
APPENDIX A: CH6 DELPHI TECHNIQUE 

 



A.1 DELPHI ROUND 1 EMAIL QUESTIONAIRE  

 

Dear XXXXXX,  

  

Thank you for agreeing to partake in a survey exercise for this research project. Your 

participation will be completely confidential and 

you will remain completely anonymous throughout this process. The data gathered 

within this survey will not be not be subject to any public disclosure and is for use 

only as part of a PhD research project. 

  

The PhD project aims to identify the ethical issues relating to lower limb running 

prostheses and then to determine a strategy to assess them. The following survey is 

stage 1 of a Delphi questionnaire.  This is designed to obtain your personal opinion 

relating to a key issue.  

  

The Delphi process involves questioning you on three separate occasions: 

   

- Round 1: Some general open ended questions will be submitted to you requiring 

your response. These are below for you to reply to now.  

   

At a later date:  

  

- Round 2: Your answers (and those from the other panellists) from round 1 will be 

summarised and formulated into a series of more specific questions that you will be 

asked to respond to.  

  

- Round 3: Round 2’s questions will be submitted to you again but this time you will 

also be able to see the average reply of the other panellists and you will then be 

asked if you would like to adjust your answer from the second round or not.  

   

The identity of all panellists will remain confidential at all times. 



  

 ------------------------------------------------------------------------------------------------------- 

   

The 3 questions listed below are designed to seek your personal opinion. Please 

reply to each one but please do not feel limited in the length or style of your answers. 

A reply to these by email is fine. 

  

1) In your opinion, what is the role of a lower limb prostheses within Paralympic 

competition ? 

  

2) If you can, please give examples which demonstrate that lower limb prostheses 

technology used for running could be regarded as fair or unfair.  

 

 3) In your opinion, what technological limits should or should not exist in the future 

for Paralympic running ? 

 

Thanks for your assistance, 

  

Bryce Dyer. 

 

  



A.2 DELPHI ROUND 1 THEMES  

 

Whilst only 3 open ended questions were asked within round one of the Delphi 

technique, 17 themes were created and are shown in the following table. 

 

No. Origin/

Them

e No. 

Theme 

1 1:a The role of the prostheses 

2 1:b Providing what means to a prostheses user 

? 

3 1:c Is the prostheses part of the user ? 

4 1:d Restorative vs enhancement technology 

5 1:e Objective characteristics of a prostheses 

6 1:f User/endeavour classification 

7 1:g External effects of prostheses use 

8 2:a Equity of access to prostheses technology 

9 2:b Issue of the cost of prostheses technology 

10 2:c Mixed disability classification participation 

11 2:d Passive vs active prostheses design 

12 2:e Ethos of Paralympic competition 

13 2:f Limb length manipulation  

14 2:g Recognising a contribution by the 

prostheses 

15 2:h Physical effect of using a prostheses 

16 3:a The respondents opinion to a solution 

17 3:b The characteristics of stride length 

 



A.3 DELPHI ROUND 2 QUESTIONNAIRE  

 

No. Statement 

1 The users of lower-limb running prosthesis within sports 

competition are athletes. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

2 The ongoing development of lower-limb running prostheses is part 

of the character of disability running competition. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

3 Financial cost of any lower-limb running prostheses technology 

should have no limits placed upon it if the health of the athlete 

with its use is improved. (cost vs health) 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

 

 

 



No. Statement 

4 Participation numbers within the lower-limb disability running 

event are more important than access to equal prostheses 

technology by the athletes. (participation vs equipment equity) 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

5 Athlete participation numbers within the lower-limb disability 

running event are more important than the competitors having an 

identical disability type within the race (participation vs 

classification). 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

6 The lower-limb running prosthesis is a piece of sports equipment 

(as a person would regard a pair of sports shoes or sports 

clothing). 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

 

 

 



No. Statement 

7 The lower-limb running prosthesis is not considered part of the 

users’ human body (as they would regard their natural arms or 

legs). 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

8 The lower-limb running prostheses should not be able to perform 

better than the athlete’s sound leg in a naturally trained state. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

9 The lower-limb running prosthesis is for restoring the physical 

ability of the missing leg to the athlete. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

10 The lower-limb running prosthesis is to restore the function ability 

of the missing leg to the athlete. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 



No. Statement 

11 Any type of technology can be used in the lower-limb running 

prosthesis. Its performance output requires restricting not the 

method used to achieve it. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

12 The lower-limb running prosthesis performance needs to have 

some form of control. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

13 The lower-limb running prostheses maximum leg length should be 

restricted. 

 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

No. Statement 

14 The lower-limb running prostheses should not provide a stride 

length beyond that of the users’ current naturally determined level. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 



No. Statement 

15 Provided all athletes are all subjected to the same criteria and 

assessment, any testing may not consider all the characteristics of 

a lower-limb amputee running event. 

Strongly 

Disagree 

Disagree Agree Strongly Agree 

 

16. In your opinion, please move the following fairness criteria into the table 

below and rank them in their order of importance (by cutting and pasting 

within the table below).  

 

Number 1 is the most important to you down to 7 which is less so. 

 

1  

2  

3  

4  

5  

6  

7  

 

Criteria (to be moved into the table) 

 

The cost of lower-limb prosthesis to athletes. 



Athlete participation levels within disability running sport. 

Athletes access to lower-limb prostheses technology. 

Athletes competing with the same level of disability within a classification. 

A sports history/tradition (the way things have been in the past). 

The quality of the performance by the athlete caused by the prostheses’ use. 

The athletes physical wellbeing. 

 

Notes (this is for any comments you may wish (but are not expected) to add. 

 

 

 

 

  



A.4 DELPHI ROUND 2 RESULTS 

 

 Question / Statement Mode of 

Consensus 

Inten

sity 

Cons

ensus 

General Positive / 

Negative 

Consensus 

Opinion Skew 

 

Thoughts Pursue 

to 

Round 3 

? 

 

1 

The users of lower-limb running 

prosthesis within sports competition 

are classified as athletes. 

Strongly 

Agree 

68.4

% 

89.5% 

 

Consensus achieved. No 

 

2 

The ongoing development of lower-

limb running prostheses is part of the 

character of disability running 

competition. 

Strongly 

Agree 

42% 79% 

 

Consensus achieved. No 

 

3 

Financial cost of any lower-limb 

running prostheses technology 

should have no limits placed as long 

as it does not impair the athletes’ 

physical wellbeing. 

Agree 63% 68% 

 

Consensus feasible at 

Round 3. 

Undecid

ed 

0

1

2

3

4

5

6

7

8

9

Strongly Disagree Disagree Agree Strongly Agree

0

2

4

6

8

10

12

14

Strongly Disagree Disagree Agree Strongly Agree

0 
2 
4 
6 
8 

10 
12 
14 

Strongly Disagree Disagree Agree Strongly Agree 



 

4 

Participation numbers within the 

lower-limb disability running event 

are more important than access to 

equal prostheses technology by the 

athletes. 

Agree (but 

split opinion) 

47% Consensus not 

established 

 

Unable to consistently 

prioritise one value over 

another.  

No 

 

5 

Athlete participation numbers within 

the lower-limb disability running 

event are more important than the 

competitors having an identical 

disability type within the race. 

Even Split 

Opinion 

42% Consensus not 

established 

 

Unable to consistently 

prioritise one value over 

another. 

No 

 

6 

The lower-limb running prosthesis is 

a piece of sports equipment (as a 

person would regard a pair of sports 

shoes or sports clothing). 

Agree 47% 63% 

 

Consensus uncertain at 

Round 3. 

Yes 

 

7 

The lower-limb running prosthesis is 

not considered part of the users’ 

human body (as they would regard 

their natural arms or legs). 

Disagree 

(but split 

opinion) 

47% Consensus not 

established 

 

Due to contradiction with 

Q8 - could the negative 

‘not’ in the question be 

confusing respondents ? 

Pursue to round 3 

Yes 

 

8 

The lower-limb running prostheses 

should not be able to perform better 

than the athlete’s sound leg in a 

naturally trained state. 

Disagree (but 

split opinion) 

53% Consensus not 

established 

 

Due to contradiction with 

other questions, pursue 

to round 3 

Yes 

0

1

2

3

4

5

6

7

8

9

10

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

10

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

Strongly Disagree Disagree Agree Strongly Agree

0

2

4

6

8

10

12

Strongly Disagree Disagree Agree Strongly Agree



 

9 

The lower-limb running prosthesis is 

for restoring the physical ability of 

the missing leg to the athlete. 

Agree 42% 79% 

 

Consensus potentially 

achieved if total 

favourability is included. 

No 

 

1

0 

The lower-limb running prosthesis is 

to restore the function ability of the 

missing leg to the athlete. 

Agree 47% 89% 

 

Consensus potentially 

achieved if total 

favourability is included. 

No 

 

1 

1 

Any type of technology can be used 

in the lower-limb running prosthesis. 

Restrictions may be placed on the 

performance output of the 

prostheses, rather than on the actual 

methods used to achieve it. 

Agree (but 

split opinion) 

44% Consensus not 

established 

 

Consensus unlikely. 

Reformulate and pursue 

to Round 3 nonetheless. 

Yes 

 

1

2 

The lower-limb running prosthesis 

performance needs to have some 

form of control. 

Agree 53% 83% 

 

Consensus potentially 

achieved if total 

favourability is included. 

No 

 

1

3 

The lower-limb running prostheses 

maximum leg length should be 

restricted. 

Agree 53% 74% 

 

Consensus potentially 

achieved if total 

favourability is included. 

No 

0

1

2

3

4

5

6

7

8

9

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

10

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

10

Strongly Disagree Disagree Agree Strongly Agree

0

2

4

6

8

10

12

Strongly Disagree Disagree Agree Strongly Agree

0

2

4

6

8

10

12

Strongly Disagree Disagree Agree Strongly Agree



 

1

4 

The lower-limb running prostheses 

should not provide a stride length 

beyond that of the users’ current 

naturally determined level. 

Agree 55% 83% 

 

Consensus potentially 

achieved if total 

favourability is included. 

No 

 

1

5 

Provided all athletes are all 

subjected to the same criteria and 

assessment, any testing need not 

consider all the characteristics of a 

lower-limb amputee running event. 

Agree (but 

split opinion) 

47% Consensus not 

established 

 

Consensus unlikely. 

Reformulate and pursue 

to Round 3 nonetheless. 

Yes 

 

1

6 

In your opinion, please move the 

following (7) fairness criteria into the 

table below and rank them in their 

order of importance (by cutting and 

pasting within the table below). 

General 

disagreement 

n/a All values see 

consensus not 

achieved but 

wellbeing 

prioritised and 

tradition 

dismissed as a 

value. 

n/a 58% agree that Physical 

wellbeing is the most 

important value. Ranked 

1st and mean of 2.2. 

 

76% agree that a sports 

history and tradition is 

generally an unimportant 

value. Ranked 7th and 

mean of 6.7. 

 

Undecid

ed 

0

2

4

6

8

10

12

Strongly Disagree Disagree Agree Strongly Agree

0

1

2

3

4

5

6

7

8

9

Strongly Disagree Disagree Agree Strongly Agree



A.5 DELPHI ROUND 3 QUESTIONNAIRE 

 

Respondent Cover Note: 

You recently assisted the second round of my research with your opinions to 16 questions on 

athletes with a disability who run competitively.  This is the final round of the research and the X 

questions will take you no longer than 1 minute to complete. 

 

Please read each statement and then delete 1 of the 2 boxed options below it leaving your option 

of ‘agree’ or ‘disagree’.  

 

A short note is provided with each question to let you know what the general opinion was in the 

previous round. 

 

 

No. Statement 

1 

(6) 

The lower-limb running prosthesis is a piece of sports equipment. 

 

Disagree Agree 

 

Note to respondent: In the last round of questions, 63% of respondents agreed with this. 

 

 

 

 

 



No. Statement     

2 

(8) 

In the case of an athlete with a single leg amputation, it is acceptable for a 

lower-limb running prosthesis to outperform their natural leg. 

Disagree Agree 

 

Note to respondent: In the last round of questions, overall consensus was split but favoured 

agreement. 

 

 

No. Statement 

3 

(16) 

As long as it is within the rules of a sport, the athlete has the right to choose 

what technology they feel is appropriate to use. 

Disagree Agree 

 

Note to respondent: In the last round of questions, 58% of respondents insinuated that 

health and wellbeing overruled all other concerns (such as cost, tradition, participation 

levels, and access to technology). 

 

 

 

 

 

 

 



Rejected Lines of Questioning 

 

No. Statement  

from 

(11) 

In lower-limb sport prostheses, its performance needs regulation but new 

technology to improve this does not. 

Disagree Agree 

 

Note: In the last round of questions, overall consensus was split but favoured agreement. 

 

 

No. Statement 

from 

(15) 

In light of the fact that all the known biomechanical specifics of lower-limb 

running performance may never be known, provided all athletes are tested 

equally, this is considered fair. 

Disagree Agree 

 

Note: In the last round of questions, overall consensus was split but favoured agreement. 

 

No. Statement 

from 

(16) 

With regards to any new prosthesis technology, the health and wellbeing of 

the athlete is paramount over all other factors. 

Disagree Agree 



 

Note: In the last round of questions, 58% of respondents insinuated that health and wellbeing 

overruled all other concerns (such as cost, tradition, participation levels, and access to 

technology). 

 

 

  



APPENDIX B: CH8 JOST TEST DATA 

 



 

 

 
B.1 JOST TEST KNEE MARKER DATA  

                   

        

 

 

 



 

 



 

APPENDIX C: CH9 STATIC LOAD TEST DATA 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C.1 PROSTHESES STIFFNESS COMPARISON DATA 

 

       

  

Overall Average 

Stiffness 

Upper segment 

(1500-2000N) 

Stiffness at 

peak load 

(2000N) 

Upper segment 

(1500-2000N) 

Method Prosthesis 

Mean 

Stiffness 

(N/mm) 

CV 

(%) 

Mean 

Stiffnes

s 

(N/mm) 

CV 

(%) 

Peak 

Stiffnes

s 

(N/mm) 

CV 

(%) 

Peak 

Stiffness 

(N/mm) 

CV 

(%) 

FDE 1 51 1.6 58 0.7 60 0.6 82 1.5 

PSF 1 30 0.9 43 0.5 58 0.5 85 0.8 

          FDE 2 39 1.7 46 1.1 48 1.1 69 0.7 

PSF 2 26 0 36 0 42 0.2 76 0.2 

 

      

 

 

 



 

APPENDIX D: CH9 RUN TEST DATA 

 



 

D.1 RUN TEST DATA 
 

  



 
 

 

 



 

APPENDIX E: CH10 DROP JUMP DATA 

 

  



 

E.1 DROP JUMP TEST DATA 
 

 



 
 

 



 
 

 

APPENDIX F: PUBLISHED JOURNAL PAPERS 

 


