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The aim of this thesis was to study sports participation of individuals with limb 
amputations, factors influencing sports participation, and the barriers and 
facilitators for sports participation.  

From the systematic review presented in Chapter 2 it became clear that sports 
participation is beneficial for individuals with lower limb amputations (LLA). In 
general sports participation was associated with 1) decrease of rehabilitation time 
and improved rehabilitation outcome[33;69;202]; 2) increase in cardio-pulmonary 
function and overall physical functioning[27;28;33;69;108;203]; 3) increased self-esteem, 
disability acceptance and perceived body image as well as increased number of 
social contacts[23;29-31;73;74;120;165]. 

In the review presented in Chapter 3 it was found that for running and playing 
golf several biomechanical analyses of sport prostheses were available. For upper 
limb prosthesis these analyses were lacking. A large discrepancy was found 
between what is practically available concerning sport prostheses or prosthetic 
adaptations for sports from manufacturers and what is presented in peer-
reviewed journals.  

The study presented in Chapter 4 showed that 57% of individuals with upper 
limb deficiency (ULD) participated in sports at least one hour every week. Thirty 
three percent of them participated in sports at least 3 times per week (average 
training session 76 (±44) minutes). A hindering medical condition and a shorter 
residual upper limb had a negative influence on sports participation. Factors that 
might motivate people, who do not participate in sports, to start participating, 
were “better information/coaching” and “more free time”.  To our surprise more 
than 200 individuals with ULD participated in this survey. Some of them were so 
enthusiastic about the topic of this research that they even send a copy of their 
sports diplomas together with their answers or mentioned that “it was finally the 
time someone investigated this topic”.  

The study presented in Chapter 5 showed that 27% of the individuals with LLA 
participated in sports between 1 and 5 hours a month, 15% participated in sports 
at least 5 hours a month. An age above 60, smoking and a vascular cause of 
amputation were negatively associated with sports participation.  

The qualitative study presented in Chapter 6 showed that barriers for one 
person might be facilitators for another. Sports were perceived as enjoyable 
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activities which helped participants to become/ stay healthy, improve social 
functioning, reduce phantom pain and decrease daily tension. Inadequate 
facilities, problematic transportation, trivialization from others, poor health and 
lack of motivation or the lack of a sports partner were barriers for non-athletes. 
Remarkably, while all athletes were prosthetic users, the majority participated in 
sports for which prosthesis was not needed. In general individuals with LLA who 
want to participate in sports go to great lengths to achieve their goal and are 
more proactive in identifying solutions. 

The last date for literature search for systematic review, thesis was February 
21st 2011. Therefore an update of search was performed. An overview of the 
results of this update is presented in Chapter 2, Appendix 2. The newly identified 
papers supported our conclusions of Chapter 2. In the update 14 papers were 
identified published in 18 months. Thus the body of knowledge concerning sports 
participation of LLA is increasing. Nevertheless, randomized controlled trials and 
longitudinal studies were also scarce in the update. Additionally studies 
addressing injury characteristics or individuals with ULD are still scarce.  

CLINICAL RELEVANCE 

Based on Chapter 2 clinicians should advise participation in sports to 
individuals with a LLA. The study presented in Chapter 6 may help clinicians to get 
more insight in the factors that influence sports participation of individuals with 
LLA. Although there is no clear differentiation between barriers and facilitators, 
clinicians should base their advice on an individual assessment including for 
instance past experiences, personal desires and aims, stigma management, 
coping, self-efficacy, disability acceptance, general health, physical capacity, 
functional outcome and regional possibilities. According to some of the persons 
interviewed in Chapter 6, the rehabilitation time is the best moment to receive 
information about sports. 

When asked “why they do not participate in sports”, most of the non-athletes 
answered that they get enough physical activity during their daily activities, they 
never participated in sports before or they have an unpleasant 
memory/experience related to sports participation. Clinicians should emphasize 
that sports does not have only physical benefits but also important psychological 
ones and that physical active work is not equivalent to sport. In addition in the 
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post rehabilitation period, a question addressing sports participation should 
become part of the standard evaluation. 

Older lower limb amputees with a poor health are less likely to participate in 
sports; therefore rehabilitation professionals working with this patient group 
should try to involve them in other types of physical activity.  

Contrary to what was found in the systematic review we found in Chapter 6 
that availability of the lower limb prosthesis did not seem to influence sports 
participation of LLA. Based on clinical experience, the accounts of the individuals 
interviewed in Chapter 6 and the results of the systematic review (Chapter 2) we 
may say that having a prosthesis is important for transportation and social life and 
that sometimes its availability may restrict and hamper sports participation of LLA. 
For a well-informed advice regarding sport prostheses information from peer 
reviewed journals is not enough. Internet sites of manufacturers and patient 
associations (e.g. USA) provide complementary and recent information. When 
choosing the right type of prosthetic foot, the following factors should be carefully 
considered a) the physical profile and physical capacity of the amputee; b)the 
characteristics of the particular physical activity for which the foot is intended; c) 
future athletic expectations of the amputee; d) the regional availability of spare 
parts/service. 

Elite athletes require special sport prostheses. Runners, sprinters and long 
jumpers use in general a specialized prosthetic foot, like for example Cheetah[204], 
CSprint[205] or the Nitro.[206] These feet are intended for use during competition 
and are not suitable for daily use because running or sprinting prostheses have a 
spring like design in order to store and release energy more efficiently.[54] Due to 
this design, asymmetry in length between the prosthetic limb and the intact limb 
occurs. For the individuals who are physical active and wish to use the same 
prosthesis on daily basis and still be able to participate in sports at a moderate 
rate, a wide range of energy return prosthetic feet available from various 
manufacturers. These feet are usually categorized under K4 level, according to the 
Medicare Classification Level (MFCL) classification[207]. Nevertheless, the use of 
specialized sport prostheses may increase the performance and may facilitate 
sports participation.[169]  

Upper limb sport prostheses or prosthetic adaptations for sports are more 
diverse in number, design and functionality and they appear to be limited only by 
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the creativity of their designers/users.[169] The exact number of these devices is 
difficult to quantify because they are usually developed by users themselves and 
rarely made commercially available. The skills individuals with ULD employ when 
developing these devices should be thoroughly investigated by clinicians in order 
to identify skills which can be later transferred to the individuals with LLA. 

Contrary to data originating from individuals with LLA, age or the cause of 
amputation had no influence on the sports participation of individuals with ULD. 
This result emphasizes the differences between the two groups. The cause of ULD 
was also investigated for its influence on sports participation but no association 
was found. 

STRENGTHS AND LIMITATIONS OF THIS THESIS 

In this thesis qualitative as well as quantitative techniques (questionnaires and 
systematic review) were used to investigate sports participation of individuals 
with LLA or ULD. The systematic reviews identified knowledge gaps regarding 
sports and amputation. Some of these gaps were filled in by the studies presented 
in this thesis. The main limitations of this thesis are related to the study samples 
and the instruments (questionnaires and semi structured interview) used. 
Participants in this thesis were younger and had more often a “non-vascular” 
amputation than the general population who had an amputation. Participation 
rate was low (34%) in the study described in Chapter 4 and could not be 
calculated for the study described in Chapter 5. In addition the population was 
recruited either at a regional level (Chapter 6) or at a national level (Chapter 4 & 
5). Therefore the results of this thesis and its conclusions should be addressed 
with caution when other populations are considered. In addition, the results of 
the study presented in Chapter 4 may be influenced by selection bias. Participants 
were invited for a study into sports participation. Participants who actively 
participated in sports were more likely to participate in this study than those who 
do not participate in sports. This limitation was not present in the study presented 
in Chapter 5 since participants were not aware that the questionnaire addressed 
(also) sports participation. Despite the limitations of the study presented in 
Chapter 4, this study was the first to investigate the characteristics of sports 
participations for individuals with ULD. None of the instruments used in this 
research were tested for reliability or validity. Another limitation of this thesis is 
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its cross-sectional design. Associations found may not be causal and our advices 
regarding sports participation have not been investigated in a longitudinal study. 
One strength of this thesis is that we used a clear threshold for sports 
participation, contrary to most previous studies. Unfortunately for the study 
presented in chapter 5, we used an already existent database, thus it was 
impossible to operationalize sports participation similar to the one presented in 
Chapters 2 & 4 of this thesis, namely a minimum of 1 hour per week, thus 4 hours 
per month. Based on the available options (< 30 min, 30 min to 1 hour, 1 hour to 5 
hours and >5 hours per month) it was decided that individuals with LLA that 
participate in sports at least 5 hours a month best fit our previously used 
threshold of a minimum of 4 hours of sports per month. 

Although it’s widely known that participation in sports is beneficial to the 
overall health status and psychological wellbeing, still a significant percentage of 
the general population, and even more so of the disabled population, do not 
regularly participate in sports. Identifying the personal barriers and motivators for 
sports participation may perhaps provide an answer on how to increase sports 
participation. Qualitative research focuses more on perceptions and experiences 
rather than raw data. Taking into account that the aim of this study was to 
investigate feelings and emotions, a qualitative methodology rather than a 
quantitative one is more suited. 

Theoretical models are rather commonly used in qualitative research as a way 
to structure the results and provide a structural basis for the research 
methodology. From the variety of available theoretical models, the Theory of 
Planned Behavior (TPB)[208] was identified as the model most commonly used to 
help explain people’s physical activity behavior.[209] This model assumes that 
“individuals behave in a goal-oriented manner and that the implications of their 
actions are weighted up in a rational manner before the decision is taken whether 
to engage in the behavior or not”.[210] There are 3 major components in this 
model: Attitudes – the common sense representations that individuals hold in 
relation to objects, people and events[211]; Subjective Norm – an individual’s 
beliefs regarding whether important others would think that they should or 
should not carry out a particular action[208] and Perceived Behavioral Control – an 
individual’s belief that they have control over their own behavior in certain 
situations, even when facing particular barriers.[188] In a meta-analytic review from 
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2002 it was identified that by adding two more components to this model, Self-
Efficacy – an individual’s belief that they can perform a particular behavior in a 
given set of circumstances[188], and Past Behavior – an individual’s past experience 
with the particular behavior[208], the correlation between intention and behavior 
increases.[209] Taking into account that the majority of lower limb amputees are 
older adults[92] and that the above mentioned correlation between intention and 
behavior is significantly stronger in older adults[209], the TPB, extended with Self-
Efficacy and Past Behavior, appears to suits the best the purpose of the study 
presented in Chapter 6. Therefore the interview guide used during the 26 
personal interviews was based on the 5 domains of the TPB (figure 1).  

Using a theoretical model as the structural basis of our qualitative research 
enabled us to capture the emotions of the participants because they spoke freely 
and openly about their experiences, fears and motivators. For example when 
asked about the advantages of sports one athlete stated “I think that the 
advantages of sports are on the wellbeing. Secondarily, I think that it may help 
people with a disability to get over it. They will no longer feel useless and sit in 
their home, but they will find their way and regain their social life. It does not 
necessarily have to be for social contacts, more to get over it, this is important.” 

Figure 1.  Modified model for TPB 
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FUTURE RESEARCH 

As mentioned earlier, one of the main flaws of the research surrounding 
sports participation of individuals with limb amputations is the lack of a clear 
threshold for sports participation. It is not enough just to mention that individuals 
are active or “extremely active”. Researchers need to provide a unit of measure of 
this activity status, either in participation rate like hours per week, hours per 
month or even METs (metabolic equivalents). Although the use of MET may be 
more difficult to use, with the aid of additional measuring equipment, such as 
physical activity monitors, it should not be a problem.  

The peer reviewed literature barely contains information on the participation 
rate in sports, the factors which influence this participation, patterns and 
incidence of sports injury of individuals with an ULD. Future research should focus 
on the sports participation of individuals with ULD. Similar to the research 
performed on individuals with LLA qualitative data on the barriers and facilitators 
associated with their sports participation are needed. 

Future research should also focus on the development of a physical training 
program during rehabilitation to improve physical fitness. Such a program should 
be standardized but also adaptable to the physical characteristics and desires of 
the patient. It should contain set of exercises aiming at improvement of cardio-
pulmonary function, muscle strength, core stability and balance. It should also 
include an introduction to several types of sports. Of course the type of sports and 
the intensity should also be adapted to personal characteristics. 

Another direction of future research could be the characteristics of sports 
injuries related to amputation. As identified for the general population, sports 
injuries have wide emotional and physical implications.[212] For the able bodied 
persons there is sufficient debate concerning sports injuries and benefits of 
sports. This discussion is missing for individuals with limb amputations. Also there 
is no information regarding the prevalence or incidence of sports injuries in the 
general population of individuals with limb amputations. 

Future research should also focus on development and testing of sport 
prostheses or prosthetic adaptations for upper and lower limb amputees. For 
most of the individuals with limb amputations the prosthesis or wheelchair are 
essential for their mobility, social activity, performing daily tasks and even sports 
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participation.[165;180;213] The demand of sport prosthesis or prosthetic components 
of K4 level is most likely to increase in the upcoming period due mostly to the 
increase of several factors such as a) number of amputees; b) awareness of the 
importance of sports and an active lifestyle for the physical and psychosocial 
function of individuals with limb amputations; c) media coverage of sports for the 
disabled; d) focus on physical active rehabilitation. In addition to this increase in 
demand, prosthetic manufacturers need to consider that the current trend in 
healthcare is to base a clinical decision on the available scientific evidence in place 
of the clinical expertise of the professionals. Prosthetic manufacturers should 
strive more to publish the characteristics of their products in the peer reviewed 
literature, at least in the form of a technical note. The information presented in 
peer-reviewed sources will help prosthetist draw an unbiased clinical decision 
based on available scientific evidence rather that clinical experience alone.   

Longitudinal studies addressing sports participation pre and post amputation 
time or at various intervals following the rehabilitation are needed. These studies 
should also analyse the efficiency of the rehabilitation programs.  

GENERAL CONCLUSION 

This thesis offers an insight in the present level of knowledge in the domain of 
sports participation of individuals with limb amputations. Sports participation 
appears to be beneficial to the rehabilitation outcome, the physical and the 
psycho-social functioning of individuals with LLAs. Information available in the 
peer reviewed literature on sport prostheses is scarce. Individuals with ULD have a 
higher sports participation rate than individuals with LLA. Older age, a vascular 
cause of amputation, smoking and additional health problems have a negative 
influence on sports participation of individuals with limb amputations. Each 
individual has specific personal facilitators and barriers for sports participation. 
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