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VISTA2013 Scientific Conference
Forewords

Sir Philip Craven, MBE
President, International Paralympic Committee

Dear participants,

On behalf of the International Paralympic Committee (IPC), I would like to welcome you to the 2013 
VISTA Conference, the IPC’s scientific conference that will this year centre around the equipment and 
technology used in Paralympic sport.

This conference brings together some of the world’s leading sport scientists, administrators, coaches 
and athletes. We hope you can take what you learn over the next few days back home with you to your 
respective communities to help further advance the Paralympic Movement.

The next few days will include keynote addresses, symposia, oral presentations and poster sessions put 
together by the IPC Sports Science Committee that will motivate and influence you in your respective 
work environments, no matter which part of the Paralympic Movement you represent.

I would like to thank all the presenters for their engagement to the Movement and their willingness to 
share their findings, including IPC Scientific Committee member Brendan Burkett, who is a biomechanics 
professor at the University of the Sunshine Coast in Brisbane, Australia. Several of the speakers this 
week will explore the theme of fair use of technology and equipment, including the balance between 
access, competitive edge and the philosophy of sport.

The IPC’s Paralympic Scientific Award will also be awarded as part of the VISTA Conference, recognising 
the work of one academic researcher for their contribution to research in the field of sports for people 
with an impairment. 

I would like to thank Bonn’s Gustav-Stresemann-Institut (GSI) and Maritim Hotel for hosting this unique 
event. I hope you all enjoy VISTA and take home with you key learning that can help us advance the 
Paralympic Movement further.

Sir Philip Craven, MBE 
President, International Paralympic Committee
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VISTA2013 Scientific Conference
Forewords

Prof. Yves Vanlandewijck
Chairperson, IPC Sports Science Committee

Dear participants,

On behalf of the IPC Sport Science Committee, I am delighted to welcome you in Bonn as a participant 
in the VISTA2013 Conference. The sixth Vista conference organized by the IPC will once more provide 
the platform for exchange of current information, research and expertise related to Paralympic Sport 
and the Paralympic Movement. Athletes, coaches, administrators, classifiers, officials and sport 
scientist are invited to discuss the different themes at the heart of the Paralympic Movement: sporting 
excellence, injury prevention, classification, assessment and training techniques, ethics, development, 
recruitment, media, marketing, amongst many others.

The objective of the VISTA2013 Conference is to have a number of these topics discussed by a balanced 
field of invited experts and contributions from a number of recognized experts from the field during the 
free communication and poster sessions. The central theme of the VISTA2013 conference is ‘Equipment 
and technology in Paralympic Sports’. Technological advancement has not only dramatically improved 
the quality of life of many individuals; it also has a significant impact on athletes’ performance. Not only 
the changes in equipment configuration, but also the complexity of the athlete-equipment interface, has 
put a lot of pressure on classifiers and sport-scientist who try to understand the impact of impairment 
on performance. Three dedicated keynotes and a series of invited speakers clustered in technology 
focused symposia will address the (wo)man-machine interface from a multidisciplinary perspective.

Many thanks go to our partners and all contributing authors for their support and involvement in the 
Conference. I look forward to your contribution to an interesting program and I am convinced that this 
Conference will be once more the ideal platform for the thorough and constructive exchange of views 
in order to bridge the gap between theory and practice and to encourage interdisciplinary discussion.

Prof. Yves Vanlandewijck
Chairperson, IPC Sports Science Committee
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VISTA2013 Scientific Conference
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Admission

Participant name badges will be provided at the registration desk. All participants are requested to 
wear their badge throughout the Conference.

Registration Desk

The registration desk, located in the VISTA Foyer, will open on Wednesday 1 May. Opening hours will be 
communicated closer to the event.

Language

The official language of the Conference is in English. Translation services will not be provided.

Meals 

Lunch and coffee breaks are included in the registration fee for the three days of the Conference.
Breakfast and dinner is included in the room rate at the GSI, if booked directly through the IPC.

Opening Ceremony

The Opening Ceremony of the VISTA Conference will take place on 1 May from 17:00-20:00 at the 
Maritim Hotel in Bonn. The ceremony will start with an opening address of IPC President Sir Philip 
Craven, followed by a scientific debate on “Prosthetic use in IPC Athletics – Lessons from London” and 
concludes with a reception.

Electricity

Germany operates on 220-240 Volts with round-prong European-style (C,F) plugs that fit into recessed 
wall sockets.

Insurance

Conference registration does not include insurance. Participants are advised to arrange their own 
insurance cover prior to departure.

Website

www.paralympic.org/Events/VISTA2013

VISTA2013 Scientific Conference
General Information
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GSI - Gustav-Stresemann-Institut e.V.

Langer Grabenweg 68
53175 Bonn - Bad Godesberg

Reception
+49 (0) 228 / 81 07-0
  81 07-100
Fax  81 07-197

www.gsi-bonn.de

VISTA2013 Scientific Conference
Venue

Gustav-Stresemann-
Institut e.V.
Europäische Tagungs- 
und Bildungsstätte Bonn

Raumplan

Das Gustav-Stresemann-Institut e.V. ist eine 
unabhängige, überparteiliche und gemeinnützige 
Einrichtung der politischen Bildung.

Das GSI veranstaltet in seiner Europäischen Tagungs-
und Bildungsstätte, die als Weiterbildungseinrichtung
vom Land NRW anerkannt ist, Tagungen und Seminare 
zu aktuellen politischen und gesellschaftspolitischen 
Fragen, insbesondere zu Themen der europäischen 
Einigung und Erweiterung.

Im Hinblick auf die Verdienste des Staatsmannes 
und Friedensnobelpreisträgers Gustav Stresemann 
um die europäische Zusammenarbeit trägt das 
Institut seinen Namen.

Das GSI

The Gustav Stresemann Institute is an independent,
politically unaffiliated, public-benefit institution 
engaged in political education.

At its European Conference and Education Centre,
which is officially recognised as a further training
establishment by the state of North Rhine-Westphalia,
the GSI organises conferences and seminars on current
political and social issues with a particular focus on
questions of European integration and enlargement.

The institute bears the name of the statesman and
Nobel peace prize winner Gustav Stresemann in re-
cognition of his contribution to European cooperation.

The GSI
Rhein
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GSI – Gustav-Stresemann-Institut e.V.
Langer Grabenweg 68
53175 Bonn - Bad Godesberg

Rezeption /reception
+49 (0) 2 28 / 81 07-0

81 07-100
Fax                    81 07-197

Frühstück / breakfast 7.00 – 9.00 Uhr
Mittagessen / lunch 12.00 – 14.00 Uhr
Abendessen /dinner 18.00 – 20.00 Uhr
Kaffeebar /coffeeshop 9.00 – 18.00 Uhr

GSI-Raumplan-Flyer_110509  11.05.2009  11:25 Uhr  Seite 1
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Hausbar

Stand..  05/09

VISTA2013 Scientific Conference
Venue

Ground level

The conference will take place in rooms located near Foyer II.

Lift

Accessible 
Toilet
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VISTA2013 Scientific Conference
Programme at a Glance

Wednesday 1 May 2013

09:00-10:00

Coee Break

10:30-12:10

Invited Symposium
Tricycles, Handcycles and 

Tandem Cycling
VISTA Room 1

Free Communications
Paralympic Swimming

VISTA Room 2

Invited Symposium
Athlete Health
VISTA Room 1

Free Communications
Wheeled Mobility

VISTA Room 2

Invited Symposium
Technology Counselling

VISTA Room 1

Free Communications 
Athlete Health
VISTA Room 2

Lunch Break

13:40-14:40
Free Communications 

Coaching and Counselling
VISTA Room 1

Free Communications 
Equipment Design

VISTA Room 2

Free Communications
Ergometry

VISTA Room 1

Free Communications 
Classification Concepts and 

Methodology
VISTA Room 2

Free Communications
Running Prosthesis

VISTA Room 1

Free Communications 
(Classification in) Wheelchair 

Sports
VISTA Room 2

Coee Break

15:00-16:20

Free Communications 
Classification Concepts and 

Methodology
VISTA Room 1

Free Communications 
Equipment Design

VISTA Room 2

Free Communications
Athlete Health / 

Participation and Legacy
VISTA Room 1

POSTER SESSION                           
VISTA Foyer

Coee Break

16:40-18:20

Invited Symposium
Equipment Development in 

Winter Sports
VISTA Room 1

Free Communications 
Classification in Athletes with 

Hypertonia, Ataxia and 
Athetosis

VISTA Room 2

Invited Symposium
Technology and Paralympic 

Classification
VISTA Room 1

Free Communications 
Participation and Legacy 

VISTA Room 2

Saturday 4 May 2013

Invited Symposium
Meet the Industry

VISTA Room 1

Paralympic Scientific Award Ceremony
Keynote Brendan Burkett

Paralympic Sport Equipment: Performance Enhancement or 
Necessary for Performance?                                                                       

VISTA Room 1

Keynote Chris Rushman / Simone Oehler
Equipment and Technology: from Products for Grass Roots 

Development to High-Tech Applications                                                   
VISTA Room 1

Keynote Ivo Van Hilvoorde
The Balance between Access, Competitive Edge and the Philosophy 

of Sport                                                                                                                     
VISTA Room 1

Opening Ceremony
Maritim Hotel

17:00 - 20:00

Main arrival day and conference 
registration

Thursday 2 May 2013 Friday 3 May 2013

18:20 - 20:00
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VISTA2013 Scientific Conference
Scientific Programme – Detail

10:30 – 20:00*
GSI Welcome Desk

17:00 – 20:00
Maritim Hotel

09:00 – 09:15
VISTA Room 1

09:15 – 10:00
VISTA Room 1

10:00 – 10:30

10:30 – 12:10
VISTA Room 1

10:30 – 12:10
VISTA Room 2

10:30

10:50

11:10

Conference Registration
*Operating hours will be confirmed closer to the event

Opening Ceremony

Paralympic Scientific Award Ceremony

Paralympic Sport Equipment: Performance Enhancement or Necessary for 
Performance?

Keynote Lecture, Brendan Burkett (University of the Sunshine Coast, Australia; 
Member IPC Sports Science Committee)

Coffee Break

SESSION A - INVITED SYMPOSIUM 1
Cycling Covering Equipment and Technology Development in Tricycles, 
Handcycles and Tandem Cycling

Moderator: Thomas Abel (Deutsche Sporthochschule Köln, Germany)

Panel Members:
Claudio Perret (Schweizer Paraplegiker – Zentrum, Switzerland)
Karine Jacon Sarro (Centro de Educacao Fisica e Desportos, Universidade Federal 
do Espirito Santo, Brazil)
Oliver Heine (German Olympic and Paralympic Training Centre ,Germany)
Vicky Tolfrey (Peter Harrison Centre for Disability Sport, Loughborough University, 
UK)

SESSION B – FREE COMMUNICATIONS I
Paralympic Swimming

Relationship between Passive Drag and IPC Swimming Class
C. Payton - #45

Relationship between Passive Drag and Anthropometric Characteristics of 
Swimmers with a Physical Impairment
Y-T. Oh - #42

The Effect of Tether Speed on Muscle Activation and Recruitment Patterns in 
Physically Impaired Swimmers
C. Lee - #34

WEDNESDAY 1 MAY 2013

THURSDAY 2 MAY 2013



I  13  I

VISTA2013 Scientific Conference
Scientific Programme – Detail

Thursday 2 May 2013

11:30

12:10 – 13:40

13:40 – 14:40
VISTA Room 1

13:40

14:00

14:20

14:40

13:40 – 14:40
VISTA Room 2

13:40

14:00

14:20

14:40 – 15:00

15:00 – 16:20
VISTA Room 1

15:00

15:20

15:40

Comparison of Race Parameters for Visual Impaired Swimmers
J. Martens - #39

Lunch Break

SESSION A – FREE COMMUNICATIONS II
Coaching and Counselling

Wheeled Mobility in Sports: Replicating Sports Wheelchair Propulsion in a 
Laboratory Environment
B. Mason - #40

Acceleration Profile during 20-M Sprints in Elite Wheelchair Tennis Players
T. Janssen - #29

Test-Retest Reliability of Different Test Concepts in Ice Sledge Hockey
Ø. Sandbakk - #55

A Comparison of Wheelchair Tennis Player Development Pathways, Focusing on 
Changes in Regional Representation and Case Studies of Players Progression
M. Bullock - #9

SESSION B – FREE COMMUNICATIONS III
Equipment Design

Lower Leg Prosthesis for Nordic Skiing Skate Technique – from Prototype to 
Production
J. Danvind - #13

Lower Leg Prosthesis for Cross-Country Skiing Classical Technique
P. Skoglund - #58

Optimization of Sledge Properties in Ice Sledge Hockey
P. Kjarnli - #32

Coffee Break

SESSION A – FREE COMMUNICATIONS IV
Classification Concepts and Methodology

Autonomic Cardiovascular Control and Sports Classification in Paralympic 
Athletes with Spinal Cord Injury
A. Krassioukov - #33

Visual Impairment and Sporting Performance: Implications for Vision Classification 
in Paralympic Sport
D. Mann - #38

Analysis of Table Tennis Specific Tests for Players with Intellectual Impairment
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VISTA2013 Scientific Conference
Scientific Programme – Detail

15:00 – 16:20
VISTA Room 2

15:00

15:20

15:40

16:00

16:20 – 16:40

16:40 – 18:20
VISTA Room 1

16:40 – 18:20
VISTA Room 2

16:40

17:00

17:20

S. Wu - #71

SESSION B – FREE COMMUNICATIONS V
Equipment Design

Effect of Low Compression Balls on Wheelchair Tennis Matchplay
P. Sindall - #57 

Influence of Non-Circular Chainrings on Physiological Parameters in
Handcycling
S. Zeller - #72

Technical Development of an Adaptive Sports Ankle Prosthetic Component as an 
Equipment Aid for the Lower Leg Amputee Paratriathlete during the Transition to 
and from the Swimming Event.
D. K. Lyle - #37

Sports Equipment and Technology in Developing Nations: Grass Root Initiatives 
to Enhance Parasports in Kenya
P. Bukhala - #08

Coffee Break

SESSION A – INVITED SYMPOSIUM 2
Equipment Development in Winter Sports

Moderator: Brendan Burkett (University of the Sunshine Coast, Queensland, 
Australia; Member IPC Sports Science Committee)

Panel Members:
Laura Gastaldi (Dipartimento di Ingegneria Meccanica e Aerospaziale 
Politecnico di Torino, Italy)
Sylvana Mestre (Play and Train, Spain; Chairperson IPC Alpine Skiing Sports 
Technical Committee)
Vesa Linnamo (Department of Biology of Physical Activity 
University of Jyväskylä , Finland

SESSION B – FREE COMMUNICATIONS VI
Classification in Athletes with Hypertonia, Ataxia and Athetosis

Evaluating the Validity of Tests of Impaired Coordination and Range of Motion in 
Runners with Hypertonia, Ataxia and Athetosis
M. Connick - #10

Evaluating the Validity of a Novel Battery of Upper and Lower Limb Coordination 
and Throwing Performance in Athletes with Hypertonia, Ataxia and Athetosis
J. Spathis - #61

The Assessment of Lower Limb Muscle Strength and Running Performance in 
Thursday 2 May 2013
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VISTA2013 Scientific Conference
Scientific Programme – Detail

17:40

09:00 – 10:00
VISTA Room 1

10:00 – 10:30

10:30 – 12:10
VISTA Room 1

10:30 – 12:10
VISTA Room 2

10:30

10:50

11:10

11:30

12:10 – 13:40

Athletes with Ataxia, Athetosis and Hypertonia
E. Beckman - #05

Adaptation of Block and Box Test to Evaluate Grasp and Release in Boccia Players
R. Reina - #47

Equipment and Technology: from Products for Grass Roots Development to High-
Tech Applications

Keynote Lecture, Chris Rushman (Motivation, UK) / Simone Oehler (Ottobock., 
Germany)

Coffee Break

SESSION A - INVITED SYMPOSIUM 1
Athlete Health

Moderator: Walt Thompson (Georgia State University Department of Kinesiology 
and Health, USA; Member IPC Sports Science Committee)

Panel Members: 
David MacDonagh (Emergency Sports Medicine Research Centre, NTNU 
University, Norway)
Wayne Derman (UCT Sport Science Institute of South Africa, University of Cape 
Town, South Africa; Member IPC Medical Committee)
Julia Alleyne (Sport C.A.R.E., Women’s College Hospital, Canada)

SESSION B – FREE COMMUNICATIONS I
Wheeled Mobility

Wheeled Mobility in Adapted Sports: an Ergonomics Perspective
L. van der Woude - #65

Wheeled Mobility in Sports: Time and Power Output over a 15m-Wheelchair Sprint 
as Measures of (Anaerobic) Sprint Capacity
J.van der Scheer - #64

Wheeled Mobility in Sports: Skill Acquisition of Handrim Wheelchair Propulsion
R. Vegter - #66

Wheeled Mobility in Sports: Optimal Training in Handcycling
F. Hettinga - #24

Lunch Break

FRIDAY 3 MAY 2013
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VISTA2013 Scientific Conference
Scientific Programme – Detail

13:40 – 14:40
VISTA Room 1

13:40

14:00

13:40 – 14:40
VISTA Room 2

13:40

14:00

14:20

14:40 – 15:00

15:00 – 16:20
VISTA Room 1

15:00

15:20

15:40

16:00

15:00 – 16:20
VISTA Foyer

SESSION A – FREE COMMUNICATIONS II
Ergometry

Compact Dynamometry in Wheelchair Sports: a New Concept for Evaluation the 
Propulsive Power
S. Oliveira - #43

Paralympic Athletes Fitness Using a New Wheelchair Ergometer
D. Freitas - #19

SESSION B – FREE COMMUNICATIONS III
Classification Concepts and Methodology

Evidence Based Practice in Classification: Application of Systematic Review in 
Wheelchair Rugby
A. Hart - #23

Can Simulations Assist in Classification Development?
J. Holmberg - #25

A Conceptual Framework for the use of Fitts’ Law to Detect Intentional 
Misrepresentation of Skills and/or Abilities in Paralympic Athletics
S. Tweedy - #15

Coffee Break

SESSION A – FREE COMMUNICATIONS IV
Athlete Health / Participation and Legacy

Assessment of Fatigue in Athletes During Manual Wheelchair Propulsion
B. Crespo Ruiz - #12

Performance, Pacing and Neuromuscular Fatigue of Athletes with Cerebral Palsy
P. Runciman - #51

London 2012 Volunteers: Motivations and Social Legacy Potential
T. Dickson - #16

Reliability of Goal Perspectives and Sport Participation Motivation
Questionnaires for Athletes with Intellectual Disabilities
Y. Hutzler - #27

SESSION B – POSTER SESSION
New Wheelchair Ergometer for Physical Evaluation and Training – Electronic 
Systems and Methodology
S. A. A. Vieira - #1

Friday 3 May 2013
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VISTA2013 Scientific Conference
Scientific Programme – Detail

New Wheelchair Ergometer for Physical Evaluation and Training – Design and 
Tests 
C. A. Araújo - #3

Analysis of Relationship Between Strength and Speed in Athletes with Visual 
Impairment and Guides Participants of Athletics Brazil Paralympic Team
R. A. Barros - #4

Chair of Shot Put Designed to Paralympic Athletes
E. D. Bonifácio - #7

Pulley System to Assess Resistive Power During Manual Wheelchair Propulsion 
on a Treadmill
B. Crespo-Ruiz - #11

Wheeled Mobility in Sports: the Development of a Wheelchair Propulsion Lab
S. de Groot - #14

Functional Classification of Athletics in Paralympic School Games: a Sample of 
the Four Editions.
P. S. de Freitas - #20

The Functional Classifiers Training in Brazil
P. S. de Freitas - #21

Psycho-Social Effects of an Intensive Competitive Boccia Training Program 
Compared to Recreational Boccia Training and no Training in Persons with Severe 
Chronic Disability
Y. Hutzler - #26

Wheeled Mobility in Sports: Hand-Rim Forces and Gross Mechanical Efficiency in 
Asynchronous and Synchronous Wheelchair Propulsion: a Comparison
J. Lenton - #35

Technical Development of an Adaptive Sports Ankle Prosthetic Component as 
an Aid for the Lower Leg Amputee Equestrian Paralympics’ Rider to Achieve 
Optimum Balance and Alignment.
D. K. Lyle - #36

This Works: Equipment Rental Services for Disability Sports and Recreation
J. Parviainen - #44

Evidence-Based Research Starting Point for Classification in Paralympic Football-
7-A-Side
R. Reina - #48

Assessing Wheelchair Locomotion Through the use of Gyroscope Technology
J. Rhodes - #49

Friday 3 May 2013
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VISTA2013 Scientific Conference
Detailed Programme

16:20 – 16:40

16:40 – 18:20
VISTA Room 1

16:40 – 18:20
VISTA Room 2

16:40

17:00

Promotion of Accessibility from Disability Sports Point of View -Lessons Learned
A. Saari - #54

Kinematic Evaluation of Paralympic Supine
S. Soares dos Santos - # 56

Hand Prosthesis for Cross-Country Skiing
H.S. Sjöberg - #59

Evaluation of the Brazilian Paralympic Committee Anti-Doping Program from 
2009 to 2012. A Critical Review
H. Silva - #60

Wheeled Mobility in Sport: Hand Cycling the Alpe d’Huez with a SCI
L. Valent -#63

Functional Profile and Age of Football Seven a Side Brazilian Athletes
M. Campeão - #67

Wind Tunnel to Evaluate Alpine Skiing Paralympic Athletes
N. A. C. Vinagre - #68

Evaluation of Muscle Imbalances and the Relationship with Sport Injuries in 
Athletes with Visual Impairment and their Guides.
M.P. Magno e Silva - #70

Coffee Break

INVITED SYMPOSIUM 2
Technology and Paralympic Classification

Moderator: Yves Vanlandewijck (Department of Rehabilitation Sciences, KU 
Leuven, Belgium; Chairperson IPC Sports Science Committee)

Panel Members:
David Howe (Peter Harrison Centre for Disability Sport, Loughborough University, 
UK)
Sean Tweedy (School of Human Movement Studies, The University of Queensland, 
Australia; Member IPC Classification Committee)

SESSION B – FREE COMMUNICATIONS V
Participation and Legacy

Paralympic Legacy – Realising its Potential
S. Kerr - #31

Chances and Challenges of Talent Identification and Development (TID) 
Programmes for Paralympic Athletes – Selected Results of a Cross-National 
Comparison

Friday 3 May 2013
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17:40

09:00 – 10:00
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10:00 – 10:30

10:30 – 12:10
VISTA Room 1

10:30 – 12:10
VISTA Room 2

10:30

10:50

11:10

11:30

S. Radtke - #46

Follow up of Integration and Inclusion Phase Report of Finnish Sports Federations
A. Saari - #53

Developing the Paralympic Movement in West Africa: Challenges and
Opportunities for Social Inclusion in Ghana
Y.A. Tuakli-Wosornu - #62

The Balance between Access, Competitive Edge and the Philosophy of Sport

Keynote lecture, Ivo van Hilvoorde (Faculty of Human Movement Sciences, Vrije 
Universiteit Amsterdam, Netherlands)

Coffee Break

SESSION A - INVITED SYMPOSIUM 1
Technology for the Coach and the Athlete: State of the Art and Future Developments

Moderator: Osnat Fliess Douer (Wingate College, Israel; School of Education Bar 
– Ilan University, Israel, Member IPC Sports Science Committee)

Panel Members:
Dr. Richardo Barros (Faculty of Physical Education, University of Campinas, 
Brazil)
Dr. Marco Cardinale (Institute of Sport, Exercise and Health, University College 
London, London (UK); School of Medical Sciences, University of Aberdeen, 
Aberdeen, Scotland (UK); Nike USA Inc., SPARQ Advisory Board (USA); 
Federazione Italiana Atletica Leggera, Scientific Commission (Italy))
Randall L. Wilber (USOC Athlete Performance Lab, USOC, USA)

SESSION B – FREE COMMUNICATIONS I
Athlete Health

Autonomic Cardiovascular Control in Paralympic Athletes with Spinal Cord Injury
C.R. West - #69

Novel Uses of Electromyography in Evaluation of Skeletal Muscle Recruitment 
during Exercise in Athletes with Disabilities: a Key to Injury Prevention and Future 
Classification?
P. Runciman - #52

Relationship between Perceived Shoulder Pain and Kinematic Analysis of 
Wheelchair Propulsion in Sedentary and Active Wheelchair Users
I. Rossignoli - #50

Nutritional Supplement Habits and Perceptions of Athletes with a Disability: 

SATURDAY 4 MAY 2013
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12:10 – 13:40

13:40 – 14:40
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13:40

14:00

14:20

13:40 – 14:40
VISTA Room 2

13:40

14:00

14:20

14:40 – 15:00

15:00 – 16:20
VISTA Room 1

Preliminary Findings
T. Graham - #22

Lunch Break

SESSION A – FREE COMMUNICATIONS II
Running Prosthesis

The Impact of Technological Change in Sprinting with a Lower-Limb Amputation
B. Dyer - #17

Impulse Syncronisation of Lower-Limb Running Prosthesis Technology: an 
Introduction
S. Noroozi - #41

The Science of Coaching: Lessons to be Learned from a Case Study on the Effect 
of Different Running Blades on Running Performance
S. Ferreira - #18

SESSION B – FREE COMMUNICATIONS III
(Classification in) Wheelchair Sports

Moving Towards Evidence Based Classification in Wheelchair Rugby:
Classification of Trunk Impairment in Relation to Static Sitting Balance Measures
V.Altmann - #02

Sprint Performance, Trunk Muscle Strength and Trunk Classification in
Wheelchair Rugby and Basketball Athletes.
N. Keijsers - #30

Reliability and Validity of a Wheelchair Rugby Skills Test
T. Janssen - #28

Coffee Break

SESSION A - INVITED SYMPOSIUM 2
Meeting The Industry

Saturday 4 May 2013
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Professor Brendan Burkett (OAM) is a professional engineer, professor in 
biomechanics, and a Paralympic swimming champion having competed at 4 
Paralympic Games winning several medals and lead the Australian team into the 
opening ceremony at the Sydney 2000 Games. The combination of engineering 
and human movement qualifications, along with sporting experience, has provided 
Brendan with a solid understanding of biomechanics. In 2007 Brendan was an 
invited scholar for the Erasmus Mundus Masters in Adapted Physical Activity. The 
impact of Brendan’s research in sport and exercise is demonstrated with research 
grants and publications in this discipline. Brendan has an active role in industry 

through his appointment as national sport science coordinator for the Australian Paralympic Swim 
team for the 2002, & 2006 World Championships, the 2004, 2008 & 2012 Paralympic Games. His 
focus on sports technology for people with a disability is recognised as the Professional Engineer of 
the Year, by the Australian Institution of Engineers, and part of the Prime Minister’s 2020 Summit. His 
sporting achievements include an inductee in the Swimming Queensland Hall of Fame and listed as one 
of Queensland Q150 Sporting legends.

Paralympic Sporting Equipment: Performance Enhancement or Necessary for Performance?
2 May 2013, 09:15

Highly active people with a disability, Paralympians, often depend on assistive devices to replace their 
lost function and to enable activities of daily living, including the ability to participate in competitive 
sport. Paralympic sports evolved from medical rehabilitation programs in the 1950s. The objective of a 
rehabilitation program is to regain a level of function for the client; for an athlete, the highest expression 
of this return to function is to compete at an elite level in the Paralympic Games. In the endeavour to go 
higher, faster and longer, athletes have found that standard sport equipment can inhibit their sporting 
performance.

To satisfy these demands significant new technological developments in wheelchair design and 
prostheses have occurred, and radical equipment designs such as energy-absorbing prostheses, seated 
throwing chairs, and racing wheelchairs have revolutionized sports medicine thinking.

The greatest challenge with Paralympic sporting equipment is the technology must match the individual 
requirements of the athlete, and the sport, in order for Paralympians to optimize their performance. 
Within the ‘Performance enhancement or necessary for performance?’ debate, any potential increase in 
pure mechanical performance from the sporting equipment must be considered along with the ‘control 
and compensatory factors’ the athlete has to manage. 

Given that a grey area remains regarding how well an athlete is able to transfer any potential mechanical 
advantage into a real advantage, the sporting benefit-of-the-doubt should probably fall in favour of the 
technology being necessary for performance, rather than performance enhancing. The challenge for 
researchers will be to effectively ‘match’ the technology with the athletes’ requirements.

In the best interest of the athlete, and to avoid potential legal problems and unwarranted issues for 
sporting administrators and participants, the role of technology needs to be openly debated and final 
recommendations made well before the 2016 Olympic and Paralympic Games in Rio de Janeiro.

Brendan Burkett
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Chris Rushman graduated from Brunel University in 1995 in Industrial Design, 
and after a short spell in the UK manufacturing sector, joined the Motivation 
Charitable Trust as a design engineer, working overseas designing and initiating 
production of a range of low-cost wheelchairs and supportive seating products 
for low-income countries. Chris worked in Indonesia, Pakistan, Afghanistan, Sri 
Lanka and Bangladesh amongst others, before moving to Tanzania to work with the 
Tanzanian Training Centre for Orthopaedic Technologists (TATCOT) in developing 
and delivering a one year certificate level training course in Wheelchair Technology.
In 2003 Chris moved to the Motivation UK office as the Design Manager for 

Motivation, and was involved in the design and production of Motivation’s more global range of flat-
pack wheelchair products produced in China, and the development of comprehensive training material 
to support this type of wheelchair provision. Chris then became the Training Coordinator and Senior 
Technical Trainer delivering technical and wheelchair service training to Motivation partners all over the 
world, including international partners such as the International Committee for the Red Cross (ICRC) 
and Handicap International (HI) in places as diverse as Haiti, Burundi, Papua New Guinea and Ethiopia.
Chris is currently the Senior Technical Specialist for Motivation, supporting Motivation programme 
partners and designing new products including our growing range of sports wheelchairs.

Products for Grassroots Sports Development - A Case Study of the Motivation
Court Sport Wheelchair for Low-income Countries

3 May 2013, 09:00

Introduction: How Motivation’s design, innovation and local manufacturing experience, led to low-cost 
grassroots sports products successfully implemented in high-income and low-income countries 

Purpose: Case study examines how a considered design rationale, led to a sports wheelchair product, 
designed successfully for low-income countries, to cross over into the high- income country sports 
development sector. The case study identifies important criteria to balance cost and performance and 
appropriateness in low-income countries.

Methods: An athlete-centred approach to the design development process, coupled with strong 
strategic partnerships can deliver effective and low-cost sports wheelchairs.

Results: Case study shows how a low-cost sport wheelchair product can perform effectively across a 
range sports at the grassroots level and is suitable for low and high income country sports development 
sectors.

Conclusions: The athlete-centred approach to the design process is one of the key factors for the 
successful development of low-cost sports products.

Keyword(s): Low-cost, low-income country, grassroots, appropriate, design.

Chris Rushman
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Simone Oehler joined Ottobock in 2010 as Head of Testing Department at the 
company’s headquarters in Duderstadt, Germany. She is responsible for leading 
a team of eight engineers and technicians to test the components used to make 
Ottobock prosthetic, orthotic and wheelchair products to ensure they meet the 
international quality and safety standards set by the industry. The lab is equipped 
to test the complete range of materials used in the manufacture of Ottobock 
products including metals, plastics, textiles and carbon-fibre, and the team 
complete 1500 test reports every year. In addition, Simone works with engineers 
and product developers to design and implement testing for products and materials 

in development, as well as new products before they are launched to the market. 

Simone’s responsibility also includes testing of sports products and she is currently working with 
Paralympic Sprinter and Ottobock Ambassador Heinrich Popow. New tests have been developed to 
effectively measure the loads applied to his sports prosthesis during a race, providing Ottobock with the 
data required to improve the design and performance of its carbon-fibre running blades.

Prior to joining Ottobock Simone was a Research Associate in the Faculty of Medical Engineering at the 
Berlin Institute of Technology. Due for completion in 2013, Simone’s PhD is on mobility measurements 
on above knee amputees. 

Simone has also studied in the USA and New Zealand, completing courses in Mechanical Engineering, 
Psychology and Sport Science at the Monroe Community College Rochester, New York and Biomedical 
Science at the University of Auckland. 

In association with her role at Ottobock, Simone is a Research Associate at the Rehabtech Research 
Lab, Berlin, a partnership between Ottobock and the Berlin Institute of Technology, researching 
prosthetic alignment. In 2010 the project was awarded the prize for innovation in medical technology 
by the German Ministry of Education and Research.

Papers and research by Simone’s have been widely published in medical physics, biomedical 
engineering, orthopedic and rehabilitation publications across Germany.

Equipment and Technology: from Products for Grass Roots Development to High-Tech Applications
Products for High-Tech Applications - from Product Development to Individual Athlete Support - and 

back
3 May 2013, 09:30

Ottobock has been promoting sports for people with disabilities for more than three decades. It all 
began with four prosthetists providing repair services in an improvised pavilion at the summer games in 
Seoul, Korea 1988. Since then Ottobock has been part of all the paralympic summer and winter games. 
This commitment to the paralympics also led to individual athlete support.

It’s Ottobocks daily business to develop and sell prosthesis. So starting of with modifying an existing 
product Heinrich Popows running prosthesis was continually adapted and optimized to match the 
technology to the athletes’ abilities and requirements in sports. This was accomplished in close 
cooperation of the athlete, Ottobock technicians and biomechanical experts. By this it is a win-win 

Simone Oehler
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situation for all, the athlete provides important impulses while testing the device and the experts 
contribute their experience from working with patients for a long time. They all work for a common goal: 
the best possible sport prosthesis for a top performance.

So coming from an all in one approach and setting standards in prosthetic technology the next logical 
step was to develop products for sport performance - not necessarily only for competitive sports but 
also for ambitious recreational athletes doing every day sports.

The talk will give more details and background on the compounding factors during the development 
process of Ottobocks sport products. How it all starts with experience from existing products, testing 
with patients and athletes, analysing load measurements and testing on test machines all to fulfil the 
goal of a product that allows fun, recreational sport for amputees.
 

VISTA2013 Scientific Conference
Keynote Speakers

Industry partner:
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Ivo van Hilvoorde (i.m.van.hilvoorde@vu.nl) is assistant professor at the Faculty 
of Human Movement Sciences (Vrije Universiteit Amsterdam) and lecturer at the 
School of Human Movement & Sport (Windesheim, Zwolle). He lectures in Philosophy 
of Human Movement Sciences, Philosophy of Sport and Sport & Society. In his 
research he combines philosophical, sociological and historical perspectives on 
sport, with special interest in the relations between sport and (bio)technology, (the 
ethics of) doping and human enhancement, (the history of) fitness, technology and 
(dis)ability and the use of digital technology in the context of physical education. 
For more information see: http://www.ivovanhilvoorde.nl/

Paralympic Performances and New Technologies; Issues of Classifications and Representation
4 May 2013, 09:00

Categorizations within disability sports appear to be an ongoing struggle to find the right balance between 
a good competition based on differences in talent on the one hand and the demonstration of excellence 
within a group with relevant similar skills on the other. Disability sports are about showing performances 
within categories of similar disabilities, without making those disabilities the central element of athletic 
prowess. Categorization and classification are ongoing processes and discussions need to be continued, 
not least because our views on disabilities change and evolve, as does the technology to compensate 
for certain disabilities. 

Elite sport is, by definition, constructed around the notions of differentiation, categorization and 
selection, all with the cause of showing ‘virtuosity’, ‘supremacy’ and ‘super-humanness’. It may be 
difficult to justify the difference in admiration for the elite athlete and the impaired athlete with recourse 
only to concepts such as ‘talent’ or ‘effort’. Some talents are more valued in a society than others, in 
spite of a changing terminology that suggests that being disabled is the occasional experience of each 
human being.

In this presentation I will discuss the role of technological innovation in discussions on the fairness, 
credibility and (re)presentation of disability sports. How does technology affect the concept of ‘disability’ 
itself? What is the influence of a ‘technocentric ideology’ on the credibility of Paralympic Sports and 
what does it mean for the aims of the Paralympic Movement in terms of empowerment, inspiration and 
representation of disability (sport) in general? Technological innovation not only raises fundamental 
(sport philosophical) questions about the fairness of Paralympic competition, but also about more 
general issues that deal with the image and presentation of Paralympic performances, also in relation 
to able-bodied sports and to mass sport.

Besides the need for a critical rethinking of the normative boundaries between ability and disability, and 
between Olympic Games and Paralympic Games, this debate needs to be enriched by an empirical and 
critical analysis of the process of categorization itself. Who are deciding, who is doing the ‘boundary 
work’, based upon what arguments and what stakes?

Ivo van Hilvoorde
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Cycling Covering Equipment & Technology Development in Tricycles, Handcycles & Tandem Cycling
VISTA Room 1
2 May 2013, 10:30

Moderator: 

Thomas Abel (Deutsche Sporthochschule Köln, Germany)

Panel Members:

Claudio Perret (Schweizer Paraplegiker – Zentrum, Switzerland)

Karine Jacon Sarro (Centro de Educacao Fisica e Desportos, Universidade Federal do Espirito Santo, 
Brazil)

Oliver Heine (German Olympic and Paralympic Training Centre, Germany)

Vicky Tolfrey (Peter Harrison Centre for Disability Sport, Loughborough University, UK)

Since 1988 cycling is part of the Paralympic Games. It is organized in four different classes: handcycling 
(four groups H1-4), (bi) cycling (five groups C1-5), tricycling (two groups T1-2) and one tandem cycling 
class. Performance capacities of athletes have increased enormously due to systematic training and 
an enhanced sports-medical and sports-scientific support of the athletes. Training, physical fitness 
and athletic talent play an important role but cycling is a very technical sport as well. Therefore, 
biomechanical adaptations, inventions of accessories and improved equipment have a large influence 
on the final success of the athlete. In accordance with the IPC’s and UCI’s regulations lighter materials 
have been implemented such as carbon and titan, and efforts were made to optimize construction of 
cycles. These modifications combined with variations in the seating position of the rider which influence 
aerodynamics have an impact on the success in competition. The goal of a stepwise adaptation is to 
pave the way for connecting stronger bonds between the physiologal capacities of the rider and the 
mechanical possibilities of his cycle.
 
The first presentation in the session will give an overview on: “Biomechanics contributions to cycling 
performance improvements” by Profª Drª Karine Jacon Sarro from Brazil. Dr. Claudio Perret from 
Switzerland will present a research project dealing with aerodynamic adaptations in handcycling: 
“Influence of technical adaptations and seating variations in hand cycling on wind resistance – from 
the wind channel to brands hatch”. The presentation of Dr. Oliver Heine from Germany will focus on 
a case study of a successful sport science intervention in tricycling concerning the seating position 
reflecting crank length and force production in connection to the handicap of the athlete: “From 
pain to Paralympic silver”. Finally Dr. Vicky Goosey-Tolfrey will talk about her work on the influence 
of back rest position on mechanical efficiency as a model to capture biomechanical adaptation for 
the total performance capacity in the lab. The session will be chaired by Dr. Thomas Abel, Deutsche 
Sporthochschule Köln (Germany).
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Equipment Development in Winter Sports
VISTA Room 1
2 May 2013, 16:40

Moderator: 

Brendan Burkett (University of the Sunshine Coast, Queensland, Australia; Member IPC Sports Science 
Committee)

Panel Members: 

Laura Gastaldi (Dipartimento di Ingegneria Meccanica e Aerospaziale, Politecnico di Torino, Italy)

Sylvana Mestre (Play and Train, Girona, Spain; Chairperson IPC Alpine Skiing STC)

Vesa Linnamo (Department of Biology of Physical Activity University of Jyväskylä , Finland

The Winter Paralympic sports create a range of new challenges for the Paralympic athlete, in particular 
the ability to performance on snow and ice. This session will address this issue by discussing research 
on equipment development for Paralympic athletes that stand, sit, or have a visual impairment. 

In cross country skiing, a 20 m long system consisting of four rows of 1 m long individual force plates 
was constructed and installed to Vuokatti ski tunnel to record leg and pole forces in two directions (Fz, 
Fy). A force measurement system that is attached directly to the ski binding was developed in order 
to study the skating technique. In our skiing measurements we have used a Vicon 16 camera motion 
analysis system which allows us to record a distance of approximately 25m. For EMG measurements we 
have used both standard surface EMG and a recently developed textile EMG. For speed measurements 
we have used photocells and radar and to control the speed a “light rabbit” where an athlete follows 
light signals beside the track that turn on at predetermined time intervals. 

Cross-country sit-skiers usually sit on a sledge mounted on two traditional skis and perform propulsion 
exploiting shoulder and arm muscles by means of two hand-held poles, resulting in a gesture similar to 
the double poling techniques adopted by able-bodied skiers. This work aims at analyzing the kinematics 
of poles pushing gesture achieved from elite sit-skiers of different classes, during an international event. 
Moreover, a comparison between results studied on a flat terrain contest and on uphill one was carried 
out. Thereby this research demonstrates the athletes’ capabilities dependent on both the slope and the 
different strategies adopted, according to the residual motor functions.

These studies lay the groundwork to collect scientific evidence useful for future training and 
improvements of athletes’ performances. The challenge, however, is how all this research information 
can be utilized in coaching. 
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Athlete Healthcare
VISTA Room 1
3 May 2013, 10:30

Moderator:

Walter Thompson (Member IPC Sports Science Committee; College of Education & College of Health 
and Human Sciences, Georgia State University, Atlanta, USA)
 
Panel Members:

David MacDonagh (Chairperson FIBT Medical Commission (International Federation for Bobsleigh and 
Tobogan); Emergency Sports Medicine Research Centre, NTNU University, Trondheim, Norway)

Wayne Derman (Member IPC Medical Committee; UCT Sport Science Institute of South Africa,  
University of Cape Town, South Africa)

Julia Alleyne (Chief Medical Officer Toronto 2015 Panamerican and Para Panamerican Games; Medical 
Director, Sport C.A.R.E.; Women’s College Hospital, Toronto, Canada)

With participation in sport comes an associated risk of injury and despite the growing awareness and 
popularity of Paralympic sport there continues to be a relative paucity to understanding the injury 
patterns and risk factors for injury among these athletes. The (advances in) use of assistive propulsion 
and protective devices, as allowed by the sport technical rules (orthotic or prosthetic devices, 
wheelchairs, throwing chairs, sitskis, sledges, use of goggles, ….) brings an additional component of 
medical care which should be considered throughout (e.g. the influence on the stump-socket interface 
on the prosthesis and the body). Although Paralympic athletes can experience the same spectrum of 
medical conditions as able-bodied counterparts, furthering the understanding through longitudinal and 
systematic investigation of injuries and illnesses in elite athletes is extremely helpful in this regard. For 
example, a comparatively “routine” shoulder overuse injury that might be a mere “nuisance” for an 
able-bodied athlete may compromise the ability of a C6-lesion tetraplegic athlete (athlete with high 
neck lesion, impacting the function of both lower and upper limbs) to remain independently mobile, to 
say nothing about dramatically interfering with his or her participation in sport. 

The Paralympic Movement has adopted the IPC Medical Code to ensure athlete health and safety 
becomes more prominent part of future developments in Paralympic sports. It goes without say that 
the information obtained must find its way to the athletes and their support staff to safeguard future 
competition, athlete careers and post-career active lifestyles, and we hope this symposium may 
contribute hereto.

The symposium will address emergency care services and field of play interventions, considering 
extrication from any type of equipment, the long-term effect of prosthesis use on athlete health and 
its interaction with injury and illness in athletes with amputations, and the management of chronic 
shoulder pain resulting from sustained wheelchair use in sport and daily live.
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Technology and Classification
VISTA Room 1
3 May 2013, 16:40

Moderator:

Yves Vanlandewijck (Department of Rehabilitation Sciences, KU Leuven, Belgium; Chairperson IPC 
Sports Science Committee)

Panel Members:

David Howe (Peter Harrison Centre for Disability Sport, School of Sport, Exercise and Health Sciences, 
Loughborough University, UK)

Sean Tweedy (The University of Queensland, School of Human Movement Studies; Member IPC 
Classification Committee)

Yves Vanlandewijck (Department of Rehabilitation Sciences, KU Leuven, Belgium; Chairperson IPC 
Sports Science Committee)

Technology has been an integral part of sport since ancient times. Already at the beginning of the era, 
Roman racing chariots in Circus Maximus were designed to be as small and lightweight as possible 
and could imply a lifesaving advantage. Two millenniums later, the optimization of equipment and the 
equipment-user interface, is often decisive on the outcome of competition. In Paralympic sport, the 
heterogeneity of the participants’ impairment and its impact on sport-specific tasks should be well-
understood to guarantee correct classification.

In the first section of this symposium, the complexity of the issue at hand is framed in an ergonomic 
perspective: to adapt the equipment within sport’ rules to the athlete’s impairment to optimize a set 
of dominant sport-specific tasks. The complexity is visualized through a biomechanical analysis of 
the role of the trunk in wheelchair racing. Exemplary field and laboratory tests as well as advanced 
computer models and simulations are proposed, contributing to the understanding of the sport-specific 
movements.

The second part of the symposium will use examples to illustrate instances where changes in sports 
equipment and technology have afforded greater performance advantages to some impairment profiles 
than to others, and how this affects the validity of classification systems. These examples will be extended 
to include an outline of the key issues that the governing bodies of Paralympic sports must consider as 
they seek to maintain the integrity of their sports in an environment of rapidly evolving sports.

Finally this symposium will address the cultural and ethical concerns surrounding the development of 
high performance technologies with specific reference to the IPC policy on sports equipment. Specifically 
it will explore the impact on Paralympic culture of the commercial marketplace for aerodynamic and 
feather light racing (wheel)chairs as well as biomechanically and ergonomically responsive prostheses 
that have helped create a legion of cyborg bodies in athletics. We need to explore this topic using a 
culturally informed ethical lens to examine classification systems in athletics where ableist assumptions 
have influence race result in the last three Paralympic Games. 
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Technology for the Coach and the Athlete: State of the Art and Future Developments
VISTA Room 1
4 May 2013, 10:30

Moderator:

Osnat Fliess Douer (Wingate College, Israel; School of Education Bar – Ilan University, Israel, Member 
IPC Sports Science Committee)

Panel Members:

Dr. Richardo Barros (Faculty of Physical Education, University of Campinas – Brazil)

Dr. Marco Cardinale (Institute of Sport, Exercise and Health, University College London, London (UK); 
School of Medical Sciences, University of Aberdeen, Aberdeen, Scotland (UK); Nike USA Inc., SPARQ 
Advisory Board (USA); Federazione Italiana Atletica Leggera, Scientific Commission (Italy))

Randall L. Wilber (USOC Athlete Performance Lab, USOC, USA)

In the Paralympic movement, since early days, technology applied to sport has played a major role 
both in training and in competition. This has manifested itself in a variety of ways that ranged from 
technologies that enabled participation in sport, to the creation of new sports. The processes employed 
in the adoption of technology and technological methods to enhance sport had accelerated with each 
successive Paralympic event.

Coaches and athletes require effective methods to improve sports performance. As a consequence of 
advances in technology, systems have been constructed to present relevant sports specific feedback 
information to athletes during and shortly after training and competition. Such feedback systems are 
primarily designed to assist athletes and to monitor their training for the purpose of achieving better 
performance.

Biomechanical analyses, for example, are critical to coaches and athletes because they provide 
comprehensive description and, eventually, explanation of the performance. They are used to assess 
how changes in core mechanical parameters of sports techniques, strength and conditioning as well 
as design of equipment influence the performance. They are, also, used to identify specific parameters 
that can potentially lead to injuries and/or improvements. This information is essential to guide the 
decisions made by coaches. 

Over the last years, access to high quality and easy-to-use video information has strongly contributed 
to place biomechanics, and more particularly kinematics analyses of the performance, at the heart of 
evidence-based training programs.

This symposium is particularly useful for trainers and athletes, and it aims to present recently developed 
Paralympic technologies to improve training methods in order to maximize athletes’ potential.

Examples of technology in Paralympic training in this symposium include:

- Use of tracking systems for athlete/coach feedback
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- Use of equipment and technology in athlete/coach preparation
- Use of Hypoxic Units in the Preparation of Paralympic Athletes

Meeting the Industry
VISTA Room 1
4 May 2013, 15:00

Equipment such as prostheses and wheelchairs are fundamental in allowing some persons with a 
impairment to carry out the tasks of daily living, as well as to participate in sport. Advances in technology 
underpin such assistive devices.  With the evolvement of Paralympic sport, athletes have found that 
standard devices inhibit their sporting performance, and significant new technological developments in 
e.g. sport specific wheelchair design and prostheses, seated throwing chairs, and adaptive sit skis have 
revolutionized thinking on Paralympic sport. Ambulatory amputee runners for instance have benefited 
considerably from advances in prosthetic technology, but besides a question that some of these aids 
could be considered performance enhancing, the increased loads on the body in (high-intensity) sport 
may have far-reaching consequences on the functional ability of the athlete, and requires the evaluation 
of technology in a holistic manner. Similar reasoning applies for e.g. racing chairs or sit ski use in 
wintersports. The increase in the mechanical performance of any sports assistive device must always 
be considered together with the compensatory consequences of impairment within the athlete, and it 
always will remain a challenge to effectively ‘match’ the technology with the athletes’ requirements.

This symposium aims for a dialogue between representatives of industrial partners working in close 
collaboration with the IPC and the audience of VISTA2013. The interaction between both parties will 
generate insight in how industrial partners address questions from the Movement, and in particular of 
athletes, using most recent developments in engineering.

Industry partner:
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 The following abstracts appear precisely as we received them. They have not been edited for e.g. language, spelling, or grammar, and 
the IPC does not take any reponsibility for the content. 

#2
Moving Towards Evidence Based Classification in Wheelchair Rugby: Classification of Trunk Impairment 
in Relation to Static Sitting Balance Measures

V.C. Altmann1; B.E. Groen1; N.L.W. Keijsers1; A.L. Hart2; Y.C. Vanlandewijck3

1Sint Maartenskliniek, Nijmegen The Netherlands; 2Northern Arizona University, Flagstaff Arizona, 
USA; 3Department of Rehabilitation Sciences, KU Leuven, Belgium

Introduction: Only athletes with impairments in the trunk and all limbs are eligible for wheelchair rugby. 
Wheelchair rugby classification consists of evaluation of biomechanical impairments of the arms, legs, 
and trunk. Scientific evidence for classification is needed. We expect athletes with the most severe 
trunk impairment to have the most limited sitting balance, measured objectively using instrumented 
sitting balance tests.

Purpose: To determine the association between trunk score and static sitting balance.

Methods: 37 athletes were evaluated and received a score for trunk impairment : 0 (most impaired), 0.5, 
1.0 or 1.5 (least impaired). Static sitting balance was tested using a specially designed chair mounted 
on a force plate. The participants were instructed to sit as still as possible for a period of 30 seconds 
without support of the arms or support of a backrest during four conditions: eyes open (EO) and eyes 
closed (EC), on both a stable (SS) and unstable (US) surface. Outcome measures were the velocity of 
the centre of pressure ( CoP) in the anterior-posterior and left-right direction, mean CoP velocity (Vm), 
and sway area (SA). 

Results: Only 2 of 18 athletes with trunk score 0 were able to perform at least one of the sitting balance 
tests. The data of the other 19 athletes, 7 with score 0.5, 5 with score 1.0 and 7 with score 1.5, showed 
a trend for decreasing mean Vm and decreasing SA with increasing trunk score in the EO conditions. For 
EC conditions, there was a significant main effect of trunk score on sway area (Kruskal Wallis ECSS: P = 
0.016; ECUS: P = 0.019). Post hoc, significant differences were found for the ECSS condition between 
trunk scores 0.5 and 1.5 and for the ECUS condition between trunk scores 1.0 and 1.5. It must be 
noted that the results showed the highest SA and the highest mean Vm for the 1.0 trunk score. Post hoc 
analysis showed that both mean Vm and SA were significantly affected by impairment in sensation in 
the buttock area.

Conclusions: Most athletes with trunk score 0 were not able to sit unsupported. For the EO conditions 
sitting balance was not affected by trunk score, probably because of a ceiling effect. For the EC conditions, 
there was a significant effect of trunk score 0.5-1.5 on static sitting balance for the SA. It seems that 
athletes with the lower trunk scores need more visual control for sitting balance than the athletes with 
the highest trunk score. Static sitting balance was largely dependent on impairment in sensation in the 
buttock area. This impairment is not tested in the current classification system. Therefore in testing of 
biomechanical impairment in Paralympic athletes, impairment in sensation should be considered as a 
potential confounder. 

Keyword(s): wheelchair rugby, classification, trunk impairment, sitting balance.
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#5
The Assessment of Lower Limb Muscle Strength and Running Performance in Athletes with Ataxia, 
Athetosis and Hypertonia

E.M. Beckman1; Y.C. Vanlandewijck2; M.J. Connick1; S.M. Tweedy1

1University of Queensland, School of Human Movement Studies, Queensland, Australia; 2Catholic 
University Leuven, Department Rehabilitation Sciences, Leuven, Belgium 

Introduction: Literature has consistently shown muscle weakness to be a main contributor to activity 
limitation in people with ataxia, athetosis and hypertonia. The importance of strength in Paralympic 
events such as running has also been clearly described. However, it is unknown to what extent 
impairments to lower limb strength in athletes with ataxia, athetosis and hypertonia may impact on 
running performance, and whether impairment severity, or symmetry between the more affected leg 
and less affected leg would have a greater impact on performance. An understanding of the relationship 
between strength and running performance may contribute in future to the development of an evidence-
based system of classification. 

Purpose: A battery of multi-joint, isometric strength tests that have previously been validated for use 
in Paralympic classification were used to evaluate the athlete’s strength. The aim of this study was 
to investigate the relationship between measures of lower limb strength and running performance 
(acceleration and top speed). 

Methods: Thirteen male athletes with ataxia, athetosis and hypertonia (mean age = 25.89 yrs, SD 
10.37), completed 3 maximal voluntary contractions for three tests to evaluate the strength of key 
muscle groups for running. Results were compared to non-disabled (ND) normative values collected 
previously, using t-tests to identify muscle strength impairment. Lower limbs were assessed individually 
in each test and an index of symmetry was calculated. A running performance test on the track involved 
3 trials of a maximal 60m sprint. Acceleration (time for 15m) and top speed (time from 30-60m) were 
obtained. Pearson’s correlations were used to evaluate the relationship between strength and running 
performance.

Results: T-tests showed significantly lower strength in the more affected leg of athletes with ataxia, 
athetosis and hypertonia compared to ND athletes on all tests. For each strength test, an average of 
56% of athletes fell within 2SD of normative values developed on ND athletes. Correlations showed weak 
to moderate relationships between leg strength (0.01-0.42) and running performance. The correlation 
between the leg symmetry index and top speed performance was consistently weak (0.04 -0.1). Slightly 
higher correlations existed between symmetry and acceleration performance, (0.19 -0.29) although 
these were not significant.

Conclusions: The results indicate that athletes with ataxia, athetosis and hypertonia have significant 
impairments to lower limb strength compared to ND athletes, indicating the validity of the tests as 
measures of impairment. Correlations showed weak relationships between strength and running 
performance. The large percentage of athletes within 2SD of ND values indicates the impairments 
to muscle strength in this sample of athletes with ataxia, athetosis and hypertonia were mild. More 
research is required on a larger sample size with a greater impairment range before the results can be 
used in developing an evidence-base for Paralympic Classification in athletics.
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#8
Sports Equipment and Technology in Developing Nations: Grass Root Initiatives to Enhance Parasports 
in Kenya

P. Bukhala
Department of Physical and Health Education, Kenyatta University, Kenya

Sports equipment and technology is an issue for developing countries and will continue to restrict 
participation and performance in sport. The challenges of developing sports equipment have continuously 
been cited as a major hindrance to sports participation by individuals with disabilities in developing 
countries. A lack of facilities or limited access to existing facilities is often problematic in developing 
countries. In addition, the lack of equipment continues to limit the number of sports athletes from 
developing nations can participate in. The kinds of sports that most athletes from developing nations 
participate in at major international competitions are mainly those which do not require sophisticated 
equipment. When these athletes are entered to compete with those using technogically advanced 
equipment, they always are disadvantaged. As technology and assistive devices continue to advance, 
the gap between participation and performance of athletes from developed and developing countries 
is likely to continue expanding. There have been many innovative solutions, such as crutches made 
from bamboo in remote village communities or makeshift wheelchairs from scrap metal to introduce 
Paralympic athletes to new sports. As the level of participation in Paralympic sports in Kenya continues 
to rise, athletes are now demanding to be involved in new sports that require use of equipment such as 
wheelchair sports, shooting, skating but the availability of such equipment continues to be the major 
hindrance. While Paralympic rules state all equipment must be commercially available, the reality is 
that it would cost huge amounts of money for developing countries to give their athletes the same 
equipment recommended for international competitions. Various efforts however are in place to develop 
home grown technologies to provide the athletes a chance to participate in a wide variety of sports. This 
study will highlight the efforts of local organizations in enhancing athlete participation in new emerging 
sports that require equipment.

Keyword(s): Sports, equipment, developing nations, technology. 

 
#9
A Comparison of Wheelchair Tennis Player Development Pathways, Focusing on Changes in Regional 
Representation And Case Studies of Players Progression

M. Bullock; S. Dyrbus
International Tennis Federation Wheelchair Tennis Department

Since its inception in 1976 wheelchair tennis has grown to become a global sport with over 170 annual 
international tournaments a year in six different continents. The number of players participating in 
international competitions has grown exponentially with players from all regions participating. There 
is currently the emergence of the increased dominance of new countries such as South Africa and 
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 Argentina who are starting to climb the rankings in all three categories. 

A number of factors can be influential in players’ progression and success in the sport ranging from 
competitive opportunities, success as junior and local training opportunities. Different regions and 
national structure result in a variety of different player pathways and the number of players from different 
countries competing at the top is forever increasing. The progression and development of different 
players transition from juniors to seniors and then through their senior career will be investigated. 
Different factors contributing to their success and their development will be compared alongside the 
shifts in the regional patterns as the sport has developed globally.

Keyword(s): wheelchair tennis, player development pathways.

#10
Evaluating the Validity of Tests of Impaired Coordination and Range of Motion in Runners with 
Hypertonia, Ataxia and Athetosis

M.J. Connick; E. Beckman; R. Deuble; S.M. Tweedy
School of Human Movement Studies, The University of Queensland, St. Lucia, Brisbane, Queensland, 
Australia 4072

Introduction: Classification in Paralympic sport aims to minimise the impact of eligible impairment types 
on the outcome of competition. However, classification methods are not evidencebased. Development 
of evidence-based classification methods for runners with impaired coordination (hypertonia, ataxia, 
athetosis) and range of motion (ROM) requires research which uses objective measures of impairment 
to identify the impairment types that have the greatest influence on running performance.

Purpose: The purposes of this study were 1) to validate the use of objective measures of coordination 
and ROM in runners with disabilities, and 2) to establish the impact of lower limb coordination and ROM 
on running performance and step characteristics. 

Methods: Thirteen male runners with hypertonia, ataxia and athetosis, and a mean (±S.D.) age (yrs) 
of 25.9 (± 10.37) completed 3 x 5 lower limb coordination tests, 3 x 5 lower limb ROM tests, and 3 x 
60 metre sprints. Tests of coordination comprised one bilateral and four unilateral reciprocal tapping 
tasks which required participants to move as fast and accurately as possible between two targets for 15 
seconds to yield a mean movement time. ROM was assessed using three active and two passive tests. 
Time to 15 metres (acceleration) and time for 30-60 metres (maximum speed) were extracted from 
the sprint. Step length and frequency were obtained from high-speed video captured at 45 metres. 
ROM and coordination were compared to previously collected data from nondisabled participants 
using independent t-tests. Pearson correlations evaluated the relationships between impairment 
(coordination and ROM) and acceleration, maximum speed, and step characteristics.

Results: The runners in this study had significantly slower movement times and limited active hip flexion, 
passive dorsiflexion, and backward stepping lunge compared to non-disabled participants. Correlations 
between coordination tests and maximum speed and acceleration were weak and nonsignificant (best 
r = 0.25). Correlations between ROM tests and maximum speed and acceleration were significant with 
moderate to strong relationships (best r = -0.81). Step length significantly correlated with maximum 
speed (r = -0.75), acceleration (r = -0.67), backward stepping lunge (r = 0.72) and hip flexion (r= 0.70). 
Step frequency showed weak correlations with performance (r= -0.20) and moderate correlations with 
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 bilateral coordination (r = -0.51) but these were not significant.

Conclusions: Results showed that our novel tests of coordination and ROM are valid measures of 
impairment for classification. Whilst the runners had impaired coordination and ROM, the results from 
our sample provide an early indication that impaired ROM, particularly at the hip and knee, is associated 
with shorter steps, and reduced acceleration and maximum speed. Further research is required in a 
larger sample of runners with more severe impairments of coordination and ROM.

Keyword(s): sprinting, classification, stride.
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#12
Assesment of Fatigue in Athletes during Manual Wheelchair Propulsion

B. Crespo-Ruiz1; J.de los Reyes2; A. Gil-Agudo1; A. Oliviero3; L. Mordillo3; R. Aguado-Jimenez4

1Biomechanics and Technical Department. National Hospital of Spinal Cord Injury of Toledo. Spain; 
2Group of Bioengineering and Experimental Neurophysiology. National Hospital of Spinal Cord Injury 
of Toledo. Spain; 3Group FENNSI, National Hospital of Spianl Cord Injury of Toledo; 4Physiotherapy 
Department. Navarra University. Spain

Introduction: A person with spinal cord injury (SCI) has physiological changes due to an injury. One 
of the consequences of those changes is the physical requirements to do the activities of daily living. 
In athletes with SCI these changes could accelerate the onset of fatigue and to affect their athletic 
performance. The aim of this study was to compare the physiological mechanics of fatigue in athletes 
with SCI versus healthy athletes during a incremental test. 

Methods: Eighteen trained subjects participated in this study and split into two groups (SCI, n = 9, control 
group (CG), n = 9). They performed an incremental exercise test in a wheelchair on a treadmill. Data 
analysis included oxygen uptake volume (VO2), carbon-dioxide exhaust volume (VCO2), respiratory 
rate exchange (RER), lactate, maximum heart rate (HRmax), tympanic temperature, and perception 
scale rating (RPE-Borg) in what appears to be a compensatory response of fatigue.

Results: We present the results of fatigue analysis in two groups of athletes (SCI subjects versus 
healthy subjects) and the tasks necessary to asses SCI athletics performance with biomechanical 
and physiological tools during wheelchair manual propulsion on a treadmill. We also presented a valid 
incremental exercise protocol to assess the short-term acute stress in athletes with SCI. The main results 
of the study were that in SCI VO2max was 1.8 ± 0.4 L / min vs 2.6 ± 0.4 L / min in CG (p <0.05). CO2 
at 100% Anaerobic Threshold (AT) was higher in PLM than CG (p <0.05). There were no differences in 
HRmax between the groups (p <0.05). 

Conclusions: Specific adaptations observed in SCI subjects may lead to better fatigue compensation 
than healthy subjects: lower VO2, better ventilatory compensation, higher mechanical efficiency 
during propulsion and less RPE-Borg. In this sense, training can improve SCI physiological adaptation 
to become closer to trained healthy individuals. We present valid tools and tuning for performance 
assessment in athletes with SCI during wheelchair manual propulsion.
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#13
Lower Leg Prosthesis for Nordic Skiing Skate Technique –from Prototype to Production

J. Danvind1,2,3; T. Mellberg1; P. Skoglund1; R. Isaksson1; B. Fastesson;
1Division of Sports Technology, Mid Sweden University, Östersund, Sweden; 2Swedish Winter Sports 
Research Centre, Mid Sweden University, Östersund, Sweden; 3The Swedish Sports Organization for 
the Disabled and The Swedish Paralympic Committee

Introduction: The purpose of this work was to produce a lower leg prosthesis that allows Nordic skiing 
(skate style). A limitation of the study was that the development does not include the limb socket and 
the adapter between top tube and limb socket.

Methods: A skier using a lower leg prosthesis for Nordic skiing gave detailed functional descriptions 
of a prosthesis for skiing with skate technique. Based on this, a flexible prototype was designed using 
Computer Aided Design and Finite Element Modeling in SolidWorks (www.solidworks.com). The main 
parts of the prototype were fabricated in 3D free-form machines, first in plastic (Objet Eden 260V) for 
function control of the prototype and then in titanium with an Electron Beam Melting machine (ARCAM 
A2) for a functional load-bearing prototype. The prototype was tested and evaluated by the skier, who 
then suggested a number of simplifications and improvements. Based on these, an iterative design 
process was used to design and construct a simplified prosthesis with more cost-effective methods, 
which were selected in cooperation with expert competence from the manufacturing industry.

Results: For the prototype, an adjustable ‘off-the-shelf “ bike suspension (RockShox Monarch RT3) 
was chosen for rotational damping of the “ankle”, and also a number of fastening elements from cycle 
products were chosen. The upper tube was an aluminum tube with standard dimensions. The base part 
(the “foot”), the bottom part attached to the aluminum tube and the tube clip of the prototype were 
produced in titanium. The base part of the prototype was adapted to the NNN ski binding system (www.
rottefella.no). The base consisted of three parts, which allowed adjustment of abduction and adduction 
of the ankle, forward-back positioning, and min-max flexion of the ankle. For the simplified version, the 
adjustability front to back of the base part was kept and the base’s parts were reduced to two. The base 
was adapted to the SNS ski binding system (www.salomon. com) and the same RockShox damper was 
chosen. The metal parts were produced by laser cutting, bending, milling and welding of stainless steel 
in a traditional mechanical workshop. The sole was cast in two-component polyurethane elastomeric in 
a freeform fabricated plastic mold.

Conclusions: A simplified prosthesis for Nordic skiing (skate technique) was developed. It will be tested 
and possibly further developed. From a scientific perspective, it would have been desirable to develop 
and verify the prosthesis based on biomechanical measurements and simulations, also the prosthesis 
should have been verified by more practitioners. A future challenge is to launch the prosthesis on the 
international market in 2013-2014.

Keyword(s): Equipment development, cross-country skiing, Nordic skiing, lower leg prosthesis, freeform 
fabrication.
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  #15
A Conceptual Framework for the Use of Fitts’ Law to Detect Intentional Misrepresentation of Skills 
and/or Abilities in Paralympic Athletics

R.L. Deuble; M.J. Connick; E.M. Beckman; B. Abernethy; S.M. Tweedy
University of Queensland, School of Human Movement Studies, Queensland, Australia

In 2009, the International Paralympic Committee (IPC) mandated the development of an evidence 
based classification system for Paralympic Athletics. The aim of this system is to minimize the impact 
that impairment has on the outcome of competition. Achieving this aim will ensure that success is 
determined by the same factors as nondisabled athletics – skill, determination and training. Evidence 
based systems require valid, reliable and norm referenced measures of impairment to correctly classify 
athletes. However in order for a measure of impairment to be valid, the athletes must give maximal 
voluntary effort throughout. Submaximal effort will make an athlete appear more impaired than they truly 
are. This deliberate exaggeration of impairment severity is referred to as Intentional Misrepresentation 
of Skills and/or Abilities (IM). Through IM, athletes attempt to gain a competitive advantage by being 
placed into a class for athletes with more severe impairments than themselves. Although punishments 
can be enforced, there are currently no valid, objective methods of identifying IM. 

Several objective measures have been developed to detect less than maximal effort in the insurance and 
personal injury sectors, however none have been deemed acceptably valid for clinical use. Therefore, the 
aim of this next phase of research is to evaluate the potential of novel methods for detecting IM. These 
methods are based on established physiological and motor control theories and can be readily applied 
to the tests of impairment that have already been developed. One of the proposed methods uses Fitts’ 
law. Fitts’ law describes the log linear relationship which occurs between movement time and index of 
difficulty (ID). This relationship has been shown to occur during both reciprocal tapping and discrete 
aiming tasks between two targets. The ID is determined by the combined effects of movement amplitude 
(target to target distance) and target width, represented by the formula log2 (2A/W). According to the 
law, different configurations of target width and amplitude with the same ID should yield equivalent 
movement times. However, the law has only shown to hold when participants are moving as quickly 
and accurately as possible. Thus, it is hypothesized that the linear relationship will breakdown when 
participants are deliberately moving at slower speeds, thus facilitating the detection of IM. 

Referring to pilot data collected with a non-disabled sample that completed an upper limb reciprocal 
tapping task, this presentation will evaluate the potential for Fitts’ law to be used as an IM detection 
method.

Keyword(s): Intentional Misrepresentation, Fitts’ Law.
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London 2012 Volunteers: Motivations and Social Legacy Potential
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 Introduction: The creation of social legacies from Paralympic events is part of the IPC’s charter, however 
there is little research that supports such an outcome nor effectively informs future event planning.

Purpose: The purpose of this study was to add to the research on Paralympic events and social legacy 
creation by exploring the motivations and future volunteering intentions of London 2012 volunteers, i.e. 
the Gamesmakers. The results presented are for those who volunteered for the Paralympics.

Methods: An online survey building upon the authors’ previous research was sent out by LOCOG as part 
of their evaluation program two days after the Paralympics to all 70,000 Gamesmakers. 

Results: Responses were received from 11,451 volunteers, of which 4,352 volunteered during the 
Paralympics (38%), most were female (60%), over 45 years (60%) and had previous volunteering 
experience (82%). Their primary motivations related to the uniqueness of the event and the desire to 
make the Games a success. Pearson Chi-squared analysis indicated significant relationships between 
future volunteering intentions post-Games (more vs the same or less volunteering), for age (2 (6, 
n=4352), p<.001), employment status (2 (7, n=4352), p<.001) and previous volunteering experience 
(2 (1, n=4352), p<.001), but not for gender or household income. Those aged 19-44 had more people 
indicating they would increase their volunteering rather than staying the same or less; more fulltime 
workers, students, carers and the unemployed indicated they would increase their volunteering, while 
those who did not volunteer in the prior 12 months were more likely to increase their volunteering post-
Games (41% will volunteer more in the future of those who volunteering the prior 12 months cf 58% 
more if no volunteering in prior 12 months).

Conclusions: To effectively plan and manage for a volunteer legacy and to add to the IPC’s aim of 
creating social legacies through Paralympic sport events further understanding is required of what 
motivates volunteers and who is mostly likely increase their volunteering after the Games. This should 
include longitudinal social science research agenda that evaluates outcomes, informs planning and 
helps development of a robust volunteer survey tool relevant to Paralympic events. 

Keyword(s): volunteers, social legacies, motivations.
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#17
The Impact of Technological Change in Sprinting with a Lower-Limb Amputation

B. Dyer; P. Sewell; S. Noroozi
Bournemouth University, UK

Introduction: As part of an ongoing research project, the authors have previously published that there 
are potential issues surrounding the fairness of lower-limb sprinting prosthesis in competition (Dyer et 
al. 2010). In addition, an evaluation demonstrated that the fairness surrounding prostheses technology 
was also of major concern to the sports stakeholders (Dyer et al. 2011). A previously published anecdote 
suggested that the introduction of modern energy return prostheses took place in competitive athletics 
with a disability during the late 1980’s (Nolan 2008). An investigation is undertaken to identify and to 
measure its significance as such case studies in the past may be useful if such technology’s fairness is 
debated in the future. 
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 Methods: The first part of this study used two performance improvement indices to identify the trends 
of the below-knee amputee 100m event at the Paralympic Games over the 1976-2012 period. The 
progression in performances during this period were also compared to the Olympic Games 100m event 
over two different timeframes. The second part of this study investigated participation data in the lower-
limb amputee 100m event at the Paralympic Games to see if any significant changes took place from 
1976-2012. 

Results: An abnormal performance increase in the below-knee amputee 100m event is clearly 
identified at the 1988 Paralympic Games. The magnitude of such change is considerably larger than 
those prior to 1988 and any subsequent to it. In addition, the athlete’s performance improvements 
were substantially larger than the able bodied equivalent from two time periods. Whilst the sporting 
performances of amputee sprinters have continued to improve, it is proposed that through this change 
in sports technology, both athlete participation and diversity was negatively impacted for at least 20 
years.

Conclusions: Whilst technological progression is ultimately inevitable within sport, fundamental 
changes need to be carefully evaluated against the needs of the sports overall long term development. 
It is proposed that the introduction of energy return prosthetics technology was of negative value in the 
short to medium term if such technology was only intended to facilitate competitive sport.

Keyword(s): Amputee, sprinting, performance improvement, participation.

#18
The Science of Coaching: Lessons to be Learned from a Case Study on the Effect of Different Running 
Blades on Running Performance

S. Ferreira; W. Derman
Department Sport Science, Stellenbosch University, Stellenbosch, South Africa; MRC/UCT Research 
Unit for Sports Science & Sports Medicine & IOC Research Unit for Injury Prevention and Protection of 
Health of the Athlete

The 2011 IPC world athletics championships in Christchurch, 2011 highlighted the fact that some 
athletic events are highly competitive and that medals are won and lost by very small margins. During 
the 100m T44 race the top 4 athletes were within 0.1 sec, with the first two positions given equal times 
and the 3rd and 4th position given equal times. Furthermore, less than 0.2 sec separated the 1st and 
3rd positions in the T44 100m final in London 2012. A coach’s challenge is to understand the impact 
of various factors impacting on training quality that will lead to best performances. The prosthetic 
running blade is an important external factor for coaches to consider regarding its influence on sprint 
biomechanics and therefore sprint performance. It is therefore crucial for a coach to understand the 
science behind the running blade to develop an integrated approach to maximize performance in an 
individualized manner. 

Amputee research is complicated with the amount of variability regarding the blade and interaction 
between these variables. Factors including the blade shape, stiffness, length and blade-socket interphase 
can potentially influence the stride rate and frequency. Furthermore the complex interaction between 
these variables is important. This presentation will expand upon the use of the above mentioned 
principles as well as illustrate a practical case study to further explain some of the above aspects. 
The first step in the case study was to evaluate the impact of different running blades (shapes) on the 
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 performance (time) of a single athlete. It was hypothesized that different running blades might react 
differently at different phases of the sprint and therefore impact sprint performance. Selection of a 
blade based on the athlete’s perception scores was also analyzed to determine if this might be a viable 
route to follow in determining future choice of blades. 

The findings from this case study support the hypothesis that different running blades influence 
performance at different phases of the sprint. The aspect of the complexity of the human being (fatigue, 
motivation and perception of comfort regarding the blade) needs to be taken into consideration during 
the decision making process.

Keyword(s): sprint performance, amputee, blade.
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Paralympic Athlete’s Physical Conditioning Using a New Wheelchair Ergometer
 
D. Gomes de Freitas1; D. Vilela Novais1; G.L.A. Salgado Cubides1; C.L. Gomes de Abreu1; C. Amaral de 
Araujo1; S. Soares dos Santos2 
1School Mechanical Engineering, Federal University of Uberlândia, Uberlândia, Brazil; 2School Physical 
Education, Federal University of Uberlândia, Brazil

Introduction: Associated with technological evolution of wheelchairs used in paralympic competitions, 
new ergometers have emerged as devices for the assessment of paralympic wheelchair athletes. In 
general, the assessment of physical conditioning uses ergometers in the wheelchair arm. In this case 
such equipment fail to reproduce the specific positioning of propulsion carried in a wheelchair. Other 
devices use adaptations, or a wheelchair positioned in cylindrical rollers or tracks that have a high 
cost and impractical. Technological innovations in wheelchair ergometers are seeking to replicate 
the biomechanical aspects of propulsion in manual wheelchairs in order to assess the physiological 
response of specific the paralympic athletes in wheelchair.

Purpose: The objective of this study was to evaluate power parameters and fatigue index of Paralympic 
wheelchair athletes using the Wingate test in a new ergometer developed in the Mechanical Projects 
Laboratory (MPL) of School Mechanical Engineering the Federal University of Uberlandia (UFU).

Methods: The assessment of physical conditioning was performed using the Wingate test in 12 
paralympic athletes (basketball, swimming, powertlifting), wheelchair users (6 with spinal cord injured, 
one stricken by poliomyelitis, 1 with myelomeningocele, 1 with congenital malformation of the lower 
limb , 1 with epiphysiolysis in the lower limb and 2 with amputations in lower limb ) and 9 subjects were 
male and three were females with a mean age of 27.9 ± 11.1 years, mean duration of injury of 13.5 ± 
9.9 years and with average weight of 69.0 ± 21 kg.

The study was approved by the ethics committee for research Conep (Protocol 315/07). All athletes 
signed the consent form that had been read and understood. The tests were implemented with verbal 
stimuli requiring maximal wheelchair athlete in 30 seconds time. The tests evaluated the cardiac 
frequency, power parameters defining a new fatigue index associated with the absolute and relative 
power. The results were analyzed using a new developed in Labview Platform. 
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 Results: The sample assessed by the Wingate test showed average values for the average absolute power 
of 186.75 ± 100.50 the average relative power of 2.85 ± 1.07 W the mean absolute energy 367.85 ± 
116.99 W, the average relative energy 5.42 ± 2.10 W/kg. The fatigue index normalized average 44.77% 
± 11.44% and average cardiac frequency of 131.66 ± 12, 07 beats per minute (Bpm). 

Conclusions: Using the new ergometer developed it was found that the parameters of absolute and 
relative power and fatigue index associated with absolute energy showed results consistent with 
standard functionality, gender and characteristics of paralympic sport played by athletes.

Keyword(s): wheelchair ergometer, physical conditioning, paralympic athletes, biomechanics.
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Introduction: It is well documented that able-bodied athletes report the use of nutritional supplements 
(NS). However, knowledge of their use by disabled athletes is limited. Tsitsimpikou et al. (2009) found 
that fewer Paralympic athletes declared the use of food supplements compared to their Olympic 
counterparts during the Athens 2004 games. To our knowledge no study has looked beyond the 
descriptive use of supplements at the perceptions of disabled athletes and the sources of information 
they use when considering their use of NS. 

Purpose: The purpose of this study was to determine: (1) the prevalence and type of NS used by disabled 
athletes; (2) reasons for their use; (3) where athletes obtain information regarding supplements; and 
(4) how athletes perceive supplement use.

Methods: The NS questionnaire was completed by 95 athletes (67 M, 28 F) with a physical disability 
(6 visually impaired, 10 amputee, 6 cerebral palsy, 47 spinal cord injury, 26 les autres) representing 20 
sports and 9 nationalities. Participants completed the questionnaire anonymously via an online portal.

Results: Overall, 58% of athletes reported the use of at least one NS in the previous 6 months. The 
two main reasons for not using NS were ‘I do not need them’ and ‘I don’t know enough about them’. 
From a total of 184 declared, sports drinks (19%), protein (14%), (multi-)vitamins (10%), carbohydrate 
supplements (7%) and fish oils (5%) were the most frequently reported NS. The most cited reasons for 
the use of performance-enhancing and health NS were energy provision, exercise recovery and strength/
power development; immune protection and medical need/deficiency, respectively. Negative effects 
of NS use were reported by 10 participants, including episodes of vomiting, cramps, a racing heart 
and rapid bowel movement. NS were mainly obtained from supermarkets or ordered on the internet. 
The most commonly usedsources of information when making a decision about NS use were sports 
nutritionist/dietitians and doctor/medical professionals. Furthermore, 49% of participants indicated 
that they would like more information/education regarding NS and anti-doping. 41% of participants 
strongly disagreed that ‘the more supplements you take, the better’, 51% strongly disagreed that they 
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 ‘felt under pressure to use NS’ and 46% agreed that ‘there is a risk of consuming a banned substance 
when taking a NS’.

Conclusions: It appears that disabled athletes consume a modest amount of NS and that specific 
education on NS use may be necessary for this population. However, athletes appear to consult 
knowledgeable sources of information and are aware of doping issues such as inadvertent doping when 
considering NS use.

Keyword(s): disabled, nutritional supplement, perceptions.
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Evidence Based Practice in Classification: Application of Systematic Review in Wheelchair Rugby 
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Introduction: The International Paralympic Committee (IPC) Classification Code required evidence-
based classification systems for recognized sports and for inclusion of developing sports in the 
Paralympic Movement. The enormity of the long-term task to develop evidence-based classification 
and evaluate existing classification systems through research is overwhelming. 

Purpose: The purpose is to describe how systematic review of the literature may be used by sports 
as an achievable step in evidence-based classification. The methodology used in systematic review is 
described using an example from wheelchair rugby.

Methods: The search and appraisal process consisted of three separate steps: (1) formulating a 
researchable question, (2) finding studies, and (3) appraisal of quality. Three independent researchers 
participated. Preliminary scoping of the literature using non-systematic review led to a researchable 
objective to study the influence of trunk impairment on wheelchair skills performance in a manual 
wheelchair. The strategy consisted of database searches of Medline, CINHAL and Embase. A general 
process of combining MeSH terms and text words was used. Eligible articles were analyzed for study 
quality using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
Statement, a checklist of 22 items related to title, abstract, introduction, methods, results and discussion 
sections of articles. Studies showing 60% or more of the items (STROBE ≥13/22) were selected for 
critical analysis.

Results: Over 900 initial studies were identified in Medline, 23 in CINAHL (and 130 in Embase. After 
examination of the articles, 20 studies were eligible for quality appraisal. Following STROBE analysis, 
13 studies were selected for critical review.

Conclusions: The implications for evidence based classification practice and research are significant. 
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 Volunteers with medical backgrounds historically have done the development and administration of 
classification systems and do not have research training. Literature review is an important and feasible 
step in evidence based classification for all sports and will provide an avenue to effectively liaise with 
research experts. Systematic review methodology is important for an unbiased view of the state of 
current knowledge.

Keyword(s): systematic review, wheelchair, postural balance, torso, abdominal muscles.
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Wheeled Mobility in Sports: Optimal Training in Handcycling

F.J. Hettinga1,2,3; P. Schoenmakers1; P. Monden1; L.H.V. van der Woude1,2,3,4

1University of Groningen, University Medical Center Groningen, Center of Human Movement Sciences, 
The Netherlands; 2European Research Group in Disability Sports, Europe; 3Sport Science Institute 
Groningen, The Netherlands; 4University of Groningen, University Medical Center Groningen, Center 
for Rehabilitation, Department of Rehabilitation Medicine, The Netherlands

Introduction: Paralympic sports involve great challenges, for athletes as well as for sciences. In 
particular the large variety of handicaps and the alternative modes of propulsion with the upper body 
make the wheeled sports a challenging field of research, where much is still unknown. Handcycling is of 
particular interest, since this endurance sport is increasingly popular, and requires optimal training to 
perform well at the Paralympics. General training guidelines exist for endurance sports where the large 
muscle groups of the lower body are involved, and studies on high performance running/cycling suggest 
a high intensity training program to be optimal for endurance exercise. In handcycling, research on 
optimal training is scarce. The use of high intensity training has been mentioned, but high volumes of 
low intensity training at about 55%HRR are advised in literature.

Purpose: To compare improvements in physical capacity and performance after high intensity training 
compared to continuous training in handcycling.

Methods: 16 Able-bodied active men (22.3 ± 2.4 yrs) were matched and randomly assigned into 2 
training groups: High Intensity Training (HIT, n=8) and Continuous Training (CT, n=8). 21 Training 
sessions were performed by both groups (3 times per week for 7 weeks). HIT involved 14 sessions of 4 
x 4 min intervals at 85% HRR, interspersed with 3 min rest intervals, and 7 continuous sessions of 30 
minutes at a mean intensity of 55%HRR (every 2nd session). CT performed 21 sessions of 30 minute 
bouts at a mean intensity of 55%HRR. CT sessions varied in velocity or resistance over the bout, to 
minimize monotony. Pre and post training, an incremental test was performed, to compare
peak cardiorespiratory and power data. A control group of females performed a pre and post-test, but 
received no training.

Results: Both HIT and CT improved after training on VO2peak (HIT: from 2.6 ± 0.4 to 3.2 ± 0.4l/min; 
CT: from 2.5 ± 0.4 to 2.7 ± 0.2l/min), POpeak (HIT: from 133.2 ± 26.2 to 191.3 ± 16.2W; CT: from 
128.9 ± 26.9 to 169.0 ± 27.9W), VEpeak (HIT: from 99.7 ± 20.1 to 130.4 ± 13.9l/min; CT: from 89.7 
± 20.3 to 109.4 ± 13.4l/min). HIT produced a larger improvement compared to CT on VO2peak (HIT 
+23.8%; CT +9.3%) and POpeak (HIT +43.6%; CT +31.1%). The control group did not improve. Total 
work performed during the training period did not differ between HIT (2287.7 ± 284.7 kJ) and CT( 
2318.8 ± 257.7 kJ).
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 Conclusions: As in other endurance sports, HIT improved physical capacity and peak power output in 
handcycling. VO2peak and POpeak improved more after HIT compared to CT, even though total work 
spent in the 2 training series was equal.

Keyword(s): Training, Performance, Handcycling, Physical Capacity, Upper Body Physiology.
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Can Simulations Assist in Classification Development?

M. Lund Ohlsson; J Danvind; L.J. Holmberg
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Linköping University, Sweden; Division of Sports Technology, Mid Sweden University, Östersund, 
Sweden; Swedish Winter Sports Research Centre, Mid Sweden University, Östersund, Sweden; The 
Swedish Sports Organization for the Disabled and The Swedish Paralympic Committee

There is a critical need for research that describes the extent to which impairments of varying type, 
severity and distribution impact performance in Paralympic sports. It is important with evidencebased 
judgment on how the impairments affect performance. In the following, we present a complementary 
evidence-based tool for classification. 

Let us start with an example. We recently presented a study (Holmberg et al., 2012) that utilized two 
full-body musculoskeletal simulation models of cross-country skiing (double-poling). The models were 
identical except that one carried no muscles in the right lower leg and foot; thus mimicking a lower leg 
prosthesis. It was hypothesized that a lower leg prosthesis would influence muscular work throughout 
the whole body. Results showed that to generate the same motion and external work, an able-bodied 
skier only had to produce about 80% metabolic muscle work compared to a disabled skier (with a non-
active right lower leg prosthesis). 

In reality there is always psychological factors present and it is probably not possible to find two human 
beings (one fully functional and one impaired) with the same fitness, size, strength and technique. Thus, 
it is hard to find the unbiased effect of an impairment on performance in a specific sport. The example 
above shows the strength of using simulations because a musculoskeletal model yields quantitative 
data on the unbiased effect of different functional impairments. 

In cross-country skiing, athletes with functional impairments are, in “competition format” classification, 
assigned to different categories with weight factors. Athletes perform their race and the result list is 
presented as race time multiplied by weight factor. In the future, musculoskeletal simulations may 
assist in answering how a specific functional impairment affects performance and thereby improve the 
fairness in assigning weight factors for classification.

Keyword(s): cross-country skiing, musculoskeletal biomechanics.
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Reliability of Goal Perspectives and Sport Participation Motivation Questionnaires for Athletes with 
Intellectual Disabilities

Y. Hutzler1,2; A. Oz2; S. Barak3
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Edmond and Lily Safra Children’s Hospital, the Chaim Sheba Medical Center 

Introduction: Based on social-learning and self-determination motivational theories, the significance 
of uncovering athletes’ perspectives can be very useful for determining training climate and strategies. 

Purpose: The purpose of this study was to study the internal consistency, and test-retest reliability of 
motivational scales in young athletes with Intellectual Disability (ID) who participate in swimming and 
basketball competitions.

Methods: An opportunistic sample of 63 athletes (25 females and 38 males) was retrieved through 
communication with local club coaches. Thirty nine had non specified ID, 17 had Down syndrome, 
and seven were diagnosed with autism. Participants completed the 13-item, two-factor Task and Ego 
Orientation in Sport Questionnaire (TEOSQ) and a 16-item, four-factor abridged version of the Sport 
Motivation Scale (SMS). Athletes were active in swimming (54) and basketball (9). Thirty athletes 
repeated the test twice within a two-week interval. Each factor is recognized as a sub-scale. 

Results: Cronbach’s α reliability coefficient ranged in most sub-scales from moderate (Task Orientation, 
External Motivation, External Regulation) to good (Ego Orientation and Internal Motivation factors), with 
one sub-scale (Amotivation) presenting poor reliability. Intra-class correlation coefficients computed for 
each sub-scale revealed almost identical agreement (ICC = 0.8 to 0.95), except for Internal Motivation, 
which demonstrated fair agreement (ICC=0.345). 

Conclusions: In summary, the two instruments appear reliable for use with an ID athlete population, 
with reservations concerning the internal consistency of the External Regulation sub-scale and the 
test retest reliability of the Internal Motivation sub-sale. Further study is warranted to explore the 
psychometric attributes of these scales in Paralympic athletes with ID.

Keyword(s): Intellectual disability, motivation, psychological testing, goal orientation.
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 Introduction: To be able to monitor changes in skill performance of wheelchair rugby players and to 
determine exercise and training prescription, a reliable and valid test is necessary. Up till recently, skills 
tests designed for other sports had been used, for example tests designed for basketball, football and 
ice hockey. In the USA, a more wheelchair rugby specific test was developed (Orr & Malone) evaluating 
various essential wheelchair rugby skills and capacities, i.e., passing, sprint velocity, maneuverability/
agility, and sprint endurance.

Purpose: The purpose of this study was to evaluate the reliability and validity of this wheelchair rugby 
skills test.

Methods: To evaluate reliability, a group of 18 (N=8 Dutch, N=10 American) well-trained male wheelchair 
rugby players performed the rugby wheelchair skills test twice within 2 weeks using their own wheelchair 
rugby wheelchair. The test consisted of 5 elements: passing, a 20-m sprint, an endurance sprint around 
a basketball court, an ups-and-backs-test (‘suicide’), and a slalom with and without ball handling. 
Reliability was determined by calculating intraclass correlation coefficients (ICC’s) between results of 
the first and second testing day. To evaluate the validity, the results of the skills test were correlated 
(Spearman’s rho) with wheelchair-specific maximal pushing and pulling upper-body strength measured 
on an isokinetic dynamometer.

Results: The reliability of the skills test of the Dutch wheelchair rugby players was excellent with ICC’s 
> 0.90, except for the reliability of the passing skill (ICC=0.78). The passing skill also showed the lowest 
correlation with the muscle strength (r=0.32, p=0.54), in contrast to the 20m sprint, endurance sprint 
and slalom without a ball that showed excellent correlations (all r=-0.94, p=0.005). The ups-and-backs-
test (r=-0.77, p=0.07) and the slalom with ball (r=-0.87, p=0.02) showed a good correlation with muscle 
strength.

Conclusions: The preliminary results showed that the wheelchair rugby skills tests are reliable, except 
for the passing skill, to monitor the wheelchair rugby players. Since passing is an important aspect of 
wheelchair rugby, it is recommended to perform this test but to be careful with interpretation of the 
outcome. Muscle strength is important for the short and longer duration skills and should, if possible 
when taking the impairments of the wheelchair rugby player into account, be optimized.

Keyword(s): wheelchair rugby, reproducibility, maneuverability, performance monitoring.
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Introduction: Wheelchair tennis is a sport with intermittent and multidirectional movement patterns. 
What can be considered an important aspect in wheelchair court sports, including tennis, is the ability 
to accelerate. Currently, little is known about the acceleration capabilities of elite wheelchair tennis 
players.
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 Purpose: To determine the acceleration profile of elite wheelchair tennis players during a 20-m sprint, 
to compare acceleration parameters among the 3 divisions (Men, Women, Quads), and to correlate 
these parameters to the players’ ranking and tournament results. 

Methods: Thirty-two (14 men (M), 12 women (W), 6 quads (Q)) elite wheelchair tennis players, all 
participants of the 2012 Invacare Doubles Masters, performed 20-m all-out sprints in their own tennis 
wheelchair, 2 with and 2 without racket on an indoor tennis court. Timing gates at 0, 2.5, 5, 10 and 
20m were used to record time and calculate average accelerations. A 3D accelerometer, placed on the 
wheelchair’s axis, was used to determine maximal instantaneous acceleration. 

Results: Sprint times and accelerations varied considerably among players, even within classes. M 
were significantly faster during the 20-m sprint with and without racket (5.41±0.3s, 5.19±0.2s) than 
W (6.13±0.5s, 5.91±0.4s), and W were faster than Q (7.20±0.9s, 7.01±1.1s), with faster times without 
racket. M accelerated faster than W and Q between 0-2.5m (2.21±0.4, 1.82±0.2, 1.36±0.4 m.s-2), 2.5 
-5m (1.33±0.7, 1.08±0.7, 0.95±0.9 m.s-2), 5-10m (0.44±0.3, 0.32±0.3, 0.17±0.2 m.s-2), and 10-20m 
(0.25±0.1, 0.16±0.1, 0.14±0.1 m.s-2). Maximal acceleration was higher in M than in W and Q (17.76 
±3.2, 14.18±2.6, 14.0±2.0 m.s-2, resp.). Significant inverse relations were found between doubles 
ranking and acceleration between 5-10m (r=-0.47) and 10-20m (r=-0.74) in M and between 0-2.5m 
(r=-0.78) and 5-10m (r=-0.59) in W. Tournament results were related to 20-m time (r=0.65) in M and to 
acceleration between 5-10m (r=-0.81) in M and between 0-2.5m (r=-0.79) in Q.

Conclusions: M accelerated faster than W and Q, and were faster at all distances during the 20-m 
sprint. W had a faster 20-m time than Q, predominantly due to a faster initial acceleration. Maximal 
acceleration was considerably higher in M than in W and Q, while there was no difference between W 
and Q. The player’s doubles ranking in M appears related to the acceleration during the latter part of 
the 20m, while in W the ranking is stronger related to the acceleration during the first part. In addition, 
tournament results were significantly related to some acceleration parameters in M and Q, suggesting 
that acceleration capability is an important determinant of wheelchair tennis success.

Keyword(s): wheelchair tennis, sprint, acceleration.
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Basketball Athletes
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Introduction: Recently, a new classification system for trunk impairment in wheelchair rugby has 
been introduced. According to the IPC position stand, the relation between impairment type and sport 
specific activity limitation has to be known for an evidence based classification system in paralympic 
sports. Trunk muscle strength is an impairment type included in the trunk classification system, that 
seems to play a role in sport specific activities such as acceleration. 

Purpose: To study the association between a 10m sprint (sport specific activity) and trunk muscle 
strength (impairment) and their relation with trunk score in the new classification system.



I  49  I

VISTA2013 Scientific Conference
Free Communications - Abstracts

 Methods: Twenty-five wheelchair ruby and basketball athletes performed a 10m sprint test and a trunk 
muscle strength test; they were classified with the new trunk classification system (4 classes). The 
trunk strength test consisted of maximal isometric trunk strength in 4 directions; left, right, forward 
and backward. Athletes performed all tests 3 times. The intraclass correlation coefficient (ICC) was 
assessed for all tests. The association between trunk strength and 10m sprint test was explored 
(correlation coefficient or clusters of athletes). Kruskal-wallis and bonferroni post hoc tests were used 
to test differences in 10m sprint test and trunk strength between trunk classes. 

Results: ICC for the 10m sprint test was 0.98 and ranged from 0.88 to 0.98 for the trunk muscle strength 
tests. The performances on the various trunk muscle strength tests were highly correlated to each other 
(r ranged from 0.78-0.98). No significant correlation (r=0.39) nor clear clusters could be assigned for 
the relation between 10m sprint and trunk strength. Kruskal-wallis revealed a significant difference 
between the trunk classes in strength (p<0.001) and no significant difference in 10 m sprint (p=0.13) 
Post-hoc analysis showed that athletes with trunk score 0 had significantly less trunk muscle strength 
than athletes with trunk score 1 and 1.5. 

Conclusions: There was no clear association between sprint performance and trunk muscle strength 
indicating that other factors, such as arm impairment or strapping, play a role in sprint performance. 
In addition, wheelchair rugby athletes have different impairment types. However, trunk strength was 
related to trunk class.

Keyword(s): wheelchair rugby, trunk classification, trunk muscle strength, sprint performance.

#31
Paralympic Legacy – Realising its Potential
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The inclusion of the concept legacy into the Olympic Charter in 2003 has opened a debate regarding 
its importance to the international sports field. To date legacy has been a notoriously difficult concept 
to define. This paper seeks to develop a sociological understanding of legacy and understand whether 
this often nebulous concept can be of instrumental value to the Paralympic movement as it continues 
its development. Paralympic legacy is a new field of social scientific enquiry and while there may be a 
tendency to follow the developing trends in the area of Olympic studies we wish to blaze a different trail.

One of the problems with the concept of legacy is its inherent lack of accountability. Sports organizations 
are notorious for highlighting how they have achieved certain aims and objectives retrospectively. We 
hope that by offering a more nuanced understanding of legacy in relation to the Paralympic Movement 
and linking explicitly to the aims and objectives of the International Paralympic Committee that there 
will be more scope for future host nations to better embrace a positive social agenda. Highlighting 
that a Paralympic legacy needs to be built diachronically, we draw upon documentation relating to 
the process of bidding for the Olympic and Paralympic Games as well as an analysis of the planning of 
Paralympic legacy in the London 2012 Games in order to shed light upon how the concept can be used 
to enhance the lives of all people with impairment and not simply the community of Paralympians.

Keyword(s): legacy, Olympic bid, Paralympic, sociology.
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Optimization of Sledge Properties in Ice Sledge Hockey
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NTNU Norwegian University of Science and Technology, Trondheim, Norway; 1Department of 
Engineering Design and Materials; 2Department of Human Movement Science

Introduction: Ice sledge hockey is a modified version of regular ice hockey targeting athletes with a 
physical disability in the lower body. An aluminum sledge is used as an adaptive device and two carbon 
sticks for puck handling and player movement. In order to optimize the complex movements in this 
sport, the mass of the sledge should be reduced, and more importantly, the contact between the player 
and the ice should be optimized.

Purpose: An optimization of the sledge properties in ice sledge hockey, with a particular focus on the 
transfer of forces between the player and ice. Specifically, this involves the seat and the connection 
between the seat and the blades. 

Methods: Initially, a test rig was designed to accurately measure the stiffness of different parts of the 
sledge. Corresponding tests were simulated employing NX Nastran 7.5. The results from these tests 
were used as design inputs for the further development of different test sledges. Thereafter, these 
sledges were tested on ice by the Norwegian national team and compared with today’s available high 
performance sledges. The subjects provided subjective feedback and performed specific sprint and 
technique tests on ice.

Results: The rig tests revealed that the forces were primarily transferred in the rear part of the seat, 
whereas only minor forces were transferred in the front part. When comparing the different seat designs 
during ice testing, the players felt better contact between the body and ice and used shorter times 
both in a 30-m sprint test and a technique test with circular movements using flat bottom shaped seat 
made from a high stiffness material. However, most players experienced discomfort in these seats. 
Additionally, the knees slipped over each other when the players with two legs leaned during a turn. 
Here, additional bracket to strap the knees improved maneuverability and showed better performances 
in the technique test.

Conclusions: The current study highlight the importance of supporting the rear part of the sledge with 
a rigid structure, where flat bottom seats made from a high stiffness material seems to provide better 
control. However, these seats gave a significant discomfort that needs to be improved by customization. 
Due to the minor forces transferred in the front part of the seat, weight savings through a less rigid design 
can be employed. In order to further optimize the sledge, testing of different designs and materials 
are required to reveal a better specification. The problem with slipping movements of the knees was 
eliminated by adding a bracket to strap the legs to the sledge at the knees.

Keyword(s): Rigid, low weight, maneuverability.
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Autonomic Cardiovascular Control and Sports Classification in Paralympic Athletes with Spinal Cord 
Injury

A.V. Krassioukov; C.R. West
International Collaboration on Repair Discoveries (ICORD), University of British Columbia (UBC)

Introduction: Assessment of autonomic function, including examination of abnormal cardiovascular 
control, is now a recommended component of the clinical assessment of individuals with spinal 
cord injury (SCI); yet sporting classification does not currently include an assessment of autonomic 
cardiovascular control.

Purpose: To investigate the relationship between the current classification systems used in wheelchair 
rugby and wheelchair basketball and cardiovascular function in Paralympic athletes with SCI.
Methods: 26 wheelchair rugby (C3-C8) and 14 wheelchair basketball (T3-L1) athletes volunteered 
to take part in the study. All measurements were made during the London2012 Paralympic games 
following informed consent. Sports classification was conducted in accordance with International 
Wheelchair Rugby and Basketball Federation guidelines, and athletes were asked to self-report 
incidence of abnormal blood pressure control (orthostatic hypotension, OH; autonomic dysreflexia, 
AD). Next, cardiovascular control was assessed via the change (delta) in systolic blood pressure (SBP) 
and heart rate (HR) in response to sit-up test. Finally, autonomic function was assessed via sympathetic 
skin responses (SSRs). Data are reported as mean ± SD. 

Results: Wheelchair rugby players exhibited a lower delta SBP than wheelchair basketball players 
(−21±14 vs. −3±5 mmHg, p < 0.001), and SSR score (0.6±1.3 vs. 2.6±1.4, p < 0.001). Similarly, 
those with autonomically complete (SSR score 0-1) injuries exhibited a lower delta SBP (−18±10 vs. 
−6±7 mmHg, p = 0.002) compared to those with autonomically incomplete (SSR score >1) injuries, 
independent of sport played. There were, however, no differences in supine, seated or delta SBP and HR 
between different functional classes in either wheelchair rugby or wheelchair basketball (all p > 0.23). 
The incidence of self-report OH and AD was greater in wheelchair rugby vs. Wheelchair basketball 
(p = 0.002 and p = 0.001, respectively), and in those with autonomically complete vs. autonomically 
incomplete injuries (p < 0.001 and p = 0.009, respectively). There was a strong association between 
self-report OH and AD (χ2 = 7.3, p = 0.007), but self-report OH was not associated with clinically 
documented OH (χ2 = 1.63, p = 0.20).

Conclusions: We provide definitive evidence that the current functional classification system used in 
wheelchair rugby is not related the degree of remaining autonomic cardiovascular control. We propose 
that cardiovascular assessments may provide a useful adjunct to the classification procedure of 
wheelchair rugby athletes, not only to help ‘level the playing field’, but also to help predict those athletes 
who may experience a life-threatening event related to AD.

Keyword(s): Rugby, Basketball, blood pressure, sympathetic skin response, exercise.
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I  52  I

VISTA2013 Scientific Conference
Free Communications - Abstracts

 #34
The Effect of Tether Speed on Muscle Activation and Recruitment Patterns in Physicaly Impaired 
Swimmers

C. Lee; A. Burden; C. Payton
Department of Exercise & Sport Science, Manchester Metropolitan University, Cheshire, UK

Introduction: Semi-tethered swimming is a highly reliable and ecologically valid method of measuring 
net propulsive force and external power. Semi-tethered ergometers can cater for any swimmer with a 
physical impairment as, unlike the swim bench, they do not require bi-lateral hand placement.

Purpose: The purpose of the study was to establish whether the level of muscle activity and the muscle 
recruitment patterns, exhibited by physically impaired swimmers on an Isokinetic Tethered Swimming 
Ergometer, differed from those during free swimming.

Methods: Participants were five highly-trained, physically impaired male swimmers (IPC Class S5, S6, 
S8, S9 and S10). Each completed five maximal effort front crawl trials; four on the ergometer and one 
swimming freely. Tether speeds were 0% (fully tethered), 30%, 50% and 70% of each swimmer’s maximal 
speed (SSMAX). During each trial the muscle activity of eight upper-body muscles was recorded using 
electromyography (EMG). Data were normalised as a percentage of the average peak activity from 
three stroke cycles recorded during the swimmer’s fully tethered swimming trial. Muscle recruitment 
patterns were examined using threshold analysis; a muscle was deemed ‘active’ at 20% of the peak 
normalised EMG. The point in the stroke cycle at which each muscle became active and the duration 
of activation were calculated as percentages of total stroke cycle time. The difference in the timing and 
duration of each muscle activation within the stroke cycle, between each condition and free swimming, 
was categorised as: ‘identical’ (0-5%); ‘similar’ (5-10%); or ‘different’ (>10%) to free swimming.

Results: The amplitude of the muscle activity decreased with an increase in tether speed, with the 
highest muscle activity recorded at tether speeds of 0% and 30% SSMAX and the lowest muscle activity 
recorded during free swimming. Despite the amplitude of the muscle activity decreasing with an increase 
in tether speed, statistically there was no significant difference (p>0.05) in the EMG amplitude between 
the fully tethered, semi-tethered and free swimming conditions. The timing and duration of muscle 
activation, when swimming on the ergometer, were either identical (0-5%) or similar (5-10%) to those 
exhibited during free swimming. The smallest difference in muscle activation between trials performed 
on the ergometer and free swimming was observed at a tether speed setting of 70% SSMAX.

Conclusions: When swimming on the ergometer, the amplitude of the muscle activity was similar to 
that of free swimming. The point in the stroke cycle where muscles became active and the duration of 
activation were found to be either ‘identical’ or ‘similar’ to that of free swimming.

Keyword(s): specificity, ergometer, electromyography, swimming.
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 #37
Technical Development of an Adaptive Sports Ankle Prosthetic Component as an Equipment Aid for 
the Lower Leg Amputee Paratriathlete During the Transition to and from the Swimming Event

D.K. Lyle
Adaptive Sports Ankle Prosthetics, The Woodlands, Texas, USA

Lower leg amputees require the aid of personnel (handlers) to aid them during the transition at the 
swim event start and finish so that the prosthetic leg/foot can be disengaged/engaged respectfully.

The objective of the adaptive sports ankle is to provide the lower leg amputee ParaTriathlete a component 
that allows the swimmer to walk or run from the land area into the water, transition the ankle to a swim 
orientation, complete the swim and without any aid from personnel walk or run out of the water onto a 
landing to complete the transition to the next Triathlon stage. A hand’s free transition would benefit the 
lower leg amputee ParaTriathlete by increasing transition confidence and significantly improving the 
swim time and transition time performance. 

The ankle compon push button hands-free articulation. Plantar flexion equals the normal ankle range of 
motion of 50°. Ground force reaction on the foot returns the ankle to a 0° (flat) position for ambulation.

Current International Triathlon Union (ITU) rules do not allow the use of prosthetics in the swim event of 
ParaTriathlon, however, this presentation will endeavor to create new thoughts regarding rule change, 
and introduce a new ankle prosthesis component believed to be a “game changer” for the lower leg 
amputee ParaTriathlete and offer significant performance improvement during the swim transition.

Keyword(s): ankle, triathlon, swim, transition.

Acknowledgement(s): Physical Therapy. Merck Manual Professional. November 2005. 

#38
VIsual Impairment and Sporting Performance: Implications for Vision Classification in Paralympic 
Sport

D. Mann
Faculty of Human Movement Sciences, Vrije University Amsterdam, Netherlands

Introduction: Vision is undoubtedly important for success in most sports, but the level of vision 
impairment likely to impact sporting performance is far from certain. Clearness of vision is most often 
assessed by measuring visual acuity: it is commonly thought that any decrease in visual acuity will result 
in a direct reduction in performance, though there is little empirical evidence to support this claim.

Purpose: The purpose of this series of studies was to establish the level of visual impairment that 
results in measurable decreases in sporting performance. If normal visual acuity is necessary for best 
performance then there should be an immediate decrease in performance when acuity is decreased. 
Alternately, if normal visual acuity is not necessary then a relatively poorer level of impairment (in terms 
of acuity) should exist above which there is no adverse effect on sporting performance. 

Methods: In three separate experiments I evaluated the impact of decreased visual acuity on batting 
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 performance in cricket. Cricket batting is an ideal task for these examinations as it represents one of 
the most visually demanding activities in sport. Contact lenses were used to systematically blur the 
vision of batters in each of four different levels of blur (nil, 1D, 2D, 3D; visual acuity = 6/6, 6/11, 6/20, 
and 6/49 respectively; see Figure 1) in a counterbalanced fashion. Participants hit balls in a normal 
training situation against both bowlers and a projection machine, and at ball-velocities considered to 
be medium (90-110 km/h) and fast-speeds (120-130 km/h). Batting performance was assessed using 
a series of validated measures of quality of bat-ball contact, forcefulness of bat-swing, and anticipatory 
skill. 

Figure 1. Demonstration of the four levels of blur

Results: In the majority of batting conditions the highest level of impairment (3D) was required before 
there was any measurable change in batting performance. Only in the most challenging of conditions 
(against fast-speed trials) did the moderate level of impairment (2D) impact performance. 

Conclusions: Surprisingly high levels of visual impairment are required before there is a measurable 
decrease in batting performance. As batting represents one of the most challenging visual-motor tasks 
in sport, these results suggest that even higher levels of impairment may be required to impact less 
visually-demanding sports. The level of impairment necessary to decrease performance may be higher 
than what is intuitively expected. These findings highlight the need for evidence based sport-specific 
testing to establish the level of impairment that decreases performance in sports with different visual 
demands.

Keyword(s): vision, impairment, classification, visual acuity, blur.
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#39
Comparison of Race Parameters for Visual Impaired Swimmers

J. Martens; I. Einarsson; D. Daly
KULeuven, Department of Kinesiology (Leuven, Belgium); University of Iceland 

Introduction: Visually impaired (VI) swimmers compete in 3 classes (S11, S12, S13) based on 
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 examination by an ophthalmologists. Little research has been done, and mostly in freestyle, to investigate 
the effects of level of VI on performance (Daly & Martens, 2011). The aim of this study was to compare 
race parameters between VI classes.

Methods: A video race analysis was conducted at the 2009 European championships in the 100-m 
freestyle and 100-m breaststroke events for the 3 visually impaired classes in both males and females. 
In total, 26 male VI swimmers and 23 female VI swimmers participated in the 100m freestyle race. 
18 men and 13 women VI swimmers competed in the 100m breaststroke race. Final time (FT), stroke 
rate (SR), stroke length (SL), clean swimming speed (CSS), start time (ST) and turn time (TT) were 
determined and statistically evaluated.

Results: Statistical differences (95% confidence interval) were found in men between S11 swimmers 
and S12 and S13 swimmers in the 100m freestyle race on ST, CSS, SL, TT and FT. There was no statistical 
difference in SR. No statistical differences were found between S12 and S13 swimmers in any of these 
parameters. The exact same results were found in female 100m freestyle races, except that there was 
also no statistical difference between S11 and S13 women in ST. In the 100m breaststroke event, there 
was only a statistical difference in men in ST and SL between S11 and S13, and in FT between S11 and 
S12/S13. In women, there was no statistical difference between the classes in any of the parameters.

Discussion: Daly et at. (2009) stated that a lack of vision can affect the potential to monitor one’s 
race speed patterns via visual feedback. The current classification system assumes decreased physical 
performance with decreased visual function. The results of present study show no difference in race 
parameters in the 100m freestyle race between classes S12 and S13, both in men and in women. The 
lower number of participants on the 100m breaststroke in some classes, especially in women could 
explain why no statistical differences in race parameters were found in this event. This might also 
reflect the technical difficulty in learning breaststroke and a greater need for a specific body profile to 
be successful in breaststroke.

Conclusions: There are little or no differences in the swimming performance of classes S12 and S13. 
Seeing only a little bit is enough to swim the race in an optimal manner. The impact of a visual impairment 
on swimming should be further investigated to move from a medical classification procedure to an 
evidence bases system, following the IPC position stand on classification (Tweedy & Vanlandewijck, 
2011).

Keyword(s): swimming, visual impairment, race analysis.

#40
Wheeled Mobility in Sports: Replicating Sports Wheelchair Propulsion in a Laboratory Environment

B. Mason; J. Lenton; C. Leicht; V. Goosey-Tolfrey
Peter Harrison Centre for Disability Sport, School of Sport, Exercise & Health Sciences, Loughborough 
University, UK

Introduction: Motor driven treadmills and various wheelchair ergometers (WERG) have commonly 
been used to examine the physiological and biomechanical responses of athletes during wheelchair 
exercise. However, very few studies have investigated the validity of these modalities for simulating the 
physiological and biomechanical responses in relation to over-ground wheelchair propulsion.

Purpose: The purpose of this study was to compare the physiological and biomechanical effects of 
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 different modalities of wheelchair propulsion and to establish which modality best reflects overground 
wheelchair propulsion.

Methods: Fifteen physically active, able-bodied individuals participated in the current study. Participants 
pushed a sports wheelchair for 3 minutes at three fixed speeds (4, 6 & 8km∙h-1) using three different 
testing modalities on separate sessions: i) over-ground (OG) propulsion; ii) treadmill propulsion at four 
different gradients (0, 0.7, 1.0 & 1.3%); iii) single-roller WERG propulsion. During the final minute of 
each trial, expired air was collected via an online system with heart rate (HR) averaged over 5-second 
intervals. Biomechanical data was recorded using a SMARTWheel to determine the magnitude of force 
application and temporal parameters during each modality and speed. Repeated measures analysis of 
variance and coefficients of variation (% CV) were used to interpret differences in relation to OG.

Results: Physiological demand was significantly underestimated in the 0% gradient and overestimated 
in the 1.3% gradient and WERG compared to OG (P<0.05). A stronger level of agreement for oxygen 
uptake ( 2) during OG was revealed in the 0.7% gradient at 4 & 6km∙h-1 (P>0.05; 7.3-9.1% CV), whilst 
at 8km∙h-1, 2 was better represented at the 1.0% gradient (P>0.05; 8.6% CV). HR did not significantly 
differ between both the 0.7% and 1.0% treadmill gradients and OG, yet a stronger level of agreement was 
observed in the 0.7% gradient across all speeds (4-9 – 7.5% CV). The magnitude of force application 
was significantly lower in OG at 4 & 6km∙h-1 compared to all other modalities except the 0% treadmill 
gradient, which was significantly lower. Large typical errors demonstrated that no modality accurately 
reflected the force applied during OG. Push frequencies were significantly higher in OG at all speeds 
compared to all other modalities. Push angles and push times were only similar to OG in the 0.7% 
gradient at 6 & 8km∙h-1 (7.8 – 12.1% CV).

Conclusions: This study revealed that a 0.7% treadmill gradient best reflects the physiology and 
biomechanics of over-ground wheelchair propulsion across the speeds examined. However, a 1.0% 
treadmill gradient may be more appropriate at speeds in excess of this range. 

Keyword(s): Treadmill, Wheelchair Ergometer, Physiology, Biomechanics.
 

#41
Impulse Syncronisation of Lower-Limb Running Prosthesis Technology: an Introduction

S. Noroozi

Introduction: Previous research such as review papers by Nolan (2008) and Buckley (1999) commented 
that the dynamic properties of energy return lower-limb prosthesis when used in elite sport require 
further investigation. In addition, there has been limited research to date that can adequately explain 
how or why such a solid, non intelligent composite prosthetic foot could enable a bilateral amputee to 
compete on an equal performance basis with non-disabled athletes. The aim of the study was to (1) 
better understand the dynamics of running using a composite prosthetic foot (2) to identify the elements 
of it that contributes to or controls its performance, and (3) to measure and isolate its mechanical 
contribution before we can assess its potential contribution to competitive running events.

Methods: This research uses both computational and experimental modal analysis to first investigate 
the effect of natural and resonant frequency when running using lower-limb prosthesis. It then studies 
the effect of ground reaction impulse on the dynamic elastic response of the system and validates 
the theory that can adequately simulate this effect. It concludes by introducing the phenomenon that 
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 the authors call the “Dynamic Elastic Response To Impulse Synchronisation” (DERTIS) and discuss 
its effect on the potential outcome of competing using energy return prosthesis technology. A series 
of drop, assisted drop and jog hop tests using a combination of combined mass and energy return 
prosthesis were performed in order to validate the theoretical and simulated data.

Results: The results demonstrate that the mass related impulse due to ground reaction forces when 
synchronized with the mass-less impulse can result in a controlled excitation of the system. It was 
found that the synchronisation of these two impulses result in the DERTIS phenomenon. In addition, 
both the simulation and the subsequent tests demonstrate the human ability to detect cyclic impulse 
and synchronise with them. It is speculated that in the case of bilateral amputees with symmetrical 
gait, it can result in a more energy efficient steady state running speed – ultimately resulting in faster 
performances.

Conclusions: The DERTIS effect simulations and trials ultimately provides some further contributory 
evidence as to why bi-lateral amputee runners may have unique advantages over those of uni-lateral 
amputee or non-disabled runners when under steady state running conditions. In addition, this effect 
gives further evidence to support previous research studies that running using energy return lower-limb 
prosthesis technology is a different form of locomotion from that of nondisabled running and sprinting.

Keyword(s): Amputee, running, impulse, performance enhancement.

#42
Relationship between Passive Drag and Anthropometric Characteristics of Swimmers with a Physical 
Impairment

Y-T. Oh1; C. Osborough1; B. Burkett2; C. Payton1

1Department of Exercise & Sport Science, Manchester Metropolitan University, Cheshire, UK; 2School 
of Health & Sport Sciences, University of the Sunshine Coast, Queensland, Australia

Introduction: When swimmers move through the water they experience a retarding force known as 
drag. As drag force is affected by the size and shape characteristics of the swimmer’s body (e.g. height, 
shoulder width), it is important to measure these variables to gain an improved understanding of why 
some swimmers create more drag than others (often despite them having good technique). No study 
has previously reported anthropometric data on trained swimmers with a physical impairment and 
how this might affect drag. Such information could help add objectivity to the swimming classification 
process.

Purpose: The purpose of this study was to investigate the relationship between anthropometric 
parameters of swimmers with impairments and their passive drag (Dp).

Methods: Sixty four (39 male and 25 female) swimmers (IPC class S2 to S14, height 161.5±23.1 cm; 
mass 60.8±12.1 kg; mean ± SD) provided written informed consent to take part in the study. Passive 
drag was measured using an electro-mechanical device which consisted of a drum winch, driven by 
an electric motor, located at the end of a 50 m pool, and an in-line submersible load cell. Swimmers 
adopted their most streamlined position while being towed on the water surface at 1.5 m/s. Each 
swimmer completed a minimum of three trials and the lowest drag value was used for the analysis. 
Anthropometric data (mass, height, streamlined height: body length in streamlined posture, shoulder 
width, chest depth, shoulder girth, streamlined shoulder girth: widest shoulder girth in streamlined 
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 posture) were collected using a tape measure, scales and callipers. BMI (mass/height/height) was 
calculated for height (BMIh) and for streamlined height (BMIsh). To quantify the effect the Dp would 
have on each swimmer, it was divided by their body mass (Dp/m). Pearson’s correlation coefficient was 
calculated between passive drag and each anthropometric variable.

Results: Dp had a significant negative correlation with streamlined height (r= -0.26, p<.05) and a 
significant positive correlation with streamlined shoulder girth (r=0.38, p<.01), BMIh (r=0.26, p<.05) 
and BMIsh (r=0.40, p<.01). It did not correlate significantly with mass (r=0.09, p=.444). Dp/m had a 
significant negative relationship with height (r= -0.54, p<.01) and streamlined height (r= -0.70, p<.01) 
and a significant positive correlation with shoulder width (r=0.27, p<.05), shoulder girth (r=0.38, p<.01) 
and BMIsh (r=0.47, p<.01).

Conclusions: Swimmers who had the higher body lengths and the smaller shoulder girths, in the 
streamlined position, tended to experience lower passive drag than those who had the lower streamlined 
body lengths and larger shoulder girths. Body mass was a poor predictor of passive drag.

Keyword(s): swimming, passive drag, anthropometry.
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#43
Compact Dynamometry in Wheelchair Sports: a New Concept for Evaluation the Propulsive Power

S.F.M. Oliveira1; A.A.G. Bione1; F.L. Albuquerque1; I. Guedes2; M.C. Costa1

1Pernambuco State University; Human Performance Laboratory; 2Federal University of Pernambuco

Introduction: The accuracy of kinetic factors related to capacity propulsion in manual wheelchair is very 
important for sports performance of disabled athletes, and must be take in relevance. Many Equipments 
to measure the propulsive power in wheelchairs have technical characteristics of ergometry, limiting 
and interfering in the functional evaluations and the ergonomic interaction, between disabled athletes 
and their wheelchair racing. 

Objective: The purpose of this study was to demonstrate and validate a new concept to evaluation the 
propulsive power in wheelchairs athletes. 

Materials & Methods: The prototype of equipment was assembled using two sets of three parallel 
cylinders under separate axes for positioning on both sides of the wheelchair. The two sides are fixed by 
a rod calibration to measure the moment of inertia of the cylinders. Rotation values are detected by two 
inductive sensors, positioned perpendicularly to the central cylinder to actuation by a metal ring. The 
rotation data are transmitted to a analog-digital board, interpreted and stored in a personal computer. 
To test its validity, 21 healthy subjects (age: 20.9 ± 2.4 years; weight: 68.9 ± 7.9 kg; height: 174.0 ± 7.1 
m; BMI: 22.7 ± 2.5 kg•m2), non-wheelchair users, participated in a sprint protocol during 20 seconds 
preceded by heating a one minute. The data acquired from rotation power prototype were compared 
to a reference system by high speed video camera (240Hz). Were analyzed the intraclass correlation 
coefficient (ICC), agreement criteria by Bland-Altman and differences between methods by paired t 
test. 
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 Results: Results show high levels of agreement (values within the confidence interval of 95%) and 
excellent levels of ICC (0.99, P <0.0001), and the prototype does not differ materially to video analysis 
for rotation (P = 0.9196) and power (P = 0.9493).

Conclusions: Conclude that the proposed equipment meets the criteria adopted to validation, thus 
becoming a new concept to assess the power in wheelchair atlhetes.

Keywords: Biomechanics, Human engineering, physical conditioning.
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Relationship between Passive Drag and IPC Swimming Class

C. Payton1; Y-T. Oh1; C. Osborough1; B. Burkett2

1Department of Exercise & Sport Science, Manchester Metropolitan University, Cheshire, UK; 2School 
of Health & Sport Sciences, University of the Sunshine Coast, Queensland, Australia

Introduction: The purpose of classification is to minimise the impact that impairment has on the 
outcome of competition. The current Swimming Functional Classification System relies on a dry-land 
musculoskeletal screening and an in-water observation. As the sport has evolved there is a need for a 
more objective and scientific methodology for this critical aspect of the Paralympic Games. Given that a 
swimmer’s performance is determined largely by their capacity to produce propulsion effectively, whilst 
minimising the drag forces from the water, an improved classification system should use objective data 
to evaluate an individual’s potential to achieve both of these things. 

Purpose: The purpose of this study was to determine the relationship between passive drag measure 
and the current IPC swimming class of physically impaired swimmers. It was hypothesised that there 
would be an inverse relationship between passive drag force and IPC class.

Methods: Informed consent was obtained from 113 highly trained swimmers with an IPC class from S2 

A. Calibration system for determining. Moment of inertia 
instrumentation of cylinders

B. System parallel cylinders, for positioning and supporting weight

C. System electromechanical counting, calculation and storage of 
information of speed and power

Figure. Prototype compact dynamometer. Top view
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 to S14. Classes S11-S14 were combined into a single control group (CON), as they do not have a physical 
impairment. Passive drag was measured in a 50 m pool using an electromechanical towing device 
consisting of a drum, driven by an electric motor, and an in-line load cell. Swimmers were attached to a 
steel cable via a small handle, belt or strapping and then towed on the water surface for approximately 
30 m at 1.5 m∙s-1. Force data were collected in real time at 100 Hz. Swimmers performed a minimum 
of three trials during which they held their breath and adopted their most streamlined position. A mean 
drag force value was obtained for each towing trial. The lowest value for each participant was used in 
the subsequent analysis. A Spearman’s rank correlation coefficient was computed to determine the 
relationship between passive drag (raw and normalised) and IPC class. Passive drag was normalised by 
dividing by body mass to enable a meaningful comparison to be made between classes.

Results: The passive drag force ranged from 24.9 to 82.8 N, with a mean of 46.6 ± 11.2 N. The normalised 
drag force ranged from 0.45 to 1.86 m∙s-2, with a mean of 0.79 ± 0.27 m∙s-2. A significant negative 
association (Figure 1) was found between passive drag and IPC class (rs=-0.563, p<0.01). The strength 
of the association was increased when drag was normalised for body mass (rs = -0.760, p<0.01).

Figure. Passive Drag versus IPC Class (mean ± SD, N=113)

Conclusions: Swimmers with the lowest IPC class experienced the highest passive drag and vice versa. 
Normalised drag values indicate that the lower the swimmer’s IPC class, the greater would be the 
deceleration imposed on them by the passive drag when holding their most streamlined position.

Keyword(s): swimming, classification, passive drag swimming, classification, passive drag.
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 Introduction: Preliminary studies have shown that an effective strategy for identifying talent is one 
of the key elements of a successful elite sport system in able-bodied sport as well as in sport for 
athletes with a disability (e.g. Houlihan & Green, 2008; Thomas & Smith, 2009). However, it needs to 
be considered that research findings related to talent identification and development in able-bodied 
sport cannot be transferred directly into the sport for athletes with a disability. The extent to which 
different nations run successful talent identification and long-term athlete development programmes in 
sports for persons with a disability has not been explored. Whereas in Germany, most activities related 
to athlete identification and development are informal, other countries began to implement systematic 
programmes (Radtke & Doll-Tepper, 2007). 

Purpose: The purpose of the study is (1) to investigate the criteria for quality in TID programmes in 
swimming, athletics, Alpine skiing, Nordic skiing and wheelchair basketball in the UK, USA and Canada, 
(2) to compare the extent to which these quality criteria of TID programmes appear in the three countries, 
(3) to learn from nations who achieve sporting success and consequently to create evidence-based 
recommendations for implementing systematic TID programmes in Germany.

Methods: During research phase 1 (hypothesis development), data on the criteria for quality in TID 
programmes were collected using expert interviews (n = 65) with officials, head coaches and elite 
athletes representing different sports and disability groups (both women and men). During research 
phase 2 (hypothesis testing), a survey of officials, head coaches and athletes representing different 
performance levels (n = 87) was conducted. 

Results: The paper analyses selected data from research phase 1 and 2. The focus is on aspects of 
financial resources and inclusive sport opportunities. 

Conclusions: Government funding is essential. More money needs to be invested at the grassroots 
level. Sustainable level of funding must be guaranteed at grassroots and elite level to ensure long-
term planning. Inclusion in sport must be a top-down-strategy to improve awareness and education. 
Additional funding for integrated NGBs as an incentive is essential to reduce resistance on the able-
bodied side.

References: 1Donabedian, A. (1966). Evaluating the Quality of Medical Care. The Milbank Memorial 
Fund Quarterly, XLIV (3/2), 166-206. 2Houlihan, B. & Green, M. (2008). Comparative Elite Sport 
Development: Systems, Structures and Public Policy. London: Butterworth-Heinemann. 3Radtke, S. 
& Doll-Tepper, G. (2007). Abschlussbericht zum Pilotprojekt: International vergleichende Studie zur 
Nachwuchs- und Talentförderung im Leistungssport von Athletinnen und Athleten mit Behinderungen. 
Unveröffentlichter Forschungsbericht, Freie Universität Berlin. 4Thomas, N. & Smith, A. (2009). 
Disability, sport and society. An introduction. London/New York: Routledge. 
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  #47
Adaptation of Block and Box Test to Evaluate Grasp and Release in Boccia Players

R. Reina; C. Caballero; R. Sabido; David Barbado
Sport Research Center, Miguel Hernandez University, Elche, Spain

Boccia will be governed by the new Boccia International Sport Federation (BISFED) from January 1st 
2013, and it is included in the Paralympic Games program. The International Paralympic Committee Code 
(IPC, 2007) provides comprehensive guidelines, policies and procedures on how classification should 
be carried out in the IPC or IPC member federation governed sports (Tweedy and Vanlandewijck, 2011). 
Athletes are classified according to the extent of Activity Limitation resulting from their impairment. 
The International Classification of Functioning, Disability and Health (-ICF- WHO, 2001) is currently the 
most widely accepted classification of health and functioning. In Paralympic sport activity, limitations 
refer to the difficulty in the execution of the specific movements required for a particular sport. When 
this is applied to boccia, the limitations are related to mobility, specifically carrying and moving objects. 

Some changes could be expected in the eligibility criteria and classification profiles for boccia with the 
new BISFED, but from a sport science perspective, the IPC Code explicitly mandates the development 
of evidence-based classification systems (Code Section 15.2). In boccia, hand (releasing and grasping) 
and upper extremities function are key factors in order to decide the cut points between BC1-BC2 and 
between BC2 and Class 3, but some qualitative criteria are placed in the current CPISRA classification 
rules.

The Block and Box Test (BBT) was designed by Mathiowetz et al. (1985), and it was applied to people 
that had suffered a stroke, with multiple sclerosis, traumatic brain injury or neuromuscular disorders, 
all of them factors that would make a person eligible to play boccia. This test has also been used on 
healthy adults and children, with excellent test-retest reliability. Individuals are seated at a table, facing 
a rectangular box that is divided by a partition into two square compartments of equal dimension. The 
BBT is scored by counting the number of blocks carried over the partition from one compartment to the 
other during the one-minute trial period.

For the modified BTT for boccia players (figure), the tools are the same than in the original BBT, but in 
this case, the blocks are substituted by boccia balls which are placed into the box through a ramp (1). 
A contact sensor is placed on the index finger (2) and the participant must grab the ball (T1), cross the 
middle point (partition) of the box (T2) and release the ball into the other side (T3). A photoelectric 
cell (3) is placed on the partition between both parts of the box, and movement time (MT=T2-T1) is 
recorded from the first contact with ball and the moment the participant crosses the middle point; and 
the release time (RT=T3-T2) from the middle point crossing till the ball´s release. When the participant 
crosses the partition, the photoelectric cell provides feedback via a light and sound feedback. Finger 
sensor and photoelectric cell are externally powered (4), and plugged into a computer (5) trough an 
A/D card (6). Data recording and analysis is carried out by Lab View software. All participants will have 
30 sec of practice to guarantee that they understand the task. Two trials of 1-minute will be conducted, 
and also the maximum number of balls moved from one side to the other one will be recorded. Data of 
the performance from boccia players and reliability of the test will be presented at the conference. 
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Keyword(s): evidence-based classification, boccia, test.
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Relationship between Perceived Shoulder Pain and Kinematic Analysis of Wheelchair Propulsion in 
Sedentary and Active Wheelchair Users
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1Faculty of Physical Activity and Sports Science, Technical University of Madrid, Madrid, Spain; 
2Research Center of Physical Disability, ASPAYM Castilla y León, Valladolid, Spain; 3Faculty of Health 
Sciences, European University Miguel de Cervantes, Valladolid, Spain

Introduction: The high prevalence of shoulder injuries in manual wheelchair users is caused by many 
factors; there is an inverse relationship between the level of physical activity and the shoulder pain.

Purpose: To analyze the relationship between upper limb kinematics in wheelchair propulsion and 
shoulder pathology, comparing sedentary and athlete WCUs.

Methods: WUSPI questionnaire, thermographic camera, test-CIDIF. Informed consent was obtained 
from 37 manual wheelchair users (WCUs), 14 of whom were sedentary WCUs, 11 were high performance 
wheelchair basketball players (WBa) and 12 were nonprofessional wheelchair basketball players (WBb). 
Subjects completed a wheelchair exercise test (test-CIDIF) in their individual daily wheelchair, which 
was mounted on a frictionless roller system interfaced with a computer. Behind the rollers there were 
two position linear transducers (Sportmetrics, Valencia, Spain) that were attached to his arms through 



I  64  I

VISTA2013 Scientific Conference
Free Communications - Abstracts

 gloves. Each of these transducers captured kinematic variables from right to left arm, respectively. 
In turn, of each arm came out a second wire connected to a pulley. This pulley had two functions: (i) 
providing a load that each subject had to overcome during the test, and (ii) recording the kinematic 
variables resulting from the movement of the both arms. To establish the presence or absence of 
shoulder pain the Wheelchair Shoulder Pain Index (WUSPI) was used.

Results: The ANOVA test indicated no significant differences depending on the group variable regarding 
the number of propulsions (p=0.338; η2=0.062), but there were regarding the average peak power 
(p=0.000; η2=0.423), average power (p=0.000 η2=0.414), maximal speed (p=0.000 η2=0.551), 
average maximal speed (p=0.000 η2=0.474), and total work (p=0.000 η2=0.367). With regard to the 
WUSPI questionnaire, it is observed a correlation between the PC-WUSPI and the maximal speed (r=-
0.393; p=0.016) and with the average maximal speed (r=-0.308; p=0.940). There was no difference 
between the variables analyzed to compare WBa with WBb.

Conclusions: The athletes had higher kinematic variables than sedentary WCU in the test-CIDIF. The 
greater the loss of function caused by the shoulder pain, the lower the speed at which a WCU is able to 
propel in the designed test.

Keyword(s): wheelchair athletes, exercise test, sports, spinal cord injuries, rotator cuff.
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Performance, Pacing and Neuromuscular Fatigue of Athletes with Cerebral Palsy

P.Runciman; W. Derman1; S. Ferreira2; R. Tucker
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2Department of Sport Science, Stellenbosch University; 1IOC Research Center University of Cape Town

Introduction: Cerebral Palsy (CP) is one of the most common congenital conditions affecting the 
neuromuscular system. It has been proposed that exercise performance is impaired in individuals 
with CP due to a central inhibition of motor unit activation as a result of brain lesions acquired before, 
during or directly after birth to areas of the brain controlling movement and coordination. Central drive 
is recognized as a crucial determinant of exercise performance in ablebodied athletes, with optimal 
performance in self-paced exercise being the result of the regulation of the degree of muscle activation 
by the brain. Therefore, it is intriguing to consider whether elite athletes with CP display similar central 
drive tendencies, given that CP affects the neuromuscular system.

Objectives: This novel study examines sprint cycling performance, pacing and neuromuscular fatigue 
in elite athletes with spastic hemiplegic Cerebral Palsy (CP).

Design: 5 elite athletes with CP and 16 able-bodied performance-matched controls performed one 
10 second and one 30 second Wingate cycle test. Power output (W/kg) and fatigue index (%) were 
calculated. Electromyography (EMG) was simultaneously measured in five bilateral muscles and 
expressed as a percentage maximum. Muscle activity time course changes between affected and non-
affected sides, between CP and AB groups as well as activation irregularities associated with CP were 
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 analysed. Blood lactate was measured before and after the two trials.

Results: There was a statistical significance between the peak power output (mean ±SD) for the AB 
and CP groups (10.4 ± 0.5 and 9.8 ± 0.5 W/kg, respectively, P<0.05). Fatigue index (mean ±SD) was 
27 ± 0.1 and 25 ± 0.1 % for the AB and CP groups, respectively, and not significantly different. There 
were significant differences between muscle activity time course changes over the 30 second trial for 
the AB and CP groups, with the AB group presenting with a significant decrease in mean normalised 
EMG over time, whereas the CP group presented with no change over time (P<0.05). EMG irregularities 
(co-activation and atypical volitional motor drive) were observed. There was a significantly higher blood 
lactate in the AB group compared to the CP group, from five minutes post the 30 second Wingate test 
(P<0.01).

Conclusions: To our knowledge, the present study is the first of its kind to describe performance and 
neuromuscular fatigue of elite athletes with CP. The differences in power output, muscle fatigue and 
lactate, despite a similar pacing strategy, may indicate some form of physiological pacing in the CP 
group. Further research is required in running studies to further investigate the findings of the present 
study.

Keyword(s): Cerebral Palsy, Athlete, Wingate anaerobic test, Electromyography, Neuromuscular fatigue.
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Athletes with Disabilities: a Key to Injury Prevention and Future Classification?
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Electromyography (EMG) is the study of muscle function by examining the electrical signals emanating 
from skeletal muscle. The signal received is an algebraic composite of all currently active motor unit 
action potentials. EMG is used to assess neuromuscular function and fatigue as well as to identify muscle 
activation irregularities that are associated with neuromuscular conditions or musculoskeletal injury. 

Two sets of case series in athletes with disabilities are presented, the first set consisting of two 
athletes with neuromuscular conditions (Cerebral Palsy and Amyotrophic Lateral Sclerosis) where 
EMG was primarily used to identify asymmetry. The second set of case series consists of two athletes 
(Visual Impairment) with chronic muscle injuries, where EMG was used to identify activation pattern 
irregularities associated with the injury.

The findings of the first set revealed asymmetries in muscle activity, but not in the manner that we had 
expected. Recruitment irregularities that could have an impact on performance were also observed. 
The second set revealed significant deviations in expected muscle activation patterns, as well as 
compensation of supporting muscles. 

Furthermore, clinical implications of the use of EMG for athletes with disabilities, as well as a possible 
avenue for neuromuscular Paralympic classification are explored. 
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 The present set of case series demonstrates the value of using EMG in the management of athletes with 
disabilities, whether with or without neuromuscular conditions. Further research is required to shed 
light on the use of EMG in Paralympic classification.

Keyword(s): Electromyography, Disability, Athlete, Neuromuscular, Muscle injury.
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Follow Up of Integration and Inclusion Phase Report of Finnish Sports Federations

A. Saari
Finnish Sports Association of Persons with Disabilities

Since 2002 the voluntary sector of Finnish Disability Sports has initiated three projects, all financed by 
the Ministry of Education and Culture, and all of which have the goal of integration and inclusion. These 
projects differ in objectives and means. The Project Sports for All Children (2002– 2008) aimed to offer 
more opportunities for families with children with special needs to be actively involved in physical activity, 
either in the mainstream or disability-specific, according to their own wishes. The Finnish Paralympic 
Committee’s sports integration (2005–2007) was justified through tougher competition in international 
disability sports arenas, such as the Paralympics, and by obtaining better training conditions in the 
mainstream. With the help of the Open-for-All Sports programme (2006–2010) local, rural and national 
sport providers were given help to open their doors to anyone with different abilities. The purpose of the 
study is to examine current status of inclusion development in Finnish sport federations. 

In 2011 27 sports federations at the national and district level were evaluated by using multiple methods: 
analysis of documents, web services and e-mail interviews. Additional telephone interviews to sports 
clubs were carried through. The data was analysed via content analysis. 

Those 12 national sports federations which had taken responsibility of Paralympic sports reported 
success in including elite athletes with a disability into the able-bodied federation, but there was variety 
on commitment, magnitude and dimensions. The main challenges were finance, attitudes, lack of 
support for local sports clubs and recruitment of new athletes. The rural federations report youth sport 
leadership education and the inclusive sports camps as their best result. The Young Finland Federation 
and Finnish Sport Federation underline a wider understanding of inclusion. 

Two development models were found. In the integration model the federation tends to focus on chosen 
elite athletes with a disability. In the inclusion model, the federation emphasises the participation of 
various disability groups at all levels and broader development processes. In terms of sustainability, the 
combination of integration and inclusion models seems to work best. 

The main hindrances of inclusion were the lack of common goals, co-operation and resources. To 
promote inclusion the sports should have a long-term commitment on inclusion with common and 
public goals, create a follow-up system, build rural APA-, or disability sport consultant networks and 
increase support and consultation to local sport providers.

Keyword(s): inclusion, integration, disability sports, mainstream sport federations.
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Test-Retest Reliability of Different Test Concepts in Ice Sledge Hockey

Ø. Sandbakk; B. Welde
Norwegian University of Science and Technology, Trondheim, Norway; North- Troendelag University 
College, Levanger, Norway

Introduction: Ice sledge hockey is a popular paralympic team sport where players rely entirely on their 
upper-body to propel themselves rapidly across the ice surface. An ice sledge hockey game is comprised 
of three periods lasting 15 minutes, and characterized by random variations between short sprints, 
stopping actions and circular movements. Previous research has developed valid test concepts that 
reflect these sport-specific characteristics. However, the reproducibility of performance and movement 
characteristics of these tests require further examination.

Purpose: The purpose of the current study was to establish the test-retest reliability of performance 
and movement characteristics of a 30-m maximal sprint and performance during a complex technique 
test in elite ice sledge hockey players. 

Methods: Twelve male ice sledge hockey players from the Norwegian national team performed three 
30-m maximal sprints and two comlex technique tests on ice. Test time, as recorded by fixed light 
sensors, determined performance for both tests, and additionally cycle time was analysed by video 
analysis during the 30-m sprint. Calculations of measurement error were carried out according to Bland 
& Altman (1999) and Hopkins (2000), and included calculation of the repeatability coefficient (CR), 
intraclass correlation analysis (ICC), and standard error of measurement (SEM). 

Results: The overall mean±SD for all trials were 6.46±0.45 s (CR=0.24 s, ICC=0.991, SEM=0.08 s), 
0.54±0.05 s (CR=0.04 s, ICC=0.979, SEM=0.01 s) and 26.75±3.31 s (CR=3.53 s, ICC=0.940, SEM=1.14 
s) for the 30-m sprint, the cycle time, and the technique test, respectively. 

Conclusions: The CR show that two measurements on the same subject are unlikely to differ more than 
4%, 7% and 13%, respectively, for total sprint time, cycle time and the technique test. According to 
Hopkins (2000), when the typical error of the test has the same magnitude as the smallest worthwhile 
effect, a sample of 10 gives adequate precision in a crossover or a simple testretest experiment. This 
is similar to detecting a 1.2% change in performance time for the 30-m sprint test and 2.4% and 4.3%, 
respectively, for the cycle time and the technique test. The ICC´s were all high with an acceptable error 
rate. In conclusion, the 30-m sprint test has low typical error and appears to be a useful practical tool 
in further investigations, while the more complex technique test may be questioned due to its relatively 
higher within-subject variation.

References: Bland JM and Altman DG (1999). Stat Methods Med Res, 8: 135-160. Hopkins WG (2000). 
Sports Med, 30: 1-15.

Keyword(s): disability sport, elite athletes, measurement error, sprint performance.
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Effect of Low Compression Balls on Wheelchair Tennis Matchplay 

P. Sindall1,2; J.P. Lenton2; L.A. Malone3; S Douglas4; R.A. Cooper5; S. Hiremath6; K. Tolfrey2; V.L.Goosey-
Tolfrey2

1School of Health Sciences, The University of Salford, Salford, UK; 2The Peter Harrison Centre for 
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UK; 3Lakeshore Foundation, Birmingham, Alabama, USA; 4School of Sport and Exercise Science, 
The University of Northern Colorado, Colorado, USA; 5Human Engineering Research Laboratories, 
Departments of Rehabilitation Science and Technology and Physical Medicine & Rehabilitation, 
University of Pittsburgh, USA; 6Human Engineering Research Laboratories, Rehabilitation Research 
and Development Service, Department of Veterans Affairs, and Departments of Rehabilitation Science 
and Technology and Physical Medicine & Rehabilitation, University of Pittsburgh, USA

Introduction: The International Tennis Federation advocates the use of slow moving balls for all beginners. 
However, the physiological responses during play are not well understood and hence, the evidence 
to support the widespread application of modified balls is limited. Consideration of court movement 
and physiological variables obtained during match-play when using low and standard compression 
balls allows for a comparison of the physiological demands, and informs the development of practical 
recommendations to enhance participation. 

Purpose: To compare the physiological responses to wheelchair tennis match-play when using low 
(LCB) versus standard compression (SCB) tennis balls.

Methods: Eleven wheelchair basketball players were monitored during repeated bouts of tennis 
(20 minutes) using a SCB and LCB. Graded (GXT) and peak (PXT) exercise tests were completed in 
a controlled laboratory environment. For match-play, a data logger was used to record distance and 
speed. HR was recorded to determine oxygen consumption during match-play.

Results: Significant main effects for ball revealed that total distance (P<0.05), forwards distance 
(P<0.05), and average speed (P<0.05) were higher for LCB. The LCB was associated with a lower 
percentage of total time spent stationary (P<0.001). Significantly more time was spent at a speed of 
1 to 1.49 (P<0.05), 1.5 to 1.99 (P<0.05) and 2.0 to 2.49 (P<0.05) m∙sec-1 when using the LCB. Main 
effects for physiological variables were not significant for ball or bout.

Conclusions: These data suggest that greater total and forwards distance, and higher average speeds 
are achieved using a LCB. No difference in the physiological response for ball indicates that players 
move further and faster at no additional physiological cost. The LCB may be useful for inexperienced or 
novice players, who are in the early phases of skill development within the sport.

Keyword(s): Wheelchair tennis, disability sport, low compression balls, physiological response, data 
logging.
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Lower Leg Prosthesis for Cross-Country Skiing Classical Technique
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Introduction: The project’s aim was to create an improved lower leg prosthesis adapted for cross-country 
skiing classical technique. This kind of product is not on the market today. To be able to understand the 
specifications for a new prosthesis, one male skier served as testing object and shared his experiences. 
This skier is a high-level skier using a lower leg prosthesis named Össur Vari-Flex® with EVO fitted in a 
rubber foot and a ski boot for classical skiing.

To increase understanding of the prosthesis biomechanical specification, a biomechanical symmetry 
analysis of this skier in diagonal stride (Lund Ohlsson et al, 2012) was performed. The study showed 
that the athlete had a nearly time- and force-symmetrical technique despite the left-right asymmetry in 
knee and ankle angles, especially in swing and gliding phase. The restricted angle on the left side ankle 
influenced motion especially in the forward swing phase, causing the forefoot to touchdown too early. 
The prosthesis developed in this work is an “add-on” to existing prosthesis for improving the ankle’s 
angle in forward motion.

Methods: The development of the prosthesis followed a systematic structure with elements of iterative 
design processes. The systematic structure went from planning through study of requirements 
specification and concept generation to final design. The development process was based on personal 
interviews and a 3D measurement of locomotion kinematics of the current skier (Ohlsson et al, 2012). 
The design and functionality was developed with CAD software SolidWorks to meet specifications.

Results: A variable component has been added between the residual limb and Össur Vari-Flex ®.This 
part is meant to simulate a more natural ankle movement at the forward swing of the foot. The concept 
consists of a moving spring-loaded rotating hinge that can be locked with a solenoid in the rear swing and 
locked up in the forward swing. The prosthesis is in its development stage and is still under construction, 
suggestions on design and functionality have been completed. The proposal is visualized in 3D virtual 
and as a physical prototype in plastic, but not load bearing, and without electronics.

Conclusions: A suggestion for an improved lower leg prosthesis adapted for cross-country skiing classical 
technique has been presented. The design and functionality has still to be realized in a prototype and 
verified by more than one athlete. The control system of the prosthesis has still to be developed.

Keyword(s): Equipment development, Cross-country skiing, Nordic skiing, lower leg prosthesis, 
Biomechanics.
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Evaluating the Validity of a Novel Battery of Upper and Lower Limb Coordination and Throwing 
Performance in Athletes with Hypertonia, Ataxia and Athetosis

J.G. Spathis; M.J. Connick; E.M. Beckman; S.M. Tweedy
University of Queensland, School of Human Movement Studies, Queensland, Australia

Introduction: The aim of classification in Paralympic sport is to minimise the impact of impairment on 
the outcome of competition. A classification system that achieves this aim will ensure that athletes who 
succeed are not those who are less impaired but those who have the most favourable anthropometric, 
physiological and psychological attributes and have trained them to best affect. To achieve this aim, 
evidence is required to determine how much eligible impairment types affect athletic performance. 
Paralympic throwing activities are separated into seated and ambulant events and eligible impairments 
that adversely affect coordination include hypertonia, ataxia and athetosis. Impairments of coordination 
impact on the athlete’s ability to produce the fast and accurate movements required for optimal release 
of the throwing implement.

Purpose: To evaluate 1) the validity of a battery of six upper limb and five lower limb novel coordination 
tasks compared to previously developed non-disabled normative values and 2) the strength of 
association between measures of upper and lower limb coordination and seated and ambulant throwing 
performance in athletes with disabilities (AWD).

Methods: Twenty-one athletes (seventeen male) with clinically diagnosed health conditions affecting 
coordination (mean age = 25.21yrs, SD 6.12), completed eleven discrete, reciprocal tapping and finger 
dexterity (Box and Block test) tasks requiring speed and accuracy capturing key actions relevant for 
throwing. To evaluate throwing performance, athletes threw from a custom-built chair (with and without 
an assistive pole) and also from a standing position. Independent t-tests were used to determine if a 
difference existed between genders for the coordination battery and throwing performance tests and 
to compare mean movement time between AWD and non-disabled participants. Pearson’s correlations 
evaluated the strength of association between individual coordination tests and seated and ambulant 
throwing performance in AWD.

Results: Independent t-tests indicated no significant difference between genders and further analysis 
combined males and females. AWD had significantly slower mean movement time for the upper and 
lower coordination tasks compared to non-disabled participants. Moderate relationships between upper 
limb coordination tests and seated with assistive pole (mean r=0.53) and without an assistive pole 
(mean r=0.51) were evident in AWD. For ambulant throwing upper limb coordination tests indicated 
moderate to strong correlations to performance (mean r=0.61), while lower limb coordination tests 
showed weak correlations to ambulant throwing performance (mean r=0.44).
Conclusions: Results of the experiment provide evidence that novel tests of upper and lower limb 
coordination are valid measures of impairment for Paralympic classification. The relationship between 
individual coordination tests suggests upper limb tests involving finger dexterity (Box and Block) may 
be critical to success in throwing performance compared to upper limb discrete tasks and lower limb 
reciprocal coordination tasks.

Keyword(s): Classification, Paralympic, movement time, movement accuracy, track and field.
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Developing the Paralympic Movement in West Africa: Challenges and Opportunities for Social Inclusion 
in Ghana

Y.A. Tuakli-Wosornu; F.A. Sowah
Sinai Hospital of Baltimore Department of Physical Medicine and Rehabilitation; Amputee Football 
Association of Africa

Systematically developing the Paralympic Movement in West Africa would offer clear benefits to 
select vulnerable groups within the sub-region. Data from countries at varying levels of development 
indicate that adapted sport can improve quality of life, psychological well-being and social integration. 
Specifically, constructs of mood, trait anxiety and mastery; the opportunity to acquire or resume age-, 
gender- and culture-appropriate roles including decision making; and the demonstration of productive 
behavior within healthy relationships in natural environments are enhanced through adapted sport 
programs. 

Globally, interest in and availability of disability data has expanded. This is evidenced by the 2005 
World Health Assembly Resolution 58.23, the 2011 World Health Organization World Report on 
Disability and the 2012 Paralympic Games. Such heightened awareness catalyzes the central tenets 
of Paralympism in resource-limited settings. In Ghana, national and individual athletic identities often 
outpace development indicators. Therefore, adapted sport programs of varying levels could promote 
social inclusion while enjoying cultural acceptance. National prevalence estimates show visual and 
physical impairments may be more prevalent than intellectual disabilities in Ghana. Reliable disability 
data can further clarify which specific sports would succeed. At the 2012 Sports Writers Association of 
Ghana awards, the national athlete and chairman titles were awarded to a Paralympian and an amputee 
sports chairman, respectively. This historic event demonstrates emerging public readiness to embrace 
difference, celebrate athletic prowess in para-athletes and foster inclusion through sport. 

Still, activating the Paralympic Movement in Ghana remains challenging due to cultural, physical and 
institutional barriers. Ghanaians with disabilities often experience emotional isolation, socio educational 
exclusion, cultural intolerance, inaccessible transportation and limitations of the built environment. 
Disability thus evolves into inability. Adapted sport programs can help address elements of the foregoing. 
In so doing, such programs have the potential to move Ghana closer to true social inclusion where all 
citizens may experience fulfilled potential and relationships. 

This multi-media presentation summarizes current national disability data and describes challenges 
and opportunities for the advancement of the Paralympic Movement in Ghana. As a structural point 
of departure, the review uses the three broad categories outlined by the World Report on Disability, 
attitudinal, physical and institutional, and presents facilitators and barriers to the Paralympic Movement 
in each of the three domains.

Keyword(s): social inclusion, West Africa, Ghana, paralympic movement.
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Wheeled Mobility in Sports: Time and Power Output over a 15m-Wheelchair Sprint as Measures of 
(Anaerobic) Sprint Capacity
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Objective: To investigate the relationship of time and PO outcomes on a 15m-overground wheelchair 
sprint with PO outcomes of a Wingate-like 30s-sprint on a wheelchair ergometer (WCWAnT), with the 
objective of evaluating whether the 15m-sprint outcomes could be used as alternative measures of 
wheelchair-specific (anaerobic) sprint capacity. 

Design: Non-wheelchair trained healthy subjects (10 men, 9 women, aged 18-30y) performed a 15m 
overground sprint test and a WC-WAnT. For the 15m sprint, primary outcomes were manually recorded 
time (time-15m) and mean PO over the highest 5s interval (P5-15m) as measured with an instrumented 
wheel, while secondary outcomes were mean PO over the first 3 push cycles (Pcycles -15m) and peak 
momentary PO (Ppeak-15m). For the WC-WAnT, primary outcomes were mean PO over 30s (P30-WAnT) 
and over the highest 5s interval (P5-WAnT), and secondary was peak momentary PO (Ppeak-WAnT). 
PO was unilaterally determined for the left wheel in both tests. Primary statistical analyses included 
calculation of correlation coefficients (Pearson’s r) between al outcomes of the 15m sprint and primary 
outcomes of the WC-WAnT. 

Results: Time-15m was 7.2 (±1.0) seconds and was significantly correlated to P30-WAnT and P5- WAnT 
(both r=-0.6, p<0.01). P5-15m was 38.1W (±14.0), Pcycles-15m was 46.3W (±17.0) and Ppeak-15m 
was 228.0W (±71.6); all were significantly correlated to P30-WAnT and P5-WAnT (all r=0.8, p<0.001). 

Conclusions: Time-15m seems only useful as a rough estimate of sprint capacity as measured with a 
WC-WAnT, in contrast to P5-15m, which seems to be an acceptable alternative outcome. This indicates 
that the 15m-sprint test with instrumented wheels could be implemented in rehabilitation practice and 
research settings where WC-WAnT equipment is unavailable or when the WC-WAnT is not feasible (e.g. 
too straining).

Keyword(s): wheelchair propulsion, sprint power, Wingate testing, anaerobic capacity.

Acknowledgement(s): We thank Tom Gakes and Marlies Bouma for their assistance during the 
measurements.
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Wheeled Mobility in Adapted Sports: an Ergonomics Perspective

L.H.V. van der Woude
University of Groningen, University Medical Center, Center for Human Movement Sciences

Background: ‘Performing better while staying fit’ is key to Paralympic success. This is the more so 
in upper body-based Paralympic wheelchair disciplines. Wheelchair sports and handcycling form 
an important part of Paralympic sports. Yet research among elite wheelchair/handcycle athletes 
is still scarce and our understanding is largely based on clinical research. Optimal performance in 
wheelchair sports (wheeling, basketball, tennis, rugby) and handcycling depends on many factors 
ranging from physical capacity, propulsion technique, skill, training effort, wheelchair technology, 
the interface between person and chair and its environment.

Purpose & set-up: This presentation will draw an ergonomics framework that will help develop 
our understanding on the fragile balance between physical stress, strain and capacity, including 
wheelchair technology and wheelchair-athlete interfacing, physical capacity and propulsion 
technique in (talented elite) athletes. It builds on results of recent, yet complementary research 
from clinical rehabilitation and adapted sports, and from a combined physiological, biomechanical 
and motor control perspective.

Results: Continued experimental study and monitoring of the wheelchair user-combination in 
rehabilitation and sports practice have improved wheelchair quality, fitting and provision, as well 
as understanding functional mobility over the past decades. Wheelchair quality, including the 
ergonomic fitting to the individual, plays a preventive role in musculoskeletal overuse as well as 
disuse or inactivity. In addition, the understanding of the underlying mechanisms of learning, training, 
rehabilitation, active lifestyle and sports is proven to be crucial on long term health, functioning 
and wellbeing. The ‘International Classification of Functioning, Health and Disability’ model, the 
stressstrain- work capacity model, as well as an ergonomics model that relates human-activity-
assistive technology are instrumental to guide research and practice into optimal wheeled mobility 
in adapted sports. Apart from empirical developments and innovations from within wheelchair sports 
and industry, systematic ergonomics-oriented research plays a role in wheelchair development and 
design in three important areas: (1) the vehicle mechanics, (2) the wheelchair-user interface, and 
(3) the human movement system (skill learning, work capacity). Exemplary research findings and 
practical developments in hand rim wheelchairs and handcycles are presented. 

Conclusions: An increasingly strong research effort over the past decades has provided initial 
guidelines for wheelchair design and fitting as well as a basic understanding of performance 
enhancing factors and risks for overuse problems in hand rim wheelchair and handcycling (elite) 
adapted sports. Yet, guidelines for individualized optimization of the wheelchair-user combination 
and principles of skill acquisition and training are still lacking for both the elite athlete and the 
general wheelchair user.

Keyword(s): Manual wheelchair, hand cycling, vehicle mechanics, wheelchair-user interface, work 
capacity, skill, motor learning.
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Wheeled Mobility in Sports: Skill Acquisition of Handrim Wheelchair Propulsion

R.J.K. Vegter1; C.J. Lamoth1; S. De Groot1,2; D.H.E.J. Veeger3,4; L.H.V. Van Der Woude1,5

1University of Groningen, University Medical Center Groningen, Center for Human Movement Sciences, 
The Netherlands; 2Amsterdam Rehabilitation Research Center | Reade, Amsterdam, the Netherlands; 
3Faculty of Human Movement Sciences, Research Institute MOVE, Vrije Universiteit, Amsterdam, The 
Netherlands; 4Faculty of Mechanical, Maritime and Materials Engineering, section Biomechatronics 
& Biorobotics, Delft University of Technology; 5University of Groningen, University Medical Center 
Groningen, Center for Rehabilitation, The Netherlands. 

Introduction: Both for athletic performance and daily life activities the acquisition of skill, i. e. the 
motor learning of a certain task, is essential. Better execution of a cyclic task like hand rim wheelchair 
propulsion might help to reduce energy-cost and thereby improve performance.

Purpose: The purpose of this study was to examine the initial skill acquisition of hand rim wheelchair 
propulsion to relate changes in energy cost to the propulsion technique parameters of the user.

Methods: informed consent was obtained from 73 naïve able-bodied subjects ((mean ± SD) = 22.8 
yr ± 3.6, body mass = 80.2 kg ± 11.4, height = 1.87 m ± 7 cm). They performed three 4-min practice 
blocks, separated by two minutes rest, at a low intensity of 0.20 W/kg in a wheelchair on a treadmill. 
Subjects received no specific instructions other than to stay on the treadmill using the hand rims. Data 
analysis was done over the last minute of each practice block to measure steady-state performance. 
Cardiorespiratory measurements, together with the use of measurement wheels capable of measuring 
3d-forces and torques on the handrim, were used to calculate energy expenditure, power output and 
propulsion technique parameters. For statistical analysis repeated-measurement Anova and multi-level 
analysis were used.

Results: At a fixed power output the energy expenditure reduced over the three practice blocks, 
leading to a significantly higher mechanical efficiency (from 4.8 to 5.2 to 5.5%). Propulsion technique 
parameters also changed. Push frequency reduced (from 73 to 66 to 62 push/min), contact-angle 
increased (from 55 to 60 to 64 º), work/push increased (from 8.54 to 9.20 to 9.62 J) and the amount of 
negative work/cycle decreased (0.83 to 0.67 to 0.51 J). From the multilevel analysis it was shown that 
contact angle, percentage negative work per cycle and frequency related significantly to mechanical 
efficiency, together explaining 49% of the variance in mechanical efficiency. 

Conclusions: Over the first 12 minutes of practice the naive able-bodied subjects reduced their energy 
cost while performing the same task. The direct changes in propulsion technique relate to the increased 
efficiency. Different from earlier studies the adaptations that have been found over longer practice 
periods have now been shown to already start changing directly within the first minutes of practice. For 
Paralympic sports using a handrim propelled wheelchair an increased focus on propulsion technique 
might benefit performance.

Keyword(s): handrim wheelchair propulsion, Skill acquisition, mechanical efficiency, propulsion 
technique.
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Autonomic Cardiovascular Control in Paralympic Athletes with Spinal Cord Injury

C.R. West; S.C. Wong; A.V. Krassioukov
International Collaboration on Repair Discoveries (ICORD), University of British Columbia (UBC)

Introduction: Disruption of autonomic control after spinal cord injury (SCI) results in lifethreatening 
alterations in blood pressure control (orthostatic hypotension [OH] and autonomic dysreflexia) and 
impaired endurance performance; hence, an improved ability to recognize those at risk of autonomic 
disturbances is of critical clinical and sporting importance.

Purpose: The purpose of the current study was to assess the effect of lesion level, along with motor, 
sensory, and autonomic completeness of injury, on cardiovascular control in Paralympic athletes with 
SCI.

Methods: 57 Paralympic athletes from 14 countries with chronic SCI (C2-L2) volunteered to participate in 
the study and provided written informed consent. All measurements were made during the London2012 
Paralympic games. Motor and sensory completeness of injury was assessed according to the American 
Spinal Injury Association Impairment Scale (AIS). Autonomic completeness of injury was assessed via 
sympathetic skin responses (SSRs). Cardiovascular control (OH) was assessed via the change (delta) in 
systolic blood pressure (SBP) between supine and seated positions. Data are reported as mean ± SD.

Results: Athletes with cervical SCI exhibited a lower seated SBP and the most severe OH compared to 
those with thoracic SCI (delta SBP = −14 ± 6 [C3-C5], −10 ± 8 [C6-C8], −3 ± 5 [T1-T5], −2 ± 6 [T7-L2] 
mmHg, p < 0.025). There were no differences in cardiovascular function between athletes with different 
AIS grades (p > 0.96). Conversely, those with the lowest SSR scores, and therefore most autonomically 
complete injuries, exhibited the lowest seated SBP and most severe OH (delta SBP = −18 ± 14 [SSR 
0-1], −3 ± 7 [SSR 2-3], 0 ± 6 [SSR 4-5] mmHg, p < 0.002). There was no relationship between motor/
sensory completeness of injury and autonomic completeness of injury (p = 0.24). Linear regression 
demonstrated that the addition of autonomic completeness of injury to lesion-level alone significantly 
improved the ability to identify those at risk of OH by ~20% (p = 0.045).

Conclusions: We demonstrate for the first time a combination of lesion-level and SSR score provides 
the optimal combination of assessments to identify those at risk of abnormal cardiovascular control 
and impaired endurance performance. We advocate the addition of autonomic testing to the sporting 
movement to help ‘level the playing field’ for Paralympic athletes and prevent a potentially life threatening 
cardiovascular event related to SCI.

Keyword(s): Tetraplegia, paraplegia, exercise, blood pressure, sympathetic skin response.
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Analysis of Table Tennis Specific Tests for Players with Intellectual Impairment

S.K. Wu; N. Verspeelt; A. Burchell; J. Stefak; T-F. Song; Y-C. Chang
ITTF; National Taiwan University of Physical Education and Sport 

Table tennis (TT) players with intellectual impairments (II) have been included in the 2012 Paralympic 
Games. However, no research study has analyzed the credibility of the current TT specific classification 
system for players with II in order to maintain the fairness of competition. The purpose of this exploratory 
study was to analyze the performance of the TT specific tests for players with II. Data of 87 TT players with 
II including 56 male and 31 female players were collected in the major international TT championships 
from 2011 to 2012. Three parts of TT testing results (i.e., service, return service, and basic table tennis 
skills and control) in classification and training information of players were analyzed. Results showed 
that 73 players with II were clearly classified as eligible players just through the TT specific test using 
the cut-off points proposed in the current ITTF classification manual. Fourteen players needed to 
attend the advanced test in order to confirm their classification. Finally, 6 players were in borderline 
and 2 players were not eligible after the confirmation of the advanced test and observation during 
competition. Based on the results of this exploratory investigation, the current classification system 
for most players with II was generally valid and effective because most players with II can be clearly 
classified without difficulties. However, the TT specific test may need to be fine-tuned in the future, 
especially in the slight adjustment of the cutoff points for borderline players. We recommended that 
the longitudinal monitoring the borderline TT players is needed and so the TT classification system for 
players with II can be evaluated with more scientific evidence.

Keyword(s): Intellectual impairment, table tennis, classification process, 3S & 3C principles.

Acknowledgement(s): KUL, ITTF, National Taiwan University of Physical Education and Sport.
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Influence of Non-Circular Chainrings on Physiological Parameters in Handcycling

S. Zeller; T. Abel 
Institute of Movement and Neurosciences, German Sport University, Cologne, Germany

Introduction: A handycle is a three-wheeled cycle powered by arms, which is especially constructed for 
disabled persons who are not able to walk, for example for those with spinal cord injuries. Since 2004 
(Athens) handcycling is part of the paralympic games. Beside specific exercise testing and scientific 
based training programs, the development of the handcycle is part of scientific research.

Purpose: The purpose of this study was to examine the influence of non-circular chainrings on 
physiological parameters in comparison to conventional circular chainrings.

Methods: The present study included twelve male able bodied participants (22 to 30 years old) with 
good performance level of the upper extremities (size: 184.08 ± 3.99 cm, weight: 77.13 ± 7.02 kg; 
mean ± SD). The subjects first completed an incremental exercise test until exhaustion, which allowed 
the calculation of the metabolic load according to a lactate concentration of 4 mmol/l. On the second 
and third test day, two 20-second isokinetic maximal sprint tests “all out” were performed before 
and after a 20-minute (intensity according to 4 mmol/l) endurance test. Here, circular (SHIMANO 
CORP., Japan) and non-circular chainrings (ROTOR BIKE COMPONENTS, Spain) were used randomly. 
During the 20-second isokinetic maximal tests maximum and average power were measured. The 
20-minute endurance tests included additional measurements of heart rate, oxygen uptake, carbon 
dioxide production, respiratory exchange ratio and crank frequency. Blood was taken from the subjects 
earlobe after the sprint and during the endurance tests to determine the blood-lactate concentration. 
Furthermore, the subjects’ perceived exertion was noted.

Results: The t-tests revealed a significant difference for maximum power circular (472.62 ± 81.45 
W) and non-circular (502.5 ± 101.19 watts) chainrings at the first 20-second sprint test (p = 0.01 *). 
The evaluation of the Borg-scale values showed a significant difference in perceived exertion after 20 
minutes. From a subjective point of view, the riders evaluated the use of a non-circular chainring as 
less demanding (p = 0.04). After 10min. there were no difference in subjective perceived exertion. 
Comparing the average of all 20-second tests it can be outlined that the subjects achieved 493.10 
W with non-circular and 472.07 W with circular chainrings. However, no significant differences were 
found.

Conclusions: Focussing on physiological parameters a performance optimization using noncircular 
chain rings in a handcycle was demonstrated for sprint performance.

Keyword(s): handcycling, non-circular chain rings, handcycle optimization, performance test.
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#1
New Wheelchair Ergometer for Physical Evaluation and Training – Electronic Systems and Methodology

S.A.A. Vieira1; C.A. Araújo1; C.A. Gallo1; M.M. Souza1; S.S. Santos2; S.N. Batista3
1Faculty of Mechanical Engineering, Federal University of Uberlândia, Uberlândia, Brazil; 2Faculty of 
Physical Education, Uberlândia, Brazil; 3Alphamix – Technology for movement

Introduction: Recently, Brazil has shown a great improvement over the years in the Paralympic Games 
and sports related to them. According to the literature, there’s a great need for methods, processes 
and equipments for physical capacity evaluation related to sport that, today, are derived from tests for 
abilities. Those are questionable for the lack of adaptation to the motor gesture executed by disabilities. 
According to this, a prototype of an ergometer was designed and built in the Mechanical Projects 
Laboratory/UFU, that is now in its second version called ERGO1 (Figure 1). Innovative related to ERGO1 
is based on respects the specificity of movements and allows the physical evaluation of disabilities. 
 
Purpose: The purpose of this work is to present the electronic devices developed for this new prototype, 
as well its application and a new way to evaluate the physical capacity. 

Methods: An electromagnetic brake combined with a generator for self-powering was used to generate 
the propulsion resistance. This device is located under the seat and is controlled by computer. 

Aiming to provide better comfort for the user, the seat has a load cell in its structure for automatic 
acquisition of the user’s weight. To provide power and amplify the signal obtained resulting in a more 
stabilized one, an electronic circuit was made.

For the calculation of the power generated during the exercise, as well its energy and fatigue index, 
acquisition of the torque values was executed through a torquimeter built using extensometers.

Static and dynamic calibrations for all these systems were made using standard masses for the load 
cell and static torque and a motor connected to a frequency inverter for the dynamic torque. To control 
all these features and evaluate the user’s physical capacity, a computer program was developed in 
LabVIEW platform.

Acquisition was made with a National Instruments board. Using the energy and fatigue index signals, 
a new procedure to evaluate the physical capacity was created. Protocols used for testing were the 
Wingate and incremental tests. 

Results: Previous results indicated that the new static and dynamic calibrations were more accurate, 
making it possible to identify during the protocol execution a loss of power and energy. A linear drop 
tendency of the physical capacity through the new analysis proposed was observed, which may indicate 
to the evaluator rate and time of fatigue related to exercise load. 

Conclusions: Calibration processes proved to be effective and accurate. Control software developed is 
friendly for new users and allows easy extraction of data. New system resistance levels are needed. New 
method proposed for physical evaluation is promising. 

Keyword(s): ergometer, physical conditioning, para-athletes, electromagnetic brake, wheelchair users.
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#3
New Wheelchair Ergometer for Physical Evaluation and Training – Design and Tests 

C.A. Araújo¹; S.A.A. Vieira1; L.S. Oliveira1; A.M. Costa2; J.E. Arruda Neto2; D.V. Novais3 
1School of Mechanical Engineering, Federal University of Uberlândia, Uberlândia, Brazil; 2School 
of Physical Education, Uberlândia, Brazil; 3Association for Assistance to Disabled Children-AADC, 
Uberlândia, Brazil

Introduction: An efficient method to improve health and inactivity is through sports practicing. Muscle 
force and bodily composition are important evaluation sources to assessment the physical capabilities, 
mainly to disabilities. For example, testing for trunk musculature and upper limbs are made to measure 
the power in disabilities. In general, the specific evaluation of this physical conditioning uses an arm 
ergometer or modified wheelchair linking the wheels to the ergometer bike. In advance cylindrical rollers 
have been used for these testing. But, in general, the disadvantage is that the traditional equipment is 
expensive and impractical to using in training centers. Moreover, equipment designed that uses the 
similar motor gesture (Fig. 1) can be well applied for training and evaluation of physical conditioning 
of Paralympic athletes. So, the development of new equipment dedicated to disabilities related to the 
obtaining of physical conditioning is an important approach. 

Figure 1: Propulsion loop with impulse and recovery phases. Source: Kwarciack et al. (2009).

Purpose: The aim of this study is the developing of a new wheelchair ergometer applied to evaluate the 
physical conditioning and training of disabilities especially Paralympic athletes. 

Methods: A wheelchair ergometer prototype was developed to apply anaerobic tests (Figure 2). 
Structural parts were designed with anthropometric measurements and manufactured to a seat 
using a procedure similar to the wheelchair movement. The resistance module was designed using 
an electromagnetic system coupled to the wheel. Torque and speed signals were measured through 
torquemeter and non-contact sensors. A Labview program was developed to evaluate the conditioning 
physical. After tests, a second version of wheelchair ergometer was proposed aiming to optimize 
structural parts making it more compact with new coupled systems. The new propulsion structure 
module has an additional inertial flywheel and the electromagnetic resistance system was mounted 
inside that propulsion module. Aiming to provide better comfort for the user, the seat has a load cell in 
its structure for automatic acquisition of the user’s weight. So far some tests to evaluate the physical 
conditioning were developed using the wheelchair ergometer prototype made in 03 volunteers without 
disabilities. 
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Figure 2 – Wheelchair ergometer “erg01” designed at the Mechanical Projects Lab.

Results: Considering the structural finite element model, it was noted the 56,6 Mpa Von Mises stress 
critical value. This value is lower than the yield limit of material (280 Mpa), shown in figure 3. Table 1 
shows the absolute power for the 03 volunteers had 500 to 1900 W during Wingate test. All energy 
signals variations shows a maximum in 20 s with 52% mean fatigue index. Figure 4 shows the absolute 
power measured in real time using Labview program. 

 

Figure 3 –Von Mises stress in Structure of ERG01 for a specific seat positioning.
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Figure 4 – Absolute power for the M.P.S. volunteer during wingate test. 

Max Min Max Min Max Min Max Min
M.V.G. 522,5 383 11,4 8,3 481,6 165,9 10,5 3,6
M.P.S. 1908,1 466,7 31,8 7,8 1677,5 127,9 27,9 2,1

Abs. Power (W) Rel. Power (W/Kg) Mean Energy (J) Rel. mean Energy (J/Kg)
Volunteer

Table 1 – Power and energy measured using Wingate tests. 

Conclusions: The new wheelchair ergometer has less weight being more compact with electromagnetic 
energy compatible to disabilities. It is possible use the Wingate and Incremental test for physical 
conditioning evaluation. New procedures were introduced to measure physical conditioning through 
mean energy and fatigue Index. 

Keyword(s): Wheelchair ergometer, physical conditioning, Paralympic athletes, Biomechanical 
engineering. 
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#4
Analysis of Relationship between Strength and Speed in Athletes with Visual Impairment and Guides 
Participants of Athletics Brazil Paralympic Team

R.A. Barros1; I. Loturco 2; M. Túlio de Mello1; C. Winckler1,2,3

1Universidade Federal de São Paulo, Brazil; 2Núcleo de Alto Rendimento – Grupo Pão de Açúcar, Brazil; 
3Comitê Paralímpico Brasileiro

Introduction: Athletes with visual impairment (VI) are designated for classes T11-13 for the athletics 
classification system. However the conventional rules are adapted only for athletes in classes T11-T12, 
allowing the use of a guide, to direct them spatially. Among the physical abilities involved in athletics 
strength and speed has proven relevant in the final performance of athletes, Researchs shows no 
relantionship between isokinetic force and speed. However, the literature review shows no studies that 
demonstrate this relationship between force and speed in athletes with VI practiced athletics. 
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Purpose: Analyze the relationship between force and speed in VI and guides.

Methods: This population was divided into two groups, the VI group with 10 athletes, 4 male and 6 
females, classes T11/12 and G group with 10 guides both members of the Brazilian Team. Groups 
perform assessment of muscle strength in the Centro de Estudos em Psicobiologia e Exercício- CEPE 
in a computerized isokinetic dynamometer Biodex. In which was evaluated the measured the absolute 
peak torque (APT) of the Rigth (R) and left knee extensors and flexors at 60,180 and 300°/s performing 
respectively 5, 10 and 15 repetitions for each speed. After that we calculated the relative peak torque 
(RPT). The speed evaluation was executed at Nucleo de Alto Rendimento Grupo Pão de Açúcar/NAR-
GPA, through a test speed test of 50m, within a time system of photocells SmartSpeed,. The sensors 
were positioned at 00, 10, 30 and 50m on the track, to record the time. The variables were analyzed 
using the SPSS 20, the nonparametric Wilcoxon test was used to compare variables and the Pearson 
correlation coefficient was used, the level of significance was 5%.

Results: 

60°/s

180°/s

300°/s

APT VI (N.m) APT G (N.m)

R Extensor R Flexor R Extensor

192,2 ± 63,3 98,9 ± 21,8 251,3 ± 46,1

142,7 ± 33,0 90,4 ± 23,5 181,6 ± 16,2

119,1 ± 28,2 91,2 ± 26,0 148,8 ± 13,4

Table 1: Results of Absolute Peak Torque

VI

0-10 m 6,090 ± 0,27 6,393 ± 0,21

10-30 m 7,996 ± 0,45 8,939 ± 0,28

30-50 m 8,547 ± 0,53 9,697 ± 0,41

SPEED

G

Table 2: Results of speed (m/s)

The values of APT at 60,180,300°/s for R knee extensors of VI correlated with speed at distances of 
10-30 m (r=0,765; 0,732; 0,697) and 30-50 m (r=0,736; 0,745; 0,685) and APT 300º/s R flexors of VI 
correlated with speed at distances 10-30 m (r=0,697) and 30-50 m (r=0,671). The values of RPT (N. m/
Kg) at 60º/s for R knee extensors of VI correlated with speed at distances of 10-30 m (r=0,662) and 30-
50 m (r=0,647). G showed APT significantly (p≤0,05) greater than VI for R knee extensors and flexors. 
G are significantly (p≤0,05) faster than VI only in sections 10-30 and 30-50m. 

Conclusions: These athletes with VI require improvements in their top speed and show a correlation 
between strength and speed in the opposite leg just beside where the guide is located, exactly at the 
time they lose performance in relation to G. This might indicate the low use of stretchshortening cycle on 
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this leg during the race, harming the VI Top Speed performance when this has decreased its efficiency 
to accelerate in relation to G after the distance of 10 meters.

Keyword(s): athletics, strength, speed.
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Chair of Shot Put Designed to Paralympic Athletes

E.D. Bonifácio1; C.A. Araújo; S.S. Santos1; M.V. Guimarães2; R.J. M. Borges2
1School of Mechanical Engineering, Federal University of Uberlândia, Uberlândia, Brazil; 2School of 
Physical Education, Uberlândia, Brazil

Introduction: In various modalities of Paralympic sports there are still shortages of methods, processes 
and equipment. In some of these modalities the functional class allows the athlete to use special 
equipment. In sports related to the shot put, in general, a special chair adapted to the athlete is used. 
Studies show that ergonomic chair structure is extremely important for the performance of the athlete, 
since the attention must be directed on the technique of the sport instead of the balance during the 
throw. Furthermore, the chair must be safe and comfortable. 

Purpose: The aim of this work is to design and build an adapted chair for paralympic athletes in shot 
put that is low-cost, modular, safe, and provides maximum efficiency with the objective of supporting 
the improvement of the athlete’s performance.

Methods: Through anthropometric data of a volunteer athlete of shot put, a structural design of a 
chair prototype was developed. This prototype was evaluated using a finite-element method. This first 
prototype was then tested to evaluate its performance and determine which part could be modified 
and optimized aiming to improve characteristics such as stability, safety, comfort, modularity and also 
facilitate the transport. The new structure of the chair was designed with interchangeable modules of 
seat, leg and foot positioning and also a fixing base manufacture in carbon fiber. 

Results: The prototype analysis using the finite element method, considering a of 8.0 kgf weight showed 
that maximum strain and stress correspond to 42 MPa and 0.02%, respectively. These stress levels are 
below the yield strength of steel (400 MPa) which was the material used in this first prototype. The 
distances achieved by throwing the weight made by a volunteer with the first prototype showed that 
the structure of the chair was well adapted to his leg which achieved good throw indexes (12, 35 m). 
In this first evaluation it was noted that the chair provides good stability and was found that parts of 
the structure could be modified considering the project of shot put. A new finite element model was 
developed with the new structure and this model included an optimization of the first prototype using 
modular mountable parts.

Conclusions: A shot put chair was design and built to be used in Paralympic sports. The original structure 
was tested by a volunteer and showed good stability during the throw. Through this initial study, a new 
structure, modular and lighter was designed and evaluated numerically for finite elements and initial 
tests showed that safety and stability conditions can be reached during the throwing the shot following 
the recommendations for F58 functional class.

Keyword(s): chair of shot put, paralympic athletes, finite elements, biomechanical engineering.
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#11
Pulley System to Assess Resistive Power during Manual Wheelchair Propulsion on a Treadmill

B. Crespo-Ruiz; Á. Gil-Agudo; M. Solís-Mozos; E. Pérez-Rizo; B. Peñasco-Martin; A. Del-Ama
Biomechanics and Technical Aids Department. National Hospital of Spinal Cord Injury of Toledo. Spain

Introduction: When a researcher wants to assess wheelchair athletes on a treadmill, the way to know 
and to control the resistive power (P) during a wheelchair propulsion test, is always a difficult task. 
The main objective of the study was to design and implement on the treadmill a pulley system that by 
imposing loads (Kg), allows knows to control and adjust he P drive during wheelchair propulsion.

Methods: A total of 14 participants (n = 14) aged between 18 and 45 years old took part in the study. 
All testing was performed on the same motorized treadmill with a load cell implemented and adapted 
to wheelchair size. All subjects used the same wheelchair Invacare ® Action model 3. We incorporated 2 
wheels with undeformable plastic covers. The variables obtained the friction developed by the complex 
subject-wheelchair-security on a treadmill (coefficient friction) and P, as the amount of work per unit of 
time that the athlete performed during wheelchair propulsion. From this data, we calculated the speed 
necessary to adjust the P to 20W, in order to standardize the starting point for everybody and the load 
necessary to perform P increments for 5W on the pulley system.

Results: We present the individual results for each subject and the speeds and loads required to set P 
at 20 W as a starting point for all our athletes. The standard deviations showed that the adjustments 
needed did not exceed more than 0.2 km • h-1 and 0.2 Kg among subjects. The data showed that 
the total P performed during wheelchair propulsion is more sensitive to changes in the weight of the 
complex subject-wheelchair-security than the coefficient of friction with respect to the treadmill.

Conclusions: Thanks to the mathematical algorithm created and implemented in our lab setting 
(treadmill and pulley system), the person interested in making both biomechanical and physiological 
analysis during wheelchair propulsion on a treadmill, could know, control and adjust the P drive during 
wheelchair propulsion. Using the pulley system, the professional could design the same exercise 
protocols with the same workload for different athletes during wheelchair propulsion on a treadmill.

Keyword(s): Biomechanics, Wheelchair Propulsion, Resistive Power, Treadmill, Technology.
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Wheeled Mobility in Sports: the Development of a Wheelchair Propulsion Lab

S. de Groot1,2; R.J.K. Vegter2; C. Vuijk3; F.W. van Dijk2; L.H.V. van der Woude2,4

1Amsterdam Rehabilitation Research Center | Reade, Amsterdam, The Netherlands; 2Centre for 
Human Movement Sciences, UMCG, University of Groningen, The Netherlands; 3Motion Matters, The 
Netherlands; 4Center for Rehabilitation, UMCG, University of Groningen, The Netherlands

Introduction: Wheeled mobility is worldwide of crucial importance to a growing population of lower-
limb impaired and often ageing individuals. The vast majority in the Western world will use hand rim 
wheelchairs. Upper-body exercise – especially hand rim propulsion - is far more straining and less 
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mechanically efficient than leg work. To obtain and maintain mobility, develop an active lifestyle or 
perform optimal as an elite wheelchair athlete, both wheelchair and user must have the best condition, 
while the wheelchair-user interface needs to be ergonomically tuned to the best wheeling performance. 
Till today, wheelchair fitting is a personalized professional skill that has little scientific foundation.

Purpose: The objective of this project was to implement a systematical analysis of the propulsion 
technique, the wheelchair-user interface as well as the wheelchair mechanics analogous to gait analysis.

Methods: In the wheelchair propulsion lab today’s ambulant instrumented measurement wheel 
(Optipush) will support systematic monitoring of the individual wheelchair fitting process. To monitor 
these processes standardized tests will be performed such as steady-state propulsion on a treadmill. 
Force and torque application will be measured by the Optipush, while the physical strain will be measured 
by the oxygen uptake, heart rate and mechanical efficiency (ME).

Results: A pilot study showed that at 25% tire pressure a higher power output and subsequently VO2 
was found compared to 100% tire pressure. Furthermore, a higher tire pressure led to a longer cycle 
time and contact angle and subsequently lower push frequency. Extra mass did not lead to an increase 
in power output, physical strain or propulsion technique during steady-state propulsion. To discuss 
individual wheelchair fitting results with patients and clinicians or wheelchair athletes and coaches, it 
will be helpful to show video recordings simultaneously with force and torque signals. Therefore in the 
near future, software, built for gait analysis purposes, will be adapted to enable synchronously viewing 
of video and concurrently acquired signals (e.g. push rim forces, but electromyograms (EMG) and joint 
angles are also possible to visualize).

Conclusions: Based on these pilot results, commercial instrumented measurement wheels can help 
support the systematic monitoring of the individual wheelchair fitting process in rehabilitation and 
wheelchair sports.

Keyword(s): wheelchair, force application, timing.
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Functional Classification of Athletics in Paralympic School Games: a Sample of the Four Editions

P.S. de Freitas1; R.C. Montelli2; P.F. Mehl3; S.S. dos Santos3; J.P.C. Souza3; A.L. Gomes3; A.L.V. de 
Souza3; D. Parizotto3; L. Moreira3; M.M. Miranda3; M. Trombini3; R. Pereira4; J.P. Soares5; J.M. Patatas5; 
A. Martins da Costa5; A.F. Partelli de Mello5
1Head of Functional Classification of Athletics Athletics (Brazilian Paralympic Committee; 2Coordinator 
of Athletics Functional Classification; 3Athletics Functional Classifier; 4Coordinator of Paralympic 
Sports; 5Brazilian Paralympic Committee

Introduction: The Paralympics School Games purpose to improve the participation of students with 
physical, visual and intellectual disabilities in sports of whole schools of the Brazil that it has recognize 
by the Brazilian Ministry of Education, promoting a mobilization around the sport. On the paralympics 
sport the functional classification has the objective to take more fair and balanced competition. 



VISTA2013 Scientific Conference
Free Communications - Posters

I  86  I

Purpose: Perform a statistical survey referring to gender, to functional class and pathologies of physical 
disabilities on the students who participated in four stages of the Brazilian Paralympic School Games. 

Methods: We analyzed 249 students with ages ranging from 12 to 19 years-old, which had functional 
classification by national panel in Paralympics School Games in the years 2007, 2009, 2010 and 2011. 
The survey was conducted from the information contained in the “Classification Cards”.

Results: During the Paralympic School Games in 2007, only 25 athletes were classified. In the following 
years, that number increased significantly reaching 116 athletes in 2011 which shows an increase of 
364%. Regarding the gender, in the first year of the series, male athletes accounted for 67% of all new 
competitors, and on 2007 the edition of the games the proportion of females reached 47%. In spite of 
the reduction of gender disparity in absolute numbers, the lowest proportion of female athletes was 
observed among competitors with cerebral palsy in a wheelchair (class T/F32 to T/F34), which means 
only 11% of the total class. The biggest numbers of athletes (52%) were classified in class T/F 35 to T/
F38. Only seven individuals were classified with dwarfism - class F40, representing less than 3%. In all 
four competitions, 80 athletes presented amputations, spinal cord injury and “les autres” (class 40 and 
50). From these 80 athletes, 17 were classified to track events in wheelchair (class T52 to T54), 24 to 
field events in chair (class F52 to F58) and 39 were able to compete in track and field without the use 
of assistive devices (class T/F42 to T/F46). The perceptual number of ineligible athletes was 6,2%. 

Conclusions: The significant and consistent increase in the number of new registered athletes in 
competition as well as the reduction of gender disparities could be observed. The large proportion of 
athletes with cerebral palsy confirms that this is the predominant pathology during childhood, although 
it may also indicate the need for stimulating inclusion of athletes with other types of physical disabilities.

Keyword(s): Functional classification, Paralympics Athletics, Paralympics School Games.
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#21
The Functional Classifiers Training in Brazil

P. Silvestre de Freitas1,3; A.M da Costa1,3; R. de Cássia Montelli2; J. Pereira Soares2; Jacqueline Martins 
Patatas1,2

1Brazilian Paralympic Academy; 2Brazilian Paralympic Committee; 3University of Uberlandia

Brazil initiates the deployment of functional classification in 1990, with only two internationally trained 
professionals to perform the classification until 1996 and during this period, the major difficulty was 
the access to the process of training new professionals. With the fast development of Paralympic 
sport in its organizational aspect, administrative and technical level of growth of individual athletes 
and competitions, we realized that how important is following these developments. We can observe a 
significant increase of participants and the consequent need of training nationally and internationally 
classifiers. This claim is justified by the growth of athletes participating, where we observed an increase 
of 130% new in athletics and athletes who needed new classification, and 42% in reclassifications to 
conform to the profiles. In swimming, the growth of new athletes was 74% and 47% of reclassifications.

Based on these data and in order to continue the growth of Paralympic sport in Brazil it can clearly 
demonstrate the huge need to invest in training, qualification and updating of classifiers, especially 
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considering the organization and realization of the Paralympic Games in Brazil in 2016.Thus, the 
Brazilian Paralympic Committee through the Paralympic Academy, has been organizing and conducting 
systematically training courses for new classifiers functional and ophthalmological on national and 
regional level.

The training of new classifiers is accomplished through courses with a workload of 100 hours during 
the realization of the stages of the Nationals and regional’s Competitions, with theoretical classes on 
the history of Paralympic sport, their organization and structure in Brazil and worldwide, general ethical 
aspects of classification, biomechanics of sports, profiling a classification of classes and practices, 
where students participate in all stages of the classification under the guidance and evaluation of the 
Brazilians classifiers. Finalizing the training process and according to their performance evaluation the 
students receive license to works as regional classifiers.

In this perspective, the Brazilian Paralympics Committee has graduated 10 new classifiers athletics, 12 
new swimming classifiers, 3 new fencing classifiers, 4 new classifiers ophthalmological, thus enabling 
all competitions in the country has the professional classification team.
 
Keyword(s): Functional Classification, Training Process, Paralympic Sports.

Acknowledgement(s): Brazilian Paralympics Academy, Brazilian Paralympic Committee, University of 
Uberlandia.

#26
Psycho-Social Effects of an Intensive Competitive Boccia Training Program Compared to Recreational 
Boccia Training and no Training in Persons with Severe Chronic Disability

Y. Hutzler1; N. Mendoza Laiz2,3 ; M. Gutierrez3
1The Zinman College for Physical Education and Sport Sciences, Israel; 2The University of Toledo, Spain; 
3State Reference Center of People with Severe Physical Disabilities (IMSERSO), Spain

Introduction: Since the 1980s Boccia had been adapted to become a sport game for persons with 
severe physical disability, specifically those who have significant limitations of both their lower and 
upper limbs (such as those with cerebral palsy, neuromuscular diseases and multiple sclerosis). In 2010 
this game was practiced in more than 40 countries worldwide, with 88 players invited to participate in 
the 2012 London Paralympics. The game requires physical as well as psychological capabilities that 
are important not only for the sports, but also for daily functioning of persons with disabilities. The 
purpose of this study was to analyze the effects of an enhanced Boccia training program on quality of 
life, self esteem, anxiety and mood states, compared to a recreational Boccia training program and to 
no specific physical activity training, in residents of a Spanish State Referral Center for persons with 
severe chronic disabilities.

Method: A prospective cohort study was designed, with a convenience sampling procedure. Participants 
included 45 residents: 16 in a competitive training cohort (CT), 14 in a recreational training cohort (RT), 
and 15 in a no training cohort (NT). Data from the World Health Organization Health Related Quality 
of Life scale (HRQOL), Rosenberg’s Self Esteem scale (SE), Spielberger’s State Anxiety Inventory (SAI) 
and the Profile of Mood States (POMS) were obtained prior to and following a training period of four 
months performed in the training cohorts. Data were analyzed using ANCOVA corrected for function, 
measured via the Barthel Index. 
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Results: Significant group-by-time interaction was obtained in the SAI, where the CT cohort was 
significantly different than the other two groups in reducing state anxiety. The POMS fatigue subscale 
decreased in the non-competitive cohorts while remaining stable in the competitive one, but this trend 
did not reveal significant group by time interaction. An important finding was that, a significant increase 
in depression was characterized in all cohorts.

Conclusions: The implications of these findings indicate some psycho-social effects of the intensive 
Boccia training compared to the other groups, including the reduction of anxiety while competing. The 
implications of this outcome for sport training and everyday life should be further studied. 

Keyword(s): Boccia; strength training; psychological tests; intervention.
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Wheeled Mobility in Sports: Hand-Rim Forces and Gross Mechanical Efficiency in Asynchronous and 
Synchronous Wheelchair Propulsion: a Comparison

J.P. Lenton; L.H.V. van der Woude; N.E. Fowler; K. Tolfrey; V.L. Goosey-Tolfrey
Peter Harrison Centre for Disability Sport, Loughborough University, UK; Centre for Human Movement 
Sciences, UMCG, University of Groningen, the Netherlands; Department of Sport & Exercise Science, 
Manchester Metropolitan University, Crewe, UK; Peter Harrison Centre for Disability Sport, Loughborough 
University, UK; Peter Harrison Centre for Disability Sport, Loughborough University, UK

Introduction: Several Paralympic court sports are available for individuals with a spinal cord injury or 
lower limb disability. Despite no clear physiological benefit reported in adopting an asynchronous (ASY) 
propulsion mode to the traditional synchronous (SYN) mode, it has been employed during everyday use 
and also seen in the recovery phases of wheelchair tennis/basketball game play. This aforementioned 
topic in addition to understanding the force production during handrim propulsion of these two modes 
under different frequency manipulations would appear to be important to examine, particularly with the 
suggested benefits of lower push frequencies by clinical biomechanists.

Purpose: To compare the force application characteristics of ASY and SYN hand-rim propulsion under 
different frequency conditions.

Methods: Eight able-bodied participants completed both ASY and SYN propulsion modes in a series of 
five, 4-minute exercise blocks at 1.8 m/s on a roller ergometer; initially at their freely chosen frequency 
(FCF), followed by four counter-balanced trials at 60, 80, 120 and 140% FCF. Kinetic data was obtained 
using a SMARTWheel, measuring forces and moments. The gross efficiency (GE) was determined.

Results: The ASY mode produced significantly higher force measures and FEF (P < 0.05); no significant 
effect on GE. For pair-matched push frequencies (ASY80:SYN60, ASY100:SYN80, ASY120:SYN100 and 
ASY140:SYN120), ASY forces remained significantly higher (FRES, FTAN & rate of force development 
P < 0.05); no significant effect on GE. Both ASY and AYN modes demonstrate similar trends; changes 
in push frequency are accompanied with changes in absolute force even without changes in the gross 
pattern/trend of force application, FEF or GE. Matched push frequencies also produced significant 
differences in force but not GE.
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Conclusions: The ASY propulsion appears to be the predominant factor in force application differences 
and offers no kinetic or physiological advantage under current testing conditions. The rate of force 
development remained significantly higher in ASY propulsion which could be important in relation 
to the risk of injury for wheelchair users, coaches or rehabilitation practitioners looking to utilise an 
ASY propulsion mode, as well as the combined effect of push frequency changes. Understanding 
how individuals apply forces to the hand-rim together with the effects of propulsion mode and push 
frequency could be important for determining intervention strategies in activities of daily life and 
sporting situations. Particular attention should be made as initial findings could help contribute to 
reducing the levels of force exerted on the upper extremity when working with a wheelchair user.

Keyword(s): Push frequency, SMARTWheel, Fraction of Effective Force, Gross Efficiency, Wheelchair 
Ergometry.

Acknowledgement(s): Prof. Martin Ferguson-Pell and Dr. Graham Nicholson (formerly ASPIRE University 
College London).

 
#36
Technical Development of an Adaptive Sports Ankle Prosthetic Component as an Aid for the Lower 
Leg Amputee Equestrian Paralympics’ Rider to Achieve Optimum Balance and Alignment

D.K. Lyle
Adaptive Sports Ankle Prosthetics, The Woodlands, Texas, USA

The most important aspect of achieving Equestrian Dressage performance excellence is maintaining 
postural alignment in the saddle and stirrup. Dressage, in essence, is the classical ballet of equestrian 
training encompassing a relationship of precision control of the human frame in coordination with the 
precision movements of the horse. The rider’s control of his/her body and center over the horse’s center 
of gravity provides the optimal pathway for communication and cooperation between horse and rider. 

The objective of the multi-axis ankle is to provide the rider with angular flexibility in a three dimensional 
orientation, thus obtaining the balance of weight and pressure in the saddle seat and stirrups required 
to establish correct postural alignment, such that the rider’s center of gravity passes directly through 
and works in conjunction with the horse’s. 

Proper body angulations are what establish the contact between horse and rider. The ideal riding 
position is with the body weight evenly distributed over the centerline of the foot, with the ball of the 
foot flat on the stirrup iron with heel slightly lower; the foot transversely rotated in the same plane as 
the femur. It is critical the rider keep even pressure across the foot, rather than pushing on the inside 
or outside of the stirrup iron. 

Incorrect distribution of the rider’s weight may cause a miscommunication between horse and rider, 
may disturb the horse’s balance and rhythm, thus creating a less than desired performance or an unsafe 
situation.

The adaptive sports ankle prosthetic component is designed to allow for the following angular 
movements:

A. Dorsi flexion 15° B. Plantar flexion 50° C. Transverse alignment +/- 15°
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The ankle is pre-ride transverse aligned specifically for rider preference, and placed in action (dorsi 
flexion for a Heels Down effect) by applying a downward pressure on the forefoot in the stirrup. This 
presentation will introduce a new ankle prosthesis component believed to be safe equipment aid for the 
Lower Leg Amputee Equestrian Paralympics rider at all skill and performance levels, and enhance rider/
horse safety by improving rider alignment and weight distribution

Keyword(s): adaptive, dorsi flexion, ankle, equestrian, dressage. 
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#44
This Works: Equipment Rental Services for Disability Sports and Recreation 

J. Parviainen

For an individual with a disability it is usually difficult to get sports equipments. They are expensive, and 
in most cases, both individual adaptations and sports specific knowledge is needed. Equipment rental 
services were initialized to better serve Finnish people with disabilities. 

The main actors in the network:

MALIKE (1997-), service provided by Inclusion Finland in finnish. Its purpose is to provide ideas for 
active lifestyle, recreation and participation in everyday life for persons with severe disabilities. 

SOLIA (2001-) Project for people with a disability under the roof of Finnish Sports Association of Persons 
with Disabilities. The aim is to offer disability sports and recreation consultation and equipment rental 
services. 

PAJULAHTI (2009-). The aim is to offer active opportunities for people with disabilities by rental services 
and consultation, and work with accessibility issues in area of Pajulahti Sports Centre. 

YYTERI FOR ALL (2009-). Increases accessibility, accessibility awareness and equal participation 
through activities for all by events, accessibility audits, education, purchasing and producing functional 
devices and by creating new innovative equipment modifications such as adapted windsurfing. 
Administrated by Satakunta University of Applied Sciences (SAMK).

Results: There are thirteen local rental service centers in Finland with about 650 different equipments. 
The most popular have been the ones for wilderness activities and outdoors sports: recumbent, hand 
bikes, cross-country skiing sledges, skating sledges, crutches for skating and sledges for alpine skiing 
(biski, monoski, dualski, etc) and aids for snowboarding. The services are offered by 4 full time employees, 
20 part-time employees and approximately 50 trained peer instructors. There are approximately 15 
000 renting days/year. Average time for renting is 10 days/equipment. Education and try outs for 
students and professionals are organized. Several research and development projects in co-operation 
with Finnish disability sports organisations and universities have been launched. The main media for 
rental services is the web site www.valineet.fi. 

Conclusions: Equipment rental services serve as a tool for recruitment of new athletes. Active people 
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increase social inclusion and reduce health costs. With these services there are lesser unwanted and 
inappropriate equipment purchases. Awareness education of students is easier with fun and motivating 
disability sports games. Moreover, new innovations and ideas are gained by shared expertise and co-
operation of the service providers.

Keyword(s): Equipment rental services, Disability sports.
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Evidence-Based Research Starting Point for Classification in Paralympic Football-7-A-Side

R. Reina1; C. Nogueira2, S. Sharp2; J. Steele-Mills2
1Sport Research Center, Miguel Hernandez University, Elche, Spain; 2CPISRA Officers 

In October 2010, the general assembly of CPISRA adopted a motion for football to become an 
independent sport as soon as possible. Nevertheless, in December of 2012 at the general assembly, 
the commission for that process stated that it will be finished after Rio Paralympic Games, and a new 
international sport federation for this sport will be created (IFCPFA) in cooperation with UEFA/FIFA 
sport federations.

From November 28 to December 2, 2012, a CPISRA Classifiers Conference was held in Rio, in cooperation 
with Brazilian Paralympic Committee and ANDE (Associaçäo Nacional do Desporto para Deficientes). A 
specific workshop in football classification was conducted with technical classifiers concerning which 
skills and how to evaluate it in Paralympic football-7-a-side, according the International Paralympic 
Committee code (IPC, 2007), which states that athletes must be classified according to the extent of 
Activity Limitation resulting from their impairment. 

The International Classification of Functioning, Disability and Health (-ICF- WHO, 2001) is currently the 
most widely accepted classification of health and functioning. In Paralympic sport activity, limitations 
refer to difficulty executing the sports-specific movements required for a particular sport. When 
considering the sport of football it was decided that the majority of the activities which a player must 
perform in a game are about mobility, and therefore 47 tests were proposed to evaluate: trapping, 
balance, running, agility, coordination, jumping, heading, passing, kicking, dribbling, and goalkeeping 
(no test was proposed for tackling) (Reina, 2012).

The current CPISRA classification manual (CPISRA, 2010) defines some athletes’ profiles in classes 
of 1 to 8, where 1 to 4 are wheelchair users and 5 to 8 are standing athletes, to be eligible for football. 
This manual describes the athlete’s profiles for trunk control, upper and lower extremities for ambulant 
athletes with hypertonia, and athetosis and ataxia, which have some impact on the performance of 
football skills. Currently, classes are differentiated from each other based on qualitative descriptions. 
When allocating an athlete to a class, decision-making can be complex and frequently have classifiers 
required to address three main cut-points: moderate activity limitation of the classes FT5 (spastic 
diplegia), FT6 (player with ataxia or athetosis) and FT7 (spastic hemiplegia) versus FT8 (minimal activity 
limitation).

Following the example of the research conducted by Bicici, Tweedy and Valandewijck (2012) of IPC 
Athletics, it is expected that this research within 7-aside Football will lead an expert agreement of 
procedures to decide which tests will be conducted to evaluate football mobility/skills. In addition, tests 
focusing on running, jumping, balance or throwing could be used to improve classification procedures 
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in athletics and not just football. Test performances will be video-recorded and observational sheets will 
be used to help profile descriptions. The first data collection is expected to be carried out in 2013 at the 
CPISRA Football Intercontinental Cup in Barcelona, Spain.

Keyword(s): evidence-based classification, football skills, test.
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Assessing Wheelchair Locomotion Through the Use of Gyroscope Technology

J. Rhodes; B. Mason; V. Goosey-Tolfrey
The Peter Harrison Centre for Disability Sport, School of Sport Exercise & Health Sciences, Loughborough 
University, United Kingdom

Introduction: The quantification of athlete locomotion is now an important aspect of the coaching 
process in sport. The development of a new real-time inertial based device (gyroscope), offers an insight 
into the velocity profiles during wheelchair athlete movement. The results of which, will extend current 
understandings and knowledge with the design of optimal training strategies for wheelchair athletes. 
It is important, therefore, to understand the efficacy of such devices within a field based wheelchair 
environment when validation has previously been made during ambulatory running and other similar 
activities.

Purpose: The purpose of this study was to examine the criterion validity and re-test reliability of an 
inertial based gyroscope to be used during field-based wheelchair testing.

Methods: To determine the accuracy of the gyroscope, a laboratory based protocol was developed to 
assess the validity of speeds recorded compared with a motor driven treadmill (H/P/ Cosmos Saturn, 
Nussdorf-Traunstein, Germany). The gyroscope was attached to the right wheel of a sports wheelchair 
(Bromakin, UK: total mass 52.7 kg, wheel size 0.660 m, tyre pressure 120 psi, camber 20º), and data 
was collected across a range of treadmill speeds (1 m∙sˉ¹ - 6 m∙sˉ¹). The speeds were tested at 1 
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m∙sˉ¹ increments with each speed analysed during ten trials, with each trial lasting ten seconds. The 
gyroscope was re-calibrated between the testing of each speed. This same protocol was then later 
repeated to assess the re-test reliability (session 2). The mean velocity for all ten trials at each speed 
was compared with the mean velocity recorded by the treadmill (criterion). Criterion validity error was 
expressed as mean coefficient of variation (CV).

Results: Data was initially screened for normality using Shapiro-Wilk tests (P<0.05). Gyroscope 
validation revealed significant overestimation in velocity during session 1, with 0.4% CV at 1 m∙sˉ¹ 
and 0.3% CV at 6 m∙sˉ¹. Results during session 2 however, show underestimations between criterion 
and gyroscope, with CV error 0.7% and 0.9% during 1 m∙sˉ¹ and 6 m∙sˉ¹ respectively. Although slight 
differences in error between sessions occur, the results indicate that error values were consistent as 
velocity magnitude increased.

Conclusions: This study demonstrates that the gyroscope accurately measures linear velocity and 
is therefore an appropriate tool for the assessment of wheelchair velocity across a range of speeds, 
indicative of the wheelchair court sports. Future applications within the area should assess the multi-
directional movement profiles present in these sports.

Keyword(s): Velocity, Training strategies, Wheelchair sport, Validity.
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Promotion of Accessibility from Disability Sports Point of View -Lessons Learned 

A. Saari
Finnish Sports Association of Persons with Disabilities

Introduction: ESTE-project (2009–2011) was a joint action by several non-governmental disability-, 
disability sport and mainstream sport organisations, run by Finnish Sports Association of Persons with 
Disabilities and funded by Finnish Ministry of Education and Culture. Its purpose was to evaluate the 
status and future development issues in regards with accessibility in sports facilities. 27 published 
guidebooks of construction/building sports facilities were analysed to evaluate the status of accessibility 
know-how. A survey was carried out to study user experiences about accessibility in sports facilities. 
Disability sports specific construction guidelines were collected with help of athletes, coaches and 
experts. As a result a guidebook for designers and planners will be published in 2013. In 2012 an 
additional research-project to evaluate the need for accessibility audits at physical exercise centres 
was carried out.

Results: Most of the guidebooks just referred to the national legislation and didn’t recognize sports 
specific accessibility issues. The survey revealed that the biggest barriers of physical environment are 
often found at the entrance, toilets, dressing rooms and showers. Professionals with disability didn’t 
have access to all places. The emergence of new disability specific sports also creates challenges 
for the implementation of the facilities. (In)accessibility is still viewed as a problem of athletes using 
wheelchairs. Accessibility issues for those with sensory problems (vision/hearing) were not recognised. 

Conclusions: Due the inclusive development there is a growing need for all the premises to be accessible, 
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not only the ones that have traditionally been used by disabled population. Accessibility must be 
observed comprehensively as an integral concept related to moving, seeing, hearing, and understanding.
Inaccessible sports facilities are a barrier not only to sports participation, but also to employment of 
people with disabilities. Accessibility is a long process. Training centres and municipalities with several 
decades’ experience in adapted physical activities and disabled athletes have made the most progress 
within accessibility. Conducting commensurable accessibility evaluation audits carried out by trained 
evaluators is recommended. In addition the administration personnel in sports facilities is recommended 
to collect customer feedback regarding accessibility, map and inform about accessible services, update 
accessibility as part of customer strategies and organise accessibility training for personnel. There is a 
need for further research to provide both reliable and solid data for architects, builders and developers.

Keyword(s): Accessibility, disability sports, evaluation.
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Kinematic Evaluation of Paralympic Supine

S. Soares dos Santos; D. Furtado; A. Alves Pereira
Faculty of Physical Education UFU, Faculty of Electrical Engineering UFU

Introduction: In weightlifting competition athletes remain lying on a bench, and perform a movement 
known as supine. The athlete can perform the move three times, with the largest weight validated. 
Because of the short duration of the trial as well as the course of the task movement, the technique 
corrections are very difficult. In this sense, a system was developed to track specific points of the bar 
during the bench press movement.

Purpose: The aim of this study was to track the positions of 3 specific points along the bar bench during 
the supine movement to identify and quantify the appropriated kinematic parameters for eight athletes 
of the Brazilian Paralympic Weightlifting Team.

Methods: The study included three women aged (mean ± SD) of 42.7 ± 2.1 years and weight 69.5 ± 
9.9 kg and 5 men with body mass of 72.4 ± 18.8 kg and age 35.3 ± 9.8 years. Six athletes had more 
than 8 years practice and two of them had more than 3 years. Two retro-reflective markers were fixed 
to the extremities of a 2.2 meters length Olympic bar and a third marker was placed at the center. A 
set of 8 infrared cameras were used to capture the marker’s 2D positions at a frequency of 100Hz and 
a computer program was developed to reconstruct the corresponding 3D trajectories. The athletes 
performed a cycle of each movement with the weight adjusted to 90% of its maximum capacity.

Results: The mean time to lower the bar was 1.86 ± 0.28s and 1.84 ± 0.73s for women and men, 
respectively. The average time to raise the bar was 1.53 ± 0.30s and 1,44 ± 0.32s for women and men, 
respectively, and the average speed of descent of the bar was 15.57 ± 2.12 cm/s and 16.99 ± 4.59 
cm/s for women and men respectively. The average speed of ascent of the bar was of 19.10 ± 3.78 
cm/s and 19.89 ± 3.69 cm/s for women and men, respectively. The downtime at the lowest point of the 
trajectory was 0.47 ± 0.02s and 0.47 ± 0.3s for women and men, respectively. From the reconstructed 
trajectories for the eight athletes, it was possible to determine the greatest height differences between 
the two extremes markers of the bar at some point of the trajectory showing value of 7.4 ± 4.5 cm and 
lateral oscillations of the central point of the bar ranging between 0.9 and 3.1 cm.

Conclusions: The developed software is able to compute the kinematic parameters of the supine 
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movement that could not be seen clearly through simple visual inspection. They might still be evaluated 
lateral, anteroposterior and vertical oscillations of the bar. Accordingly, the motion capture system plays 
an important role in the constant search for improving the performance of weightlifting paralympic 
athletes.

Keyword(s): Biomechanics, supine, paralympic powerlifting.

Acknowledgement(s): To CNPq, the Federal University of Uberlândia and Brazilian Paralympic 
Committee.
 

#59
Hand Prosthesis for Cross-Country Skiing

H.S. Sjöberg1; U. Lindström3; J. Danvind1,2,4

1Division of Sports Technology, Mid Sweden University, Östersund, Sweden; 2Swedish Winter Sports 
Research Centre, Mid Sweden University, Östersund, Sweden; 3Aktiv Ortopedteknik, prosthetics and 
orthotics department at Östersund’s hospital, Östersund, Sweden; 4The Swedish Sports Organization 
for the Disabled and The Swedish Paralympic Committee

Introduction: With the aim to increase a young disabled cross-country skier’s chances of a successful 
elite sports career, a ski pole prosthesis for the hand has been developed. The skier has no fingers on 
his left arm, (congenital disorder, dysmelia), and is therefore not able to hold a ski pole.

Methods: A product development process was undertaken to create a better prosthesis than the one 
currently used. The key problems were to let the ski pole oscillate fully throughout the pole cycle, to 
admit full control over the pole during use, and to allow the skier to quickly change poles (for example 
during a race) without having to modify the pole handle in advance. A number of prosthesis concepts 
were developed, evaluated and tested before a final solution was reached.

Results: The developed prosthesis uses a hinge joint to allow the oscillating movement during the pole 
cycle. A magnet and a stopping bolt are used to admit full control during pole use, and two clamps 
(otherwise most commonly found in food industry) in combination with an aluminium alloy bracket, are 
used to allow quick change of poles without modification. The prosthesis fits to the hand with a leather 
glove, developed in collaboration with Aktiv Ortopedteknik, prosthetics and orthotics department at 
Östersund’s hospital. CAD models, drawings, a functional description, and a prototype presented the 
result.

Conclusions: The prosthesis developed is an improvement from the earlier version, and has fulfilled the 
key problems. The athlete tested a prototype, and was satisfied with the functionality of the prosthesis. 
Although, there are still room for improvement – other solutions for quick change of pole should be 
considered, and some sort of function should be added, in combination with the magnet, to prevent the 
pole from dragging on the ground. The prosthesis will be fully developed at the prosthetics and orthotics 
department at Falun’s hospital. 

Keyword(s): Cross-country skiing, ski pole, disabled sports, hand prosthesis, dysmelia, magnetic.

Acknowledgement(s): Funding from the European Union regional development fund through the NUCM 
Vinteridrott project.
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#60
Evaluation of the Brazilian Paralympic Committee Anti-Doping Program from 2009 to 2012. A Critical 
Review

H. Silva; J. Soares
Brazilian Paralympic Committee, University State of Campinas UNICAMP

Introduction: Doping is a phenomenon intrinsically linked with sports. In the Paralympic Sport, we 
find presence of doping over the years. Such observation is shared by the International Paralympic 
Committee - IPC providing constant knowledge transfer on the doping combat, supported by the World 
Anti-Doping Agency’s precepts. At the Brazilian Paralympic sports, the anti-doping combat had begun 
right after the Brazilian Paralympic Committee – BPC creation on 1995, with antidoping programs 
follows IPC and WADA scope.

Purpose: Evaluate results of anti-doping combat programs in the BPC on Paralympic Cycle. 

Methods: We have evaluated anti-doping controls in and out of the competition on the sport events and 
training camps in Brazil, within BPC sports (athletics- AT, powerlifting- PO, swimming-SW, shooting- SH 
and wheelchair fencing- WF) and other sports for which BPC is not the responsible national organization, 
but gives support to the anti-doping program. As an informative method, educational handbooks were 
used, printed and website based version, hand pocket list of prohibited substances, e-mail and phone 
contacts for any doubts, educational quiz games- Outreach Model (implemented on 2012), lectures in 
the main competitions and training camps for the national team. For results evaluation, were used as 
tools: the number of adverse analytical findings proportional to the number of doping control tests in 
Brazil, number of adverse analytical findings on Brazilian athletes that did international doping control, 
number of general information requests, number of TUEs received, and numbers of right and wrong 
answers on quiz correlated.

Results: 318 national samples were collected during, respectively: 2009, 39; 2010, 32; 2011, 153; and 
2012, 94, being 217 of male, and 101 of female. 26 samples were collected out of competition, being 
13 on 2011 and 13 on 2012. Regarding sports, we had 95 on AT; 16 on WF; 80 on PO; 104 on SW; 7 on 
SH; 6 on Judo; and 10 on Rugby. During the cycle there were 3 adverse analytical finding- AAF on 2009 
(1 from AT, and 2 from PO), 2010 no AAF, 2011, 6 cases (3 from PO, 2 from AT, 1 from SW) and on 2012 
only from AT. These numbers show a relation the PO has the most sport with AAF. Were collected 96 
samples on international competition from Brazilians, and on theses samples were found 2 AAF. There 
has been an improvement of correct answers on the quiz from 6,5% to 8,8%, increase of TUE’s requests 
on last 2 years 2009, 7; 2010, 2; 2011, 10; and 2012, 11.

Conclusions: The anti-doping program of BPC had good results from quantitative point of view, presenting 
a decreasing on AAF, and increasing of qualitative results evaluated from athletes improvement about 
anti-doping information.

Keyword(s): Anti-doping, Paralympic, Anti-doping Education.

Acknowledgement(s): To Brazilian Paralympic Committee.
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#63
Wheeled Mobility in Sport: Hand Cycling the Alpe d’Huez with a SCI

L. Valent1; K. Postma2,3; R. Broeksteeg3; R. Fickert1; T. van Bezeij1
1Research & Development, Heliomare Rehabilitation Center, Wijk aan Zee, Netherlands; 2Dept. of 
Rehabilitation Medicine, Erasmus MC/ Rijndam Rehabil. Center, Rotterdam; 3Physical Therapy, Rijndam 
Rehabilitation Center, Rotterdam, Netherlands

Introduction: In Holland most people with a SCI use a wheelchair with an attachable hand cycle unit for 
mobility and recreation. What would happen if moderately trained persons were given the opportunity 
to compete in an extreme challenge: climbing the Alpe d’Huez (1135 vertical meters in 13.8 km) with 
a rigid frame sport hand cycle?

Purpose: To explore the performance of people with a SCI in the hand cycle challenge and how this 
relates to laboratorial peak exercise values.

Methods: In 10 subjects (7M/3F, TSI: 4 ± 3 yrs. Age: 33 ± 9 yrs) with motor complete paraplegia (Th4-L4) 
Peak power output (POpeak) and peak Oxygen uptake (VO2peak) were determined before and after a 5 
months hand cycling training period (non-controlled, 3 to 4 training sessions a week) in a peak exercise 
test with the hand cycle on a treadmill or ergometer. Associations between time to cycle the mountain 
and exercise values were calculated.

Results: All succeeded on the mountain (time: 260 ± 70 minutes) and POpeak-values were: 141.5 ± 
46.8 Watt , 1.9 ± 0.5 Watt/kg and VO2peak-values: 2.3 ± 0.4 L/min, 32.6 ± 4.1 ml/min/kg. We found 
a moderately strong negative association between POpeak in Watt/kg and time to cycle the mountain 
(r=-0.63, p.049); other associations were not significant. Pre and post-training POpeak-values were: 
respectively 121.6 ± 41.8 Watt and 143.0 ± 51.5 Watt (p=0.033); and VO2peak-values: 2.0 ± 0.5 L/min 
and 2.3 ± 0.4 L/min (p=0.002) (n=8). Conclusions: Relatively high peak exercise values were attained in 
the hand cycle test. The large gains in POpeak and VO2peak during the training period may be explained 
by the fact that participants were highly motivated to train (together) for this challenging (hand) cycling 
event. Health professionals should make patients aware what they can physically achieve in life and 
challenge and support them to set extreme goals.

Keyword(s): hand cycling, peak power output, peak oxygen uptake, training.

Acknowledgement(s): The participants of handcycling team Heliomare and the Rijndamracers.

 
#67
Functional Profile and Age of Football Seven a Side Brazilian Athletes

M. da Silva Campeão1; I. Brandão Vieira2; C.Diehl Nogueira3
1Rural Federal University of Rio de Janeiro UFRRJ/RJ, Brasil; 2Celso Lisboa College /Rio de Janeiro, 
Brasil; 3Castelo Branco University – UCB / RJ, Brasil

Introduction: Brazil, worldwide recognized as the “country of football”, has the same tradition in interest 
and popularity when the matter is sport for disabled people. Thru seven a side football, which is an 
adaptation of regular football for people with cerebral palsy (CP) and other neurological dysfunctions 
such as traumatic brain injuries (TBI) and stroke (ST), Brazil has managed to be on the top of the world 
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ranking besides being able to give opportunities for a better life´s conditions for the ones who practice 
this sport in our country. The athletes are divided into four different functional classes depending in 
the level of physical impairment. The functional classes are 5, 6, 7 and 8. The higher the number of 
the functional classes the lower the level of physical impairment. During the match each team must 
have one class 5 or 6 and only one class 8 at the field all the time. In Brazil this sport has started in the 
90´s and the first appearance at a Paralympic Game was in Barcelona 1992, finishing in the seventh 
position out of eight. Since then, Brazil has participated in all Paralympic Games reaching third position 
in Sidney 2000, second position in Athens 2004 and fourth position in Beijing 2008 and London 2012. 

Purpose: To analyze the functional profile and age of the athletes who practices football seven a side in 
order to potentiate the development of the football seven a side and to direct technical, financial and 
operational resources towards these two particulars mentioned above, in Brazil.

Methods: The study was done thru the data collection of 135 (one hundred and thirty five) athletes out 
of 14 (fourteen) Brazilian clubs which develop football seven a side in different regions of the country. 
The analysis of the data was performed thru statistical description with percentages using the Microsoft 
Excel 2007 program.

Results: In relation to the functional classes of the 135 participating athletes of the study 63% (sixty 
three percent) are: class 7; 16% (sixteen percent) are class 8; 15% (fifteen percent) are class 6 and 8% 
(eight percent) are class 5. In relation to the age of the participating athletes of the study, the average 
age was: 1.7% (one point seven percent) of the athletes are between ages 13 to 16 years old; 5.7% 
(five point even percent) of the athletes are between ages 38 to 44 years old; 15.5% (fifteen point five 
percent) of the athletes are between ages 27 to 31 years old; 21.2% (twenty one point two percent) of 
the athletes are between ages 32 to 37 years old; 24.4% (twenty four point four percent) of the athletes 
are between ages 22 to 26 years old and 31.8% (thirty one point eight percent) of the athletes are 
between ages 17 to 21 years old.

Conclusions: Despite Brazil shows an amazing growing in the development of football seven a side, the 
data indicates a strong disparity in the ages of the athletes from the same club, ranging from 13 to 44 
years old, as well a great intensification for athletes in the higher classes, which presents less physical 
and motor impairment, in a clear disadvantage to the athletes from the lower classes, which presents 
more physical and motor impairment making then loosing importance and space in this sport.

 
#68
Wind Tunnel to Evaluate Alpine Skiing Paralympic Athletes

N.A.C. Vinagre1,2; A. Dillmann2; T. Russomano3; A. Niklas1
1Sport Sciences Institute, Georg-August University - Göttingen, Germany; 2Institute of Aerodynamics 
and Flow Technology - German Aerospace Center - Göttingen, Germany; 3Faculty of Engineering – 
Microgravity Centre - Pontifícia Universidade Católica (PUCRS), Porto Alegre – Brazil

Introduction: This study directed at athletes from the German Paralympic Alpine Ski Team. They are 
wheelchair bound and therefore race in the sitting classes. The form of assessment carried out was a 
wind tunnel (WT) investigation of air loads. The study protocol was approved by the German Federal 
Committee on Competitive Sports and the Federal Institute of Sports Science. Signed informed consent 
was obtained from the volunteers. 
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Purpose: The study aim was to establish the use of equipment for the verification of measurable variables 
by checking the effects of load on the coordinative ability of the Paralympic athletes by assessment 
of their postural performance in the WT when subject to increasing wind speeds, checking also the 
relevance of the loading procedures on the Paralympic Alpine Ski (ASP) athletes in this environments.

Methods: The study was conducted on the basis of the data collection from 5 wheelchairdependent 
ASP athletes; 4 males and 1 female. The experiment was conducted in a subsonic, atmospheric, large 
low-speed WT at the Technical University of Hamburg-Harburg. A camera was positioned on the side 
of the WT section to capture stationary images of the skiers and these were used in the analysis of 
data collected during this experiment. The test consisted of 4 body positions held at 3 different wind 
speeds. Athletes held each position for 30s during which time 3 photographs were taken and the drag 
measurements collected.

Results: The aerodynamics evaluation generated innovative results without exposing the athletes to 
risk. The individual results presented during tests performed in the WT cannot be generalized, but must 
be seen in the context of an individual analysis by means of a discussion for each athlete. The drag force 
(D) and drag coefficient (CD) values obtained from the subjects were plotted on 2 individual graphics, 
enabling a greater awareness of their performances. The results obtained from this assessment should 
have applicability for increasing understanding of those variables that can improve the postural 
performance of the athletes when training or competing.

Conclusions: In a comparison of the results for D in 2011 with those of 2010, it can be seen that the 
athletes were able to reduce the D produced by the posture offering most resistance. It can also be 
stated that there were deteriorations in the 2011 test performances of a few positions in relation to 
2010, whilst in other positions the athletes always gave a better performance in 2011 than in 2010. A 
greater consistency in the results can be seen in 2011 when comparing the CD values between the two 
years, as an increase in CD for each position carried out was found with the increase in wind speed.

Keyword(s): Paralympic Alpine Skiing, Load Factor, Wind Tunnel, Aerodynamic Test, body posture.

Acknowledgement(s): German Aerospace Center (DLR), German Academic Exchange Service (DAAD), 
Hamburg University of Technology (TUHH), Sport Sciences Institute - Göttingen University, German 
Disabled Sports Association (DBS).

 
#70
Evaluation of Muscle Imbalances and the Relationship with Sport Injuries in Athletes with Visual 
Impairment and their Guides

M.P. Magno e Silva1,3; R. Artese Barros2; C. Winckler2,3; A.Silva de Mello; M.Túlio de Mello2,3; R. Vital3; 
Andrea Miranda3; R. Nishimura
1University of Campinas; 2São Paulo Federal University; 3Brazilian Paralympic Committee

Introduction: In Paralympic athletics blind (T11) and low vision athletes (T12) need a guide to train and 
compete. It is know that the running pattern of the athlete with visual impairment (VI) and the guide can 
influence in the biomechanics. Previous studies evaluated the relationship between muscle imbalance 
and the risk of injury, and some of these studies agree that the isokinetic test is important to predict the 
development of injuries. 
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Purpose: The purpose of this study was to investigate if the muscles imbalances have a relationship 
with sports injuries in VI and their guides. 

Methods: Informed consent was obtained from 10 Paralympic athletes with visual impairment (T11 and 
T12) and 13 guides, from track events. The physical characteristics of the subjects were: age (mean 
± SD) = 27.5 yr ± 4.7, body mass = 69.7 kg ± 9.7, height = 1.74 ± 8.7cm. Each subject was submitted 
to the isokinetic preseason assessment of hamstring flexibility, concentric isokinetic peak torque and 
peak torque angle were obtained in a computerized isokinetic dynamometer Biodex. Injury data was 
obtained from the medical and physiotherapy form, applied during training and competition of the 
London Paralympic Games - 2012. The statistical ‘Chi-square’ test was used to access significant 
differences (p<0.05). 

Results: Seventy per cent of the VI athletes and 76.9% of the guides were observed with muscle 
imbalances. Fifty per cent of VI and 46.2% of the guides were affected by sports injuries. No statistical 
significant differences were observed between sports injuries and muscle imbalances, but a significant 
value (p=0.03) was detected when the subject function (athlete and guide) was analysed with the side 
of the lower limb affected by injury. According to the findings VI are most injured on the left side, and 
guides on the right side. 

Athlete VI Guides Total

Number of participating subjects 10 13 23

Number of subjects with muscle 
imbalance

7 10 17

Number of injured subjects 5 6 11

Number of injuries 5 6 11

Table 1: Number of athletes and guides according to muscle imbalance and sport injuries.

 Athlete VI Guide Total

Right 1 6* 7

Left 4* 0 4

TOTAL 5 6 11

*p=0.03

Function

Side

Table 2: Distribution of injury by right and left side in athletes and guides.

 
Conclusions: In this study muscle imbalances were not related to sports injuries in VI and guides, but 
it was observed an interesting distribution of injuries on the left lower limb of VI and right lower limb 
of guides. This result can suggest that the position of the athlete and the guide can influence on the 
biomechanics of running, and increase the chance to develop sports injuries. Further investigations 
with a larger number of subjects involved are necessary.
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Keyword(s): Track and field, isokinetic, sport injury.

Acknowledgement(s): Brazilian Paralympic Committee.
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Proceedings

There will be no formal proceedings published for this Conference.

Abstracts of papers presented at the VISTA2013 Scientific Conference are published in this booklet 
and are also available on the IPC website (www.paralympic.org/Events/vista2013). All participants will 
receive a copy on site as part of their conference kit.

Presentation Information 

- Free Communications 

 Lectures will run for a maximum of 12 minutes, to allow 3 minutes for questions and    
 discussion.

 Speakers should upload their presentations (which should be in PowerPoint format for   
 Windows only*) in the Speaker Ready Room at least 5 hours before the allotted presentation  
 time (for morning presentations, files should be provided the evening before the presentation  
 day). Files should not exceed 1,5 Gbytes.

 Supported media for transferring presentations are: USB storage devices, DVD Roms,   
 CD, Roms, or memory cards. 

 Configuration: Windows X, Microsoft Office 2010 or previous version, Windows Media   
 Player 11 or previous.

 All presentations will be in English. Translation services will not be available. 

 *if you wish to use another format, please contact the IPC in advance of the event to    
 check whether this is possible.

- Poster Session

 Presenters may display their poster presentations in the VISTA Foyer from 12.00pm on   
 Friday 3 May.

 Presenters will be available for a discussion session in the VISTA Foyer on Friday 3 May between 
 15:00pm and 16:20pm.

Certificate of Attendance

A certificate of attendance will be provided on request at the registration desk on the last day of the 
Conference.

VISTA2013 Scientific Conference
Scientific Information
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Dr. Rory Cooper has been elected as the recipient of the 
IPC’s Paralympic Scientific Award.

The award is given to an academic researcher for his 
or her contributions to research in the field of sports for 
persons with an impairment, and it serves to promote and 
encourage further study in this area.

Cooper is the founding director of the Human Engineering 
Research Laboratories at the University of Pittsburgh in the 
USA and has contributed to the Paralympic Movement as 
an athlete, coach, event organiser and sport scientist.

Cooper commented: “It’s just an honour to be recognised 
by the IPC, which is an organisation I hold at high esteem. It has had such a significant impact on my 
personal life as well as professional life.”

He has worked significantly to create and evaluate new sports technologies, advancing equipment used 
in wheelchair racing, handcycling, wheelchair tennis and seated throwing events. 

Cooper said: “What I get a pleasure out of is training people with an impairment around the world on 
how to become scientists. That multiplies what I can do as an individual in the field.

“I’ve been collaborating with countries around the world to bring that technology to places like Mexico 
and India as well as places like Europe and the United States.”

Cooper’s research has appeared in more than 270 scientific publications, 1,000 abstracts, 100 
magazines and five books. He also holds five US patents for wheelchair adaptations to optimise 
propulsion in daily living.

Two of his main aims, he said, have been to help achieve equity in Paralympic 
competition as well as to increase participation in para-sport and maximise 
an athlete’s potential.

Cooper, a US Army veteran, was a bronze medallist in the wheelchair racing 
relay at the Seoul 1988 Paralympic Games and is known for his involvement in 
the Wounded Warrior Project and the National Veterans Wheelchair Games.

To be eligible for the award, candidates must have contributed through 
significant scientific publications related to the scientific study of sport for 
persons with an impairment in any discipline, have received national and/
or international recognition for his or her work, and placed an emphasis on 
the practical application of research with direct or indirect benefit to the 
Paralympic Movement.

VISTA2013 Scientific Conference
Scientific Award Winner
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