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This case report also shows that hand function impairments may result in liner related residual 

limb skin problems because of inadequate liner donning.  

The first research question: “How does impaired hand function relate to liner related residual 

limb skin problems”, is addressed in chapter 2b. 

Silicon liner use in prosthesis fit 

Silicon liners are increasingly used in fitting trans-tibial prostheses since their introduction.6 

Liners with a variety of material properties have been introduced since then and advantages 

have been propagated by producers of the silicon liners regarding prosthesis fit and suspension 

compared to the “standard” prosthesis with a supracondylar fitting, Kondyl Bettung Munster 

(KBM) fitting, patella tendon bearing (PTB) fitting, or conventional type prosthesis fitting.6,15-

17 The liner also offers skin protection and diminishes friction between the socket and the 

residual limb surface, improving comfort in wearing the prosthesis. It is claimed that, with the 

silicon liner socket, the prosthesis appearance is more pleasing and easily accepted by persons 

with an amputation.13,18 Advantages of silicon liner use in trans-tibial prosthesis have not been 

investigated systematically.  

The second research question: “What are the advantages of silicon liner use in trans-tibial 

prostheses”, is addressed in chapter 3. 

Prosthesis fit 

A good prosthesis fit is a prerequisite for functioning with a prosthesis and an important goal 

in prosthetic care of persons with a trans-tibial amputation.19,20  

Prosthesis socket fit is not clearly defined in literature. A good prosthesis socket fit, or 

biomedical fit, ensures adequate fixation of the prosthesis to the residual limb. Expert opinions 

and case reports indicate that the biomedical fit should be comfortable and maintain the integrity 

of the residual limb tissues including skin, muscles, blood vessels and nerves while the 

prosthesis is worn and used.5,7,8,12 Furthermore, the biomedical fit allows for adequate knee 

range of motion while performing activities such as cycling and climbing stairs.20 Sixty-five 

percent of people with a trans-tibial amputation report skin problem of the residual limb21 which 

may be related to a suboptimal biomedical fit. In people with a trauma-related amputation, more 

than half of them is dissatisfied with the comfort of the prosthesis fit and almost 25% report 

skin irritation and wounds.8  This data shows that although a good biomedical fit is sought after, 

it is not always achieved and continues to present a major challenge in prosthetic care.22-27 
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Major lower limb amputations occur in the Netherlands with an incidence of 18.5 to 19 per 

10,000 persons, resulting in 3200 to 3300 amputations annually, primarily at trans-tibial level.1 

Primary reasons for amputation are peripheral vascular disease (95%), but amputation as a 

result of trauma (4%) and cancer (1%) also occur.2 After amputation, optimal patient prosthesis 

satisfaction, for example in regaining ambulation, is a major goal in the prescription of lower 

limb prostheses.2,3 

In the past, primitive prostheses were fabricated from wood and metal with few moving parts. 

These prostheses were heavy and fitted poorly to the residual limb, resulting in limited 

functioning with the prosthesis.4,5 With advanced technologies and introduction of new 

materials, for example silicon liners6, prosthesis fit and functioning with the prosthesis 

improved.5 However, prosthesis satisfaction is often not achieved to full potential. Many 

patients experience pain in the residual limb during prosthesis use and are not satisfied with the 

comfort of the prosthesis socket.7,8 Osseointegration, or bone-anchored limb prosthesis, is an 

alternative that makes the socket possibly obsolete.9 But this technique is not suitable for most 

patients and a majority of the persons with an amputation still use a prosthesis socket for fixation 

of the prosthesis to the residual limb.10  

 

Research questions 

Hand function and prosthesis donning in relation to residual limb skin problems  

The skill of adequately donning prosthesis components is a factor that significantly influences 

prosthetic wear, use and comfort.11 Different methods of fitting and suspension require different 

donning techniques, and all require an adequate hand function for a good and safe result.  

With the increased use of silicon liners in trans-tibial prostheses, proper prosthesis donning is 

even more essential to ensure adequate functioning of the prosthesis.12 Improper liner donning 

may result in skin problems caused by an uneven distribution of liner material over the residual 

limb and creasing in the liner. Additionally, air trapping under the liner may result in blistering 

of the skin.13,14 It is essential that the liner is evenly distributed over the residual limb with 

minimal elastic tension to prevent shearing forces. Not all patients are skilled in liner use and 

this may result in inadequate donning and doffing, causing residual limb skin problems and 

wounds. This phenomenon is illustrated in a case report entitled “A patient with donning related 

stump wounds: a case report” (Chapter 2a). 
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patient’s partner regarding the prosthesis can influence this patient’s satisfaction with their 

prosthesis. Therefore, satisfaction with the prosthesis is a biopsychosocial construct and is 

influenced by many factors.3,44-46 

A comprehensive overview of factors influencing satisfaction with the prosthesis is currently 

missing. Such an overview may help clinicians to systematically assess these factors and target 

them to improve outcomes.  

The fourth research question: “What factors influence patient prosthesis satisfaction”, is 

addressed in chapter 5. 

Assessing prosthesis satisfaction 

Prosthesis checking is a procedure in which the certified prosthetist orthotist (CPO) assesses 

prosthesis fit, use and function and takes inventory of the prosthesis user’s problems and 

(dis)satisfaction with the prosthesis and residual limb. In practice this is often performed in a 

non-standardized manner by the CPO.47 More standardization may improve efficiency and 

quality of CPO consultation. This standardization can be achieved by using a checklist. Because 

of the many factors influencing prosthesis satisfaction and fit, it is possible that systematic 

checking of these factors by using a checklist may be beneficial in improving prosthesis 

satisfaction and prevent residual limb skin problems and pain. Checklists use is known to 

improve quality of health care by facilitating the preparation of procedures and aiding memory 

in performing complex procedures.48,49  

The fifth research question: “What are benefits of systematically checking the prosthesis and 

residual limb using a checklist during CPO consultation”, is addressed in chapter 6. 

Aims of this thesis were: 

1. To assess the influence of hand function impairments on the occurrence of liner related 

residual limb skin problems. 

2. To identify in literature advantages of silicon liner use in trans-tibial prostheses. 

3. To assess expert opinions regarding factors influencing trans-tibial prosthesis fit. 

4. To identify in literature factors that influence trans-tibial prosthesis satisfaction. 

5. To assess the benefits of systematically checking factors influencing prosthesis 

satisfaction by the CPO using a checklist. 
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Aside from the physical changes experienced after amputation and subsequent fitting of a 

prosthesis, the amputation also has a psychological and social impact on the person with an 

amputation.28 The person’s perception of themselves and ideas and expectations regarding the 

prosthesis and the acceptance of the prosthesis being part of them, as well as the attitude of 

others towards the amputation and prosthesis, has influence on the fit of a prosthesis in a 

psychosocial sense.28-35 As such,  the psychosocial fit of the prosthesis is the way the prosthesis 

fits a person with an amputation both psychologically and socially.  

Pain reported by people with a trans-tibial amputation is a complex issue. Residual limb pain 

may be the result of a poor biomedical fit and has a negative psychological effect on the 

prosthesis user. More than 80% of the people with traumatic amputations experience (phantom 

or residual limb) pain, and they report significantly higher emotional distress than those without 

pain.35-37 Furthermore, the experience of pain may be an expression of dissatisfaction with the 

prosthesis when no apparent problem with the biomedical fit can be found.35 

Factors supposed to influence prosthesis fit have been described in literature only in general 

terms and studied fragmentarily and to a limited extent, giving insufficient base for a systematic 

and comprehensive assessment of prosthesis fit.8,19,29,30,32,38-42  

The third research question: “What factors influence the biomedical and psychosocial 

prosthesis fit”, is addressed in chapter 4. 

Prosthesis satisfaction 

Between 40 to 60 % of people with an amputation is not satisfied with their prostheses. Of these 

persons, 75% is dissatisfied with the comfort and over 50% reports pain while using their 

prostheses.7,8 Factors related to dissatisfaction with the prosthesis are: displeasing appearance, 

poor function, a  prosthesis that is to heavy and an inadequate socket fit resulting in residual 

limb discomfort and pain.7,8,35,43  Factors associated with residual limb discomfort are prosthesis 

socket problems, residual limb sweating, skin problems and (phantom) pain.7,8,21,35 

Dissatisfaction with the prosthesis can ultimately result in rejection of the prosthesis, which 

may occur in up to 30% of prostheses prescribed in some patient groups.7 Hence, prosthesis 

(dis)satisfaction is a highly relevant issue in the care of persons with a lower limb 

amputation.8,43 

Prosthesis satisfaction is the patient’s individual appreciation of the prosthesis and influenced 

by aspects of the prosthesis and residual limb. Psychosocial factors are relevant for they also 

influence the patient’s attitude towards the prosthesis. For example, comments made by the 
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others towards the amputation and prosthesis, has influence on the fit of a prosthesis in a 

psychosocial sense.28-35 As such,  the psychosocial fit of the prosthesis is the way the prosthesis 

fits a person with an amputation both psychologically and socially.  

Pain reported by people with a trans-tibial amputation is a complex issue. Residual limb pain 

may be the result of a poor biomedical fit and has a negative psychological effect on the 

prosthesis user. More than 80% of the people with traumatic amputations experience (phantom 

or residual limb) pain, and they report significantly higher emotional distress than those without 

pain.35-37 Furthermore, the experience of pain may be an expression of dissatisfaction with the 

prosthesis when no apparent problem with the biomedical fit can be found.35 

Factors supposed to influence prosthesis fit have been described in literature only in general 

terms and studied fragmentarily and to a limited extent, giving insufficient base for a systematic 

and comprehensive assessment of prosthesis fit.8,19,29,30,32,38-42  

The third research question: “What factors influence the biomedical and psychosocial 

prosthesis fit”, is addressed in chapter 4. 

Prosthesis satisfaction 

Between 40 to 60 % of people with an amputation is not satisfied with their prostheses. Of these 

persons, 75% is dissatisfied with the comfort and over 50% reports pain while using their 

prostheses.7,8 Factors related to dissatisfaction with the prosthesis are: displeasing appearance, 

poor function, a  prosthesis that is to heavy and an inadequate socket fit resulting in residual 

limb discomfort and pain.7,8,35,43  Factors associated with residual limb discomfort are prosthesis 

socket problems, residual limb sweating, skin problems and (phantom) pain.7,8,21,35 

Dissatisfaction with the prosthesis can ultimately result in rejection of the prosthesis, which 

may occur in up to 30% of prostheses prescribed in some patient groups.7 Hence, prosthesis 

(dis)satisfaction is a highly relevant issue in the care of persons with a lower limb 

amputation.8,43 

Prosthesis satisfaction is the patient’s individual appreciation of the prosthesis and influenced 

by aspects of the prosthesis and residual limb. Psychosocial factors are relevant for they also 

influence the patient’s attitude towards the prosthesis. For example, comments made by the 
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patient’s partner regarding the prosthesis can influence this patient’s satisfaction with their 

prosthesis. Therefore, satisfaction with the prosthesis is a biopsychosocial construct and is 

influenced by many factors.3,44-46 

A comprehensive overview of factors influencing satisfaction with the prosthesis is currently 

missing. Such an overview may help clinicians to systematically assess these factors and target 

them to improve outcomes.  

The fourth research question: “What factors influence patient prosthesis satisfaction”, is 

addressed in chapter 5. 

Assessing prosthesis satisfaction 

Prosthesis checking is a procedure in which the certified prosthetist orthotist (CPO) assesses 

prosthesis fit, use and function and takes inventory of the prosthesis user’s problems and 

(dis)satisfaction with the prosthesis and residual limb. In practice this is often performed in a 

non-standardized manner by the CPO.47 More standardization may improve efficiency and 

quality of CPO consultation. This standardization can be achieved by using a checklist. Because 

of the many factors influencing prosthesis satisfaction and fit, it is possible that systematic 

checking of these factors by using a checklist may be beneficial in improving prosthesis 

satisfaction and prevent residual limb skin problems and pain. Checklists use is known to 

improve quality of health care by facilitating the preparation of procedures and aiding memory 

in performing complex procedures.48,49  

The fifth research question: “What are benefits of systematically checking the prosthesis and 

residual limb using a checklist during CPO consultation”, is addressed in chapter 6. 

Aims of this thesis were: 

1. To assess the influence of hand function impairments on the occurrence of liner related 

residual limb skin problems. 

2. To identify in literature advantages of silicon liner use in trans-tibial prostheses. 

3. To assess expert opinions regarding factors influencing trans-tibial prosthesis fit. 

4. To identify in literature factors that influence trans-tibial prosthesis satisfaction. 

5. To assess the benefits of systematically checking factors influencing prosthesis 

satisfaction by the CPO using a checklist. 
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Outline of this thesis is as follows: 

In chapter 2a, a case report is presented illustrating that impaired hand function was associated 

with liner related residual limb skin problems.  

In chapter 2b, the results of a historic cohort study are presented concerning the influence of 

hand function on the occurrence of liner related residual limb skin problems.  

In chapter 3, the results of a systematic review are presented regarding the advantages of silicon 

liner use in trans-tibial prostheses. 

In chapter 4, the results of a Delphi survey are presented regarding expert opinions on factors 

influencing prosthesis fit. 

In chapter 5, the results of a systematic review are presented regarding factors influencing 

prothesis satisfaction. 

In chapter 6, the results of research are presented regarding the use of a checklist for systematic 

evaluation of factors influencing prosthesis satisfaction. 

In chapter 7, the general discussion and clinical implications of this thesis are discussed, 

followed by recommendations for future research.  

Chapter 8, summary/samenvatting. 

Chapter 9, dankwoord, curriculum vitae and list of peer-reviewed publications and book con-
tributions. 
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