6%). School sports shoes were mostly athletic styles with 2% of children using traditional lace-up school shoes. Twenty-eight percent of 
children used the same shoe for school and for school sport, of which 21% were boys and 7% were girls (χ2(1) = 17.14; p < 0.001). More boys (60%) 
than girls (19%) used athletic shoes as their main school shoe (χ2(1) = 44.79; p = 0.001). In contrast the majority of girls (46%) wore Mary Jane 
sandal styles and were associated with the less active girls (χ2(2) = 7.92 p = 0.02).  
Conclusions: Without strictly enforced school footwear policies children wear a range of shoe styles. Children’s gender preferences for different shoes 
styles are in agreement with consumer research and popular culture. Shoe suitability for activity however, needs to be addressed particularly as popular 
feminine shoe preferences were associated with less active girls. Education is needed. Ongoing research is being undertaken to investigate the specific 
attributes of footwear design that may adversely affect foot function, health and physical activity to develop evidenced-based footwear guidelines.

206 validity of the Actical accelerometer step count function in children

R. Rosenkranz1*    C. Weber1    S. Rosenkranz1    1Kansas State University

Introduction: Dual-function accelerometers such as Actical monitors have recently been introduced to measure physical activity in counts and steps 
simultaneously. Previous studies have demonstrated that the Actical provides valid step estimates using waist placement in a diverse population. This study 
sought to assess criterion validity of the Actical step count function in children using ankle and waist placement compared to direct observation.  
Methodology: A diverse group of children attending summer camp (12 boys, 7 girls, mean age = 9.6yrs, range 7–11yrs) volunteered to participate 
by wearing synchronized Actical accelerometers for four hours, including a 15-min structured treadmill protocol. One Actical was attached at the 
ankle (AA), with another attached at the waist (AW). Prior to the treadmill portion, each child was fitted with a SW200 Yamax Digiwalker Pedometer 
(PED) at the waist. The treadmill protocol included standing and zero-grade ambulation at 42-, 83-, 125-, and 167m/min. Two trained research 
assistants counted direct-observation (DO) steps within 30-sec epochs. Criterion validity was assessed using Pearson correlations, paired t-tests, 
and Bland-Altman plots, all comparing AA and AW to DO. Additional concurrent validity was assessed using Pearson correlations and paired t-tests 
to compare AA and AW over four hours, and by comparing percentages of DO steps measured by AA, AW, and PED.  
Results: For criterion validity, there were high correlations for AW-DO (r = .927, p < .001) and AA-DO (r = .854, p < .001), but AW and AA were 
significantly lower than DO (t > 11.2, p < .001). Bland-Altman plots showed higher error at lower step counts for AW, and at higher step counts 
for AA. For additional concurrent validity, there were high correlations for AA-AW (r = .90, p < .001), but AA was significantly higher than AW 
(t = 24.4, p < .001). Compared to DO (mean = 1751 + 137 steps), AW captured 89%, AA captured 83%, and PED captured 96% of treadmill steps.  
Discussion: The Actical had difficulty recording children’s steps accurately at certain speeds, and may underestimate step counts compared to 
validated pedometers or direct observation. On the treadmill, waist-placed Acticals provided better step estimates for speeds above 83m/min, 
compared to ankle-placed monitors. Ankle-placed Acticals were superior for slow walking, and measured more steps than waist-placed monitors 
during the (non-treadmill) camp time.  
Conclusions: The Actical monitor provides a valid method to assess physical activity via waist or ankle-placed step measurement in children. 

207 validity of the Actigraph accelerometer step count function in children

R. Rosenkranz1*    S. Rosenkranz1    C. Weber1    1Kansas State University

Introduction: Dual-function accelerometers have recently been used to measure physical activity in both counts and steps. Previous studies have 
demonstrated that the Actigraph provides valid step estimates using waist placement in diverse populations. This study sought to assess criterion 
validity of the Actigraph step count function in children compared to direct observation and other monitors.  
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Methodology: A diverse group of children attending summer camp (8 boys, 6 girls, mean age = 9.9yrs, range 8–11yrs) volunteered to participate by 
wearing synchronized Actical (AC) and Actigraph (AG) accelerometers for four hours during camp, including a 15-min structured treadmill protocol. 
The AC and AG monitors were attached side by side on the child’s waist, just above the right iliac crest. Prior to the treadmill portion, each child was 
fitted with a SW200 Yamax Digiwalker pedometer (PED) on the left iliac crest. The treadmill protocol included standing and zero-grade ambulation at 
42-, 83-, 125-, and 167m/min. Two trained research assistants counted direct-observation (DO) steps within 30-sec epochs. Criterion validity was 
assessed using Pearson correlations, paired t-tests, and Bland-Altman plots, all comparing AG to DO. Additional concurrent validity was assessed using 
Pearson correlations and paired t-tests to compare AG to AC over four hours of camp, and by comparing percentages of DO treadmill steps measured 
by AG, AC, and PED.  
Results: For criterion validity, there was a high correlation for AG-DO (r = .923, p < .001), but AG was significantly lower than DO (t = 12.1, p < .001). 
Bland-Altman plots showed AG to have higher error at lower step counts. For additional concurrent validity, there was a high correlation between AG 
and AC during camp time (r = .97, p < .001), but AG was significantly lower than AC (t = 5.3, p < .001). Compared to DO (mean = 1737 + 124 steps), 
AG captured 86%, while AC captured 89%, and PED captured 96% of treadmill steps.  
Discussion: The Actigraph had difficulty recording children’s steps accurately at slower treadmill speeds, and may underestimate step counts 
compared to direct observation and validated pedometers. Actigraphs captured 86% of directly observed steps across the range of speeds, and was 
best at speeds above 83m/min. The Actigraph may be less sensitive as a step measurement tool than Actical or Yamax Digiwalkers, but correlated 
strongly with both these monitors.  
Conclusions: The Actigraph monitor provides a valid method to assess physical activity via waist-placed step measurement in children. 

208 Awareness and belief about the role of physical activity in colorectal cancer prevention among Japanese adults

A. Shibata1*    K. Ishii1    K. oka1    1Waseda University, Japan

Background: Colorectal cancer is a highly prevalent in Japan, yet largely preventable disease. Although there is relatively consistent evidence 
that regular physical activity reduces colon cancer risk, little previous study has examined the extent to which Japanese adults are aware of 
this association. In addition, raising awareness and belief about the importance of engaging in physical activity for health is often mentioned as 
essential first steps in promoting physical activity. However, few previous studies have investigated whether the awareness and belief about the 
benefits of physical activity for colorectal cancer prevention would be associated with physical activity behaviour.  
Purpose: The present study examined the prevalence of awareness about the role of physical activity for colorectal cancer prevention and the 
association of engaging in physical activity with the awareness and belief about the importance of physical activity for colorectal cancer prevention 
among Japanese adults.  
Methods: Data were analyzed for 2,763 men and women aged 20–59 years, who responded to an Internet-based cross-sectional survey. 
Sociodemographic variables (gender, age, marital status, educational level, household income level, employment status, living condition), 
a self-reported physical activity (short form of the International Physical Activity Questionnaire), awareness regarding the role of physical activity 
in colon cancer prevention (yes/ no), belief about the importance of physical activity for colorectal cancer prevention (10-point Likert scale) were 
obtained. An adjusted logistic regression model was utilized to calculate the odds of engaging in physical activity on the level of the general public 
health guideline for physical activity (150 minutes/week) by these two variables.  
Results: The respondents mean (SD) age was 39.7 (SD=10.9).Of the study participants, 84.4% (men: 83.1%; women: 85.8%) indicated that 
physical activity reduced the risk of colon cancer. When adjusting for all sociodmographic variables, both awareness (AOR=1.34; 95%CI: 1.12–1.61) 
and belief (AOR=1.45; 95%CI: 1.17–1.80) had a significant positive association of engaging in physical activity on the recommended level.  
Conclusion: There is considerably high awareness among Japanese adults of the role that physical activity plays in preventing colon cancer. 
In addition, the association of awareness and belief about the benefits of physical activity for colorectal cancer prevention with physical activity 
behavior is robust, suggesting that interventions for raising these factors could be expected to lead directly to increase physical activity. 

209 Issues related to substance use among Australian university student athletes

J. thomas1*    M. Dunn1    1National Drug and Alcohol Research Centre, The University of New South Wales

Introduction: Alcohol and recreational drug use among university students is a widespread public health concern. Population studies worldwide 
report that young people tend to have higher levels of substance use compared to other age groups. Among this group, university athletes may be 
at a particular risk for substance use, in particular excessive alcohol consumption. This may be in part due to their unique social environments and 
stressors related to balancing their role as student and athlete. Studies suggest that university athletes consume more alcohol, engage in more 
frequent heavy episodic drinking, and experience more negative alcohol-related consequences compared with non-athletes. Much of the literature 
examining issues of substance use in student athletes are studies conducted at United States universities. No study, to date, has examined issues 
of substance use among Australian university athletes. The athletic experience may differ for those university athletes in Australia; thus, the extent 
to which substance use among U.S. student athletes may be used as a gauge of substance use among Australian student athletes may be limited. 
Given this gap in the research, it is imperative we gain a better understanding of the level of substance use and issues related to substances use 
among Australian university athletes. The aims of the current presentation are to present findings from a pilot study investigating substance use 
issues among a sample of university athletes. This included prevalence and patterns of substance use (alcohol, illicit drugs, and supplements); 
effects of substance use on academic performance; knowledge of illicit drugs; awareness of drug and alcohol resources; whether and how these 
athletes seek additional information regarding illicit drugs; and in what formats they would prefer to receive illicit drug education.  
Method: Data was collected from quantitative surveys with athletes participation in various sport clubs at the University of New South Wales, 
such as rugby union, athletics, football, basketball, baseball, tennis and rowing.  
Results/Conclusion: The findings from this pilot study can provide directions for future research among this group and to help aid in substance use 
interventions. Increased alcohol use among university students and the focus upon binge alcohol use among athletes, make this group at particular 
risk for heavy alcohol use. Specific interventions for this group may be warranted. Further there may be a need to include substance beyond 
alcohol, such as cannabis, cocaine and ecstasy in interventions targeting university athletes. 
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time Session title Presenter Room Paper

0800 – 0900 Workshop Sports injury prevention – how sports medicine professionals access 
the evidence

Caroline Finch Mirage Ballroom 1 210

0800 – 0900 Workshop A hands on approach to the evidence based assessment and management 
of common knee problems

Shane Brun and 
Gavan White

Mirage Ballroom 2 211

0800 – 0900 Workshop New innovations in pain management Ray Harding Mirage Ballroom 3 212

0930 – 1030 Refshauge 
Lecture

Genetics and the athlete – metaphysics, science and ethics (Part 1) Peter Fricker Mirage Ballroom 213

1100 – 1230 Symposium Management of the ACL injured knee Leo Pinczewski, 
Paul Bloomfield, 
James Linklater 
and Louise Tulloh

Mirage Ballroom 1 214

1100 – 1230 Symposium: Whole body vibration – Why does it work; why does it fail Mirage Ballroom 2

Functional adaptations to short and long term WBV-interventions Albert Gollhofer 215

The influence of vibration parameters and body position on the muscular 
activity during whole body vibration

Ramona 
Ritzmann

216

Gluteal muscle group activation Vs. whole body vibration: What are the 
acute effects on explosive power?

Justin Crow 217

The effect of whole body vibration exposure on muscle function in 
Cystic Fibrosis patients – a pilot efficacy trial

Rhonda Orr 218

Whole body vibration as a countermeasure for disuse and ageing effects Andreas Kramer 219

Evidence review: Whole body vibration training – evidence based exercise 
or fitness fad?

Kylie Patterson 220

1100 – 1230 Free Papers: Physical activity 4 – children Mirage Ballroom 3

Factors related to physical activity in Pacific children aged 6 years Melody Oliver 221

Comparison of accelerometer-based and observation-based measures 
of physical activity in children’s after-school program recreation sessions

Richard 
Rosenkranz

222

Quantifying sitting time in children: An innovative approach Erica Hinckson 223

Environmental correlates of objectively measured physical activity in 
after-school recreation sessions

Richard 
Rosenkranz

224

The development of scales for assessing social cognitive constructs 
relating to physical activity participation in adolescents

Deb Dewar 225

Reducing survey respondent burden in social-ecological studies of sport 
and physical activity

Rochelle Eime 226

1330 – 1500 QANDA Mirage Ballroom

1530 – 1630 Best of the Best Mirage Ballroom

SAtuRDAy 6 NoveMBeR PAPeRS At A GLANCe
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210 Sports injury prevention – how sports medicine professionals access the evidence

WoRKSHoP

P. Richardson1    P. White1*    C. Finch1*    1Monash University Accident Research Centre

This open discussion workshop will explore how sports medicine professionals access sports safety/injury prevention evidence to inform their 
practice. Issues to be discussed include the sources of evidence used by sports medicine professionals; barriers that constrain access to, and 
adoption of, the latest evidence; the contextual *fit* of the evidence and professional settings (both setting-specific and cross-settings); and influences 
on the implementation of evidence into practice. The session will commence with attendees giving their views on the above issues; these will be 
summarised and then compared to what is known from the literature about evidence-to-practice translation gaps across other health disciplines.  
The workshop will be audio taped so that a written summary of the discussion points will be able to be prepared, with a view to publication, at a later point.

211 A hands on approach to the evidence based assessment and management of common knee problems

WoRKSHoP

S. Brun1,2*    G. White2,3,4*    1School of Medicine and Dentistry, James Cook University    2Sports Doctors Australia    3Synergy Sports Medicine    4University of Western Australia

The knee is one of the most commonly injured areas in sport, and a common cause of pain and disability in the general population. The assessment 
of knee pain and injury is a challenge given that it is not a simple hinge joint. The complexity of the knee and frequency of injury mandate that 
people involved in clinical care develop an evidence based examination style that is easy to perform. In this workshop, the presenters will provide an 
update to the evidence when it comes to the assessment of common knee problems. A systematic approach will be provided outlining and practicing 
a focused knee examination and discussing knee “special tests” their usefulness and limitations. A practical approach to the assessment of the knee 
will be discussed and all participants will have the opportunity to hone their skills and feel confident when confronted with a knee assessment.

212 New innovations in pain management

WoRKSHoP

R. Harding1*    1Narrabeen Sports Medicine Centre

Although some Sports Podiatrists are involved with the treatment of acute injuries, the majority of our treatment programs deal with the 
management of chronic conditions. 
Treating the cause of these conditions, for instance, with biomechanically functional orthoses can lead to efficiency in function and pain relief 
as well as prevention of injury. However, the resolution of pain with which patients present can often take a while. In this workshop Podiatrists 
will have the opportunity to experience and use a relatively new treatment modality that is specifically designed to resolve pain. InterXtherapy is 
electrotherapy that provides interactive neurostimulation. The instrument is light, mobile and easy to use and is effective for deep injury and trauma 
as well as superficial cutaneous nerves. It can provide immediate as well as lasting and accumulative pain reduction. InterXtherapy has been 
available for a few years but has only recently become more popular as more and more therapists are realising its potential. InterXtherapy elicits 
a greater response from the body than other electrical stimulation therapy. It has a dynamic, interactive, constantly changing waveform that not 
only tells you where to treat, but also stops the body accommodating the stimulation. This makes it effective where other modalities fail. The high, 
low and variable frequency stimulation causes the release of endorphins. InterXtherapy has demonstrated a high level of efficiency across a broad 
range of conditions providing significant pain reduction and enhanced rehabilitation. It has been shown to be effective in trigger point therapy, 
treatment of fractures with reduced pain and faster union as well as chronic regional pain syndrome. Other conditions treated successfully include 
plantar fasciitis, Achilles tendonitis, ankle ligament sprains, patella tendonitis, ITB friction syndrome and trochanteric bursitis. The aim of the 
workshop is for a short powerpoint presentation followed by a hands-on session with a number of instruments available for use.
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213 Genetics and the athlete – metaphysics, science and ethics (Part 1)

ReFSHAuGe LeCtuRe

Australian Sports Medicine Federation Fellows Supported Speaker

P. Fricker1*    1Australian Institute of Sport

The role of genetics in sport is decidedly unclear. While there is the commercial availability of gene testing for sporting potential, there are many 
issues for physicians, scientists and administrators which are unresolved. Genetic markers have been identified for sporting (physical) performance, 
to indicate risk of injury or illness, and (thanks to well funded research) to indicate gene doping. Research and discussion is needed to validate 
the role of genetics in sport, and then to provide an ethical basis for decision making should genetic information prove useful. This presentation 
outlines what is known and provides a framework for future consideration.

214 Management of the ACL injured knee

SyMPoSIuM

L. Pinczewski1*    P. Bloomfield2*    J. Linklater3*    L. tulloh1* 
1North Sydney Orthopaedic and Sports Medicine Centre    2Narrabeen Sports Medicine Centre    3Castlereagh Imaging

The purpose of this symposium is to review the aetiology, clinical findings, and outcome of ACL injury and reconstruction. The symposium will 
include a review of the mechanisms of injury and diagnosis of the ACL injured knee (paper 1). Paper 2 will present the MRI results ACL injured 
knees, documenting the associated injuries and typical aetiology. Paper 3 will present the long term outcome of ACL reconstruction comparing 
the patellar tendon and hamstring tendon grafts and the incidence and risks of reinjury after ACL reconstruction. Paper 4 will discuss the science 
behind modern accelerated rehabilitation programs.
1. Introduction: Introduction of speakers and brief history of ACL injuries and management
2. Mechanism of injury and diagnosis of the ACL injured knee (10 minutes): This session will summarise the common mechanisms, typical presentation 

and diagnostic tests for ACL injury, including instructional video footage. ACL injury is one of the commonest sporting knee injuries. Typically the 
ACL is injured during a pivoting or landing manoeuvre, where the foot is planted and the body is attempting to change direction. Most ACL injuries 
occur under “non-contact” situation and the incidence of injury is much higher is women than men. Potential risk factors for ACL injury include 
environmental, anatomical, biomechanical and neuromuscular variations. Acute ACL ruptures are characterised by a “pop” or “crack” in the knee 
associated with immediate pain, a large effusion and an inability to weight bear. ACL rupture is diagnosed by a thorough clinical examination including 
Lachman and Pivot shift testing. Diagnosis of other ligamentous injuries is important as this can significantly effect the correct management over the 
short term. Once the acute trauma of the ACL injury resolves persisting disability over the medium term relate to chronic instability, especially with 
twisting or pivoting manoeuvres. Surgical management is commonly performed as the techniques have rapidly advanced over the past 2 decades. 

3. Radiological findings in acute ACL disruption (10 minutes): A specialist musculoskeletal radiologist will present the common plain radiographic and 
MRI findings in acute anterior cruciate ligament injury. Plain radiographic signs include the Segond fracture and the deep sulcus sign. The MRI 
appearance of the normal anterior cruciate ligament will be reviewed, together with the typical patterns of ACL disruption and associated injuries. 

4. Outcomes of Anterior Cruciate Ligament reconstruction (15 minutes): The clinical outcomes of ACL reconstruction will be presented including the 
results of a prospective 15 study examining the outcome of ACL reconstruction with either the hamstring or patellar tendon graft. The influence 
of factors such as graft position, graft fixation methods and the incidence and predictors of osteoarthritis and reinjury after ACL reconstruction 
will be presented. 

5. The science of rehabilitation of the ACL injured and reconstructed knee (10 minutes): Rehabilitation of the ACL injured knee is essential to 
obtaining an optimal result. Regaining function and a pain free mobile joint should start immediately following injury and “prehabilitating” the 
patient prior to ACL reconstruction is an important part of treatment. An understanding of the process of biological incorporation, and alterations 
in neuromuscular characteristics is required to manage the reconstructed ACL safely and effectively through the rehabilitation process after 
ACL reconstruction. The implications of the operative technique on the rehabilitation process is also imperative. The evidence for various 
rehabilitation methods will be reviewed including the use of modalities such as braces, early weight bearing and ROM, open versus closed 
chain exercises and home based versus supervised rehabilitation programmes after ACL reconstruction.

6. Interactive question time with audience participation (15 minutes)

215 Functional adaptations to short and long term WBv-interventions

SyMPoSIuM

A. Gollhofer1*    1University of Freiburg

Recent research has focused on potential benefits of whole body vibration (WBV). Numerous studies have been conducted and the physiological 
and functional adaptations to short and long term exposure are still heavily debated. Evidence has been produced showing that WBV specifically 
enhances intramuscular temperature, potentially important as a warm-up effect, which has to be considered when examining short term effects 
of WBV. Several research projects showed that WBV is capable to increase the strength and, more importantly, the power of the neuromuscular 
system, sometimes even more than classic resistance training. However, no clear methodological prescription about optimal frequencies and/or 
amplitudes is available. Moreover, functional interpretations are still diverse and not concisely explaining long term gains in strength and power. 
Recently, WBV has been successfully implemented in intervention projects aiming to stimulate bone health. Both in rehabilitation (i.e. osteoporosis) 
as well as a countermeasure to compensate for load deficits (i.e. microgravity), WBV proved to substantially influence the dynamic of adequate 
bone mineral density (BMD). The presentation will review current knowledge about WBV intervention and functional adaptation.
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216 the influence of vibration parameters and body position on the muscular activity during whole body vibration

R. Ritzmann1*    A. Kramer1    M. Gruber2    A. Gollhofer1    1University of Freiburg    2University of Potsdam

Introduction: Despite the substantial amount of articles concerning whole body vibration (WBV), there are few that address fundamental questions such as 
optimal frequency, amplitude or body position on the training device. Since vibration training is a form of training where the muscle is externally driven, the 
“motor” (i.e. the vibration device) and its adjustment (i.e. the choice of frequency and amplitude) has a big influence on the muscles’ response to the training.  
Methods: The electromyographic activity of the soleus (Sol), gastrocnemius medialis (GM), tibialis anterior (TA), rectus femoris (RF), vastus 
medialis (VM) and biceps femoris (BF) muscles were measured in ten healthy subjects during WBV. The independent variables were vibration type 
(side-alternating (SV) and vertical vibration (VV)), vibration frequency (5, 10, 15, 20, 25 and 30Hz), body position (knee angles of 5, 30 and 60°; 
two different foot positions: forefoot vs. normal stance, i.e. heel and forefoot in contact with the vibration platform) and load (no load vs. additional 
load equal to 1/3 of the body weight). The statistical analysis consisted of an ANOVA and paired t-tests.  
Results: Vibration type: enhanced EMG activity during SV compared to VV in all recorded muscles (p<0.01). Vibration frequency: the higher the 
frequency, the higher the EMG activity of all recorded muscles (p<0.01). Body position: changing the knee angle from 5° to 30° to 60° resulted 
in successively increasing EMG activity in RF (+47% p=0.04; +28% p<0.01) and VL (+55% p=0.02; +52% p=0.04), the muscular activity of 
Sol, GM and BF were reduced. Forefoot stance resulted in increased neuromuscular activity for the dorsal extensors compared to normal stance 
(Sol +51% and GM +72% p<0.01), whereas TA (+60% p<0.01), RF (+68% p=0.01), VM (+54% p=0.04) and BF (+25% p=0.03) showed 
enhanced activation during normal stance. Additional load during WBV resulted in enhanced neuromuscular activation in Sol (+21% p<0.01), 
GM (+31% p=0.01), RF (+18% p<0.01), VM (+29% p=0.02) and BF (+52% p=0.02).  
Discussion: SV resulted in higher EMG activation than VV despite allegedly identical parameters, which is likely due to the specific WBV device, 
described by the subjects as “massage-like”. The clear influence of the frequency was to be expected, considering the function of WBV as an 
external drive to the muscles. The increased activity of VM and RF with increasing knee angle is understandable given their anatomical properties. 
Likewise, the damping effect of the ankle joint explains the activity pattern when the foot position varies.

217 Gluteal muscle group activation vs. whole body vibration: What are the acute effects on explosive power?

J. Crow1*    D. Buttifant1    S. Kearney2    C. Hrysomallis3    1Collingwood Football Club    2Tennis Australia    3Victoria University

Introduction: Peak power production is an important component of many sports including Australian Football. Exercises targeting the activation of 
the gluteal muscle group (GM) are commonly used in the rehabilitation of injuries involving the hips and pelvis, however they may also be used in 
healthy athlete populations as a warm-up protocol before exercise or sport. The effects of such a protocol on peak power production are currently 
unknown. Studies into the influence of whole body vibration (WBV) on performance and peak power production have produced inconsistent results 
and have been the focus of conjecture in recent published literature.  
Purpose: To investigate the effects of WBV, an exercise protocol targeting GM activation and a control protocol on peak power production during 
countermovement vertical jumps (CMJ).  
Methodology: 22 Australian Football League (AFL) players performed three different pre-performance protocols on separate days in a randomised 
order. Players were then tested within five minutes for peak power production during CMJ. These protocols included WBV, GM activation exercise 
and a control protocol. The WBV protocol involved standing on the WBV platform for 45 seconds, vibrating at 30Hz. The GM activation protocol 
consisted of seven exercises taking about seven minutes to perform. The control protocol involved CMJ testing without any prior warm-up. 
CMJ peak power testing involved the player performing five jumps on a Smith-machine while a linear transducer was used to measure peak power. 
Testing was conducted after football training sessions on non-consecutive days over a 10 day period. An ANOVA with repeated measures was 
performed to detect any significant differences in peak power between the protocols.  
Results: The GM activation protocol produced significantly higher peak power during CMJ testing than both the control (p=0.03) and WBV 
protocols (p<0.01). There were no other significant differences between protocols, although the WBV protocol showed a trend for reduced peak 
power scores when compared to control (p = 0.08).  
Conclusion: GM activation exercises used as a pre-performance protocol generated greater peak power values during CMJ testing than both a control and 
a WBV protocol in professional AFL players. The WBV protocol showed a trend for lower peak power values than those recorded using the control protocol. 
Exercise targeted at activating the GM group should be considered as a pre-performance protocol in sports where peak power production is a key component.

218 the effect of whole body vibration exposure on muscle function in Cystic Fibrosis patients – a pilot efficacy trial

R. orr1*    K. o’Keefe1    H. Selvadurai2    P. Cooper2    C. Munns2    M. Fiatarone Singh1    1The University of Sydney    2The Children’s Hospital, Westmead

Introduction: Cystic fibrosis (CF) patients have reduced peripheral muscle strength when compared to healthy age-matched individuals. Whole body 
vibration (WBV) exercise has received much attention for its purported ability to improve muscle function. As acute exacerbations of CF contribute to 
feelings of fatigue and a resistance to participate in physical activity, the potential utility of this modality of training is its non-exertional, non-impact 
design. Recently, two uncontrolled trials assessed the effects of WBV exposure and exercise in adults with CF. Six months of 6–12 minutes 
continuous WBV exposure (12–26Hz), five days/ week, showed marginal improvements in muscle power and velocity. Three months of 18 minutes 
intermittent WBV exposure five days/week showed significant improvements in lower-extremity muscle force and power. Both of these home-based 
programs incorporated exercises on the platform, and therefore, distinguishing the effects of the exercise from WBV was made impossible. 
The objective of the study was to examine the effects of WBV training, on muscle function (strength and power) in young patients with CF.  
Methodology: Seven patients with CF (8–15 years) participated in an eight week controlled cross-over study. Participants were their own 
control for the first four weeks (usual care), followed by four weeks of home-based WBV training. They performed 30 minutes of intermittent 
(1 min vibration:1 min rest) exposure on a Galileo platform (20–22Hz, 1mm amplitude) for 3 days/week. Measurements were taken at baseline, 
and pre- and post-training. Primary outcomes were lower and upper body strength and power, counter-movement jump (CMJ) performance; 
secondary outcomes were cardiorespiratory fitness, respiratory function and health-related quality of life.  
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Results and Conclusions: Six subjects completed the training. Leg extension strength (17.7%, p=0.02) and peak power (8.8%, 0.03), chest 
press strength (10.6%, p=0.04), leg press relative (W/kg) peak power (15.2, p=0.04) and CMJ height (12.0%, p=0.01) increased following WBV 
exposure compared to control. Potentially clinically meaningful, but non-significant improvements in leg press relative strength (14.9%, p=0.28) 
were found after WBV versus control. Post hoc effect size (ES) and power calculations indicated a total sample size of 45–60 participants would 
have been required to achieve statistical significance. The results from this first controlled pilot efficacy trial indicate that WBV may be a potentially 
effective exercise modality to increase strength and explosive power in young CF patients. Potentially clinically relevant changes and moderate ES 
values support continual investigation of the efficacy, mechanism and feasibility of this intervention in robustly-designed large-scale studies.

219 Whole body vibration as a countermeasure for disuse and ageing effects

A. Kramer1*    R. Ritzmann1    A. Gollhofer1    1University of Freiburg

There are various studies demonstrating positive effects of WBV, but mostly with healthy young participants. As vibration training does not require 
any specific motor skills (normally you only have to stand on the platform, but you can even use it in a supine position), it should be a suitable 
training form for the inactive or elderly. Furthermore, vibration training targets the same problems that are associated with disuse: in several bed 
rest studies, WBV has been successfully used as a countermeasure for the disuse-induced loss of leg muscle and bone mass. The control group 
lost about 30% muscle mass and 4% bone mass after two month of bed rest, whereas the vibration training group only lost 10% muscle and 
1% bone mass. Based on those promising results, WBV has been tested under microgravity conditions in two parabolic flight campaigns, where 
no differences were found between normal and microgravity concerning the muscular activation. This indicates that the training effects of WBV on 
earth should be transferable to space, potentially providing astronauts with a training device that counteracts the muscle and bone loss caused 
by the absence of gravitational forces. Other studies demonstrate positive effects of WBV in postmenopausal women (reduced osteoporosis risk) 
and elderly (reduced fall risk). Especially the reduced fall risk is of high importance, as the likelihood of a serious fracture is determined by both 
the bone health and the fall risk. All in all, WBV seems to be a quick and easy way to retain and regain leg muscle and bone mass, thus serving 
as a countermeasure for disuse (e.g. caused by inactivity, microgravity or bed rest forced by illness) or aging effects (e.g. osteoporosis).

220 evidence review: Whole body vibration training – evidence based exercise or fitness fad?

K. Patterson1*    A. Barker2    1Lifecare    2Centre for Research Excellence in Patient Safety, School of Public Health and Preventive Medicine, Monash University

Introduction: Whole body vibration training (WBVT) is increasingly being used in sports performance and rehabilitation in Australia and 
internationally. There are two main styles of WBV devices— vertical or lineal (Power Plate, I-tonic) and sinusoidal or pivotal (Galileo, Hypervibe). 
The objectives of this review were to determine the current evidence to support WBVT: 1. to improve strength and power in athletes and 2. to 
review and critically evaluate literature for physiotherapist delivered WBVT in a rehabilitation setting.  
Methodology: Medline, PubMed and CINAHL (2002–2010) databases were searched using the terms “whole body vibration”, and “sport*” or “athlete”, 
and “strength” or “power” and “physiotherapy”. Reference lists of articles were hand searched to identify further studies. Study inclusion criteria 
were: randomised and clinical trials with an untreated or placebo control, a non-exercise intervention or other exercise program. Study quality was 
independently assessed by two reviewers using the Physiotherapy Evidence Database scale. Results were summarised in a best evidence synthesis.  
Results: Preliminary searches identified 43 potential articles in the athletic population and 23 in the rehabilitation. After review, 36 studies met the 
inclusion criteria. Eighteen studies were conducted in an athletic population, three in an orthopaedic, five in a neurological, five in the aged, three in 
post menopausal women and four in healthy young adults. In the athletic population there was evidence that WBVT increased explosive strength 
(power) as measured by counter-movement jump, squat jump or vertical jump height. Isometric and dynamic strength gains were found to be 
similar or better than those achieved with resistance training. In the rehabilitation populations there was evidence of improved strength, balance 
and bone mineral density and decreased pain with WBVT. Studies were of low to moderate quality. Studies that demonstrated no or little effect 
of WBVT typically used frequencies lower than what is used clinically or recommended by the equipment provider.  
Conclusions: We found preliminary evidence that WBVT is an effective training and treatment modality in athletic and rehabilitation settings. WBVT 
produces similar strength outcomes when compared with traditional resistance training, suggesting it offers a viable alternative for individuals who are 
unable to complete traditional resistance exercise programs due to co-morbidity or injury. However, the paucity of studies indicates further research is 
required to more accurately quantify the benefits and determine the best practice parameters of WBVT in these populations. In a culture of evidence 
based-practice this should be a priority research focus as WBVT is widely used and becoming an increasingly popular training and rehabilitation modality.

221 Factors related to physical activity in Pacific children aged 6 years

M. oliver1,2*    P. Schluter2,3    G. Schofield1    J. Paterson2    1Centre for Physical Activity and Nutrition Research, Auckland University of Technology 
2School of Public Health and Psychosocial Studies, Auckland University of Technology    3The University of Queensland, School of Nursing and Midwifery

Introduction: Physical activity is associated with many health benefits in childhood. Pacific children living in New Zealand are at much greater risk of 
exhibiting poor health outcomes than their peers. Nothing is known of the specific factors related to health-related physical activity in this population. 
The purpose of this study was to investigate potential factors related to moderate-to-vigorous physical activity (MVPA) in young Pacific children.  
Methodology: 393 children aged 6 years and their mothers were invited to participate. Participants wore accelerometers over 8 days. Individuals with 
>7 hours of data on >3 days were included in analyses. Height, weight, and waist circumference were measured and thresholds for overweight, 
obesity, and high trunk fat mass employed. Maternal reports on individual, social, and perceived environmental factors were gathered via 
questionnaire. Bivariable and multivariable generalized estimation equation models were used to identify associates of children’s daily MVPA.  
Results: 66% of mothers and children registered with the study, of which 135 children and 91 mothers met the data inclusion criteria. After accounting 
for all potential factors, higher maternal MVPA, male sex, longer sunlight hours, and rain-free days remained associated with children’s MVPA.  
Conclusions: Strategies for inclement weather and the encouragement of activity in mothers and, in particular, their daughters may be most 
efficacious for improving MVPA in young Pacific children.
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222 Comparison of accelerometer-based and observation-based measures of physical activity in children’s 
after-school program recreation sessions

R. Rosenkranz1*    G. Welk2    D. Dzewaltowski1    1Kansas State University    2Iowa State University

Introduction: Obtaining measures of physical activity (PA) in after-school program (ASP) recreation sessions is important for public health efforts 
promoting the recommended 60 minutes of daily moderate-to-vigorous physical activity (MVPA) for school-aged children. This study’s purpose was 
to compare two methods of measuring MVPA in structured and free-play ASP recreation sessions.  
Methodology: Third and fourth-year children (n = 240) from seven schools wore Actigraph GT1M accelerometers and were observed six times 
per year during ASP recreation sessions (n = 161) over three years. Accelerometer data were processed using Freedson’s equation to determine 
percent time in sedentary, light PA, and MVPA. Trained observers used the System for Observing Fitness Instruction Time (SOFIT) to assess context, 
leader behaviour, and child PA (lying, sitting, standing walking, very active) in four randomly selected children per session, employing momentary 
time sampling to record observations each 20 seconds. Aggregated SOFIT PA codes and individual accelerometer data were averaged within 
sessions to yield percent time in each PA category. Pearson correlations and paired t-tests were used to assess method agreement and difference 
in MVPA time, respectively. Free-play (n = 80) and structured (n = 81) recreation sessions were analysed separately.  
Results: For structured recreation sessions, there were significant associations between accelerometer-assessed MVPA and SOFIT-assessed 
walking (r = .257, p = .021); very active (r = .273, p = .014); and MVPA (walking + very active, r = .383, p < .001). SOFIT methods showed 
higher estimates (t = 10.0, p < .001) of MVPA (54.6 + 14.5%) compared to Actigraph-derived MVPA (35.7 + 15.9%). For free-play recreation 
sessions, there were no significant associations between accelerometer-based MVPA and SOFIT-based walking (r = -.134, p = .235); very active 
(r = .092, p = .416); or MVPA (r = -.050, p = .657). SOFIT methods showed higher estimates (t = 12.5, p < .001) of MVPA (67.3 + 12.1%) 
compared to Actigraph-derived MVPA (42.6 + 12.2%).  
Discussion: Results showed significant association between two distinct MVPA assessment tools in structured ASP recreation sessions, but no 
association during free-play. SOFIT was developed for use in (structured) physical education classes, and using it for MVPA measurement in 
structured ASP recreation sessions appears more appropriate than during free-play. However, SOFIT is able to capture important setting-context 
variables related to MVPA that more technologically sophisticated accelerometers cannot capture.  
Conclusions: SOFIT and Actigraph accelerometers yield related MVPA estimates in structured, but not free-play ASP sessions.

223 Quantifying sitting time in children: An innovative approach

e. Hinckson1*    W. Hopkins1    S. Aminian1    K. Faithfull1    1Auckland University of Technology

Introduction: The study of children’s sedentary behaviour is important, given the likely association between sedentary behaviour during childhood 
and lifestyle-related diseases later in life. Accurate quantification of sedentary behaviour is now possible with a new activity monitor, the activPAL 
(PAL Technologies, Glasgow, UK), which is worn on the thigh and uses an inclinometer to sense limb position.  
Purpose: To quantify sitting, standing and walking time in children and determine the day-to-day and week-to-week reliability.  
Methods: Thirty-four primary school children (age 10.2 ± 0.9 y, mean ± SD) were randomly recruited from 17 schools across the Auckland 
region, New Zealand. Time spent sitting, standing and walking were measured with the activPAL monitor, which was worn 24 hours per day 
on seven consecutive days. The monitor was made waterproof with a custom-made silicon pouch. Measurements were repeated a week later. 
Mixed modelling in SAS was used to estimate means and SD representing within- and between-child variability for the percent of time spent sitting, 
standing and walking during different periods of school days and weekend days. Reliability was also expressed as intraclass correlation coefficients.  
Results: On weekdays, children spent approximately 65 percent of the time sitting, 20 percent standing and 15 percent walking at any particular 
period during the day. For example, in morning travel (8:00–9:00) the percent of time spent sitting, standing and walking was 64 ± 26, 21 ± 17 
and 15 ± 14 (mean ± SD) respectively. During school (9:00–15:00), there was an increase in the percent of time spent sitting to 68 ± 19, 
while standing and walking decreased to 18 ± 13 and 14 ± 9 percent respectively. Similar values were observed in the after-school period 
(16:00–20:00), where children sat for 69 ± 21, stood for 19 ± 13, and walked for 12 ± 10 percent of the time. Within-child variability in time 
spent sitting, standing and walking during school, a targeted period for most interventions, was 4.9, 3.8 and 5.3 percent from day-to-day and 
8.1, 4.0 and 3.3 percent from week-to-week respectively. There was little real difference between children in their levels of inactivity and activity 
compared with their day-to-day and week-to-week variability, resulting in low to moderate intraclass correlation coefficients (~0.1–0.6).  
Conclusion: Children spend the majority of time sitting particularly during and after school periods. Modest to large sample sizes will be needed 
to quantify small changes in physical and sedentary activity interventions.

224 environmental correlates of objectively measured physical activity in after-school recreation sessions

R. Rosenkranz1*    G. Welk2    D. Dzewaltowski1    1Kansas State University    2Iowa State University

Introduction: Physically active recreation sessions taking place within after-school programs (ASP) present an important opportunity for attending 
children to attain part of the recommended 60 minutes of daily moderate-to-vigorous physical activity (MVPA) recommended for school-aged 
children. This observational study’s purpose was to assess the influence of setting-level characteristics on children’s time spent in MVPA and 
sedentary behaviour (SED) during ASP recreation sessions.  
Methodology: As part of a site-randomized controlled trial, third and fourth-year children (n = 240) from seven schools wore Actigraph GT1M 
accelerometers and were observed up to six times per year during ASP recreation sessions (n = 161) over three years. Accelerometer data were 
processed to determine percentage of time spent in sedentary (<100cpm), light physical activity, and MVPA (Freedson’s equation). To provide 
setting-level characteristic data, trained observers recorded session start-stop times, location (inside/outside), duration, activity (structured or 
free-play), number of children present, proportion of males/females, child-to-staff ratio, and equipment availability. Mixed-model regression 
analyses were used to assess the influence of setting-level characteristics on percent of time spent in MVPA and SED, controlling for intervention 
condition and observation (season) with school as a random effect.  



106    Hot Topics in the Tropics ‘10 program and abstracts

Saturday 6 Novem
ber

Results: Across all ASP recreation sessions, children spent 39 + 15% in MVPA and 16 + 11% in SED. Type III tests of fixed effects showed 
that location (F[1,144] = 4.13, p = .044), proportion of males (F[1,144] = 4.80, p = .030), and session duration (F[1,144] = 6.72, p = .010) 
made significant contributions to the MVPA model. For SED, location (F[1,144] = 6.92, p = .009) and duration (F[1,144] = 5.63, p = .019) 
had significant effects in the model.  
Discussion: Location, duration, and proportion of males explained variability in the physical activity levels of ASP recreation sessions. Sessions featured 
greater proportions of time in MVPA and less SED when shorter in duration and when taking place outside. Both of these setting-level characteristics appear 
to be modifiable correlates of group physical activity level, which may serve to inform intervention efforts to promote physical activity in ASP. Sessions with 
greater proportions of males also had greater MVPA, likely due to well-established differences between the physical activity levels of boys and girls.  
Conclusions: For every ten minutes of active recreation offered, about four minutes were spent in MVPA, and this could be improved by taking 
children outside. Longer recreation sessions are associated with lower activity levels, so multiple shorter sessions may promote activity. 

225 the development of scales for assessing social cognitive constructs relating to physical activity participation 
in adolescents

D. Dewar1*    D. Lubans1    P. Morgan1    R. Plotnikoff1    1Newcastle University 

Introduction: To better understand the effectiveness of interventions to promote physical activity among adolescents, researchers are placing more 
focus on investigating potential mediators of behaviour change. However, few interventions have been successful in detecting significant mediation 
effects despite reporting increased physical activity levels. The relationship between intervention components and behaviour change remains 
unclear. One explanation for this is the poor psychometric properties of scales used in previous studies. Furthermore, many scales used are often 
not modified for the cultural and developmental context of the target group or have not been validated for use in the target group. The aim of this 
study was to examine the test-retest reliability and validity of scales developed to assess psychological, social, behavioural and environmental 
constructs relating to physical activity for adolescents.  
Methods: A literature review was conducted to identify relevant constructs used to explain physical activity in intervention studies. Expert opinion 
(n=3) on constructs most likely to mediate behaviour change among adolescents was also sought. From this information, a preliminary instrument 
was developed based on constructs from Bandura’s Social Cognitive Theory and included the following scales: self-efficacy, peer and family social 
support, behavioural skills, environmental perceptions, outcome expectations (perceived benefits) and outcome expectancies. A focus group of 
five Year 9 boys and five Year 9 girls was conducted to review and refine the instrument. The psychometric properties of the instrument was then 
examined in a sample of 113 students (mean age=13.2yrs, s=1.2). Intra-class correlation coefficients (ICC) were used to assess the 2-week 
test-retest reliability of the scales and structural equation modelling in AMOS was used to determine construct validity. Model fit was examined 
using multiple indices, including chi-square index, goodness-of-fit index (GFI), and root mean square of approximation (RMSEA) was assessed.  
Results: The self-efficacy scale had good psychometric properties [ICC=.92,α=.69, χ2=23.1, (df=14,p>0.05), GFI=.94, RMSEA=.08 (.00 to.13)]. 
Environmental perceptions [(ICC=.86,α=.61, χ2=22.70, (df=5,p<0.05), GFI=.92, RMSEA=.18 (.11 to.26)], peer support [(ICC=.43,α=.76, 
χ2=14.5, (df=5,p<0.05), GFI=.95, RMSEA=.13 (.06 to.21)], family support [(ICC=.93,α=.84, χ2=23.8, (df=9,p<0.05), GFI=.93, RMSEA=.12 
(.06 to.18)] and behavioural skills [(ICC=.93,α=.83, χ2=40.5, (df=20,p<0.05), GFI=.92, RMSEA=.09 (.05 to.14)] demonstrated adequate-to-good 
psychometric properties. However, the psychometric properties of the outcome expectations [(ICC=.89,α=.83, χ2=57.7, (df=20,p<0.05), GFI=.88, 
RMSEA=.13 (.09 to.17)] and expectancies [ICC=.88,α=.72, χ2=58.9, (df=20,p<0.05), GFI=.89, RMSEA=.13 (.09 to.17)] scales revealed that 
further refinement of these measures is required.  
Conclusions: This study provides support for the reliability and validity of a range of physical activity scales for use among adolescent populations.

226 Reducing survey respondent burden in social-ecological studies of sport and physical activity

J. Harvey1    R. eime1*    M. Craike2    C. Symons3    W. Payne1    1University of Ballarat    2Cancer Council Victoria    3Victoria University

Introduction: In multi-facetted social-ecological studies of physical activity, survey respondent burden can be high. We investigated an approach 
to reducing this.  
Methodology: Adolescent girls in 31 schools (Year 7 n=489; Year 11 n=243; metropolitan n=521; rural and regional n=211) were surveyed 
with regard to levels of participation in sport and physical activity (SPA). Also included were questions regarding: demographic characteristics 
of respondents and parents/caregivers; access to facilities; SPA settings; five multiple-item 5-point Likert scale questions regarding perceived 
competency (13 items), behavioural regulation (21 items), leisure preferences (15 items), barriers to participation in SPA (20 items) and life 
priorities (8 items); and two multiple-item dichotomous response questions regarding influence of boys (9 items) and other girls (9 items). 
Data from each of the seven multiple-item questions were analysed by Principal Components Analysis, using scree plots and eigenvalues to 
determine the number of components to retain, and varimax rotation to optimise interpretability of components. Each component was named, 
and the key items which loaded highest on the component (ranging from 1 to 3 items) were identified. The analysis was performed five times: 
on the whole data set, on the Year 7 and Year 11 subsets and on the metropolitan and rural and regional subsets.  
Results: For the whole data set, the independent underlying dimensions identified for each of the seven multiple-item questions were: perceived 
competency – one common component (54% of total variance explained); behavioural regulation – 4 components (61%; internal regulation; 
amotivation; external regulation; introjected regulation); leisure preferences – 3 components (45%; sedentary social and technology-related; 
sedentary music-art-hobbies; sport and physical activity), barriers to participation in SPA – 3 components (52%; intrapersonal; opportunity, access, 
affordability; cultural, religious, language); life domains – 2 components (59%; self & family orientation; wider world orientation); influence of boys 
and influence of other girls – 2 components for each (45% and 40%; encouragement; competition). Similar results were found for the four data 
subsets. Representing each component by 1 to 3 highest loading items results in an overall reduction from 95 items to 34 items.  
Conclusion: Respondent burden could be considerably reduced by the use of fewer key indicators rather than more extensive batteries of items with 
substantial levels of redundancy. While the information content of each respondent’s data would be reduced, this might be traded off against higher levels 
of response, reduced response bias, and lower attrition rates in longitudinal studies, with the consequent potential for overall improvement in data quality.
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