
 

Translation of Sport Science to Paralympic Practitioners  

Legacy Document 

Summary 2008 – 2012 

Peter Harrison Centre for  
Disability Sport 



 

 
 
 
 
 
 
 

For further details of the Centre’s activities please contact: 
 

The Peter Harrison Centre for Disability Sport 
School of Sport, Exercise and Health Sciences 

Loughborough University 
Epinal Way 

Loughborough 
LE11 3TU 

 
Telephone: 01509 226387 

Email: phc@lboro.ac.uk 
 

Design: Dr Vicky Tolfrey, Dr Christof Leicht, Katy Griggs and Dr John Lenton 
Contributions provided by all PHC staff/students 



 3 

Contents 
 
 
Acknowledgments for photographs .......................................................................................................... 4 

The Peter Harrison Centre for Disability Sport (PHC): Introduction ........................................................ 5 

PHC mission, aims and objectives ........................................................................................................... 5 

Who was involved? .................................................................................................................................... 8 

Our partners and contacts ...................................................................................................................... 11 

Involvement at the London 2012 Paralympic Games .......................................................................... 14 

Outreach activities of the sport science staff  ...................................................................................... 16 

Research and performance support  ..................................................................................................... 18 

Laboratory fitness testing  ...................................................................................................................... 19 

Blood profiling ..........................................................................................................................................20 

Oral immune function following exercise ............................................................................................... 21 

Oral immune function during periods of heavy training .......................................................................22 

The accuracy of measuring maximal exercise responses in wheelchair athletes .............................. 24 

Exercise responses in wheelchair athletes with different disabilities .................................................25 

Warming up respiratory muscles before exercise .................................................................................26 

Self-regulating exercise based on rating of perceived exertion: Application in elite wheelchair  

athletes with tetraplegia ......................................................................................................................... 27 

Resting energy expenditure and fat free mass in wheelchair athletes ...............................................28 

A physiological case study of a double amputee marathon runner……………………………………………..30 

Physiological demands of wheelchair basketball and wheelchair tennis ........................................... 31 

Tracking changes in body composition in elite wheelchair basketball players ...................................32 

Thermoregulatory responses of wheelchair athletes during intermittent sprint exercise ..................33 

The effects of experience on the energy cost of wheelchair propulsion .............................................34 

Wheelchair propulsion: Effects of experience and push strategy on efficiency and perceived  

exertion ....................................................................................................................................................35 

Mechanical efficiency of asynchronous hand-rim wheelchair propulsion after four weeks of  

practice ....................................................................................................................................................36 

Hand-rim wheelchair propulsion practice: Influence of music ............................................................. 37 

How wheelchair set-up affects performance: An athlete’s perspective ..............................................39 

The effect of rear-wheel camber during on-court mobility performance .............................................40 

The effect of rear-wheel camber on physiological & biomechanical parameters ............................... 41 

The effect of wheel size during sub-maximal wheelchair propulsion ..................................................42 

The effect of wheel size during field-based testing in wheelchair athletes .........................................43 

The importance of glove selection for wheelchair rugby players ........................................................ 44 



4 

The accuracy of measuring devices for the assessment of court movement during wheelchair tennis 
match-play………………………………………………………………………………………………………………………………...46 

Investigating the physical demands of wheelchair tennis match-play .................................................. 47 

On-going work: The use of gyroscope to track wheelchair rugby players during game play ................ 48 

On-going work: Nutritional supplement habits and perceptions of athletes with a disability .............. 49 

On-going work: Learning from the Beijing and London Paralympic cycles ............................................ 50 

News and events: Better understanding together  ................................................................................. 51 

Future work: Player tracking in field sports .............................................................................................53 

Future Work: Thermoregulatory responses of wheelchair athletes during intermittent sprint  

exercise - Field based protocol ................................................................................................................. 57 

Additional resources and references .......................................................................................................58 

Testimonials ............................................................................................................................................... 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Acknowledgments for photographs 

Viola Altmann 

Danny Buckland 

Julie Craig 

Steve Faulkner 

Members of the PHC 

Loughborough University Public Relations 



 5 

The Peter Harrison Centre for Disability Sport (PHC): Introduction 
 
Since its formal establishment in 2005, the PHC based at Loughborough University has been growing 
steadily. During the period of 2008-2012 the PHC focused its research and practice in disability sport in 
three main research strands: (1) Sport Science (led by Dr Vicky Tolfrey); (2) Health and Well-being (led by 
Dr Brett Smith), and (3) Sport, Culture and Policy (led by Dr David Howe). Today, it consists of 6 full time 
senior members of staff, 5 full time post-doctoral members of staff, 2 research assistants (registered 
also for part-time PhD study), 7 PhD students and 1 taught MSc student with research interests in three 
main thematic areas: (1) Sport Science (led by Dr Vicky Tolfrey); (2) Psycho-social Health and Well-being 
(led by Dr Brett Smith) and (3) Performance Health (led by Dr Lettie Bishop). Education and research is 
at the core of the centre and a number of students have completed their degrees at the PHC. Since its 
beginning, 7 students have successfully defended their postgraduate studies (6 PhD and 1 MPhil).       
Projects and staff positions are funded through the Peter Harrison Foundation, Loughborough University 
(School of Sport, Exercise and Health Sciences), external grants and consultancy work. 
 
 

PHC mission, aims and objectives  

 
The mission 
 
To improve knowledge about Paralympic sport and to promote the substantial health and quality of life 
benefits that can be gained through participation in disability sports and physical activity. 
 
The aims 
 

 Generate and extend the knowledge in disability sport through applied research. 
 Assist in the development of evidence-based practice in disability sport and leisure. 
 Ensure that significant research findings are translated into practical outputs and guidelines to 

help inform disability / medical practitioners attached to sports and rehabilitation centres both 
nationally and internationally. 

 Enhance the national and international focus for disabled sport and leisure. 
 Ensure that information and support is provided through the PHC website, newsletters, seminars, 

workshops and Twitter. 

The objectives 
 
To improve knowledge and understanding of Paralympic sport. In addition to researching high             
performance disability sport, the PHC promotes the substantial health and quality of life benefits that 
can be gained through participation in grassroots disability sport and physical activity.  
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This legacy document provides an overview of the Sport Science strand support and research projects 
conducted over the last Paralympic cycle (2008-2012). Our work was conducted with national level and 
development athletes plus individuals from the general public. This document outlines our research 
themes, in addition to providing a source of feedback to all those who make our work possible.          
Therefore, it is essentially our “research business card”, demonstrating to our current and potential         
collaborators what we are passionate about. This summary of our work produced by the research group 
over the last four years – as a consequence, is a condensed depiction of our activities. The latter part of 
the document highlights some future projects that have resulted from discussions with National           
Governing Bodies and Paralympic Sport practitioners. If you require more detailed information regarding 
any of our research, please don't hesitate to contact us using the details below. 
 
Email: phc@lboro.ac.uk 
 
Telephone: 01509 226386 (Dr Vicky Tolfrey) 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Some of the PHC members following the ‘Pushing to London 2012’ Open Day event at Stoke  
Mandeville in 2012. 

 

mailto:phc@lboro.ac.uk�


  

‘We have an extremely dedicated 
research team here at the PHC.’ 

 
Dr Vicky Tolfrey 

Director of the PHC 
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Who was involved? 
 
Director 
 
Dr Vicky Tolfrey is one of the UK’s leading sport science experts in the  
delivery of applied sport science support to the wheelchair athlete.      
Besides her role as director of the PHC, Vicky also leads the Sport        
Science Strand. She developed the existing guidelines and protocols for 
testing of wheelchair athletes and has provided extensive support to    
disability athletes over the last 19 years. Vicky is accredited by the British 
Association of Sport and Exercise Science (BASES) as well as being a   
BASES Fellow, providing sport science consultancy for the British           
Wheelchair Basketball Association, the British Paralympic Association 
(BPA) and UK Sport. Previously she has worked at the Paralympic Games 
(1996-2012) in various roles, including being part of the BPA core staff 
for the 2004 and 2008 preparation camps. 
 

Researchers and PhD students of the Sport Science Strand (2008-2012) 
 
Dr Lettie Bishop has research interests in the effect that exercise has on cellular and mucosal immune 
function in addition to interactions between exercise, immune function and inflammatory responses in 
healthy individuals and in those with chronic conditions. Her recent research has focused on the effects 
of acute exercise and training on inflammatory responses, immune endocrine function and respiratory 
infection incidence in elite and recreational athletes with spinal cord injuries. 
 
Dr Barry Mason began working with wheelchair court sports in 2007 and conducted his PhD               
investigating ‘The ergonomics of wheelchair configuration for optimal sport performance’. During this 
time, Barry has attended numerous International Paralympic Committee competitions including the        
Beijing 2008 and London 2012 Paralympics and multiple Paralympic World Cups, where he has worked 
as a performance analyst. 
 
Dr John Lenton has been involved with physiological testing of wheelchair athletes since 2002 and 
worked with wheelchair tennis as their physiologist supporting players at the Beijing 2008 Paralympic 
Games. He has a good research track record, with his PhD being in the area of wheelchair efficiency, 
entitled ‘Efficiency of hand-rim propulsion: Synchronous vs. Asynchronous push strategies.’ 
 
Dr Christof Leicht came to work at the PHC from the highly respected Swiss Paraplegic Centre where he 
completed his Master’s degree. His PhD at the PHC investigated the ‘Mucosal immune and physiological 
responses to exercise in wheelchair athletes.’ He has been involved in testing and performance analysis 
of Paralympic athletes in the past 4 years and was also involved in the London 2012 Paralympic Games. 
 
Dr Louise Croft was a full time PhD student (2008-2011) and completed her PhD ‘Investigating energy 
expenditure in wheelchair athletes.’ She has completed 2 years lecturing at the University of Exeter and 
takes up a new position at Loughborough College in summer 2013. 
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Tom Paulson is a PhD student in the final year of his studies. His research to date has focused on novel 
methods of regulating the intensity of wheelchair-based training and the hormonal and immune           
responses to strenuous exercise in elite wheelchair athletes. Over the last 3 years, Tom has also         
contributed to both laboratory and field based physiology testing with GB wheelchair rugby and       
wheelchair basketball performance squads. 
 
Paul Sindall is undertaking a part-time PhD whilst lecturing at the University of Salford. His research is 
focused on ‘The physiological demands and court movement patterns of wheelchair tennis.’ A             
successful collaboration with colleagues from the Lakeshore Foundation in the USA has resulted in the 
completion of a project, which examined the physiological responses during play whilst using different 
types of tennis balls (low vs. high compression balls).   
 
Mhairi Keil completed her MPhil thesis on the topic ‘Body composition of wheelchair basketball players’, 
which explored the various methods of measuring body composition and seasonal changes in           
preparation to a major competition. This work was undertaken whilst working for the English Institute of 
Sport as a performance nutritionist.  
 
Dr Keith Tolfrey has a keen interest in the physiological determinants of endurance performance and for 
many years has collaborated on various projects focusing on wheelchair sports. He has a keen interest 
in research methods and quantitative statistics where he has applied his skills with advising PHC    
members. He has also supervised student Louise Croft (successfully completed) and is current            
supervisor to Paul Sindall (part-time).  
 

External students linked to studies conducted (2008-2012) 
 
Dr Chris West completed his PhD examining the effects of a novel training aid on cardiorespiratory      
responses to wheelchair exercise in Paralympic athletes with a cervical spinal cord injury under the    
supervision of Dr Romer and Professor Campbell (Brunel University). The PHC was invited to contribute to 
the PhD programme of Chris West. 
 

PhD students whose work will have an impact on the 2012-2016 cycle 
 
Katy Griggs joined the PHC as a Research Assistant / Information Officer in 2012. She is also currently 
doing a part-time PhD funded by the centre titled ‘Effects of cooling strategies on thermoregulatory    
responses of wheelchair athletes.’ Her first study involved testing several members of the GB wheelchair 
rugby squads (national and development). 
 
James Rhodes joined the PHC on a School of Sport, Exercise & Health Sciences PhD studentship in 
2012. James is interested in exploring the use of  novel technology that can be used to benefit               
wheelchair sports performance. His initial studies include the role of player tracking in wheelchair court 
sports. In partnership with McLaren Applied Technologies and UK Sport on the development and         
integration of an indoor tracking system. 
 
Terri Graham joined the PHC as a Research Assistant in 2012 working on the Coca-Cola Foundation ‘Fit 
and Healthy’ project.’ As part of her part-time PhD she is working on a project funded by the World            
Anti-Doping Agency (WADA, see page 49) and intends to follow-up this work with other nutritional related 
studies. 
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Our partners and contacts 
 
Academic Partners 
 
 Professor Greg Atkinson (University of Teesside, UK) 
 Professor Alan Batterham (University of Teesside, UK) 
 Craig Boyd (Manchester Metropolitan University, UK) 
 Dr Katherine Brooke-Wavell (Loughborough University, UK) 
 Professor Brendan Burkett (University of Sunshine Coast, Australia) 
 Professor Ian Campbell (Brunel University, UK) 
 Professor Rory Cooper (University of Pittsburgh, USA) 
 Professor Roger Eston (University of South Australia, Australia) 
 Professor Martin Ferguson-Pell (University of Alberta, Canada) 
 Professor Neil Fowler (Manchester Metropolitan University, UK) 
 Dr Sonja de Groot (University of Groningen, The Netherlands) 
 Professor Thomas Janssen (Vrije University, The Netherlands) 
 Dr Laurie Malone (Lakeshore Foundation, USA) 
 Professor Ron Maughan (Formerly Loughborough University, UK) 
 Dr Claudio Perret (Swiss Paraplegic Centre, Switzerland) 
 Dr Lorna Porcelatto (Liverpool John Moores University, UK) 
 Dr Mike Price (Coventry University, UK) 
 Dr Lee Romer (Brunel University, UK) 
 Dr Graham Sharpe (Nottingham Trent University, UK) 
 Dr Susan Shirreffs (Formerly Loughborough University, UK) 
 Dr Paul Smith (Cardiff Metropolitan University, UK) 
 Dr Sean Tweedy (University of Queensland, Australia) 
 Dr Chris West (The University of British Columbia, Canada) 
 Dr Gavin Williams (Formerly Loughborough Sports Technology Institute, UK) 
 Professor Lucas van der Woude (University of Groningen, The Netherlands) 

 
Sports 
 
 GB Wheelchair Basketball 
 GB Wheelchair Rugby 
 British Cycling – Hand cyclists 
 GB Goalball 
 GB Paratriathlon 

 
Industry 
 
 UK Sport 
 RGK Wheelchairs 
 Bromakin Wheelchairs 
 McLaren Technologies 
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 The Peter Harrison Foundation 
 School of Sport, Exercise and Health Sciences, Loughborough University 
 British Tennis Foundation 
 UK Sport 
 British Paralympic Association 
 Healthcare and Bioscience iNet  
 English Institute of Sport (EIS) 
 Youth Sport Trust 
 Great Britain Wheelchair Basketball Association 
 Development Office – Loughborough University 
 Engineering and Physical Sciences Research Council (EPSRC) 
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A word from Professor Stuart Biddle 
 
School of Sport, Exercise & Health Sciences, Loughborough University and PHF Liaison 

 
 
 
 
 
 
 
 
 
 
 
‘I am delighted to see this wonderful documentation of the legacy of the sports science work of the PHC 
leading up to the 2012 Paralympic Games. I was able to assist in the initial seeking of support from the 
PHF when I was Head of the then School of Sport & Exercise Sciences at Loughborough University. At 
the time, Peter Harrison’s vision was to establish a world-leading centre that would have direct relevance 
and benefit to Paralympic sport. This vision is now being realised. This is occurring at a time when       
government and other funders of university activities increasingly want to see not only ‘value for money’ 
but also ‘impact’ of research that we undertake. The PHC is a great example of providing this impact and 
‘making a difference’. Read and be inspired! Now where have I heard that before?’ 
 
  

  



  

‘With the help of the staff 
at the PHC it showed what 
can be achieved when for 

the first time a very specific 
set of tests for Goalball can 
be put in place that allows 
you to benchmark against 

the best in the world.’ 
 

Dawn Newbery 
Performance Director 

 Goalball 
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Involvement at the London 2012 Paralympic Games  
 
The PHC have not only provided a research and consultancy hub at Loughborough University but several 
staff members were also involved with support / volunteer work in London during the Paralympic 
Games. Please see their reflections below. 
 
Dr Vicky Tolfrey  
 
This was my fifth Paralympic cycle and the best to date - I must thank       
ParalympicsGB for acknowledging how I could make an impact and      
inviting me to work alongside Georgina Sharples (ParalympicsGB       
Technical Programme Manager) and Nik Diaper (EIS Head of Sports     
Science & Sports Medicine for Paralympic Sports) in the Medical      
Centre in the heart of the Paralympic village. My key duties included; 
hydration testing, maintenance and operation of ice baths and advice 
for meals in the food hall.  
 
Being a team player is essential at this heightened moment in an         
athlete / coaches calendar and for a small team of medical and sport  
science practitioners working together on a daily basis we all had to 
learn the valuable lesson of working under pressure whilst smiling at 
the front desk. For this, a clear, methodical approach was essential and              
unfortunately due to the ill health of a good friend and colleague my 
role got juggled around at short notice. Given the circumstances I      
ensured that the delivery of all roles were completed to the best of my 
abilities.  
 
It felt (and feels) great to have played a very small part of the London 2012 Paralympic Games and for a 
few weeks I was called ‘super mum’ at home by the kids. This, in combination with the great        
achievements of the athletes, only reinforced my feeling of how lucky I am to have the job that I do, and I 
must thank Keith my husband for holding the fort at home.  
 
Dr Barry Mason 
 

During the London 2012 Paralympic Games I fulfilled the role of       
performance analyst. This was a similar role to the one I            
performed 4 years ago in Beijing, however the set-up for the      
current games was first class and far superior. I was part of an 
eight man performance analysis team under the lead of Steve   
Wilmott and Oliver Logan and had two main roles to ultimately   
assist coaches with the preparation and dissemination of video 
feedback about their own athletes or their opponents’                 
performances. One role involved collecting and editing all of the 
footage from the live Paralympic broadcasting streams in a format 
suitable for each of the coaches from a wide range of sports. This 
took place in GB House, which was a fantastic base for               
ParalympicsGB and the performance analysis set-up was of the 
highest calibre, with no less than 16 Mac computers used to 
stream all of the footage!! 
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The second part of my role required me to provide video support to some of the sports that were not 
covered by the Paralympic broadcasters live feed, such as goalball and wheelchair fencing. As such, I  
attended the relevant venues and collected and analysed footage in a timely manner as requested for 
both these sports. For goalball, this involved collecting video footage from the games and disseminating 
it into a usable format for the coaches immediately after the games, whilst also coding key information 
live during the games. This enabled coaches to look at the statistics and patterns of play of their own 
games and their upcoming opponents. For wheelchair fencing, the remit was simply to record footage of 
GB athletes and their potential opponents in the team events and to provide this footage to the coaches 
immediately after the competition. 
 
My role during the Games was a challenging yet extremely enjoyable experience. Being able to provide 
coaches and athletes with meaningful information during the most important competition of their lives 
was very rewarding and satisfying. As such you lost track of the long shifts you were actually doing. To be 
part of a home Games and to see the amount of support that our athletes were receiving was fantastic. 
I never thought my experience from Beijing would be surpassed, but it truly was!  
 
Dr Christof Leicht  
 
I was part of the performance analysis team during the Paralympics. It was 
great to feel part of it all – being based on the 9th floor of GB house right next 
to the Olympic Park, we certainly got a feel for the event, looking over to the  
stadiums and seeing the crowds pass by. The place was buzzing with            
supporting staff, PR people, media, athletes, and even David Cameron came 
over for a little chat. As our job was to video record the various sports and to 
provide coaches with whatever footage they requested in the evening, we also 
got to see quite a bit of the sports. It was a fantastic experience to work at an 
event this big and unique and to see athletes we have been working with over 
the years compete and succeed! 
 
Katy Griggs 
 

My role as a ‘Games Maker’ was predominantly ‘back of house’ for Boccia 
based at the Excel. This meant I had the opportunity to have a greater amount 
of contact with the athletes with daily interaction, in particular, in the lead up to 
the competition days. My role varied day to day depending on the needs of the 
athletes and the rest of the Boccia event team. We were also given the            
opportunity to watch some play and were even fortunate enough to see the 
team and pair event victory ceremonies. Although the Great Britain BC1/2 team 
were unable to match their gold from Beijing, they did take home the bronze. 
There was also success for Great Britain’s David Smith in the BC1 individual 
event winning a silver medal. Upon leaving the field of play, it was gratifying to 
watch athletes and support staff from competing nations congratulating each 
other on their successes and sharing the experience together. I think this was 

reflected across all sports at the Paralympics; fierce competitors on the track or court but supportive 
friends following competition.  
 
I am incredibly grateful to have been given this opportunity to be involved in such a successful event, 
especially one with a lasting legacy. However, time will tell if attitudes have truly changed towards       
disability sport with the recognition it finally deserves.  
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Outreach activities of the sport science staff 
 
The PHC organised and led the workshop ‘The journey from rehabilitation to wheelchair sporting            
excellence: Considerations for the support practitioner’ in 2010. This workshop was in collaboration with 
the English Institute of Sport (EIS) (Paul Davies – formerly Paralympic Lead). It was endorsed by both the 
British Paralympic Association and the London Organising Committee of the Olympic and Paralympic 
Games (LOCOG) as a relevant professional development opportunity for practitioners wishing to become 
involved in Paralympic sport. We have also been involved with educational workshops in 2012 with Nik 
Diaper (EIS Head of Sports Science & Sports Medicine for Paralympic Sports) and an open day funded 
by Podium 2012 titled ‘Pushing to London 2012.’ 
 

Pushing to London 2012 
 
In 2012, the PHC provided the public with a rare insight into the life of a Paralympic athlete at Stoke 
Mandeville. Over 100 people attended the ‘Pushing to London 2012’ event. They were able to try a 
range of activities including learning wheelchair handling skills, discussions on healthy eating habits, the     
benefits of physical activity and even tried their hand at wheelchair basketball with GB women's     
wheelchair basketballer Emily Scrivener. 
 
Other practical elements included a ‘Top Gear’ style lap time competition to find the fastest male and 
female to complete a sport specific drill in a wheelchair. Signed GB wheelchair rugby and basketballs 
were awarded to the ‘Top Gear’ winners and to the winner of the quiz which was designed to highlight all 
the research displays and activities of the event. 
 
The event also gave visitors the opportunity to find out about Loughborough’s latest research in this   
area and the sports science supporting Britain’s Paralympic athletes.  
 
Emily’s reflections on the event: ‘Scouts, school children, both girls and 
boys and a few full-time wheelchair users, enjoyed a real life wheelchair 
basketball experience at the ‘Pushing to London 2012’ event. We      
completed pushing races, the caterpillar (with several traffic jams) and 
shooting practice. We discussed if they found it hard or easy, some said 
easy, no problem, others laughed and said they couldn't believe how 
hard it was, I said wait for your arms to be killing tomorrow and see if 
you've got any blisters!! Personally I thought the event was amazing, so 
many different activities, all sorts of advice and inspirational people to 
meet and talk to, even the GB wheelchair rugby team wanted to get   
involved. I was  really proud to be part of such a motivating and          
educational event, I hope it leaves a great legacy after the London 2012 Games.’ 



  

‘The PHC led by Dr Vicky Tolfrey has 
a modern, well-equipped research  
facility, which allows physiological 
and biomechanical testing for all 

kinds of disability sports.’ 
 

Dr Claudio Perret  
Swiss Paraplegic Centre 
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Research and performance support  
 
In the remainder of the document we present some of the performance support and research that has 
been conducted at the PHC during the last Paralympic cycle (2008-2012). 
 
World class facilities 
 
The University offers not only excellent research facilities including fully-equipped laboratories for       
biomechanics, sport and exercise psychology, exercise physiology and state-of-the-art sports technology 
testing facilities, but also has staffing of an international calibre. The work of the PHC is located in the 
Special Populations Laboratory in the Clyde Williams building at Loughborough University. Over the last few 
years we have established a cutting-edge laboratory for the study of manual wheelchair performance.      
 
Laboratory equipment includes:  
 

 Two specialised wheelchair ergometers. 
 Motorised treadmill suitable for wheelchair assessment with the capability of drag testing for     

manipulation of power output. 
 Arm crank ergometer, hand bike and turbo trainer. 
 Wheelchair velocometer to examine the intra-push profiles of manual wheelchair propulsion. 
 Instrumented wheels (SmartWheel). 
 Adjustable sports wheelchair for basketball and tennis. 
 Three dimensional video analysis system and motion analysis software.  
 Two on-line gas analysis systems. 
 We also have access to dual energy X-ray absorptiometry (DEXA). 
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Laboratory fitness testing 
 
Introduction The aim of a physiological assessment is to obtain measures of an athlete’s current level of 
fitness and to use these values to make comparisons to previous results where available. This way we 
can monitor any changes in the fitness profile that occur as a result of training. The following is a brief 
outline of the tests that we can perform in a standard testing session: 
 
What we do 
 

1) Resting measurements: Body composition (skinfold thickness and body mass) and lung function. 
 
2) Lactate profiling: Heart rate, blood lactate and oxygen uptake measured during a series of       
exercise stages. This allows the examination of the relationship between heart rate, blood lactate 
and oxygen uptake at different propulsion speeds. This information can be used to prescribe and 
monitor training programmes. 
 
3) Peak oxygen uptake (V̇O2peak ) test: This test is performed to determine the ability of the body to 
transport and utilise oxygen (giving an indication of aerobic fitness). 
 
4) Sprint test: One 45s Wingate sprint can be performed on the wheelchair roller ergometer to     
assess sprinting ability and speed-endurance capacity (anaerobic fitness). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The postgraduate research element of the PHC has always been used to add an extra validation         
dimension whilst remaining cost effective. This provides useful coach education material that can be 
disseminated to all sporting levels and embeds a scientist to the sporting arena.  
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Blood profiling 
 
Introduction Through simple blood sampling procedures, the team are able to monitor a number of      
biomarkers describing an athlete’s state of health and their natural protection from illness. In the same 
way the physiological testing tracks a player’s fitness over time, these biomarkers can help identify any 
signs of over-training, fatigue or risk of illness that may otherwise go unnoticed across a training cycle. 
 
Each test provides information on the following: 
 

 Red blood cell count (RBC) The cells that carry oxygen around the body to working muscles. 
 Haemoglobin (HGB) The molecule that holds oxygen in the red cells during transport and gives 

them their red colour. 
 Hematocrit (HCT) This is the ratio of the volume of red cells to the volume of whole blood. 
 Platelet Count (PLT) Cells created in the bone marrow that play a vital role for blood clotting and 

wound healing. 
 White blood cell count (WBC) White blood cells are the infection-fighting cells in the blood and   

protect the body from illness. 
 
An example feedback table is provided below: 
 
 
 
 
 
 
 
 
 
How does this help an athlete If an athlete’s values fall   
outside the healthy reference range or below a ‘normal’  
level for them, this information can be fed back to a nursing 
team and support staff. Often simple alterations in diet or 
training load are all that is required to help recovery.          
However, if the values coincide with other adverse medical 
symptoms, a referral for further medical checks with a GP 
may be required. 
 

  Athlete’s values Healthy reference range 

RBC 4.7 4.2-5.9 
HGB 16 13-18 
HCT 41 42 -55% 
PLT 198 150 – 400 
WBC 4.4 4.3 -10.9 
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Oral immune function following exercise  
 
Introduction A spinal cord injury at a high level (causing tetraplegia) can cause function loss of the     
sympathetic nervous system which can negatively impact on immune responses. This can have           
deleterious consequences, as a good mucosal immune function is required to prevent bacteria and       
viruses to gain a foothold in the mouth and hence avoid colds, sore throats etc. The effects of exercise 
on mucosal immune function during spinal cord injury have not been explored until now. 
 
Methods Wheelchair athletes with different disabilities (tetraplegia, paraplegia and injuries unrelated to 
spinal cord damage) performed exercise sessions in the laboratory (exercise of moderate and strenuous 
intensity). Athletes with tetraplegia further performed highly strenuous exercise during a court exercise 
session. Mucosal immune function was measured in saliva samples before (pre ex), during (mid ex) and 
after (post ex) exercise. 
 
 

Main findings and applications 
 
 Moderate and strenuous sessions increased the   

secretion of salivary secretory immunoglobulin A 
(sIgA), a marker of mucosal immunity in all 
wheelchair athletes (indicated by the stars, see 
figure). 

 Despite the disruption of their sympathetic   
nervous system, the responses of athletes with 
tetraplegia were comparable with findings in the 
other wheelchair athletes and the able-bodied 
population. 

 It is possible that due to their highly trained    
nature, these individuals with tetraplegia are 
able to compensate for their loss of sympathetic 
innervation. 

 Exercise can be regarded as a means to improve 
mucosal immune function in wheelchair         
athletes. 

 
 
References 
 
Leicht, C.A., Bishop, N.C. and Goosey-Tolfrey, V.L. (2011). Mucosal immune responses to treadmill          
exercise in elite wheelchair athletes. Medicine and Science in Sports and Exercise. 43(8): 1414-21. 

Leicht, C.A., Bishop, N.C. and Goosey-Tolfrey, V.L. (2012). Mucosal immune responses during court  
training in elite tetraplegic athletes. Spinal Cord. 50(10): 760-5. 

Impacts of exercise on sIgA secretion rate 
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Oral immune function during periods of heavy training  
 
Introduction A spinal cord injury at a high level (causing tetraplegia) can cause function loss of the    
sympathetic nervous system which can negatively impact on immune responses. We know from data in 
the able-bodied population that during periods of heavy training, immune function can be depressed. In 
this study, we wanted to find out whether, despite their disability, these responses can be observed in 
athletes with tetraplegia as well.  
 
Methods Wheelchair athletes with tetraplegia were monitored during 5 months of a training cycle. Every 
2-3 weeks, they provided a saliva sample for the measurement of immune parameters and they           
indicated their training load by providing total time and intensity of their training. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Main findings and applications 
 

 We found that during periods of heavy training, immune function is reduced in athletes with       
tetraplegia – this is the same response to chronic exercise as found in the able-bodied population. 

 Despite this, only few incidents of upper respiratory tract symptoms were observed. It is possible 
that these athletes took adequate precautions to prevent illness. 

 Further studies should explore the relationship between depressed immune function and actual 
illness symptoms in athletes with tetraplegia (this would require a longer observation period          
and/or more athletes to be tested). 

 
 
Reference 
 
Leicht, C.A., Bishop, N.C., Paulson, T.A.W., Griggs, K.E. & Goosey-Tolfrey, V.L. (2012). Salivary                  
immunoglobulin A and upper respiratory symptoms during five months of training in elite tetraplegic  
athletes. International Journal of Sports Physiology and Performance. 7: 210-217. 
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‘British Paratriathlon have used the PHC laboratory to gather data to 
help confirm their talent pool.’   
 
Jayne Ellis  
Senior Paralympic Talent ID Scientist, formerly British Para-cycling 
Coach 
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The accuracy of measuring maximal exercise responses in wheelchair athletes 
 
Introduction Peak oxygen uptake is one of the most important measures in sport science. It is important 
to know how accurately it can be measured. However, as of yet, these data are missing in wheelchair 
athletes. 
 
Methods Wheelchair athletes with a range of disabilities performed a test to exhaustion on two separate 
days, separated by about a week. We measured peak oxygen uptake and analysed the variability         
between test days. 
 
Main findings and applications 
 

 Coefficients of variation of peak oxygen uptake between 
test days were 9.3% (tetraplegia), 4.5% (paraplegia) and 
3.3% (non-spinal cord injuries). For comparison, this   
figure is around 5% in the able-bodied literature. This 
means, 2/3 of all tested athletes vary up to 5% between 
one day and another. 

 The larger variation in athletes with tetraplegia must be 
acknowledged. In athletic populations, where much 
smaller changes than 9.3% can impact on performance, 
peak oxygen uptake may not be the right measure to 
monitor exercise performance. 

 However, when monitoring rehabilitation programmes,    
increases of peak oxygen uptake of at least this         
magnitude are expected – in this case, measuring peak 
oxygen uptake makes sense. 

 
 
 
 
References 
 
Leicht, C., Tolfrey, K., Lenton, J., Bishop, N. and Goosey-Tolfrey, V.L. (2013). The verification phase and 
reliability of physiological parameters in peak testing of elite wheelchair athletes. European Journal of 
Applied Physiology. 113(2): 337-345. 
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Exercise responses in wheelchair athletes with different disabilities 
 
Introduction Wheelchair athletes have a range of disabilities – the more severe the disability, the lower 
their endurance performance capacity. Different disabilities may also have an impact on other exercise 
responses. Therefore, in this project we analysed sub-maximal exercise responses in wheelchair           
athletes. 
 
Methods Wheelchair athletes with different disabilities (tetraplegia: TETRA; paraplegia: PARA; non-spinal 
cord injuries: NON-SCI) performed an exercise test, covering a range from moderate to strenuous       
exercise. A range of parameters were measured throughout the experiment, such as oxygen uptake and 
blood lactate concentration, which is a marker of muscular exhaustion. 
 
 

Main findings and applications 
 
 There was a difference between groups 

when blood lactate concentration was  
expressed relative to oxygen uptake (V̇O2) 
(bottom figure). 

 However, when V̇O2 was expressed in   
relation to each individual’s 100% peak 
oxygen  uptake, no difference between 
groups was apparent (top figure). 

 Exercise can therefore be described 
based on the same relative V̇O2 , which 
then results in the same blood lactate  
response in all disability groups. 

 These findings can both be used in the 
field of training prescription but also in 
the design of exercise protocols when 
comparing different groups of wheelchair 
athletes.  

 
 
 

 
Reference 
 
Leicht, C.A., Bishop, N.C. and Goosey-Tolfrey, V.L. (2012). Submaximal exercise responses in tetraplegic, 
paraplegic and non spinal cord injured elite wheelchair athletes. Scandinavian Journal of Medicine and 
Science in Sports. 22(6):729-736. 

The relationship between blood lactate concentration and oxygen 
uptake in different groups of wheelchair athletes. 
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Warming up respiratory muscles before exercise  
 
Introduction It is well documented that a respiratory warm-up (RWU) improves exercise performance in 
able-bodied athletes. However, its effects in individuals with paraplegia are unknown. 
 
Methods On two separate days, nine participants with paraplegia performed arm cranking exercise at 
the same heavy exercise intensity until they fatigued. On one occasion, this was preceded by a RWU 
(using the POWERbreathe device). This RWU consisted of 2 sets of 30 breaths at 40% of the               
participants’ maximum inspiratory force. On the other occasion, participants completed the test without 
the RWU. For both tests, time to exhaustion was recorded along with measures monitoring the breathing 
pattern. 
 
 

From left to right, the “POWERbreathe”, a participant performing lung function measurements and a           
participant during the performance test. 
 
 

Main findings and applications 
 
 Time to exhaustion following the RWU was reduced (see 

figure on the left, as indicated by the *). 
 A RWU can fatigue the respiratory system if the            

resistance of the loading device is too high. This results 
in increased pulmonary ventilation and breathing         
frequency, which we observed in our participants.    
Therefore, care is advised when selecting resistances for 
a RWU. 

 The resistance chosen for the RWU in the present study 
seemed to be too high. We cannot, however, rule out a 
potential beneficial effect of a RWU on exercise           
performance if the resistance of the respiratory loading 
device had been reduced. 

 Future studies should explore alternative RWU              
programmes in people with paraplegia. This could be 
achieved by modifying the design of RWU programmes; 
by altering the resistance of the respiratory loading     
device, or the time or length of the RWU.  

Reference 
 
Leicht, C.A., Smith, PM., Sharpe, G., Perret, C. and Goosey-Tolfrey, V.L. (2010). The effects of a                   
respiratory warm-up on the physical capacity and ventilatory response in paraplegic individuals.          
European Journal of Applied Physiology. 110(6): 1291-1298. 
 
This study was supported by a grant from Healthcare and Bioscience. 

Participants exhausted more quickly following 
the RWU protocol chosen in this study. Each 
line represents a single participant. 
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Self-regulating exercise based on rating of perceived exertion: Application in elite 
wheelchair athletes with tetraplegia 
 

Introduction Subjective rating of perceived exertion (RPE) scales provide a method 
of quantifying perceived exertion during exercise. A novel application of these 
scales is as a tool to self-regulate the intensity of exercise training based on the    
verbal anchors associated with the scale. To date, little research has focused on 
the self-regulation of wheelchair propulsive exercise, particularly so in individuals 
with high level spinal cord injuries. 
 
Methods On two separate days, 8 participants performed 20 min of wheelchair 
propulsive exercise on a wheelchair ergometer. On the first occasion, the intensity 
of the exercise was imposed upon the athlete and individual RPE were recorded. 
On the second occasion, athletes were asked to self-regulate exercise intensity 
based upon the RPE recorded during the previous imposed intensity bout.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and applications 
 

 No difference was found between the intensity of the imposed and self-regulated exercise bouts. 
 Power output rose towards the end of the self-regulated bout as the athletes became more            

efficient in their pushing. 
 These findings support subjective RPE scales as a cost effective and easy to administer tool for 

self-regulating training intensity in elite wheelchair athletes with tetraplegia. 
 
Reference 
 
Paulson, T., Leicht, C., Bishop, N. and Goosey-Tolfrey, V.L. (2013). Perceived exertion as a tool to          
self-regulate exercise in individuals with tetraplegia. European Journal of Applied Physiology. 113 
(1):201-209. 

Oxygen uptake (V̇O2 ) and power during the 20 minute study period. 
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Resting energy expenditure and fat free mass in wheelchair athletes 
 
Introduction Sedentary individuals with tetraplegia have lower resting energy expenditure and total lean 
body mass than both sedentary individuals with paraplegia and able-bodied individuals. However,      
resting energy expenditure in trained populations is similar between athletes with tetraplegia and        
paraplegia. Therefore, the purpose of this study was to examine the relationship between resting energy 
expenditure and fat free mass in spinal cord injured elite athletes. 
 
Methods 24 male trained wheelchair athletes were assigned to two disability groups (13 and 11 athletes 
with tetraplegia and paraplegia, respectively). Resting respiratory gas exchange was determined over a 
continuous 35 min period and resting energy expenditure was estimated. Fat free mass was obtained 
from dual energy X-ray absorptiometry and calculated for the whole body, arms, legs, trunk and upper 
body (trunk and arms).  
 
Main findings and applications  
 

 Absolute resting energy expenditure was not significantly different between athletes with             
tetraplegia and paraplegia. 

 Total fat free mass (52.9 ± 8.9 kg and 51.7 ± 6.7 kg for athletes with tetraplegia and paraplegia, 
respectively) and upper body fat free mass (33.6 ± 5.6 kg and, 35.9 ± 4.6 kg for athletes with   
tetraplegia and paraplegia, respectively) did not differ between groups.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This study extends the current knowledge of energy expenditure in wheelchair sportsmen by accounting 
for fat free mass. The results show that resting energy expenditure did not differ between athletes with 
tetraplegia and paraplegia. This is in contrast to findings from sedentary and rehabilitation settings, 
where resting energy expenditure and fat free mass are lower in athletes with tetraplegia compared to 
athletes with paraplegia. In summary, wheelchair sports training may explain the similarities in body 
composition and consequently resting energy expenditure athletes with tetraplegia and paraplegia.  
 
Reference 
 
Croft, L., Tolfrey, K. and Goosey-Tolfrey, V.L. (2010). Resting energy expenditure in relation to fat free 
mass in elite wheelchair sportsmen. The British Association of Sport and Exercise Science (BASES)      
student conference, Glasgow, Scotland. 

Scanning an athlete using dual energy X-ray absorptiometry for the                
determination of fat free mass. 



 

‘The feedback I receive allows me to 
gauge my current fitness level.’ 

 
Richard Whitehead 

Paralympic Gold Medallist 2012 
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A physiological case study of a double amputee marathon runner 
 
Introduction This case study describes the physiological profile of a runner who has now become World 
record holder for the lower-limb amputee marathon, at the age of 32 years. The purpose of the study 
was to examine the physiological adaptations over a two year period and investigate the relationship  
between selected physiological variables and marathon performance. 
 
Methods The athlete attended four physiological testing sessions at 6 month intervals (2009-2011).        
Physiological measures included running economy, blood lactate threshold, blood lactate turn-point and 
V̇O2peak. The sub-maximal treadmill exercise consisted of a 5-7 stage incremental speed based protocol 
at 0% gradient. Treadmill speeds ranged from 6–11 mph and increased by 0.5 or 1 mph for each stage, 
which were 4 minutes in duration and expired air was collected during the final minute. Heart rate was 
monitored continuously using radio telemetry. Small capillary blood samples were obtained from the   
finger in the 1-minute break between stages for determination of blood lactate. Lactate threshold was 
defined as the exercise stage completed before the first increase in blood lactate. Lactate turn-point was 
defined as the exercise stage completed before a steep rise in lactate concentration. Both thresholds 
were determined visually by two observers independently. The relationship between individual           
physiological variables and marathon performance over the two year period was described. 
 

Main findings and application  
 
 Marathon time improved by 8% from 2:56:45 to 

2:42:52.  
 Absolute V̇O2peak improved from 3.78 L·min-1 in Feb 09 to 

4.27 L·min-1 in Feb 10. This equated to a change of 6.4 
mL·kg-1·min-1 in relative V̇O2peak. 

 Performance time tended to improve with increases in 
V̇O2peak. 

 Speed at lactate threshold improved from 7 to 9 mph and 
lactate turn-point improved from 9 to 10.5 mph. 

 Improvements in lactate threshold and turn-point was 
associated with improvements in marathon                 
performance.  

 Running economy at 10 mph — Feb 09                                 
(45.6 mL.kg-1.min-1), July 09 (45.1 mL.kg-1.min-1) and Feb 
10 (45.9 mL.kg-1.min-1). Results suggest this variable was 
not associated with improved marathon completion time.  

 
 

We conclude that, although running economy has been shown to correlate well with endurance                 
performance in previously published work (Jones (1998): British Journal of Sports Medicine, 32, 39-43), 
the physiological variables that appear to be most favourably related with marathon performance in the         
participant studied in this case were lactate threshold and lactate turn-point. 
 
Reference 
 
Croft, L., Gerrett, N. and Goosey-Tolfrey, V.L. (2011). Physiological profile of an amputee runner. The             
British Association of Sport and Exercise Science (BASES) student conference, Chester, UK. 

Richard Whitehead running on treadmill. 
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Physiological demands of wheelchair basketball and wheelchair tennis 
 
Introduction Wheelchair basketball and tennis are two popular court sports within the Paralympics. To 
ensure that training reflects the demands of the sport, an understanding of the physiological             
competitive sporting demands is required. The main purpose of this study was to determine whether the 
competitive physiological demands of these two court sports differed. 
 
Methods 6 wheelchair basketball players were matched with 6 wheelchair tennis players, all of whom 
were presently competing internationally and therefore considered elite. All participants were assessed 
in the laboratory for their peak performance and the determination of training heart rate zones.  
The following zones were identified: 
 

- Zone 1: Recovery 
- Zone 2: Extensive Aerobic  
- Zone 3: Intensive Aerobic  
- Zone 4: Threshold  
- Zone 5: Maximum capacity 
 

Within two weeks of the laboratory tests, their heart rate response was monitored during game play. 
 
Main findings and applications  
 

 Average match heart rate was higher in wheelchair basketball when compared to wheelchair      
tennis. 

 Differences between the two court sports existed for time spent in the different training zones. 
 It is proposed that wheelchair basketball requires predominately high-intensity training, whereas 

tennis training requires training across the exercise intensity spectrum. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference 
 
Croft, L., Dybrus, S., Lenton, J.P. and Goosey-Tolfrey, V. (2010). A comparison of the physiological          
demands of wheelchair basketball and wheelchair tennis. International Journal of Sports Physiology and 
Performance. 5(3):301-315. 

zone: 1 2 3 4 5 total 
game 
time 

 relative absolute relative absolute relative absolute relative absolute relative absolute absolute 
sport % min % min % min % min % min min 
wheelchair 
basketball 
(APT) 
 

7.4 2.7 3.7 1.8 2.7 1.3 4.0 1.6 82.0 33.1 40.5 

wheelchair 
basketball 
(WMP) 
 

18.2 9.6 5.6 3.7 4.3 2.8 4.3 2.5 67.6 36.1 54.7 

wheelchair 
tennis 
(WMP) 

7.6 4.2 11.9 7.0 14.7 9.7 7.9 5.8 57.9 44.2 70.9 

 

Table showing the percentage of time spent in each training heart rate zone during actual playing time (APT) 
and whole match play (WMP; including rests) in wheelchair basketball with whole match wheelchair tennis 
play.  
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Tracking changes in body composition in elite wheelchair basketball players 
 
Introduction Practical methods for monitoring body composition changes are important when preparing 
wheelchair basketball players for competition. Therefore, the purpose of this study was to track changes 
in measures of body composition using different methodologies in wheelchair athletes. 
 
Methods 16 male Great Britain Wheelchair Basketball players underwent body composition                  
assessments at 5 time points over 15 months. The primary outcome was DEXA-derived body fat         
percentage (see picture below – DEXA scans are specialised X-ray scans that can be used to determine 
body fat percentage). Another method to calculate body fat percentage was by measuring skinfold    
thickness at defined locations on the body. This skinfold method is much cheaper and more practical 
than DEXA and therefore used more commonly in sporting environments. Other practical methods were 
also evaluated, such as body fat determination using bioelectrical impedance or the BodPod. 
 
Main findings and applications  
 

 The sum of 8 skinfolds was the most precise      
practical measure for tracking changes in 
body fat percentage.  

 The body fat percentage derived by the sum 
of 8 skinfolds gave similar results as the 
DEXA body fat percentage.  

 For the monitoring of an individual male 
wheelchair basketball player, a change in 
sum of 8 skinfolds by more than 13% is     
associated with a practically meaningful 
change in body fat percentage. For example, 
an athlete whose sum of 8 skinfolds           
decreases from 100 mm to 86 mm could be 
said to have become leaner. 

 Reductions in the sum of skinfolds lower 
than this value would be considered trivial, 
given the typical prediction error observed. 

 
 
 
 
 
 
 
 
It is therefore concluded that a measure of the sum of 8 skinfolds can track changes in body fat          
percentage in wheelchair athletes with adequate precision. 
 
 
 
 
The results of this study will be presented at the American College of Sports Medicine (ASCM) conference 2013. 

Scanning an athlete using dual energy X-ray                   
absorptiometry for the determination of fat free mass. 
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Thermoregulatory responses of wheelchair athletes during intermittent sprint       
exercise 
 
Introduction Spinal cord injured individuals have impaired thermoregulatory control, a loss or reduction 
in sweating capacity and an inability to make effective vasomotor adjustments. Individuals with high  
level cervical lesions (tetraplegia) possess a greater impairment in thermoregulatory control and  
demonstrate little or no sweating response compared with individuals with lower level lesions. Limited 
data are available regarding the thermoregulatory responses of athletes with tetraplegia and paraplegia 
during intermittent wheelchair exercise reflecting the nature of wheelchair court sports. 
 
Methods Eight wheelchair rugby players with tetraplegia and eight wheelchair basketball players with 
paraplegia completed an incremental sprint protocol (ISP) on a wheelchair ergometer (see photo below) 
followed by 15 minutes of passive recovery in cool conditions (20.5°C, 45% humidity) to replicate a 
wheelchair court sports environment. The ISP consisted of four blocks of 15 minutes (consisting of 
bouts of forward and backward pushing, short sprints and active recovery) separated by 5 minutes of 
passive recovery. Core and skin temperature were measured throughout. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and applications 
 

 Core and skin temperatures were higher throughout exercise and recovery in athletes with          
tetraplegia than athletes with paraplegia, indicating a greater inability to dissipate heat during and 
post exercise. 

 Although only exercising in cool conditions, these data suggest that athletes with tetraplegia have 
a greater inability to dissipate heat than athletes with paraplegia during intermittent sprint exercise 
and recovery, possibly due to the greater loss of sweating capacity. 

 
 
 
The results of this study will be presented at the European College of Sports Science (ECSS) conference 2013. 

Set-up of wheelchair ergometer. 
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The effects of experience on the energy cost of wheelchair propulsion 
 
Introduction The mechanical efficiency of experienced wheelchair users is significantly higher than in 
novice able-bodied individuals, suggesting energy expenditure may be reduced in experienced             
individuals. With knowledge of the energy expended during wheelchair propulsion, nutritional              
recommendations can be provided for individuals in their early stages of rehabilitation and for             
habituated wheelchair users. This study therefore aimed to investigate the effects of experience on    
energy expenditure during wheelchair propulsion.  
 
Methods Thirty-one individuals took part in this study. Participants were assigned to one of three groups 
in accordance to their wheelchair propulsion experience: 1) 11 novice able-bodied individuals, 2) 11 
able-bodied individuals habituated to three weeks practice and 3) 9 experienced daily-wheelchair users 
with paraplegia. Energy uptake was determined on a treadmill at different power outputs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and application  
 

 Experienced daily wheelchair users expended between 10 and 26% less energy compared with the 
other groups at all power outputs. 

 
 Practicing for only 3 weeks did not lead to decreases in energy expenditure during exercise. 

 
 Findings have great implications for nutritionists and health care professionals working in the field 

of physical activity and weight management, as it appears that energy expenditure during      
wheelchair propulsion is influenced by experience.  

 
Reference 
 
Croft, L., Tolfrey, K. and Goosey-Tolfrey, V.L. (2013, Epub ahead of print). Energy expenditure of             
wheelchair propulsion at fixed power outputs: effect of experience. European Journal of Physical and 
Rehabilitation Medicine.  

Set-up of the wheelchair on the treadmill. 
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Wheelchair propulsion: Effects of experience and push strategy on           
efficiency and perceived exertion 
 
Introduction Manual hand-rim wheelchair propulsion is a relatively inefficient 
form of locomotion, however, experienced wheelchair sportsmen (WS) exhibit 
much higher efficiency values than inexperienced able-bodied (AB)                
participants. Despite these differences, the trends in physiological responses 
(for example oxygen uptake) during wheelchair exercise appear to remain   
similar. In this study, we have examined the roles of propulsion frequency and 
wheelchair pushing experience on the mechanical efficiency and the rating of 
perceived exertion (RPE) during wheelchair propulsion. 
 
Methods Fourteen AB male participants and eight male WS performed 2 series of five, 4-min exercise 
bouts (synchronous, SYN: both arms push at once; asynchronous, ASY: one arm pushes at a time) at 
an individualised velocity (60% of peak oxygen consumption) on a roller ergometer. Arm frequencies 
consisted of the freely chosen frequency (FCF) followed by 4 counter-balanced paced trials at 60%, 
80%, 120% and 140% of the FCF. Efficiency indices were determined and RPE was recorded. 
 

 
 
 
 
 
 
 

 
Reference  
 
Lenton, J.P., Fowler, N.E., van der Woude, L.H.V. and Goosey-Tolfrey, V.L. (2008). Wheelchair  
Propulsion: effects of experience and push strategy on efficiency and perceived exertion.        
Applied Physiology, Nutrition and Metabolism. 33: 870-879. 

Main findings and applications 
 
 Mechanical efficiency was           

significantly higher in WS. However, 
trends in oxygen uptake (a      
measure for physiological demand) 
did not change as a result of      
propulsion experience (see two top 
graphs). 

 
 80% FCF resulted in improved     

efficiency for both propulsion 
modes (SYN or ASY) in AB and WS. 

 
 There was no significant advantage 

of the ASY propulsion over the     
traditional SYN propulsion. 

 
 RPE shows similar trends to the 

physiological measures, such as 
oxygen uptake, for push strategy 
manipulations (see two bottom 
graphs). Furthermore, lower RPE 
scores correspond with higher     
efficiency values (comparing      
bottom & top graph). This indicates 
that participants can feel the most  
efficient propulsion mode. 

ASY SYN  AB  WS  ▲ ■ 

    Push frequency and its impact on a range of parameters. 
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Mechanical efficiency of asynchronous hand-rim wheelchair propulsion after four 
weeks of practice 
 
Introduction The learning and training of manual hand-rim wheelchair propulsion 
is deemed as an essential part of the rehabilitation process for people who       
become wheelchair-dependent. Previous research demonstrates the benefits of 
visual feedback for more effective hand-rim propulsion. We extend this work to 
verify the effects of learning in unpaced vs. paced frequency conditions and      
investigate whether asynchronous propulsion will follow a similar and consistent 
pattern of adaptation to that of the traditional synchronous propulsion. 
 
Methods Twenty five able-bodied participants performed five, 4-minute exercise bouts at 1.7 m/s, at a 
freely chosen arm frequency (FCF) and 4 paced arm frequencies of 60, 80, 120, and 140% FCF. Gross 
efficiency, arm frequency and measures of sub-maximal performance were determined. Participants 
were assigned to an unpaced (FCF, 9 participants), paced (80% FCF, 8 participants) or control (CON, no 
practice, 8 participants) group. The FCF and 80% FCF groups received 4-weeks (unpaced and paced   
respectively) propulsion practice (3 sessions/wk, 4 · 4min-trials; 33-35W) at 1.7 m/s on a wheelchair 
ergometer. Following practice, the pre-testing protocol was repeated.  
 
Main findings and applications 
 
 Arm frequency decreased after 4 weeks of     

practice in both practice groups; 80% FCF = -28; 
100% FCF = -46 (see top graph). 

 
 Gross efficiency increased after 4 weeks of   

practice in both practice groups in contrast to the 
control group; 80% FCF = +0.9%;                    
100% FCF = +1.2% (see middle graph). 

 
 Improvements in efficiency are clearly associated 

with a reduction in arm frequency (see top and 
bottom graphs). Arm frequency changes imply 
changes to technique and possibly muscle           
activity as practice would allow skill development 
in novice participants. 

 
 The feedback mechanism of pacing via the use of 

audio cues to assist recently spinal cord injured 
individuals in rehabilitation seems to be          
beneficial to learning the complex task of     
wheelchair propulsion. 

 
Reference  
 
Lenton, J.P., Fowler, N.E., van der Woude, L.H.V. and Goosey-Tolfrey, V.L. (2010). Mechanical efficiency of            
asynchronous hand-rim wheelchair propulsion after 4-weeks of practice. Disability and Rehabilitation. 
32(26): 2155-2164. 

The effect of practice on wheelchair propulsion. 
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Hand-rim wheelchair propulsion practice: Influence of music 
 
Introduction Listening to music is popular when partaking in exercise as it can  
often increase enjoyment as well as benefiting performance. We continue to seek 
ways to encourage novice wheelchair users to improve their wheelchair skills and 
eventually engage in regular exercise / sports. Hence, the use of music may be of 
great benefit during rehabilitation and facilitate sticking to exercise programmes 
in wheelchair users. 
 
Methods Twenty-two able-bodied participants performed hand-rim wheelchair propulsion at 1.1 m/s on 
a roller ergometer. Participants were then assigned to a 3-wk practice period listening to                           
i) 125 beats/min tempo music (LOW); ii) 170 beats/min tempo music (HIGH); or iii) a control group 
(CON) listening to no music. Following (post) practice participants repeated the pre-testing protocol. 
Gross efficiency, push frequency, rating of perceived exertion (RPE) and propulsion technique variables 
were recorded.  

 
Reference  
 
Goosey-Tolfrey, V.L., West, M., Lenton, J.L. and Tolfrey, K. (2011). Influence of varied tempo music on 
wheelchair mechanical efficiency following 3-wk practice. International Journal of Sports Medicine. 32
(2): 126-131.  

The effect of music on wheelchair propulsion. 

Main findings and applications 
 
 3 weeks of practice can lead to significant        

improvements in gross efficiency, RPE & push 
frequency (see all graphs). 

 
 LOW tempo music resulted in a 1% rise in 

gross efficiency (see top graph). 
 
 There was no clear advantage of exercising to 

different tempo music. However, any                  
improvement in gross efficiency is considered 
advantageous, particularly in novice          
wheelchair users, as physical strain can be 
reduced and performance can continue for 
longer without fatigue. 

 
 Practice resulted in reductions of push           

frequency and rating of perceived exertion, 
meaning that the same exercise was           
perceived less strenuous at the end of the 
practice period (see two bottom graphs). 

 
 Because of the positive trends we found,          

researchers should further examine the use 
of music in a rehabilitation environment.  



 

‘Court sport wheelchairs can be 
configured in a range of different 
ways to improve performance.’ 
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How wheelchair set-up affects performance: An athlete’s perspective 
 
Introduction Configuring a sports wheelchair is a vital yet complex decision for wheelchair athletes.    
Scientific testing is important to establish how different configurations affect performance. However, 
athlete’s opinions  also need to be considered in order to establish which areas of configuration they 
need help with. 
 
Methods Nine experienced wheelchair athletes were interviewed to document which areas of             
performance were most important for successful mobility performance in their sport and how different 
wheelchair configurations affected these performance indicators.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and applications 
 

 Athletes appeared to give greater consideration to how aspects of ball handling or stroke           
production were affected by their wheelchair set-up as opposed to mobility performance. 

 Stability was deemed the most important parameter when configuring a new wheelchair. 
 Initial acceleration was viewed as the most important performance indicator by wheelchair       

basketball and rugby players although wheelchair tennis players often favoured improved          
manoeuvrability. 

 Athletes demonstrated similar views as to how they felt manipulating the majority of areas of    
configuration affected their mobility performance. 

 However, these were often vague statements, e.g. ‘sitting higher does this, whereas sitting low 
does this.’ These types of statements do not assist the identification of optimal set-ups. 

 Rear-wheel camber was identified as the area of configuration most in need of future scientific 
research as athlete’s responses to how this area affected mobility performance were mixed. 

 

Reference  
 

Mason, B.S., Porcellato, L., van der Woude, L.H.V. and Goosey-Tolfrey, V.L. (2010). A qualitative               
examination of wheelchair configuration for optimal mobility performance in wheelchair sports: a pilot 
study. Journal of Rehabilitation Medicine. 42: 141-149.  

A wheelchair athlete discussing aspects of his wheelchair set-up 
with a sports scientist. 
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The effect of rear-wheel camber during on-court mobility performance 
 
Introduction Wheelchair athletes have often associated an increase in the degree of camber with an  
improvement in manoeuvrability performance. However, the effect of greater camber on aspects of     
linear performance is not well documented. 
 
Methods Fourteen wheelchair athletes performed three sports specific on-court field tests in 4 different 
camber settings (15°, 18°, 20° & 24°). Timing gates were used to assess the times taken to perform a 
20m sprint and a manoeuvrability drill. A velocometer (a device measuring speed) was attached to    
athlete’s wheelchairs during the 20m sprint to assess initial acceleration performance and peak 
speeds.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Reference 
 
Mason, B.S., van der Woude, L.H.V., Tolfrey, K. and Goosey-Tolfrey, V.L. (2012). The effects of rear-wheel 
camber on maximal effort mobility performance in wheelchair athletes. International Journal of Sports 
Medicine. 33: 199-204.  

 

The velocometer attached to a wheelchair during testing and a participant performing the manoeuvrability drill in a 
camber setting.  

Main findings and applications 
 

 20m sprint times were lower in 18° and 
20° camber compared with 24° camber. 

 Although no significant differences were 
identified, strong trends suggested that 
manoeuvrability performance was          
improved in the 18° and 20° settings 
compared with 15°. 

 In summary, 24° would not be an          
advisable camber setting for a wheelchair 
athlete, given the negative impact it had 
on linear performance, without any       
positive impact on manoeuvrability        
performance. 

 

A typical speed trace derived during the 20m sprint, which 
was analysed for acceleration and sprinting performance.  
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The effect of rear-wheel camber on physiological & biomechanical parameters 
 
Introduction The camber angle of the main wheels is an area of configuration that has increased      
gradually in court sport wheelchairs over the years. However, the effects of this area of configuration on 
athletes’ mobility performance have been somewhat limited and varied. 
 
Methods Fourteen wheelchair athletes performed a 4-min sub-maximal exercise bout on a motorised 
wheelchair treadmill in 4 different camber settings (15°, 18°, 20° & 24°). During each camber setting, 
physiological demand was assessed by the oxygen being consumed and athletes’ heart rates, whilst 
propulsion technique was monitored using high-speed video analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Reference 
 
Mason, B.S., van der Woude, L.H.V., de Groot, S. and Goosey-Tolfrey, V.L. (2010). The effects of camber 
on the ergonomics of propulsion in wheelchair athletes. Medicine and Science in Sports and Exercise.               
43: 319-326. 

 

From left to right, a typical court sport wheelchair with rear-wheel camber and a participant    
performing a trial on the treadmill with joint markers on for video analysis.  

Due to increases in rolling resistance in higher camber  
settings, physiological demand was elevated in the larger 
two settings (20° & 24°).  

Main findings and applications 
 

 Larger camber increased the surface area 
of the tyre in contact with the treadmill,  
creating a greater rolling resistance. 

 A consequence of this was an increased 
physiological demand in larger camber   
settings. 

 An increase in the active elbow and     
shoulder range of motion was observed 
during the largest 24° camber setting. 

 Larger camber settings may exacerbate the 
onset of fatigue during prolonged sporting 
activity. 
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The effect of wheel size during sub-maximal wheelchair propulsion 
 
Introduction Wheel size selection in the court sport ranges between as little as 24” up to as much as 
27”. Although it is known that a smaller wheel will increase the rolling resistance at a given speed, the 
resulting effects on an athlete’s physiological demand and propulsion technique have yet to be            
investigated. 
 
Methods Thirteen wheelchair basketball players performed a 4-min exercise bout at a fixed treadmill 
speed (2.2 m/s) in an adjustable wheelchair in 3 different wheel sizes (24”, 25” & 26”). During each 
wheel size condition, physiological demand was assessed by the volume of oxygen expired and heart 
rate. High speed video analysis was incorporated to analyse propulsion technique, whilst a SMARTWheel 
equipped with a force sensing hand-rim was used during each condition to assess the magnitude and 
direction of force application. 
 
 

 
 
 
 

 
 
Main findings and applications 
 

 Smaller wheels increased the rolling resistance, which led to an increased physiological demand 
(higher oxygen uptake & heart rate) in 24” wheels compared with 25” and 26” wheels. 

 Athletes were shown to elicit a larger push angle in smaller wheels and had to apply a significantly 
larger magnitude of force to the hand-rims in smaller 24” wheels compared to 25” and 26” wheels 
at a given speed. 

 Smaller 24” wheels were shown to be less economical than larger wheels, which may increase the 
onset of fatigue during competition. However, field based testing is warranted to establish any    
potential benefits of this wheel size. 

 
Reference 
 
Mason, B.S., van der Woude, L.H.V., Tolfrey, K., Lenton, J.P. and Goosey-Tolfrey, V.L. (2012). Effects of 
wheel and  hand-rim size on sub-maximal propulsion in wheelchair athletes. Medicine and Science in 
Sports and Exercise. 44: 126-134. 

From left to right, two athletes demonstrating 
vastly different wheel size selections, an athlete 
pushing on the treadmill with a SMARTWheel, 
whilst expired air is collected.  
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The effect of wheel size during field-based testing in wheelchair athletes 
 
Introduction It has been proposed by experienced athletes that smaller wheels allow for improved       
acceleration whilst bigger wheels improve sprinting performance. However, no scientific research has 
investigated the effects of wheel size on such sport specific movements. 
 
Methods Thirteen wheelchair basketball players performed three sport specific field tests using 3      
different wheel sizes (24”, 25” & 26”). The times taken to perform a 20 m sprint and an agility test were 
measured using timing gates. Linear performance during the 20 m sprint was analysed in greater detail 
using the wheelchair velocometer (a speed measuring device). Measures such as initial acceleration 
and peak speed were used as performance indicators during this drill, with impact velocities calculated 
to establish coupling effectiveness between the athlete and the wheelchair.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and applications 
 

 20 m sprint times were significantly reduced in 26” wheels compared with 24” wheels. However, 
this was not the result of improved acceleration, where no differences were observed between 
wheel sizes. 

 Sprinting performance was improved in larger wheels, with higher peak speeds reached in 26” vs. 
24” wheels. This was the result of improved coupling in larger wheels, where a reduced negative 
dip in velocity was observed at the beginning of a push. 

 26” wheels appeared to be a favourable wheel size for highly trained wheelchair athletes given the 
improvements in sprinting performance without any negative effect on acceleration or                
manoeuvrability. 

 
Reference 
 
Mason, B.S., van der Woude, L.H.V., Lenton, J.P. and Goosey-Tolfrey, V.L. (2012). The effect of wheel size 
on mobility performance in wheelchair athletes. International Journal of Sports Medicine. 33: 807-12. 

An athlete performing the ’20 m sprint’ during 
wheel size testing. 

A speed trace demonstrating the 20 m sprint profiles of one 
athlete in 24” vs. 26” wheels. 
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The importance of glove selection for wheelchair rugby players 
 
Introduction The use of gloves is a common feature of wheelchair rugby competition in order to         
compensate for the lack of hand function and grip in wheelchair rugby players. A variety of gloves        
developed for other purposes are used, with improved grip and coupling between the user and the wheel 
being the main objective. However, a glove developed specifically for the sport does not exist and the 
performance characteristics of other gloves are also unknown. 
 
Methods Ten highly trained wheelchair rugby players performed 3 field tests using 4 different glove 
types: their current modified gloves (CON), American football gloves (NFL), building gloves (BLD) and a 
prototype glove developed for wheelchair rugby (HYB). Performance was assessed during the drills in 
each glove type by a velocometer and timing gates.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Main findings and applications 
 

 Athletes performed a 15m sprint quicker in their own gloves compared to a glove developed     
specifically for wheelchair rugby. 

 This was attributed to improvements in acceleration and sprinting and higher velocities over both 
short & long distances. 

 Athletes were also more manoeuvrable in their current gloves (CON) compared to all others. 
 In conclusion, athletes should continue to modify a glove to best suit their individual needs, as  

generic ‘off the shelf’ gloves impaired mobility performance, even a glove that had been designed 
for wheelchair rugby. 

 
 
Reference 
 
Mason, B.S., van der Woude, L.H.V. and Goosey-Tolfrey, V.L. (2009). The influence of glove type on           
mobility performance for wheelchair rugby players. American Journal of Physical Medicine and                          
Rehabilitation. 88: 559-657. 

From left to right, two glove types tested (NFL & BLD), and an athlete performing one of the field tests in his own 
modified gloves (CON). 



 

‘Highly ranked players push 
faster and further than lower 

ranked players and are   
therefore more capable of   

responding to ball movement 
and the challenges of     

competitive match-play.’ 
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The accuracy of measuring devices for the assessment of court movement during 
wheelchair tennis match-play 
 
Introduction Global positioning satellite (GPS) systems are widely used for accurate position mapping 
and are commonly used in cars and mobile phones. This technology is also popular for the assessment 
of movement in sports. However, data logging (DL) devices are typically preferred within wheelchair 
sports. Questions that need to be answered: Could GPS technology have an application in wheelchair 
tennis? How confident are we about the accuracy of distance and speed using GPS technology? 
 
Methods GPS and DL devices were tested in a series of 
tennis drills, on a straight track and in a match-play 
scenario. Distance and speed were recorded by the  
devices and compared to known values to check for 
accuracy of measurement. 
 
Main findings and applications 
 
 DL underestimated distance when speed was  

greater than 2.5 m/s. 
 GPS sampling frequencies of 1Hz are too low to  

accurately measure distance and speed during 
wheelchair tennis. 

 GPS units with a higher sampling rate should be 
advocated in further studies. 

 Modifications to existing DL devices may be       
required to increase measurement precision. 

 Further research into the validity of movement   
devices during match-play will further inform the 
demands and movement patterns associated.  

 
 
 
 
 
 
 

 

Reference 
 
Sindall, P., Lenton, J.P., Whytock, K., Tolfrey, K., Oyster, M., Cooper, R.A. and Goosey-Tolfrey, V.L. (2013, 
Epub ahead of print). Criterion validity and accuracy of global positioning satellite and data logging             
devices for wheelchair tennis court movement. Journal of Spinal Cord Medicine.  

Various views of the data logging device. The unit 
is very lightweight. It attaches to the wheel and 
records the quantity of wheel revolutions.  

The figure  (left)  shows expected values for   
distance and speed (dashed line). DL devices 
for both left and right wheels (bold lines) report 
effectively up to a speed of 2.5 m/s, but at 
higher speeds, the device loses accuracy. 

The GPS device is small and attaches 
to the back of any sports wheelchair 
easily. 
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Investigating the physical demands of wheelchair tennis match-play 
 
 

Introduction The popularity of the Paralympic Games has prompted an increased interest in the science 
underpinning disability sports. Whilst the body of knowledge has developed for team sports such as 
wheelchair basketball and rugby, little is known about wheelchair tennis. Consideration of the           
physiological and movement-based responses during match-play for players at all levels of the game is 
required to increase our understanding of the demands of the sport. Such research allows for practical 
recommendations to be made around training and participation. 
 
Methods Wheelchair tennis players were monitored during competitive match-play. Distance, speed and 
heart rate data were collected using data logging and heart rate monitoring devices respectively. The 
players were grouped according to their wheelchair tennis rank so that we could compare the responses 
of a high level (elite) player with lower ranked equivalents. 

 Main findings and applications 
 

 Regardless of rank, tennis players are active for a sufficient 
amount of time to gain health enhancing effects. 

 Highly ranked players push faster and further than lower 
ranked players and are therefore more capable of            
responding to ball movement and the challenges of       
competitive match-play. 

 Adjustments to the sport may be required to encourage skill 
development in lower ranked players, who move at           
significantly lower speeds and cover less distance. Whilst 
the International Tennis Federation (ITF) advocates the use 
of slow moving low compression balls for beginners, the  
evidence to support their application is currently limited. 
Hence, this represents an interesting opportunity for further 
study. 

Reference 
 

Sindall, P., Lenton, J.P., Tolfrey, K., Cooper, R.A., Oyster, M. and Goosey-Tolfrey, V.L. (2012, Epub ahead of 
print). Wheelchair tennis match-play demands: effect of player rank and result. International Journal of 
Sports Physiology and Performance.8 (1):28-37.  

An individual player’s heart rate response and propulsion speed during one full set of tennis match-play.  
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On-going work: The use of gyroscope to track wheelchair rugby players during game 
play 
 
Introduction We have been working on new technologies and devices with UK Sport to begin to            
understand the demands during game-play in wheelchair rugby. One such technology is the gyroscope, 
which is a very small device that can be fitted on the axle of the wheelchair and collect acceleration   
during wheelchair propulsion. 
 
Methods A gyroscope was fitted on the wheelchair axle of selected athletes during training and           
tournaments. This allowed us to collect acceleration data, which could then be computed into speed and 
distance (see graphs below). 
  
 

Main findings and applications 
 
 This data helps us to understand 

the demands of wheelchair rugby 
and gives us an indication of top 
speeds, amount of sprints during a 
given period of time and              
acceleration for each single push. 

 
 Data can also be used to track   

athlete performance over time. For 
example, by conducting the same 
sprint at regular intervals during 
the year, it can be analysed for  
improvements of top speed or    
acceleration. 

 
 If collected during game play, the 

data can be used to analyse       
individual players and their      
physical involvement in the game. 

 

The top graph shows 3 bouts of forward and backward pushing, followed 
by a sprint at maximum speed. The middle graph shows the accumulated 
distance over ~35 minutes of training and the bottom graph shows speed 
and accumulated distance during game play. 
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On-going work: Nutritional supplement habits and perceptions of athletes with a 
disability  
 
Introduction The standards for nutrition requirements which are currently used in disability sport are 
based upon data from able-bodied athletes. These are almost certainly not directly transferable to     
athletes with a spinal cord injury. The smaller active muscle mass used during movement will lead to 
lower energy requirements during training than in non-disabled athletes. Furthermore, there may be  
considerable muscle atrophy in the lower limbs, leading to a lower resting metabolic rate, and, in turn, a 
further reduction in daily energy expenditure. 
 
It is well documented that able-bodied athletes report the use of nutritional supplements, however, there 
is currently very little evidence regarding their use by athletes with a disability. The aim of this on-going 
project is to understand what is currently being practiced by athletes across a number of sports,         
disabilities, nationalities and levels of experience. It will also enable us to gain information regarding   
athletes’ perceptions of nutritional supplements and their role in helping them to optimise health          
and / or performance. 
 
What does the project involve It involves completing a questionnaire about the athletes’ use and       
opinions of nutritional supplements. This can be done on a laptop, iPad or using a paper copy, whichever 
is easiest. Questionnaires are completed anonymously and feedback can be provided if the participant 
permits. The questions cover 4 main areas: 
 

 Basic information – What is your classification? Nationality? Height? Age? Gender? 
 Nutritional supplement habits – Do you use supplements? What, when & why? 
 Perceptions – Do you think supplements are safe? Healthy? Necessary? 
 Sources of information – Who do you trust/ ask for advice?  

 
This project is supported by the International Paralympic Committee (IPC) and is being funded by the 
World Anti-Doping Agency (WADA). It should only take 15-20 minutes to complete and can be accessed 
online at: www.survey.lboro.ac.uk/supplementation. 
 
The collection of these data will also help WADA to tailor future guidelines, educational workshops,     
materials on nutritional supplements and anti-doping to the needs of athletes with a disability.  

https://www.survey.lboro.ac.uk/supplementation�
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On-going work: Learning from the Beijing and London Paralympic cycles 
 
 Dr Vicky Tolfrey has been involved with the ParalympicGB’s overseas acclimatisation and well-being 

support programmes in the Far East (for Beijing) and also in those leading into London. Summary 
reports and individual player profiles were distributed and are available on request if coaching          
personnel have changed. 

 
 It would be helpful to follow-up some of this work with squads leading into the Rio 2016 cycle as it 

was clear that the lesser experienced players could benefit from education in this area. 
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News and events: Better understanding together 
 
The English Institute of Sport (EIS) and the PHC have signified their        
commitment to advancing the practice and understanding of Paralympic 
Sport Science by signing a Memorandum of Understanding (MoU) to work 
together across a broad range of research areas. The agreement, for an 
initial term of four years, formalises an already close working relationship 
and will see both parties seek to encourage and develop collaborative          
research and initiatives with the aim of enhancing Great Britain’s future 
Paralympic medal prospects. 
 
The EIS provides a range of Sport Science and Medicine services to Paralympic sport, with 91% of        
ParalympicsGB gold medalists at London 2012 having received significant support in the 6-12 months 
leading into the games. 
 
 

 
Under the agreement both parties will co-operate in areas such 
as disseminating research outputs, sharing of technical       
support and facilities and working together to deliver education 
and development opportunities, such as The UK High           
Performance Conference for Paralympic Sport Science and 
Sport Medicine, also in collaboration with the British             
Paralympic Association (BPA). 

 
 
 
 

 
EIS Head of Sports Science & Sports Medicine for Paralympic Sport Nik Diaper said: ‘I’m delighted that 
we have been able to formalise what is already a close working relationship by signing a MoU that will 
see us work with the PHC throughout the Rio 2016 Paralympic cycle and hopefully far beyond. By    
sharing our Paralympic specific expertise I hope we can achieve our aim of enhancing Great Britain’s 
Paralympic medal prospects even further.’ 
 
Dr Vicky Tolfrey said: ‘This MoU strengthens our already established partnership with the EIS, and will 
foster even closer links between EIS practitioners and researchers at Loughborough University working 
within Paralympic Sport. We have an exciting time ahead and one of our first collaborations with the EIS 
is the launch of The UK High Performance Conference for Paralympic Sport Science and Sport Medicine 
(May 2013), also in collaboration with the BPA, which is funded by the Peter Harrison Foundation.’ 

Nik Diaper and Vicky Tolfrey. 

Georgia Sharples (BPA), Nik Diaper (EIS) 
and Vicky Tolfrey (PHC). 



 
 
 
 
‘With the recent interest in 
the Paralympics there is an        
urgent need to understand 
the physical demands of all       
athletes with a disability.  
Methodological limitations 
have prevented valid and       
reliable match analysis          
investigations from being            
conducted within wheelchair      
basketball and rugby. This is 
mainly related to the indoor   
environment of these sports, 
which means that the use of 
Global Positioning Systems 
(GPS), the gold standard for 
the collection of time and       
location data, is not             
attainable.  
 
However, a novel piece of 
equipment known as the 
‘Indoor Tracking System’    
recently developed in              
collaboration with McLaren 
Applied Technologies, UK 
Sport and Loughborough 
University means that the 
collection of such data is 
now possible.’ 
 
 
 
 
Dr Vicky Tolfrey 
Director of PHC 
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Future work: Player tracking in field sports 
 
Introduction Player tracking has become a vital part of training and competition in many elite sports, 
which is predominantly achieved through GPS. Unfortunately this is of no use to indoor sports such as 
wheelchair court sports, since GPS does not work indoors. However, an indoor tracking system has    
recently been developed which allows players’ movements to be accurately tracked during competition. 
This system has been approved by the international wheelchair rugby federation (IWRF) to collect data 
during competition. 
 
How the Indoor Tracking System works The system works much like GPS, whereby players wear a small 
tag. These tags send radio signals to 6 sensors, which are positioned high around the perimeters of the 
court. This detects the real-time location of players positioning and movements around the court. 
 
What is required from players Players are required to wear a lightweight GPS vest, as shown below, 
which can be worn directly underneath a players competition jersey. In this vest, a small (4x4x1cm), 
lightweight (25g) tag (see below) is housed securely between the shoulders. No interference towards the 
players is caused by either the vest or the tags. 
 
 
 
 
 
 
 
 
 
 
What do players get for participating Players get vital information about aspects of their physical and 
tactical performance in 2 distinct feedback forms: 
 

1) Match report (see overleaf) summarises the performance of an entire match: 
 

 Information on the distances covered, speeds reached and times spent in certain speed 
zones. 

 The number of high intensity bursts performed. 
 Player positioning on court via heat maps. 

 
2) Individual report (see overleaf) provides the same information as the match report, just in 

greater detail for each individual quarter. 
 
Why is this information important The information can be used to determine what players of different 
classifications achieve during competition. This information can be used to plan more specific training 
programmes to help maximise all individuals performance, whilst minimising their risk of injury. It can 
also help to identify strengths and weaknesses of certain players. For example, if a player’s workload 
(speeds & distances) drops drastically between the 1st & 4th quarter, a higher level of aerobic             
conditioning may be required for this individual. Finally, it also provides a tactical overview of the player’s 
performance. 

Typical GPS vest 
worn by players. 

Lightweight tag 
housed in GPS 
vest. 
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Player tracking in wheelchair rugby: example feedback #1 
 

Feedback report of a wheelchair rugby game using the indoor tracking system. 
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Player tracking in wheelchair rugby: example feedback #2 

Feedback report of a wheelchair rugby game using the indoor tracking system. 



 

‘As Director of Research 
and Education at 
Lakeshore Foundation, I 
am pleased to be    
working with the team 
members from the Peter 
Harrison Centre for    
Disability Sport.’ 
 
Dr Laurie Malone 
Lakeshore Foundation 
(USA) 
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Future Work: Thermoregulatory responses of wheelchair athletes during               
intermittent sprint exercise - Field based protocol 
 
Introduction To date, we have conducted research investigating the core and skin temperature           
responses of wheelchair athletes during a laboratory based intermittent sprint exercise protocol and 
would like to extend this work to a field based environment. The lab based protocol was conducted in 
ambient temperature conditions to replicate a wheelchair rugby playing environment, however, how 
strictly these indoor sports hall temperature regulations are regulated is unclear. Anecdotal evidence 
suggests playing conditions vary greatly between training centres and competition venues. To gain a 
greater understanding of players’ body temperature responses during play, research needs to be as 
closely matched as possible to the intended environment, e.g. ambient temperature. To determine the 
amount of work the individuals will be doing during the session in a field based environment, an indoor 
GPS system will be used to track the individuals. 
 
What does the testing involve The exercise protocol will simulate a wheelchair rugby match in the     
players’ normal playing environment.  
 
Why is this information important: Data from both the lab based and field based research will enable us 
to assess core and skin temperatures, in addition to perceptual measures, to get a measure of the  
players’ work during play. The information will also enable us to determine if any players are more at 
risk of heat stress than others. This information will help in subsequent work investigating the use of 
appropriate cooling strategies for this population group, which will be particularly important in the lead 
up to Rio 2016.  
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‘The research agenda of the 
PHC has consistently 
brought the best theory into 
practice. The research    
outputs have actively 
sought to help athletes    
improve their individual and 
team performances as well 
as have an impact at a      
rehabilitation level.’ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dame Tanni Grey-Thompson 
Paralympic Gold Medallist 
92, 96, 00 & 04 
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Testimonials 
 
Jayne Ellis (Senior Paralympic Talent ID Scientist, formerly British Para-cycling Coach): 
‘I personally have found working with Dr Vicky Tolfrey and Dr Christof Leicht invaluable. 
I feel the testing we have done and the collaboration with Alison Macpherson (UK 
Sport) over positioning etc. has worked really well and that it has helped a lot to gain 
more knowledge about this sport, there is also so much that could be done in this   
area! Thanks for your support in 2011.’ 

 
Andy Barrow (Paralympian GB Wheelchair Rugby): ‘The studies we've taken part in with the 
PHC team have proved invaluable over the years. The world class staff and facilities have 
enabled us to gather accurate data as well as conducting in-depth monitoring /analysis to 
perfect our training regimes. Without the help of the PHC, we simply wouldn't be able to 
play and train at the professional levels that we do.’ 

 
Professor Lucas van der Woude (Professor in Human Movement, Rehabilitation & 
Functional Recovery at University of Groningen, Netherlands): ‘The field of manual 
wheeled mobility in the context of rehabilitation and wheelchair sports receives a 
very strong research input from the work of Dr Vicky Tolfrey, her research             
associates and the PHC. Dr Vicky Tolfrey has a longstanding position as a highly            
recognized colleague in this field. She has evolved with her continued research  
effort and output in the field of disabled sports and rehabilitation into an academic      
expert in the UK, Europe and worldwide. She has an impressive scientific track record in excellent    
publication journals, successful PhD students and projects that cover the physiology, motor learning 
and biomechanics of manual wheeled mobility in different sports disciplines.’ 
 

Dame Tanni Grey-Thompson (Paralympic Gold Medallist 92, 96, 00 & 04): ‘Dr Vicky 
Tolfrey has been a dedicated leader in the field of disability sport for many years. The 
research developments of the PHC are unfolding in the exciting context of the 2012 
London Paralympic Games, of which the PHC is a significant supporter. The research 
agenda has consistently brought the best theory into practice. The research outputs 
have actively sought to help athletes improve their individual and team performances 
as well as have an impact at a rehabilitation level. Many people now acknowledge the 
PHC as a centre of excellence.’ 

 
Richard Whitehead (Paralympic Gold Medallist London 2012): ‘The testing at the PHC is 
a valuable part of my training programme allowing me to obtain indicators of my          
performance. The feedback I receive also allows me to gauge my current fitness level.’ 
 
Dr Claudio Perret (Assistant Director for Sports Medicine, Swiss Paraplegic Centre): 

‘The PHC led by Dr Vicky Tolfrey has a modern, well-equipped research facility, 
which allows physiological and biomechanical testing for all kinds of disability 
sports. The numerous studies performed and published by PHC members have a 
strong and worldwide impact on the training process of wheelchair and other      
disabled athletes and are of utmost interest for coaches, athletes as well as for 
sport scientists working in this field. Additionally, for me as a researcher at a small 
institute of sports medicine for disability sports it is always a pleasure to              
collaborate with the PHC and to learn from the knowledge and expertise located at 
Loughborough University.’ 



62 

 
For more information please go to the website www.lboro.ac.uk/phc/ 

 
Follow us on twitter: @PHC_Lboro 

 
Sign up for our newsletter on the website 
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three main research strands: Sport Science, Psycho-Social Health and Well-being                       
and Performance Health. 
 
Our mission is to improve knowledge about Paralympic sport and to promote the substantial health and      
quality of life benefits that can be gained through participation in disability sport and exercise. The centre is 
heavily involved in research, in addition to providing sport science support to a number of GB squads. 
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Testimonials from Loughborough University  
 

 

 

 

 

 

 

 

 

 

 

Professor Robert J. Allison 
Vice-Chancellor & President Loughborough University 

‘The Peter Harrison Centre for Disability Sport has an international reputation for research that enhances the 
benefits to be gained through participation in disability sports at all levels. Through the generous support of the 

Peter Harrison Foundation, the Centre's staff and research students make a unique contribution to             
Loughborough University's sport portfolio of which I am particularly proud.’ 

‘The work of the Peter Harrison Centre for Disability 
Sport forms an important strand of the research in 
the School of Sport, Exercise and Health Sciences. 

The Peter Harrison Centre for Disability Sport is at the 
interface of work looking at enhancing performance 
in sport, impact of lifestyle on health and impact of 
sport and exercise in society. The centre is likely to 

form a significant part of the activity in the new £10 
million East Midlands part of the National Centre for 
Sport and Exercise Medicine (NCSEM) - this project 
represents the Department of Health’s contribution 

to Olympic Legacy. 

I am delighted that the Peter Harrison Foundation 
continues to support the work of the centre at   

Loughborough University and look forward to future 
work together.’ 

‘As Dean of School 2007-2012, I have always been 
impressed with the enthusiasm and dedication of the 
staff of the Peter Harrison Centre for Disability Sport. 
They possess a unique ability to publish high quality              
papers in academic Journals, enthuse collaboration 

from other disciplines in order to answer the                 
questions identified by Paralympic Sport and then 

close the loop to ensure that best practice is                 
delivered to the athletes and coaches. Drawing all the 

activities together into this Legacy document             
emphasises the breadth and quality of their           

activity.  
  

Now as Pro-Vice Chancellor (Research), I shall take 
every opportunity to use this document as an               

exemplar of good practice. Many congratulations to 
the Peter Harrison Centre for Disability Sport and 
thanks to the Peter Harrison Foundation for their  

continued support.’ 

Professor Mark Lewis 
Dean of School of Sport, Exercise &  

Health Sciences 

Professor Myra Nimmo 
Pro Vice-Chancellor (Research) 
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