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CHAPTER 1

GENERAL INTRODUCTION
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Background of thesis

In the Netherlands about 2000 lower limb amputations a year are performed at 
transtibial level or more proximal. The main reason for a lower limb amputation 
is peripheral vascular disease and/or diabetes mellitus (95%), other reasons are 
trauma, infection, and oncology (5%). Only 50% of these amputees will eventually 
receive a prosthesis and use it in daily practice.1

Through history, many changes have occurred in materials and construction used to 
fabricate the prosthesis. After Word War II, there was a change from wood to plastics 
as main component of the prosthesis.2 Another change was the introduction of the 
(silicon) liner, a sleeve which was used as an interface between the skin of the stump, 
and the other components of the prosthesis. The ICElandic Roll-On Silicone Socket 
(ICEROSS) was one of the first silicone liners.3

Figure 1: Examples of silicone liners

Concerning the construction of the prosthesis, starting with the peg leg, by research 
insight was given in which parts of a stump (depending on the level of amputation) 
were capable of enduring pressure and shear and stress forces while walking with a 
prosthesis. This increase of insight resulted in the development of prosthesis types 
like the KBM (Kondylen Bettung Münster), PTB (Patella Tendon Bearing), and the 
TSB (Total Surface Bearing).2

One of the complications of the use of a prosthesis are skin problems of the amputation 
stump. The skin of the amputation stump has to cope with several unnatural 
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conditions which are introduced by the use of a prosthesis. During weight bearing 
the skin is exposed to shear and stress forces, which may lead to stump oedema, 
blisters, lichenification, verruciform hyperkeratosis (which may develop into skin 
carcinoma), epidermoid cysts, and acro-angiodermatitis. Due to the shear and stress 
forces which occur in the interface of stump and prosthesis ulcerations may become 
persistent, enhanced by poor nutritional skin status, vascular insufficiency, or by 
localized pressure from a poorly fitted prosthesis.

Figure 2: Types of lower limb prosthesis. From left to right: a prosthesis for a transtibial amputee, 
one for an amputee with a knee-exarticulation, one for a transfemoral amputee and one for a hip-
exarticulation.

Due to the tight fitting and warmth developing in the socket of the prosthesis, there is 
an increased tendency of the skin to perspirate. Additionally, sweat can not evaporate 
freely from the area of the skin where the prosthesis is present. The resulting 
increased humidity may lead to intertrigous dermatitis, evoking infections with 
dermatophytes and yeasts of the stump and the groin (in transfemoral amputees). 
Bacterial infections can occur in addition, especially with Staphylococcus aureus, 
leading to folliculitis, furunculosis (or boils), cellulitis, pyoderma, and hidradenitis. 
The level of hygiene of the prosthesis user, in combination with the moisture and 
hairiness of the skin and the temperature of the environment are thought to be of 
influence on the development of infections.4 

Prolonged sensitisation from chemical compounds of the socket, liner or of ointments 
an amputee uses to take care of the skin of the amputation stump or to facilitate 
donning of the prosthesis may lead to allergic contact dermatitis. Irritant dermatitis 
and atopic eczema may also develop. 
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Finally, pre-existent skin disorders (e.g. psoriasis or acne vulgaris) may be elicited by 
active use of a prosthesis (Köbner phenomenon).

Skin problems of the stump have been described in literature. One of the important 
authors in this field was Levy, who published his first article on the subject in 1956.5 
In this publication he addresses the skin problems a lower limb amputee may 
endure (stump edema syndrome, contact dermatitis, epidermoid cysts, folliculitis/
furuncles, and additional cutaneous problems). He emphasized skin problems of the 
amputation stump must not be underestimated, and hygiene of the stump and the 
prosthesis is of utmost importance. A few years later, a similar publication appeared, 
updated according to the newest findings. Furthermore, illustrations of the most 
common skin problems were added.6 Similar publications appeared in 1980 and 
1995, with updates concerning pathophysiology and treatment options.7;8 Besides 
articles, Levy wrote several chapters in textbooks concerning these skin problems 
of the stump in lower limb amputees.9;10 A textbook about the skin problems of the 
stump in lower limb amputees, edited by Levy, was published in 1983.11  

However, all these publications by Levy are expert opinions, and contain no 
epidemiological data considering incidence and prevalence of these skin problems. 
A systematic evaluation of epidemiological evidence concerning these problems 
was not available. Furthermore, treatment of the problems was based on expert 
opinions. In literature some research concerning prevalence of skin problems in 
lower limb amputees can be found.12-14 In agreement with the remark Levy stated in 
his publications not to underestimate the influence of a skin problem in a lower limb 
amputee, several authors reported about the possible impact a skin problem may 
have on level of participation of an amputee, however without actual researching 
it.15-18 

Aims and outline of the thesis

In the Department of Rehabilitation Medicine of the University Medical Center 
Groningen (UMCG), amputation and prosthetics is one of the main topics of interest 
concerning research. This thesis is a result of a collaboration between the Department 
of Rehabilitation Medicine and the Department of Dermatology of the University 
Medical Center Groningen.
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Aims of this research are:

1) To determine the level of scientific evidence in literature concerning incidence 
and prevalence of skin problems of the stump in lower-limb amputees. 

2) To analyse determinants of skin problems of the stump in lower-limb 
amputees.

3) To analyse the influence of a present skin problem on the stump of a lower-
limb amputee on level of participation (especially vocation and/or hobbies).

4) To determine a point-prevalence of skin problems of the stump in lower-limb 
amputees, and determine which proportion of lower-limb amputees with a 
skin problem is forced to wear the prosthesis less due to a skin problem of 
the amputation stump.

The outline of this thesis is as follows:

In chapter 2 the results of a systematic review concerning evidence of incidence and 
prevalence of skin problems of the stump in lower limb amputees are presented.

In chapter 3a an overview of case reports in literature of possible skin problems of 
the stump which can occur in lower limb amputees is presented. In chapter 3b a case 
report of a patient we have seen in our clinic with a skin problem of her amputation 
stump which has not been mentioned previously in literature (follicular keratosis 
with thrichostasis) is presented. 

In chapter 4 the results of a study with the aim to identify determinants associated 
with skin problems of the stump in lower limb amputees by means of a questionnaire 
are presented. Additionally, a prevalence of these skin problems is estimated by 
using the results from the questionnaire. 

In chapter 5 the results of a clinical study with the aim to estimate a prevalence 
of skin problems of the stump in lower limb amputees is presented. Additional 
aims were comparing the opinion of the clinician and the participants in this study 
concerning the presence of a skin problem of the amputation stump, and to identify 
determinants associated with skin problems of the stump.  

In chapter 6 a study concerning the influence of skin problems of the stump in lower 
limb amputees on vocation and/or hobbies is presented.
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In chapter 7 the general discussion is given, with advice for clinical practice and 
possibilities of further research as a result of this thesis.
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Abstract:

Purpose: Skin problems of the stump in lower limb amputees are relative common in 
daily rehabilitation practice, possibly impeding prosthetic use. This impediment may 
have great impact in daily life. Our objective was to review literature systematically 
concerning incidence and prevalence of skin disorders of the stump in lower limb 
amputees.

Methods: A literature search was performed in several medical databases 
(MEDLINE, CINAHL, EMBASE, RECAL) using database specific search strategies. 
Reference lists in the identified publications were used as threads for retrieving 
more publications missed in the searches. Only clinical studies and patient surveys 
were eligible for further assessment.

Results: 545 publications were initially found. After selection, 28 publications were 
assessed for research methodology. Only one publication fulfilled the selection 
criteria. The prevalence of skin problems in a series of 46 lower leg amputees of 65 
years and older was 15%.

Conclusion: Prevalence and incidence of skin problems of the stump in lower limb 
amputees are mainly unknown. 
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Introduction

Skin of the residual limb in lower limb amputees is exposed to several unnatural 
conditions. It is exposed to shear and stress forces during weight bearing, possibly 
leading to stump oedema, blisters, lichenification, verruciform hyperkeratosis, 
epidermoid cysts, acro-angiodermatitis, and skin carcinoma. Due to the close fitting 
and warmth of the socket of the prosthesis, the skin tends to perspire more than usual, 
and moreover the sweat cannot evaporate freely over a substantial area. Because of 
the increased humidity intertrigous dermatitis may occur, evoking infections with 
dermatophytes and yeasts of the groin and stump. In addition, bacterial infections 
occur, especially with Staphylococcus aureus leading to folliculitis, furunculosis (or 
boils), cellulitis, pyoderma, and hidradenitis. The hygiene of the prosthetic wearer, 
moisture and hairiness of the skin, and temperature of the environment influence 
development of infections. Ulcerations may become persistent, enhanced by poor 
nutritional skin status, vascular insufficiency, or localized pressure from a poorly 
fitting prosthesis. Sensitisation from chemical compounds of the socket or liner (a 
prefabricated sleeve made of silicone material, which is put around the amputation 
stump) may lead to allergic contact dermatitis. Irritant dermatitis and atopic eczema 
may also develop. Finally, pre-existent skin disorders (e.g. psoriasis or acne) may 
be elicited (Köbner phenomenon) by wearing a prosthesis. Many of the above 
mentioned types of skin disorders in amputees have been reported by Levy. 1-7

To prevent skin problems several adaptations of sockets and liners have been 
developed. It was expected that skin problems would reduce with the introduction 
of the Icelandic Roll On Silicon Socket (ICEROSS), a silicon socket 8, due to improved 
fit, and less shear and stress forces; however, skin problems may also occur in lower 
limb amputees wearing an ICEROSS socket.

Skin problems impede daily prosthetic use, and reduce mobility of the amputee, 
and jeopardise vocation. In literature, skin problems are frequently discussed but 
are scarcely investigated systematically. The impact of skin disorders on activities of 
daily life, vocation and leisure in lower limb amputees is unknown.

The aim of this systematic review is to analyse the literature with respect to incidence 
and prevalence of skin problems of the stump in lower limb amputees.
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Methods

In MEDLINE, EMBASE and CINAHL (Winspirs version 5.0, Silverplatter 
International National Library of Medicine, Washington, DC, U.S.A.) a search was 
performed. The time period chosen was the first date possible for each database 
until December 2002. MESH headings used included: ‘Amputation’, ‘Amputation-
Stumps’, ‘Lower limb’ (MEDLINE), ‘Leg’, (EMBASE); ‘Extremities’ (CINAHL); ‘Skin-
Diseases’ (MEDLINE and CINAHL), ‘Skin-disease’ (EMBASE) and  ‘Artificial- Limbs’ 
(MEDLINE and CINAHL), ‘Limb prosthesis’ (EMBASE). Free text words in the title 
and the abstracts used included ‘amputation’, ‘stump’, ‘leg’, ‘tibia’, ‘femur’, and 
‘skin’. To exclude publications concerning ankle amputations and foot amputations, 
the free text words ‘foot’ and ‘ankle’ were excluded. The search strategy is illustrated 
in appendix 1. No language restrictions and no publication type restrictions were 
applied. Publications in a language not comprehended by one of the authors were 
analysed by rehabilitation experts with extensive knowledge of the language. An 
additional search was performed in RECAL (University of Strathclyde, Glasgow, 
Scotland), a database with specific interest in amputation and prosthetics. This 
database was searched using free text words ‘Skin’ and ‘Amputation’. Excluded 
from this systematic review were publications not dealing with skin problems or 
not dealing with lower limb amputees. Publications were excluded on the basis 
of analysis of title and abstract. All included publications were retrieved from the 
library. Reference lists of the retrieved publications were screened for additional 
relevant publications not identified by the searches and a second selection was 
performed. Included were clinical studies and patient surveys reporting incidence 
and prevalence of skin problems. Excluded were case studies, (expert) reviews, and 
letters to the editor, as well as publications dealing with shear and stress forces, and 
other topics not relevant for this review.  

The selected publications were assessed according to 13 criteria (appendix 2): score 
“1” if the criterion was met and “0” if the criterion was not met. The sum score of 
each publication was calculated as the number of times a criterion was met, leading 
to a score ranging from 0 to 13. Two reviewers (HM, JG) independently assessed all 
publications selected. In a consensus meeting the scores of the two reviewers were 
compared. As a measure of interobserver agreement Cohen’s Kappa was calculated. 
When there was disagreement in the assessment score, consensus was reached by 
means of discussion. In case of persistent disagreement a third reviewer (PD) gave 
the final judgement.
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Publications were selected for detailed review if they fulfilled six major criteria: 1) 
report of inclusion criteria, 2) report of exclusion criteria, 3) report of assessment 
method, 4) actual investigation of skin problems by the observers or authors, 5) 
report of number or percentage patients with skin problems, 6) description of the 
population from which the study population was drawn. 

Results

The literature searches yielded 545 publications. In the first selection, 469 publications 
were excluded, because they did not concern skin problems or lower limb amputees, 
leaving 76 publications. 

Table 1: Source of identification of the publications and the number of publications, 
identified, excluded and included 
Source Publications 

identified
Excluded 
after 1st 
selection

Included 
after 1st 
selection

Identified 
in ref. 
lists

Excluded 
after 2nd 
selection

Included 
after 2nd 
selection

Medline 175 115 60 - 42 18
Embase 20 17 3 - 2 1
Cinahl 45 39 6 - 5 1
Recal 305 298 7 - 3 4
Ref.* lists - - - 42 38 4
Total 545 469 76 42 90 28

1st selection: Publications excluded per database because they did not concern skin problems or 
lower limb amputees.
Reasons for exclusion are presented in table 2.  *Ref=Reference

The screening of the reference lists of these 76 publications resulted in 42 additional 
publications (see table 1).  From these 118 publications 90 publications were excluded, 
because they were not clinical studies or surveys (see table 2). 

Table 2: Reason for exclusion after 2nd selection and number of publications 
excluded  
Reason for exclusion n
Publication type 
 Case reports 31
 Reviews* dealing about skin problems 21
 Letter to editor 1
Topic
 Shear/stress forces  investigation 17
 No skin problems 12
 Upper extremity 4
 Anatomy 2
 Transplanted skin 2
Total 90

*Including expert opinions, clinical recommendations, narrative reviews 
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In total 28 publications were included for methodological assessment. 
The interobserver agreement of the assessment expressed as Cohen’s 
Kappa was 0.83. The methodological sum scores of the 28 publications 
selected are presented in figure 1.  Mean sum score was 7.1 points (SD 1.8). 

Figure 1. Sum scores of the methodological assessment (n=28; Mean=7.1; SD=1.8).

Results of the detailed review

One publication of 28 fulfilled the six major criteria (appendix 2). Chan et al.  
performed a prospective study in an amputee clinic in Singapore. Group of study 
were lower limb amputees of 65 years and older, who were referred for follow up 
to the amputation clinic. The study was divided into a questionnaire, and a clinical 
examination. Total number of included persons was 46, whereas 45 were completely 
assessed. Amputation level was divided into below-knee (n=44), and above knee 
(n=1). Main outcome measure was the usage of the prosthesis, and independence 
measured in a frequency of usage, level of independence in self care, ability to 
return to work, and degree of dependence on their care giver. The occurrence of 
complications was assessed using the questionnaire, skin problems being one 
of them. In total 15 % of the assessed patients reported skin problems (3 painful 
pressure ulcers, 1 painless pressure ulcer, and 3 painless skin abscesses). 9 

In some publications skin problems 10-13 or specific skin problems 14 – 16 were the 
subject. All these publications, except one16 scored a mere four points (out of the 
six) in the final comparison using the six major criteria, demonstrating that the 
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methodological quality of these publications is below our standards (see Figure 2).

Figure 2. Score of the publications on the six criteria (n=28; Mean=3.5 ; SD=1.3).

Discussion

After a systematic review of the literature for the incidence and prevalence of skin 
problems in lower limb amputees only one publication was found to fulfil our 
quality criteria. The primary search listed 545 publications. It is clear that available 
study books and other types of publications have been missed. However we believe 
that these sources usually transmit expert knowledge, mostly consisting of lists of 
possible skin disorders without stating frequencies. To make sure no publications 
were missed by using foot and ankle as free text words, the searches were performed 
again without excluding foot and ankle. No eligible publications were additionally 
found. In total, 28 publications were eligible for assessment on methodological 
criteria. 

In literature are, as far as we know, no assessment criteria available for 
methodologically assessing publications concerning skin problems in lower limb 
amputees. We therefore selected assessment criteria ourselves. A division was made 
between major and minor criteria (appendix 2). The first three major criteria are 
based on good research methodology. The criterion whether skin problems were 
actually investigated by the observers was added to identify possible information 
bias. The criterion whether the number or percentage of patients with skin problems 
was reported was added, because it was the topic of interest in this review. Finally, the 
criterion whether the population from which the study population was drawn was 
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described was added to assess external validity. The minor criteria for methodological 
quality of the publications were applied, but we found these criteria less important. 
By using criteria, an adequate comparison of the selected publications was possible. 

The mean quality of the selected publications was 7.1 on a 13-point scale. Finally one 
publication fulfilled the six major criteria. The publication concerns a population 
of amputees of 65 years and older of which 16% had skin problems.9 Regarding 
the other publications, we found that the majority were not primarily studying 
skin problems. Fields of primary interest in these publications were i.e. children 17, 
elderly 9, 18, people using an ICEROSS 19- 21, other types of component of a prosthesis 
22, 23, traumatic amputees 24 – 28, satisfaction or use of the prosthesis in a group of 
patients 29, 30, and a clinic-orthopaedic evaluation of a group of male unilateral above-
knee amputees. 31 

Some intervention studies reported factors that may influence the chance of obtaining 
skin problems, i.e. bacterial flora 32, 33, hygiene 34, perspiration 35, and the changing of 
the socket form to reduce perspiration .36 But changes in prevalence of skin problems 
were not reported.

In this study, we were not interested in investigations describing the effect of shear/
stress forces on skin disorders, since the studies did not use skin problems as main 
outcome parameter, and no causal relationship has been made between occurrence 
of shear/stress forces and the prevalence of skin problems. We also excluded these 
publications because there is no consensus that interaction between residual stump 
and prosthesis has an influence on clinical outcome.37

We conclude that the best estimate of prevalence of skin problems was 16% in a 
population of elderly lower limb amputees in a single study.

The incidence and prevalence of skin problems in lower limb extremity amputees in 
general are poorly investigated, and are mainly unknown.
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Appendix 01: MesH headings, free text words, and combinations 
used in the literature search in MEDLINE, CINAHL, and EMBASE.

NR/# MEDLINE CINAHL EMBASE
1 Amputation/all subh*
2 Amputation-Stumps/all subh
3 #1 or #2
4 Amputation
5 Stump
6 #3 or #4 or #5
7 Lower-Extremity/all subh Extremities/all subh Leg/all subh
8 Leg
9 Tibia
10 femur
11 foot
12 ankle
13 #11 or #12
14 #7 or #8 or #9 or #10
15 #14 not #13
16 #6 and #15
17 Skin-Diseases/all subh Skin-disease
18 skin
19 #17 or #18
20 #16 and #19
21 Artificial-Limbs/all subh Limb-prosthesis
22 #20 and #21
23 #6 and #19 and #21

* subh=subheadings
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Appendix 02: Methodological criteria used for assessment of the 
selected publications.

Major criteria:

01) Are inclusion criteria reported?

02) Are exclusion criteria reported?

03) Is the assessment method reported?

04) Are skin problems actually investigated by the observers?

05) Is number or percentage of patients with skin problems reported?

06) Is the population from which the study population was drawn described?

Minor criteria:

07) Is the design of the study prospective?

08) What’s the number of included patients? (less or more than 50)

09) Are skin problems present specified?

10) Are number or percentage of patients with a lower limb amputation reported?

11) Are adequate descriptive statistics concerning gender reported?

12) Are adequate descriptive statistics concerning age reported?

13) Are adequate descriptive statistics concerning type and height of amputation 
reported?
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Abstract

The skin of a stump in lower limb amputees is prone to skin problems because it 
is exposed to several unnatural conditions (shear and stress forces and increased 
humidity) when a prosthesis is used. In this study a literature review is made by 
means of case reports in lower limb amputees with skin problems on the stump. 

A total of 56 reports comprising 76 cases were identified in the literature. The main 
disorders are acro-angiodermatitis, allergic contact dermatitis, bullous diseases, 
epidermal hyperplasia, hyperhidrosis, infections, malignancies, and ulcerations.
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Introduction

The stump in lower limb amputees is prone to skin problems because it is exposed 
to several unnatural conditions when a prosthesis is used, such as shear and stress 
forces, increased humidity and prolonged and moist contact with the prosthesis, 
resulting in exposure to its continuent chemical compounds (figure 1). 

Figure 1. Transfemoral (L) and transtibial (R)                        Figure 2. Example of a transfemoral  
prostheses.                                                                                     suction socket prosthesis.

The resultant skin problems have been reported and discussed in literature. However, 
since the overview written by Levy in 1995 1, no comprehensive investigation has 
been published. We recently investigated the literature on the prevalence of skin 
problems in lower limb amputees over the past 40 years in a systematic review.2 
In that review, only one publication fulfilled the defined methodological selection 
criteria.3 The prevalence of skin problems in a series of 45 lower limb amputees 
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aged 65 years and older was 16%.3 It was concluded that the prevalence and incidence 
of skin problems of the stump in lower limb amputees are basically unknown.2

While performing the review we discovered that many case reports regarding skin 
problems of the stump in lower limb amputees can be found in literature. Some skin 
problems are mentioned more than others. The aim of this study was to provide 
an overview of the skin problems in lower limb amputees found in the literature, 
published as case reports.

Methods

A literature search was performed in MEDLINE, EMBASE, CINAHL, and RECAL 
(a database with particular interest in amputations and prostheses and orthoses, 
managed by the University of Strathclyde, Scotland, UK). The time period chosen 
was the first date possible for each database until June 2005. MESH headings used 
included: ‘Amputation’, ‘Amputation-Stumps’, ‘Lower-limb’ (MEDLINE), ‘Leg’, 
(EMBASE); ‘Extremities’ (CINAHL); ‘Skin-Diseases’ (MEDLINE and CINAHL), 
‘Skin-disease’ (EMBASE), ‘Artificial- Limbs’ (MEDLINE and CINAHL), ‘Limb 
prosthesis’ (EMBASE). Free text words in the title and the abstracts used included 
‘amputation’, ‘stump’, ‘leg’, ‘tibia’, ‘femur’, and ‘skin’. Because we focussed on major 
lower limb amputation, we excluded cases concerning ankle and foot amputations.

In RECAL no MESH terms could be used, therefore the free text words “amputation” 
and “skin” were used. All reports giving detailed information about lower limb 
amputees and their skin problems were included in the review. Case reports not 
concerning lower limb amputees or not concerning skin problems were not included. 

Results

In total, 56 references describing 76 cases concerning skin problems in lower limb 
amputees were identified. Some references also described several skin problems that 
were not restricted to lower limb amputees. The latter were not included. Two of 
the authors (HM and MJ) sorted the cases into the following diagnostic categories 
alphabetically: acroangiodermatitis, allergic contact dermatitis, bullous diseases, 
epidermal hyperplasia, hyperhidrosis, infections, malignancies, and ulcerations. 
The classification is based on physical presentation (skin efflorescence) and aetiology    
(cause of the skin problem).
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Acroangiodermatitis 

Acro-angiodermatitis consists of red, livid papulae, plaques, and indured infiltrates 
and is a skin condition frequently found on lower limb amputation stumps. The 
first description in the medical literature was in 1965 by Mali and Kuiper in 18 
patients with chronic venous insufficiency.4 Acroangiodermatitis is a reactive 
disorder, that resembles Kaposi’s sarcoma clinically and histologically. This benign 
and reactive disease appears most often between 1 and 15 years after amputation, 
and the diagnosis may be complicated by the resemblance with stasis dermatitis, 
haemangioma, lymphangioma, Kaposi’s sarcoma, and lymphangiosarcoma 
(Stewart-Treves’ syndrome).5 Acroangiodermatitis has several different names in 
literature: acro-angiodermatitis Mali- Kuiper 4, Stewart Bluefarb syndrome 6, and 
pseudo-Kaposi sarcoma.7 

The cause of acroangiodermatitis was presumed to be primarily chronic venous 
insufficiency.4 Reports of acroangiodermatitis have appeared in the literature more 
frequently since the increased use of the suction socket prosthesis. This prosthesis 
uses suction as a mechanism for securing the socket to the stump by using a valve 
system to create negative pressure in the stump socket environment (figure 2). It is 
currently thought that acroangiodermatitis is caused by the negative pressure in the 
stump socket environment leading to altered local circulation, and proliferation of 
small vessels.7-15 Additionally, if the fit of socket and stump is not perfect, repeated 
microtraumata to the skin of the stump may occur, leading to proliferation of 
fibroblasts and small vessels and, in particularly sensitive tissue such as the skin on 
amputation stump, to acroangiodermatitis.13

Allergic contact dermatitis

When skin lesions occur on a stump after the use of a new prosthesis or persist after 
therapy, allergic contact dermatitis should be considered. Contact allergic reactions 
can be acute (swelling, erythema) or chronic (scaling). 

Following the change in the main component of lower limb prostheses from wood 
to plastics, starting approximately after World War II, the types of allergens also 
changed. When wearing a wooden prosthesis, there could be allergic reactions to 
several components of the prosthesis (e.g. varnish, paint or the metal parts used for 
assembly).16 When using a prosthesis consisting of plastics, allergy can occur to one 
of the components of the plastic.
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It was expected that the introduction of the ICElandic Roll On Silicon Socket 
(ICEROSS), would diminish allergic contact dermatitis in prosthesis wearers 
because the non-allergic quality of silicone used would prevent senzitisation.17 
However, contact allergy has been described in a patient wearing ICEROSS, in 
whom a component of the silicone liner (tetra-ethylthiuram disulphide/zinc-
diethyledthiocarbamate) turned out to be the allergen.18  Cross-senzitisation to a 
component may also occur. Thus an allergic reaction to a component can occur, 
where that component has a chemical resemblance to another component that is 
known to cause an allergic reaction.19 Friction, sustained pressure and humidity 
of the amputation stump may not only act as cofactors to increase the chance of 
allergic contact dermatitis but may also be primary factors in causing irritant contact 
dermatitis.20  When an allergic reaction occurs, it is important to rule out other causes 
of dermatitis and to determine if the reaction is limited to the stump, or to the part 
of the stump that is in contact with the prosthesis (as in, for example, the valve of a 
suction socket prosthesis) (figure 3).

Figure 3. Detail of a suction socket prosthesis. The arrow points to the metal part of the valve, which 
may cause an allergic reaction.

In literature several cases have been reported concerning allergies to components 
of the prosthesis socket such as resins, glue, rubber components, and leather 
preservatives. Table 1 presents a summary of the case reports on allergic contact 
dermatitis.



       37
                           A

n overview
 by case reports

Table 1: Case reports of allergic contact dermatitis in lower limb amputees sorted 
by year of publication
Author (date) Allergen/Topic n
Suurmond et al. (1967)* 21 Azo dyes 1
Correcher et al. (1981) 22 Mercaptobenzthiazole/paratertiary butyl 

formaldehyde resin
1

Romaguera et al. (1985) 23 Paratertiary butylphenol formaldehyde 2
Freeman (1986) 19 P-tertiary butyl catechol 1
Requena et al. (1986) 24 Epoxy dermatitis due to resins 1
Condé-Salazar et al. (1988) 25 2-mercaptobenzothiazote 1
Fousssereau et al. (1989) 26 Methyl methacrylate 1
Baptista et al. (1992) 18 Tetra-ethylthiuram disulphide/zinc-

diethyledthiocarbamate
1

Balato (1995)† 27 Para-tertiary-butyl-phenol-formaldehyde/
mercapto-benzo-thiazole/mercaptomix/para-
phenylenediamine 

6
Corazza et al. (1995) 28 Methyl methacrylate 1
Komamura et al. (1997) 20 Impurities of cetyl alcohol 1

* The article describes an investigation in a group of 19 persons, concerning allergic reactions caused 
by shoe components. One person used a lower limb prosthesis.
†The article describes several problems with orthopaedic devices including six patients with a 
transtibial amputation.

Bullous diseases

Bullous pemphigoid is a subepidermal bullous autoimmune disease against 
autoantigens in the epidermal basement membrane zone, which leads to tense 
blisters on the skin. Immunofluoresence of the skin reveals linear immunoglobin 
G (IgG) and/or C3c depositions along the basement membrane zone. The localized 
variant of bullous pemphigoid may be restricted to the stump. Localization to the 
stump may be induced by the Köbner phenomenon, that is the development of 
lesions in previously normal skin that has been subjected to trauma. The mechanical 
forces of the prosthesis may elicit the Köbner phenomenon or the isomorphic prickle 
phenomenon of a pre-existing skin disease.29 A localized variant can eventually 
generalize. Early diagnosis of this entity guides treatment towards specific 
immunosuppressive therapy. At the start of symptoms, subepidermal pemphigoid 
blisters can be confused with friction blisters; the latter, however, have a split beneath 
the stratum granulosum higher in the epidermis. Biopsies of the blister edge for 
histology and of perilesional skin for immunofluorescence has to be taken to confirm 
the diagnosis.30-32



   
   

 3
8

  C
ha

pt
er

 3
a 

Epidermal hyperplasia

Changes in the epidermis of the skin of amputation stumps have been reported 
over the years. Conditions that may occur in people with a lower limb amputation 
are verrucous hyperplasia, epidermoid cysts, hyperkeratotic papules, and acne 
mechanica. All these conditions have proliferation of epidermal cells in common.

Verrucous hyperplasia on the amputation stump is a condition that shows multiple, 
irregular warty papules and plaques, hence the name verrucous. Other names 
are papillomatosis cutis lymphostatica, lymphostatic congestion papillomatose 
(e.g. elephantiasis), or papillomatosis cutis verrucosa (e.g. mossy foot). It has been 
suggested that verrucous hyperplasia results from persistent stump oedema, usually 
when the distal stump is unsupported in the prosthesis socket (figure 4).33

Figure 4: A transfemoral amputation stump with verrucous hyperplasia on the medial part.

Oedema can be induced by venous or lymphatic stasis by prosthesis use (or through 
infection, tumours, surgery or radiotherapy), or by insufficiency of the venous or 
lymphatic system.  The (most) distal part of the stump is often the most affected. 
When wearing a prosthesis there is a continuous influence on the skin due to the 
interaction between the socket or liner and the stump. Verrucous hyperplasia is 
associated with the use of suction socket prosthesis. Because of the combination of 
congestion by the entrance of the socket and possible failure of the endbearing, stasis 
of fluids can occur, causing oedema and venous congestion. In already vascular 
compromised persons, this condition will occur earlier. 
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Epidermoid cysts are a well-known problem in wearers of prostheses. These cysts 
consist of follicular props of keratin that turn into pigmented, painful, confluencing 
cysts. Favourable locations in wearers of prostheses are the groin (in transfemoral 
amputees) and the popliteal region (in transtibial and through knee amputees). 
Initially the cysts were thought to be a reaction to foreign material that was pressed 
into the skin (e.g. extrafollicular dislocating of hairs, at protrusions, leather parts 
of the prosthesis).34 Later on, the origin of epidermoid cysts was found to be 
invaginated keratin into the dermis. Shear and stress forces may play a part in the 
origin of these cysts. When a cyst occurs, dermatological causes have to be ruled out. 
The cysts are not by definition infected, but may become infected as a secondary 
factor.34 Hyperkeratotic papules are caused by poorl fitting of the prosthesis, 
pressure, and sensitization of certain areas of the stump. It is not certain how much 
each factor contributes to the development of these papules.35;36 Acne mechanica is 
an exacerbation of pre-existing acne due to physical trauma (Köbner phenomenon). 
It does not always have to be preceded by a history of acne or acneiform lesions. A 
mechanical triggering has to occur for the diagnosis.37

Table 2 presents a summary of the case reports of epidermal hyperplasia in lower 
limb amputees sorted by year of publication.

Hyperhidrosis

The introduction and increased use of the ICEROSS and other kinds of silicon sockets 
and liners in the preparation of prostheses have changed the design of prostheses 
(figure 5).

Figure 5: Several types of liners.
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Table 2: Case reports of epidermal hyperplasia in lower limb amputees sorted by 
year of publication.

Author (date) Topic n
Young (1951)38 Epidermoid cysts 5
Levy (1956)39 Verrucous hyperplasia 1
Mosto et al. (1968)40 Verrucous hyperplasia 1
Larrégue (1975)36 Hyperkeratosis 1
Bendl (1976)35 Pigmented hyperkeratotic pressure papules 2

Grosshans et al. (1981)41
Verruciform xanthoma or xanthomatous 
transformation of inflammatory epidermal 
nevus

1

Bues et al. (1983)42 Pseudokanzerose der Haut (Papillomatosis 
cutis carcinoides Gottron) 1

Görzgen (1988)43 Verrucous hyperplasia 1
Brunner et al. (1994)44 Verrucous hyperplasia 2
Wlotzke et al. (1997)34 Epidermoid cysts and verrucous hyperplasia 3
Stewart et al. (1999)45 Mechanical irritation 2
Strauss (2001)37 Stump acne mechanica 1
Heim et al. (2003) *46 Psoriasis and the effect of prosthesis fitting 2
Bardazzi et al. (2003)47 Verrucous hyperplasia 1
Lee et al. (2004)33 Verrucous hyperplasia with lymphedema 1

* The article describes 2 patients with amputation and psoriasis. One has psoriasis prior to 
amputation, the other has developed psoriatic lesions after amputation.

Nowadays, a larger part of the amputation stump is in close contact with the 
prosthesis, thereby isolating the skin of the stump from the outer environment. 
Because of the inability of sweat to evaporate (decrease of transport of sweat) and the 
increased production of sweat because of the cooling reflex of the skin, this isolation 
will lead to stasis of sweat in the isolated area.48 As a consequence, hyperhidrosis (an 
unbalance between production and evacuation of sweat) will occur. Hyperhidrosis 
can worsen skin problems of the stump, or can be an initiating or supporting factor 
in the development of skin problems on amputation stumps as mentioned earlier.49

Infections

Infections of the skin that occur on other parts of the body can also occur on the 
stump, such as folliculitis and furuncles. Most types of prostheses involve prolonged 
contact with the stump, or at least the distal part of the stump, thereby increasing 
the humidity of the stump socket environment and making it an excellent culture 
medium for microorganisms such as bacteria, yeasts and mycoses (figure 6).50-52
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Figure 6: A transtibial amputation stump with a dermatomycosis.

Infections of the skin of the stump caused by microorganisms are therefore common, 
but are seldom described in detail in the literature as case reports.1

Malignancies

Malignancies that are found on amputation stumps can be a recurrence of a 
malignancy that occurred earlier, or may develop from a (operation) scar of the 
stump.  

The development of malignancy out of already existing scars could be associated with 
the regenerating process of the scar.53 With the use of a prosthesis, irritation at the area 
of the scar may develop, possibly leading to chronic inflammation, and consequently 
malignancy.53-56 Development of chronic inflammation into malignancy (Marjolin’s 
ulcer) may be increased when the prosthesis is not fitting well.57 Angiosarcoma is a 
malignancy that can develop in chronic oedematous stumps. When the oedema is 
the result of capillary proliferation, malignant development of this proliferation may 
occur.58 Table 3 presents a summary of the case reports of malignancies in lower limb 
amputeessorted by year of publication. 
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Table 3: Case reports of malignancies in lower limb amputees sorted by year of 
publication.
Author (Date) Topic n
Roth et al. (1967)*59 Squamous cell carcinoma 1
Inoshita et al. (1984) †53 Malignant fibrous histiocytoma in previous 

surgical sites 
1

Sarma et al. (1985)54 Squamous cell carcinoma in amputation site 
with burn scar

1

Scheman et al. (1988)58 Angiosarcoma 1
Mahaisavariya et al. (1991)57 Marjolin’s ulcer 1
Schwarz et at. (1991)60 Verrucous carcinoma 1
Habiballah et al. (1998)56 Cutaneous B-cell lymphoma 1
Heim et al. (2000)61 Post Kaposi-sarcoma amputees and their 

prosthetic fitting
4

Karakozis et al. (2001)55 Squamous cell carcinoma 1
Brown (2005)62 Kaposi sarcoma 1

* The article describes 2 cases of squamous cell carcinoma, one of them on amputation stump. 
† In this article the malignant fibrous histiocytoma in one patient arises in his amputation stump.

Ulcerations

Ulcerations of the amputation stump occur mainly because of friction between the 
stump and liner or socket. The development of an ulcer can start as an abrasion. The 
occurrence of ulcers on an amputation stump can be an indication of poor prosthesis 
fit. Some conditions such as an inadequate vascular system or diabetes mellitus may 
increase the chance of an ulcer. Chronic ulcerations can develop into malignancies.57 
When ulcers are resistant to any therapy, the cause may be pyoderma gangrenosum63 
or a mutation of factor V Leiden (one of the coagulation factors in human blood) 
and cryofibrinogenemia (cryofibrinogen is a precipitate formed in plasma of fibrin, 
fibrinogen and fibronectin by in vivo occlusion of small blood vessels).64

Discussion

Case reports found in several medical databases were used to describe the rare skin 
problems that may occur on the stump in lower limb amputees.  The choice was 
made to classify skin disorders by means of skin efflorescence and the cause of the 
skin problem. A classification made in this way rather than by mechanical and non-
mechanical factors avoids the problem that most skin problems have a mechanical 
and a non-mechanical part in their development. 

The majority of lower limb amputees who have skin problems of the amputation 
stump have not had previous skin problems elsewhere on the body in their medical 
history. The development of a skin problem may be influenced by the reason for 
amputation or other (pre-existing) medical conditions of the patient, such as 
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vascular problems, diabetes, or malignancy. The Köbner phenomenon may play a 
role in the development of certain skin problems on amputation stump in lower 
limb amputees.29

Changes in the field of prosthesiology have had an influence on the types and 
presentation of skin diseases in lower limb amputees as reflected by the case 
reports. The introduction of new materials and components in the construction of 
the prosthesis16 has given rise to new types of allergens (see Table 1). The interaction 
between the stump and the socket of the prosthesis has also changed. This change 
occurred by the introduction of new mechanics for suspension such as the suction 
socket prosthesis16 and the introduction of new materials such as silicones.17 As a 
result, there has been a change in the hypothesis or aetiology of certain problem 
of the skin of the amputation stump for example in acro-angiodermatitis (suction 
instead of chronic venous insufficiency as cause) and verrucous hyperplasia (use 
of suction socket prosthesis and the occurrence of oedema and fluid stasis in the 
stump).

The use of case reports as a source to describe the skin problems in lower limb 
amputees has certain limitations. First, there is writing bias, in that when a disease 
is so common in daily clinical practice or extensively mentioned in text-books or 
taught through expert opinion, it may not be considered useful to write about it 
in a case report. Examples are the occurrence of furunculosis and folliculitis on the 
amputation stump. Second, there is publication bias by journals; the reviewers and 
the editor decide if a case report is suitable for publication or not in a certain journal. 
Third, there is selection bias while conducting a case studies. With the search 
strategy used we cannot be certain that every case report useful for this review was 
obtained. Nor is it certain if every case report ever published is searchable by using 
the available databases in the medical literature.

There are several reasons to write a case report. First, the condition (or rare disease) 
may not have been published before, and may be helpful in generating a hypothesis 
concerning the new disease. Second, the presentation of a rare disease may differ 
from previous reports, leading to a modulation of the existing hypothesis. Third, a 
new treatment may have been found for a certain disease, or an existing treatment 
modulated. Fourth, a case report may be written because of an unusual complication 
of a disease or therapy. 

All the case reports found and described in this review can be allotted to one of the 
above-mentioned categories. 
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Because of the existence of the various types of bias it is not possible to present a 
total overview of skin problems in lower limb amputees in this way. By using a 
search strategy that puts an emphasises on case reports, an overview is obtained of 
the mentioned skin problems (as in a rare problem published for the first time, or 
changes in hypothesis or aetiology) that have been published over the years, with 
regard to skin problems that are probably not reported by means of clinical narratives 
or expert opinions and that succeeded in evading the types of bias mentioned earlier. 

Conclusion

The skin of the amputation stump in lower limb amputees is influenced by use of a 
prosthesis. Several groups of skin problems may occur in these lower limb amputees. 
Changes in the field of prosthesiology have had an influence on the presentation and 
occurrence of skin problems in lower limb amputees. 
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A case of follicular keratosis with trichostasis on an amputated 
limb 

A 29-year-old woman was referred to the Center for Rehabilitation, with complaints 
of pain and loss of mobility of the stump of her left leg. In 1999, she had undergone 
a transfemoral amputation because of Complex Regional Pain Syndrome (CRPS) 
type 1 of her left lower limb. At the time of her presentation in 2003, she had no signs 
of CRPS type 1, as described by the International Association for the Study of Pain 
(IASP), on the stump.1 She did not wear a prosthesis or clothing over the amputated 
side, because of persistent touch-evoked pain. She was not able to notice warm or 
cold sensations with the stump, and it is unknown for how long this had existed. She 
ambulated by using crutches and a wheelchair. 

Physical examination showed an obese woman with a giant transfemoral stump 
with a surplus of soft tissue. The stump felt cold. The distal part of the stump showed 
a circumscript asymptomatic area consisting of multiple hyperkeratotic follicular 
papules and hyperpigmentation (Figure 1).

Figure 1. Transfemoral stump with large circumscribed follicular keratotic papules. Inset: close-up 
view.

This skin condition was not present prior to amputation. Potassium-hydroxide 
preparations and cultures for fungus and bacteria were negative. Vascular 
examination by Doppler ultrasound showed no major abnormalities in the blood 
flow of the stump. A skin biopsy taken from the affected area was not representative, 
showing only dermal oedema.
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Physical examination three months later revealed erythema on the stump with 
a circumscript field of large yellowish brown keratotic papules with follicular 
distribution (Figure 1, inset). Histopathological examination of a second biopsy 
showed a very wide distended follicle containing a keratotic plug consisting of 
laminated and amorphous keratin containing several vellus hairs in a bundle 
(double refractile with polarization). The follicular wall matured normally. The 
histopathological diagnosis was compatible with follicular keratosis with trichostasis 
(Figure 2). 

Figure 2. Skin histology shows a distended follicle with a horny plug with many cross-sections 
of vellus hairs. The superficial dermis shows a very mild perivascular lymphocytic inflammatory 
infiltrate (haematoxylin and eosin, original magnification x 4).

In order to enhance mobility, partial distal resection of the stump, including the 
affected skin, was performed. Over the following 6 months, the new stump with 
unaffected skin returned to the situation prior to surgery, i.e. follicular hyperkeratosis. 
Complaints of touch-evoked pain did not improve after resection, and mobility of 
the stump was not enhanced. A third biopsy of the affected area of the stump again 
showed a distended follicle containing several vellus hairs and follicular plugging, 
but also extrafollicular vellus hairs evoking a foreign body cell reaction.

Follicular keratosis of amputated sites is not uncommon and is confined to sites with 
continuous friction caused by an ill-fitting prosthesis.2;3 Unlike the cases described 
by Ibbotson et al.2, our patient never used a prosthesis, owing to touch-evoked pain 
of the stump, thereby excluding friction as cause of the skin condition. The condition 
in our patient could be classified as follicular keratosis with secondary vellus hair 
retention caused by the hyperkeratotic plug. Retention of vellus hairs is named 
trichostasis. Trichostasis spinulosa is a not uncommon skin disorder that presents 
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as follicular keratosis, but we prefer to use the diagnosis ‘follicular keratosis with 
trichostasis’ for our patient, as large yellowish-brown, asymptomatic, hyperkeratotic 
papules were observed, whereas in trichostasis, mildly pruritic and elevated, raspy, 
spinous, follicular plugs are most frequently seen. Trichostasis results from successive 
production of vellus telogen club hairs from a single hair matrix in a follicle.4 There 
are several speculations regarding the aetiology of damage to hair follicles, such 
as external irritants or development of numerous resting buds in response to an 
unknown stimulus.5  There are two types of trichostasis spinulosa: the classical type 
with nonitching, solitary comedo-like lesions on the face, especially on the nose in 
the elderly, and the itching type with multiple fine follicular papules, mainly located 
on the trunk and arms. The latter type may resemble keratosis pilaris at first sight.4 

We do not know the mechanism that has led to the follicular keratosis, but we think 
that it caused secondary trapping of vellus hairs, which may have led to follicular 
rupture and subsequent foreign-body reaction to extrafollicular keratins in the 
dermis. It may be speculated that in our patient with CRPS type 1, the amputation 
in addition to an unknown factor could have led to an exaggeration of the normal 
cycle of the hair follicle or damage to the hair follicle, resulting in the development 
of numerous resting buds or prevention of the normal shedding of hair.

We conclude that the clinical presentation of follicular keratosis with secondary 
trichostasis on the stump of an amputee without prosthesis appears unique, and has 
to the best of our knowledge not been reported before.
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Abstract

Objective: To identify determinants of skin problems in lower-limb amputees.
Design: Survey, using a questionnaire.
Setting: Not applicable
Participants: Lower-limb amputees (N=2039) who either obtained their prosthesis 
through the Orthopedische Instrument Makerij (a group of orthopedic workshops 
in the Netherlands) or were a member of the (Dutch) National Society of Amputees 
(Landelijke Vereniging van Geamputeerden) were invited to participate. In total 872 
lower-limb amputees agreed to participate. 
Intervention: Amputees filled in the questionnaire to assess characteristics of the 
amputation and prosthesis, level of activity, stump and prosthesis hygiene, and 
skin problems. Stepwise backward logistic regression was performed to analyze 
determinants of skin problems.
Main Outcome Measure: Skin problem in the month prior to completing the 
questionnaire. 
Results: A total of 816 questionnaires were received. Eventually 805 questionnaires 
were suitable for statistical analysis. Protective determinants were (in order of 
magnitude of association) a higher age, male sex, and amputation because of 
peripheral arterial disease and/or diabetes. Provocative determinants were (in order 
of magnitude of association) use of antibacterial soap, smoking, and washing the 
stump 4 times a week or more often. In total, 63% of the participants (95% confidence 
interval, 60%–67%) reported 1 or more skin problems.
Conclusions: The provocative determinants identified in this study (use of 
antibacterial soap, smoking, and stump washing frequency) have to be studied for 
their clinical relevance.
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Introduction

The skin of the stump in lower-limb amputees is prone to problems because it is 
exposed to several unnatural circumstances when a prosthesis is used. These 
unnatural circumstances include shear and stress forces, increased moisture, and 
prolonged moist exposure to the chemical compounds of the prosthesis.1 As a 
consequence various skin problems may develop. These skin problems and their 
management have been reviewed extensively in literature.2-7 Besides these reviews, 
developments in knowledge of pathophysiology and treatment are presented by 
means of case reports.1 In a systematic review,8 with the purpose of evaluating reported 
incidence and prevalence of skin problems in lower-limb amputees, 28 clinical 
studies and patient surveys were identified for methodologic assessment. Only 1 
study of acceptable methodologic quality was identified. It reported a prevalence 
of skin problems of 15% (95% CI, 12%–23%) in a small group (n=46) of lower-limb 
amputees (age ≥65y). All amputees visited an artificial limb unit in Singapore 
because of complications of the stump, fitting of a prosthesis, or prosthesis repair.9 
Other studies identified in the systematic review had methodologic shortcomings 
concerning sampling method, study population and assessment method.8

Although several determinants causing skin problems have been suggested, 
including reason for amputation, present comorbidity, prosthesis fit, prosthesis 
characteristics (including chemical compounds), level of hygiene, and activity level 
of the amputee7,10; poor prosthetic fit, poor hygiene, or both11; age, pathology, activity 
level, socket fit, biomechanics, and wearing patterns12; and mechanical factors,13 only 
a minority of these suggested determinants actually appeared to have a relationship 
with skin problems.
In the study by Dudek et al,14 4 determinants were identified that increased the odds 
of having a skin problem: transtibial level of amputation compared with other levels 
of amputation, being employed or unemployed compared with being retired, use of 
a single-point cane or no walking aid compared with another type of walking aid, 
and not having peripheral arterial disease. No other studies are available evaluating 
determinants of skin problems of the stump in lower-limb amputees. The aim of 
this study was to identify determinants of skin problems of the stump in lower-limb 
amputees.
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Methods

A survey was performed, using a (self-developed) questionnaire that assessed the 
determinants suggested in literature, and skin problems that may have occurred. 
The questionnaire consisted of a series of open questions and multiple choice 
questions.  The following domains were assessed: demographics, characteristics of 
the amputation and prosthesis, activity level of the amputee, stump and prosthesis 
hygiene, and skin problems. The characteristics of and determinants assessed by the 
questionnaire are summarized in appendix 1. The time window chosen to report a 
skin problem was the last month prior to completing the questionnaire. 

Subjects

Lower-limb amputees who received their prosthesis through the OIM (a group 
of orthopedic workshops) or were member of the (Dutch) National Society of 
Amputees (LVvG) were invited to participate, using the opting-out method. These 
subjects represent 25 % of the total Dutch population of lower-limb amputees who 
have a prosthesis. All potential participants were sent a letter in which they were 
invited to participate. If persons wanted to participate they could send back a signed 
form with their names and addresses (which accounted for informed consent). If 
potential participants did not want to participate, they were asked to send the form 
back with information concerning sex and date of birth to facilitate a comparison 
between participants and nonparticipants. Participants received the questionnaire 
at the address they provided; they could return the questionnaire using a prepaid 
envelope. Questionnaires with missing data were completed by either contacting 
the participant by telephone or by sending the questionnaire again, with the missing 
questions highlighted and a request to fill in these questions. When the questionnaire 
was not returned at all, participants received a reminder either by telephone or, if no 
telephone number was available, by letter.

Data Entry

Data of the questionnaire were entered into a database. If a participant was not able 
to fill in the exact date of amputation the following procedure was performed. If 
the day of the month was missing, the 15th of that month was entered as the date 
of amputation. If the month was missing, the first of July of that year was entered 
as the date of amputation. All participants were able to report at least the year of 
amputation. All data was checked manually for correct data entry. 
Regarding the participants who reported more than 1 reason for amputation (n=79) 
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the following procedure was used. When more than 1 reason for amputation was 
reported (i.e., trauma and infection or diabetes and infection), the most logical reason 
based on pathophysiology was chosen as main reason for amputation and entered 
into the database (n=36). For instance, for a participant who endured a trauma and 
subsequently developed an infection, trauma was entered as reason for amputation. 
Because of similarities in pathophysiology, peripheral arterial disease and diabetes 
were entered as 1 reason for amputation in the database. 
Regarding the participants who reported to having a bilateral amputation (n=55) 
the following procedure was used. When a similar level of amputation was reported 
(n=42), it was verified if 1 amputation side on which skin problems were most 
frequent was reported. If so, that side was used for statistical analysis (n=11). When 
a participant reported similar skin problems on both sides, 1 side was randomly 
chosen for the analysis (n=15). When no side of skin problems was reported (n=16), 
data were checked if the participant reported occurrence of skin problems in the 
past or in the month prior to completing the questionnaire. If no skin problems were 
reported at all, 1 side was randomly chosen for statistical analysis (n=12). If skin 
problems had been reported but the participant had not reported a side on which 
the problems occurred, the questionnaire was not used for statistical analysis (n=4). 
Of participants with a different level of amputation (n=13), 7 did not report on which 
side they had the most skin problems. These 7 questionnaires were not used for 
statistical analysis. 
As a result 11 questionnaires were excluded for analysis, and 805 questionnaires 
were used for statistical analysis. 

Statistical Analysis

Statistical analysis was performed using SPSS 14.0 (SPSS Inc, 233 S Wacker Dr, 
11th Fl, Chicago, IL 60606). The determinants analyzed for an association with 
skin problems in the month prior to completing the questionnaire were: age; sex; 
time since amputation; reason for amputation (peripheral arterial disease/diabetes, 
trauma, oncology, infection, congenital, and other); level of amputation (transtibial, 
knee-exarticulation, transfemoral, amputation at level of the hip or above); having a 
bilateral amputation; average distance walked outdoors during a day with prosthesis; 
percentage use of prosthesis indoors; hours a day the prosthesis is worn; having a liner; 
use of additional materials between stump and socket or liner; use of walking aids 
(unilateral or bilateral); existence of comorbidity (cardiac diseases, peripheral arterial 
disease, rheumatoid arthritis, artrosis, kidney problems, pulmonary problems, and 
other); frequency of washing stump, liner (when having a liner), and stump sockets 
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(when having stump sockets); type of soap used for washing; performing sports 
with prosthesis; smoking; and if the participant had employment. On the basis of 
the symptoms reported by the amputees 2 dermatologists independently classified 
the symptoms into 4 additional outcome measures: suspicion for eczema, suspicion 
for mechanically induced skin problems, suspicion for skin problems caused by 
occlusion, and suspicion for skin problems caused by peripheral arterial disease. 
An amputee had to report at least 1 symptom related to an outcome measure to be 
identified as suspicious for that outcome measure. Although all additional outcome 
measures are therefore suspicious, to enhance readability the term suspicious will not 
be used in the rest of the article. The criteria used to classify the outcome measures 
are summarized in appendix 2. 
Determinants significantly associated with 1 of the 5 outcome measures were initially 
identified by means of chi-square analysis for dichotomous or ordinal data and 
independent sample t tests for interval data. The determinants significantly related 
to 1 of the outcome measures were tested for multicolinearity. Thereafter, for each 
outcome measure, the determinants identified were entered stepwise backward 
(likelihood ratio) in a multivariate logistic regression analysis. If an identified 
determinant was ordinal, it was dichotomized for the analysis (meaning the items of 
the determinant were divided into 2 groups, so the determinant was either present 
or absent in a participant) so it could be entered in the analysis.
To optimize the intercept of the models the age was adjusted by subtracting 60 years 
from the age of the amputee.

Results

Participant Characteristics

In total, 2039 amputees were invited to participate (the total number of amputees was 
initially 2142, but some amputees got both an invitation through the OIM and the 
LVvG). Of the 1082 amputees who responded, 872 stated they wanted to participate. 
Eventually 816 complete questionnaires (40%) were obtained. 
After data entry was completed, 805 questionnaires were available for statistical 
analysis. 
Participants were significantly younger (60±15y, P<.001) than nonparticipants 
(70±14y). Sex distribution was the same in participants and nonparticipants (62% 
men). 
In table 1 descriptive statistics of participants are summarized

.



       63
   D

eterm
inants of skin problem

s of the stum
p

Table 1: Descriptive statistics about all participants and those with and without 
skin problems

Characteristics All  Participants 
(n=805)

Skin Problems* 
(n=507)

No Skin 
Problems* (n= 298)

Mean age ± SD (y) 60±15 58±15 63±14
Mean time ± SD 
since amputation (y)

20±19 20±18 19±19

Sex n (%)† n (%)† n (%)†
Male 498 (62) 298 (59) 200 (67)
Female 307 (38) 209 (41) 98 (33)
Amputation level
Transtibial 410 (49) 249 (49) 161 (54)
Knee exarticulation 91 (12) 54 (11) 37 (12)
Transfemoral 239 (30) 163 (32) 76 (26)
Hip/pelvis 21 (3) 11 (2) 10 (3)
Bilateral 44 (6) 30 (6) 14 (5)
Reason for 
amputation
Peripheral arterial 
disease /Diabetes

225 (28) 117 (23) 108 (36)

Trauma 336 (42) 225 (43) 111 (37)
Oncology 109 (13) 75 (15) 34 (13)
Congenital 29 (4) 22 (4) 7 (2)
Infection 46 (6) 27 (5) 19 (6)
Other 60 (7) 41 (8) 19 (6)
Comorbidity 377 (47) 240 (47) 137 (46)
Smoking 202 (25) 141 (28) 61 (20)
Employment 242 (30) 170 (34) 72 (24)
Walking aids 467 (58) 303 (60) 164 (55)
Walking distance
0–100m/d 212 (26) 131 (26) 81 (27)
100–200m/d 123 (15) 88 (17) 35 (12)
200–500m/d 158 (20) 91 (18) 67 (23)
500–1000m/d 137 (17) 86 (17) 51 (17)
> 1000m/d 175 (22) 111 (22) 64 (21)
Use of liner 402 (50) 252 (50) 150 (50)
Sports with 
prosthesis

182 (23) 118 (23) 64 (21)

Frequency washing 
stump
0–4 times/week 215 (27) 115 (23) 100 (34)
4 times/week or 
more

590 (73) 392 (77) 198 (66)

% use prosthesis 
indoor
0%–50% 192 (24) 119 (23) 73 (25)
50%–100% 613 (76) 388 (77) 225 (75)
Hours a day 
prosthesis is worn
0–8h/d 126 (16) 79 (16) 47 (16)
≥8h/d 679 (84) 428 (84) 251 (84)
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Skin problems in 
period of more 
then 1 month prior 
to filling in the 
questionnaire

657 (82) 476 (94) 181 (60)

* In the month prior to filling in the questionnaire
† Percent are column percentages.

The most common levels of amputation were transtibial (49%) and transfemoral 
(30%). The most common reasons for amputation were trauma (42%) and 
peripheral arterial disease/diabetes (28%). Of the amputees, 30% were employed. 
Most amputees (61%) walked less than 500m/d. Half of the amputees used a liner 
in their prosthesis. One or more skin problems in the month prior to completing 
the questionnaire were reported by 63% of the amputees (95% CI, 60%–67%). Of 
these amputees 25% (95% CI, 21%– 29%) wore the prosthesis less frequently because 
of those skin problems. The distribution of reported symptoms is summarized in 
table 2. The most frequently reported skin problems were profuse sweating (32%), 
redness of skin persisting more than 1 minute after removing the prosthesis (29%), 
and sensitive skin (23%).

Skin problems in the period more than 1 month prior to completing the questionnaire 
were reported by 82 % (95% CI, 79%–84%) of the amputees. The distribution of these 
problems is summarized in table 3. Most reported skin problems were pressure 
ulcers (57%) and infection (35%). Of these amputees, 57% (95% CI, 53%–60%) stated 
they could not wear their prosthesis temporarily because of the skin problems. 

Logistic Regression Analysis

The results of the logistic regression analysis are summarized in table 4. The 
identified determinants are labeled protective (if they were associated with a 
decreased risk for skin problems) or provocative (if they were associated with an 
increased risk for a skin problem).  Higher age was a protective determinant in all 
outcome measures (skin problem in previous month, OR=.985; eczema, OR=.988; skin 
problems caused by peripheral arterial disease, OR=.977; mechanically induced skin 
problems, OR=.986; and skin problems caused by occlusion, OR=.975). Male sex was 
a protective determinant in skin problems in general (OR=.702), eczema (OR=.701), 
and skin problems caused by occlusion (OR=.628). Peripheral arterial disease and/
or diabetes as reason for amputation was a protective determinant in skin problems 
in general (OR=.653) and eczema (OR=.562). The use of a prosthesis indoors more 
than 8 hours a day was a protective determinant in case of skin problems caused by 
peripheral arterial disease (OR=.577). 
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Table 2: Skin problems reported in the month prior to filling in the 
questionnaire

Skin Problem Suspicious For* Nr (%)‡
Eczema 404 (50)
    Sensitive skin† 183 (23)
    Itching skin† 144 (18)
    Redness of skin persisting more than  1 minute after removing             

prosthesis
235 (29)

    Crusts 41 (5)
Mechanically induced skin problems 346 (43)
    Blisters 150 (19)
    Crusts 41 (5)
    Corn/Callus 117 (15)
    Abrasion 120 (15)
    Existing wound 39 (5)
    Mechanical problems 30 (4)
Skin problems caused by occlusion 412 (51)
    Profuse sweating 256 (32)
    Warm skin 66 (8)
    Pimples 139 (17)
    Sensitive skin† 183 (23)
    Itching skin† 144 (18)
Skin problems caused by peripheral arterial  disease 119 (15)
    Cold skin 65 (8)
    White/blue skin 77 (10)
Problems mentioned who were not used for the outcome 
measures
    Prickly skin† 77 (10)
    Painful skin† 124 (15)
    Swelling 78 (10)
    Infection 10 (1)
    Other 29 (4)

* A participant could mention more than 1 skin problem.
† These problems were assessed using a 4 point rating scale (none, light, moderate, severe), which 
was dichotomized (none/light = absent, moderate/severe = present).
‡Percentages are of the total group of participants.

Table 3: Skin problems reported more than 1 month prior to filling in the 
questionnaire

Type of problem* Number (%)†

Eczema 93 (12)
Psoriasis 12   (2)
Infection 279 (35)
Pressure ulcer 463 (57)
Wounds 246 (31)
Mechanical complaints 57   (7)
Blisters 67   (8)
Other 72   (9)

* A participant could mention more than 1 skin problem.
† Percentages are of the total group of participants.
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Trauma as reason for amputation was a provocative determinant in case of skin 
problems caused by occlusion (OR=1.656). Use of walking aids was a provocative 
determinant in eczema (OR=1.479) and skin problems caused by occlusion (OR=1.820). 
Use of bilateral walking aids was a provocative determinant in skin problems caused 
by peripheral arterial disease (OR=1.630).  Washing the residual limb 4 times a week 
or more often was a provocative determinant in skin problems in general (OR=1.413) 
and mechanically induced skin problems (OR=1.420). Use of antibacterial soap was 
a provocative determinant in skin problems in general (OR=1.794), skin problems 
caused by peripheral arterial disease (OR=1.656), and skin problems caused by 
occlusion (OR=1.820). Having a liner was a provocative determinant in skin problems 
caused by peripheral arterial disease (OR=1.631). Finally, smoking was a provocative 
determinant in skin problems in general (OR=1.581).
 
The regression score can be used to calculate statistically the odds of having a skin 
problem by using the formula: Pskin disorder = es/(1+ es). In this formula Pskin disorder is the 
risk of having a skin problem; S is the regression score of that individual and e=2.72. 
For example, a 70-year-old man with a transfemoral lower-limb amputation as 
a result of diabetes who washes his stump 7 times a week, uses no antibacterial 
soap, and is smoking, has the following odds of having a skin problem in general. 
The regression score is (.366 – [.015*10] – [.354*1)] – [.426*1] + [0.346*1] + [.584*0)] + 
[.458*1]) = .24.
The odds for this person of having a skin problem in general is therefore e.24/(1+ e.24) 
=.62.

Discussion

Protective Determinants

Protective determinants (associated with a decreased risk for skin problems) 
identified in this study were higher age, male sex, amputation caused by peripheral 
arterial disease and/or diabetes, and the use of the prosthesis indoors more than 8 
hours a day. Higher age was a protective determinant for all outcome measures. The 
adjustment of the age of the participant for the regression model was performed 
for statistical reasons to optimize the regression analysis. The age of 60 was chosen 
because of clinical relevance and the similarity with the average age of the amputees. 
In addition, the regression coefficients are more easily interpreted. Age as a protective 
determinant is in contrast with a previous study among silicone sleeve users, in 
which higher age was associated with an increased risk for skin problems.12 
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Table 4: Logistic regression models of outcome measures

Determinants (and coding) β OR 95% CI of 
the OR

Dependent: Skin problems in previous month 
(yes/no)
     Constant  0.336 1.399 0.915–2.141
     Age – 60 (per y) –0.015 0.985* 0.974–0.996
     Sex (man=1, woman=0) –0.354 0.702* 0.511–0.964
     Reason amputation peripheral arterial 

disease /diabetes (yes=1, no=0) –0.426 0.653* 0.429–0.994
     Frequency of washing stump (4 times/week 

or more=1, less than 4 times/week =0)  0.346 1.413* 1.010–1.976
     Use of antibacterial soap (yes=1, no=0)  0.584 1.794* 1.159–2.777
     Smoking (yes=1, no=0)  0.458 1.581* 1.098–2.277
Dependent: Eczema (yes/no)
     Constant  0.127 1.135 0.636–2.028
     Age – 60 (per y) –0.012 0.988* 0.977–0.999
     Sex (man=1, woman=0) –0.355 0.701* 0.520–0.945
     Reason amputation peripheral arterial       

disease /diabetes (yes=1, no=0) –0.577 0.562* 0.393–0.803
 Use of walking aids (yes=1, no=0)  0.392 1.479* 1.077–2.033

Dependent: Peripheral arterial disease (yes/no)
     Constant –1.731 0.177* 0.099–0.318
     Age – 60 (per y) –0.023 0.977* 0.964–0.990
     Liner usage (yes=1, no=0)  0.489 1.631* 1.081–2.462
     Use of prosthesis indoor (50%–100%=1, 0%–

50%=0) –0.600 0.577* 0.316–0.951
     Use of bilateral walking aids (yes=1, no=0)  0.488 1.630* 1.046–2.539
     Use of antibacterial soap (yes=1, no=0)  0.504 1.656* 1.008–2.720
Dependent: Mechanical complaints (yes/no)
     Constant –0.511 0.600* 0.448–0.803
     Age – 60 (per y) –0.014 0.986* 0.976–0.995
     Frequency of washing stump (4 times/week 

or more=1, less than 4 times/week =0)  0.350 1.420* 1.018–1.980
Dependent: Occlusion (yes/no)
     Constant –0.231 0.793 0.539–1.168
     Age – 60 (per y) –0.026 0.975* 0.964–0.985
     Sex (man=1, woman=0) –0.465 0.628* 0.462–0.855
     Reason amputation trauma (yes=1, no=0)  0.505 1.656* 1.157–2.371
     Use of walking aids (yes=1, no=0)  0.618 1.856* 1.343–2.564
     Use of antibacterial soap (yes=1, no=0)  0.599 1.820* 1.205–2.748

NOTE. Only the statistically significant determinants are reported (excluding the constant).
* Significant (P≤.05)

An explanation for high age being protective may be the changes of the skin caused 
by aging. In the elderly, the ability to sweat has decreased,15 which may result in a 
lower level of moisture of the skin in the socket. In addition, in the elderly there is 
a decrease in skin thickness.16 This decrease may result in a different distribution of 
shear and stress forces on the residual limb, which may lead to protection against 
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skin problems based on mechanical influence. 
Another explanation may be that elderly amputees tend to have a decreased level of 
activity12,17 and make less use of their prosthesis.17,18 However, activity
level and low frequency of prosthesis use did not contribute significantly to the 
regression equation. This discrepancy may be explained by the fact activity level 
was assessed only by means of reported daily walking distance. Walking speed 
and how the distance was walked (as a whole or with breaks) was not assessed. 
In addition, it was not assessed whether the skin problem had an influence on the 
walking distance. Finally, lower-limb amputees have difficulty assessing their own 
level of activity,19 introducing information bias. 
Male sex was a protective determinant for skin problems in general, eczema, and 
skin problems caused by occlusion. This finding contrasts with the assumption 
that generally activity level of males is higher than that of females,20 resulting in an 
increased mechanical influence of the prosthesis and more skin problems. However, 
this assumption was not confirmed in the regression analyses. The supposed 
protective influence of male sex may be the result of selective attention of females 
to their skin, resulting in females reporting skin problems more often than males. In 
general, females report more health problems compared with males.21   
Peripheral arterial disease and/or diabetes as the reason for amputation were a 
protective determinant for skin problems in general and for eczema. This result is 
similar to the result of previous research.14 An explanation for this association may 
be that in elderly, the main reason (94%) for lower-limb amputations is peripheral 
arterial disease and/or diabetes.22 After a lower-limb amputation, elderly tend 
to become less active compared to younger people who underwent a lower-limb 
amputation for the same reason.23 However, as mentioned, the activity level did not 
contribute significantly to the regression equation. Another explanation might be 
that in patients with a diabetic foot or with peripheral arterial disease, clinically 
eczema does not occur frequently. Perhaps this observation can be generalized to 
patients with a lower-limb amputation caused by peripheral arterial disease and/or 
diabetes. 
Prosthesis use indoors more than 8 hours a day is a protective determinant for skin 
problems caused by peripheral arterial disease. A more frequent and prolonged use 
of the prosthesis may indicate a higher level of activity  and may be an indication 
for fewer complaints as a result of peripheral arterial disease. In addition, elderly 
people have an increased risk of developing peripheral arterial disease and tend to 
use a prosthesis less.17,18
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Provocative Determinants

Provocative determinants (associated with an increased risk for skin problems) were 
the use of walking aids, washing the stump 4 times a week or more often, the use of 
antibacterial soap, use of a liner, and smoking. 
Use of walking aids was a provocative determinant for eczema, and skin problems 
caused by occlusion (use of walking aid), and/or skin problems caused by peripheral 
arterial disease (use of bilateral walking aids). This result is partly similar to the 
result of previous research14 in which the use of a walking aid (single-point cane) or 
no walking aid increased the odds for a skin problem. Perhaps (bilateral) walking 
aids are more often used by amputees with a low level of activity, who therefore 
may have a higher risk for developing skin problems, because when these amputees 
are walking, the skin of the amputation stump is less used to shear and stress 
forces. It is unclear why the use of walking aids is not a provocative determinant for 
mechanically induced skin problems. 
Washing the residual limb 4 times a week or more often was a provocative determinant 
for skin problems in general and mechanically induced skin problems. The reported 
washing frequency may differ from the normal frequency of the participants 
because the questionnaire has been assessed in a warm period (the summer of 
2005). The warmth may have evoked sweating and therefore influenced the washing 
frequency. Clinically, it has been advised to wash the stump once a day.24 Therefore 
we repeated the analysis, with washing frequency of the stump dichotomized into 
less than once a day and once a day or more often. Washing frequency remained 
a provocative determinant. This association may be explained as follows. First, 
frequency of washing may have increased as a result of a skin problem. One can 
imagine when an abrasion is present the amputee increases his level of hygiene 
to prevent deterioration of the abrasion. Second, the high frequency of washing 
induced an increased vulnerability of the skin on the stump. However, washing 
frequency was not a determinant for eczema, whereas one might expect such an 
association on the basis of pathophysiology25 (patients who have frequent contact 
with water and soap [detergents] have an increased chance of developing eczema). 
In addition, when evaluating the outcome measure eczema, itching and sensitive 
skin were not significant determinants in the regression model, whereas clinically 
these symptoms are often present in patients with eczema. Therefore, sensitive skin 
may not be related to the chance of developing a skin problem on the amputation 
stump. Besides washing frequency, the use of antibacterial soap was a provocative 
determinant for skin problems in general, skin problems due to occlusion, and 
skin problems caused by peripheral arterial disease. A high frequency of washing 
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with soap may result in a dry skin, which may elicit skin problems.25 A participant 
may have started to use antibacterial soap to prevent a present skin problem from 
deterioration, although skin problems caused by occlusion and peripheral arterial 
disease are not logically associated with use of antibacterial soap. 
Having a liner was a provocative determinant for skin problems caused by peripheral 
arterial disease. Clinically, it is common to prescribe a prosthesis with a liner to a 
transtibial lower-limb amputee, unless a liner is not suitable (because of the level of 
amputation, length of the stump, or shape of the stump). As mentioned, most lower-
limb amputees have had the amputation because of peripheral arterial disease. This 
association between a liner and peripheral arterial disease is probably the result of 
confounding by indication. Hyperhidrosis or persistent heat rashes are 2 reasons to 
stop using a liner, although the first complaint is mostly temporary.12 Clinically, a 
persistent cold skin is another reason to stop using a liner. The participants in this 
study probably did not experience those problems (anymore), because on average, 
the time since amputation was 20 years. Liner usage was not protective for other 
types of skin problems in the regression analysis. This result is in contrast to the 
claim liner manufacturers make that liner use is protective against developing skin 
problems, but in agreement with the results of a systematic review reporting that 
in transtibial amputees, skin problems were not solved by liner usage but were 
sometimes even provoked by it.26

Smoking was a provocative determinant in skin problems in general. Smoking 
can cause peripheral arterial disease, also on the level of microcirculation, and an 
increase of elastosis that leads to a decrease of elasticity of the skin.27 This process 
may increase the reaction of the skin on mechanical stress, and therefore facilitate 
the development of skin problems.

Prevalence

The prevalence of skin problems of 63% (95% CI, 60%–67%) found in the current 
study is higher than other prevalences reported in the literature. Chan and Tan9 
reported a prevalence of 15% (95% CI, 12%–23%), Lake and Supan12 reported a 
prevalence of 54% (95% CI, 41%–66%), and Dudek et al14 reported a prevalence of 
40% (95% CI, 37%–44%). The difference in prevalence is probably based on sampling 
method, study population, and assessment method. 
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Study Limitations

Our study has some limitations. Our study sample seems to differ from the general 
population of lower-limb amputees in The Netherlands. In our study sample, 
peripheral arterial disease and/or diabetes was the reason for lower-limb amputation 
in 28% of the participants, while most lower-limb amputations in The Netherlands is 
performed because of peripheral arterial disease and/or diabetes (94%).22 However, 
a substantial part of these lower-limb amputees had a limited life expectancy.28 In 
addition, 38% of the participants  were over 65 years of age, while of the patients 
who undergo a lower-limb amputation in The Netherlands, 79% are over 65 years 
of age.22 It is not clear whether our population resembles the general population of 
lower-limb amputees in The Netherlands, there is probably a difference concerning 
age and reason for amputation. 
A self-developed questionnaire was used because no suitable Dutch questionnaire 
concerning skin problems and its determinants was available.8 Although several 
publications identified in a systematic review did use a questionnaire, these 
questionnaires assessed activity level, prosthesis use, and level of satisfaction, but not 
skin problems and determinants of skin problems. Research performed in the past 
concerning skin problems was bound to a hospital or rehabilitation center, where in 
a participant the type of skin problem was assessed, without taking determinants 
into account. By using a questionnaire in our study we were able to obtain a large 
number of participants. 
We achieved a response rate of 40% (from the initial number of 2039 participants). 
An explanation for the response rate of our study may be that lower-limb amputees 
were invited to participate in this study concerning skin problems of the stump. The 
invitation letter stated that it was important for lower-limb amputees without skin 
problems to participate also. However, lower-limb amputees who did not have skin 
problems at the time of invitation probably were less likely to participate. Another 
explanation may be the high age of possible participants. Analysis of the amputees 
who did respond but did not want to participate showed a significantly higher age 
compared to the participants. A third explanation may be the design of this study, a 
survey based on a postal questionnaire, for which response rates are low.29

The determinants assessed in this study were chosen on the basis of known 
hypotheses (reported in literature, or observed in daily practice), knowledge in 
pathophysiology, and clinical reasoning concerning skin problems of the stump in 
lower-limb amputees. This procedure does not mean that all possible determinants 
were mentioned in the questionnaire. Further, it is possible determinants were 
misinterpreted by participants. Also, it is possible that determinants were not 
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assessed extensively enough. However, we performed an explorative study, and 
tried to give direction to further research.
The results of this study are probably influenced by various types of bias. Selection 
bias may have occurred. Amputees without skin problems may be less likely to 
participate in this study, as mentioned, resulting in overestimation of the prevalence. 
Elderly people may not be motivated or are not able to participate in this study. The 
latter reason is confirmed by comparing the average age of the group of participants 
and nonparticipants; the latter group had a significant higher average age. Because 
higher age was a protective determinant, our prevalence may be an overestimation, 
because skin problems are less frequent in elderly people.
Recall bias could have occurred because the problems that had to be reported had 
occurred in the past. Some people may tend to forget small skin problems or skin 
problems that had no influence on functioning. This type of bias may have resulted in 
an underestimation of the prevalence. Information bias could have occurred because 
skin problems were self-reported. Some participants may have misinterpreted their 
skin problem and did not report correctly. The direction and magnitude of this type 
of bias are unknown. 
The time window in which symptoms could be reported may have been too long (1 
month), but this window was chosen because some of the symptoms investigated 
(like mechanical complaints) take several days to develop or persist. When choosing 
a shorter time window, some types of skin problems might be missed. It is possible 
that participants endured more than 1 episode of skin problems, resulting in an 
underestimation of the prevalence.  
Because of the study design, it is difficult to explain the direction of the relationship 
between a determinant and an outcome measure. It is difficult to establish whether 
a determinant was present prior to the skin problem or the determinant became 
present as a result of the skin problem. Thus, all significant determinants identified 
in this study have to be interpreted with caution. No direct causal relationships 
can be inferred, nor should the found determinants used at this moment alter daily 
practice. However, the findings of this study may give direction to future research. 

Conclusions

Provocative determinants of skin problems of the stump identified in this study 
are (in order of magnitude of association) use of antibacterial soap, smoking, and 
frequency of washing the amputation stump. 



       73
   D

eterm
inants of skin problem

s of the stum
p

References

(1) Meulenbelt HE, Geertzen JH, Dijkstra PU, Jonkman MF. Skin problems in lower 
limb amputees: an overview by case reports. J Eur Acad Dermatol Venereol 
2007;21:147-55.

(2) Levy SW. The skin problems of the lower-extremity amputee. Artif Limbs 1956;3:20-
35.

(3)  Levy SW, Allende MF, Barnes GH. Skin problems of the leg amputee. Arch 
Dermatol 1962;85:65-81.

(4)  Levy SW. Skin problems of the leg amputee. Prosthet Orthot Int 1980;4:37-44.

(5)  Levy SW. Skin problems of the amputee. In: Bowker JH, Michael JW, editors. Atlas 
of limb prosthetics: surgical, prosthetics and rehabilitation principles. St Louis: 
Mosby Year Book; 1992. p 681-8.

(6)  Levy SW. Skin problems in amputees. In: Fitzpatrick TB, Eisen AZ, Wolff K, 
Freedberg IM, Austen KF, editors. Dermatology in general medicine. 4th ed. New 
York: McGraw-Hill; 1993. p 1609-16.

(7)  Levy SW. Amputees: skin problems and prostheses. Cutis 1995;55:297-301.

(8)  Meulenbelt HE, Dijkstra PU, Jonkman MF, Geertzen JH. Skin problems in lower 
limb amputees: a systematic review. Disabil Rehabil 2006;28:603-8.

(9)  Chan KM, Tan ES. Use of lower limb prosthesis among elderly amputees. Ann 
Acad Med Singapore 1990;19:811-6.

(10)  Levy SW. Skin problems of the amputee. 1st ed. St. Louis: Warren H. Green Inc; 
1983.

(11)  Desgroseilliers JP, Desjardins JP, Germain JP, Krol AL . Dermatologic problems in 
amputees. CMAJ 1978;118:535-7.

(12)  Lake C, Supan TJ. The incidence of dermatological problems in the silicone 
suspension sleeve user. J Prosthet Orthot;1997;9:97-106.

(13)  Ibbotson SH, Simpson NB, Fyfe NC, Lawrence CM. Follicular keratoses at 
amputation sites. Br J Dermatol 1994;130:770-2.



   
   

 7
4

  C
ha

pt
er

 4
 

(14)  Dudek NL, Marks MB, Marshall SC, Chardon JP. Dermatologic conditions 
associated with use of a lower-extremity prosthesis. Arch Phys Med Rehabil 
2005;86:659-63.

(15)  Inoue Y, Kuwahara T, Araki T. Maturation- and aging-related changes in heat loss 
effector function. J Physiol Anthropol Appl Human Sci 2004;23:289-94.

(16)  Kurban RS, Kurban AK. Common skin disorders of aging: diagnosis and treatment. 
Geriatrics 1993;48:30-6, 39.

(17)  Bilodeau S, Hebert R, Desrosiers J. Lower limb prosthesis utilisation by elderly 
amputees. Prosthet Orthot Int 2000;24:126-32.

(18)  Gauthier-Gagnon C, Grise M, Potvin D. Predisposing factors related to prosthetic 
use by people with a transtibial and transfemoral amputation. J Prosthet Orthot 
1998;11:99-109.

(19)  Stepien JM, Cavenett S, Taylor L, Crotty M. Activity levels among lower-limb 
amputees:self-report versus step activity monitor. Arch Phys Med Rehabil 
2007;88:896-900.

(20)  Azevedo MR, Araujo CL, Reichert FF, Siquera FV, Da Silva MC, Hallal PC. Gender 
differences in leisure-time physical activity. Int J Public Health 2007;52:8-15.

(21)  Koopmans GT, Lamers LM. Gender and health care utilization: the role of mental 
distress and help-seeking propensity. Soc Sci Med 2007;64:1216-30.

(22) Rommers GM, Vos LD, Groothoff JW, Schuiling CH, Eisma WH. Epidemiology 
of lower limb amputees in the north of The Netherlands: aetiology, discharge 
destination and prosthetic use. Prosthet Orthot Int 1997;21:92-9.

(23)  Davies B, Datta D. Mobility outcome following unilateral lower limb amputation. 
Prosthet Orthot Int 2003;27:186-90.

(24)  Hachisuka K, Nakamura T, Ohmine S, Shitama H, Shinkoda K. Hygiene problems 
of residual limb and silicone liners in transtibial amputees wearing the total surface 
bearing socket. Arch Phys Med Rehabil 2001;82:1286-90.

(25)  Tupker RA, Pinnagoda J, Coenraads PJ, Nater JP. The influence of repeated 
exposure to surfactants on the human skin as determined by transepidermal water 
loss and visual scoring. Contact Dermatitis 1989;20:108-14.



       75
   D

eterm
inants of skin problem

s of the stum
p

(26)  Baars EC, Geertzen JH. Literature review of the possible advantages of silicon liner 
socket use in trans-tibial prostheses. Prosthet Orthot Int 2005;29:27-37.

(27)  Freiman A, Bird G, Metelitsa AI, Barankin B, Lauzon GJ. Cutaneous effects of 
smoking. J Cutan Med Surg 2004;8:415-23.

(28) Ploeg AJ, Lardenoye JW, Vrancken Peeters MPFM, Breslau PJ. Contemporary series 
of morbidity and mortality after lower limb amputation. Eur J Vasc Endovasc Surg 
2005;29:633-7.

(29)  Asch DA, Jedrziewski MK, Christakis NA. Response rates to mail surveys 
published in medical journals. J Clin Epidemiol 1997;50:1129-36.



   
   

 7
6

  C
ha

pt
er

 4
 

Appendix 1: Domains of the questionnaire

Domains:
Demographics
    Source (OIM or LVvG) 
    Date of birth, date when questionnaire was answered
    Age, sex, marital status, level of education
Amputation characteristics:
    Date, side and location of amputation
    Bilateral amputation
    Level of amputation, reason for amputation 
    Multiple amputations
Other medical information:
    Complaints of nonamputated limb 
    Presence of comorbidity, smoking
Prosthesis characteristics and use:
    Hours during the day prosthesis was worn
    Liner usage
    Use of materials between socket/liner and stump skin
    Percentage of time walking with prosthesis indoor
Mobility and activities:
    Distance walked a day outdoor with prosthesis
    Use of walking aids
    Performing sports (with prosthesis), employment
Hygiene:
    Taking care of stump self or with assistance
    Shaving residual stump
    Frequency of washing stump, liner, and socks
    Kind of products used for washing
Skin problems:
    Presence of skin problems in past
    Presence of allergy in past
    Skin complaints on other parts of body
    Type of skin
    Skin problems in previous month 
Comments and general remarks

Abbreviations: LVvG, (Dutch) National Society of Amputees (Landelijke Vereniging van  
Geamputeerden); OIM, Group of Orthopedic Workshops (Orthopedische Instrument Makerij).
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Appendix 2: Classification of symptoms into the different outcome 
measures

Outcome measure

Symptoms which are part of the outcome measure
Suspicion of eczema:
    Sensitive skin *
    Itching skin *
    Redness of skin persisting > 1minute after doffing prosthesis
    Crusts 

Mechanically induced skin problems:
    Blisters
    Crusts
    Corn/callus
    Abrasion
    Existing wound
    Mechanical complaints

Skin problems caused by occlusion:
    Profuse sweating
    Warm skin
    Pimples
    Sensitive skin *
    Itching skin *
Skin problems caused by peripheral arterial disease:
    Cold skin
    White/blue skin

* Sensitive and itching skin was assessed using a 4 point rating scale (none, light, moderate, severe), 
which was dichotomized (none/light = absent, moderate/severe = present).
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Abstract

Objective: To estimate the prevalence of skin problems of the amputation stump 
clinically, to evaluate the impact of these skin problems, and to evaluate differences 
between clinically observed skin problems and reported skin problems by the 
amputee.

Design: Survey, by means of clinical assessment and a questionnaire.

Setting: An orthopaedic workshop in the Netherlands.

Participants: A convenience sample of 146 lower limb amputees who visited an 
orthopaedic workshop were invited to participate, 139 amputees participated. 

Interventions: The skin of the amputation stump was assessed by a physician. 
Participants filled in a questionnaire to assess amputation and prosthesis 
characteristics, level of activity, hygiene, and present skin problems. 

Main Outcome Measure: Presence of a skin problem of the stump.

Results: A total of 124 questionnaires were suitable for statistical analysis. In the 
group of participants in 34% (95% CI 28% to 40%) one or more skin problems were 
observed, whereas 36% (95% CI: 30% to 43%) reported one or more skin problems. 
There was a reduction in walking distance without a break due to a skin problem 
(p=.012). An average of .69 (SD=1.0) skin problems were observed, whereas, 
significantly more skin problems were reported (.96, SD=1.7) (p=.009). 

Conclusions: The prevalence of skin problems of the stump is 36%. Skin problems 
resulted in a decrease in walking distance. There is a significant, but small, difference 
between skin problems observed and reported.
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Introduction

Skin problems of the stump in lower limb amputees (LLA) are frequently observed 
in clinical practice. These skin problems include mechanical induced problems (i.e. 
epidermoid cysts, callus, and verrucous hyperplasia), allergic reactions (i.e. stump 
oedema, eczema, allergic contact dermatitis, rash), and infections by bacteria or 
fungi.1;2 However, basic epidemiological data concerning incidence and prevalence 
of skin problems of the stump in LLA is limited.3 

In a previous study we assessed skin problems in LLA by means of a questionnaire. 
The main purpose of that study was to explore determinants for skin problems of 
the stump in LLA.4 Higher age, male gender, and peripheral arterial disease and/
or diabetes as reason for amputation were determinants that protected against skin 
problems, whereas smoking, use of anti-bacterial soap, and a high frequency of 
washing the stump were risk factors for skin problems. By nature of the study, it was 
not possible to verify the skin problems reported by the participants. The estimated 
prevalence of skin problems of the stump was 63% (95% CI, 60%-67%)4.  However in 
a study based on a retrospective chart review the prevalence was 41% (95% CI, 37%-
44%) and amputation level, being employed, type of walking aid, and the absence of 
peripheral vascular disease (as co-morbidity) were identified as risk factors for skin 
problems.5 

However, limitations were skin problems were not clinically assessed 4;5 and 
the retrospective character of the study.5 The main goal of the present study is 
to estimate the prevalence of skin problems of the stump in LLA by means of a 
clinical assessment, and to evaluate the influence of skin problems of the stump 
on prosthesis use, activity level and hygiene. Additional aims of this study are to 
evaluate differences between observed skin problems and reported skin problems 
assessed by a questionnaire.

Methods

Potential participants for this study were LLA who visited an orthopaedic workshop 
(OIM, Haren, The Netherlands), for reasons related to their prosthesis (e.g. damage 
to the prosthesis, fitting problems, or starting a procedure for a new prosthesis). This 
orthopaedic workshop has affiliations with a university department of rehabilitation 
medicine, including a clinical rehabilitation ward for LLA. Amputees were included 
in this study if they had an amputation at transtibial level or more proximal or a 
similar congenital lower limb deficiency, if they had more than three months 
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experience with a prosthesis, and were at least 18 years. Excluded were amputees 
with inadequate knowledge of the Dutch language to fill in a questionnaire, and with 
cognitive problems which interfered with answering a questionnaire. While visiting 
the workshop LLA were invited to participate in this study. After participants gave 
signed informed consent, they were asked to fill in a questionnaire; either during 
their visit to the workshop or at home (in the latter option amputees were provided 
with a pre-paid return envelope). To optimize response rate and accuracy of the 
questionnaire, participants were encouraged to complete the questionnaire during 
the visit at the workshop. The amputation stump was visually assessed by a physician 
(HM) for skin problems. The questionnaire used in this study consisted of a series of 
open and multiple choice questions. The questionnaire was designed to assess skin 
problems of the stump, and determinants of these skin problems. The determinants 
were grouped into patient characteristics, amputation and prosthesis related 
characteristics, activity level of the amputee, and hygiene of the prosthesis and the 
amputation stump. This questionnaire has been used previously.4 Items were added 
to gain insight in the activity level of the participant, and to evaluate the impact of 
a skin problem of the stump on prosthesis use, activity level and hygiene. When 
a LLA did not want to participate, gender and date of birth were registered. After 
assessment of the study protocol, the local medical ethical committee concluded that 
no formal permission was needed to conduct the study.

Data entry

Data of the questionnaire were entered into a database. If a participant was not able 
to fill in the exact date of amputation, the following procedure was followed. If the 
day of the month was missing, the 15th of that month was entered as the date of 
amputation. If the month was missing, the first of July of that year was entered as the 
date of amputation. All participants were able to report at least the year of amputation. 
A total of 8 participants reported two reasons for amputation (peripheral arterial 
disease and diabetes). Because of similarities in pathophysiology; both reasons were 
entered as one reason for amputation (peripheral arterial disease and/or diabetes) in 
the database. Regarding the participants who reported having a bilateral amputation 
(n=9), the following procedure was followed. It was first verified on which side skin 
problems were reported most frequently. That side and level of amputation were 
used for statistical analysis (n=6). When skin problems were reported on both sides, 
one side was randomly chosen for the analysis (n=1). When level of amputation was 
not similar, and no skin problems were reported, a side was randomly chosen for the 
statistical analysis (n=2).
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Statistical analysis

Statistical analysis was performed using SPSS 16.0. Parametric and nonparametric 
tests were used to analyse differences between participants and non-participants. 
Wilcoxon signed rank tests were performed to evaluate changes in prosthesis use, 
activity level, and hygiene due to skin problems. A paired samples t-test was used 
to analyse differences between number of observed and reported skin problems. 
McNemar tests were used to analyse per skin problem the difference between 
observed and reported problems. A Bonferroni correction was applied to correct for 
multiple testing (α =.0042) in these tests. 

To identify determinants associated with reported skin problems, associations 
between determinants and a reported skin problem were explored by means of chi-
square analysis for dichotomous or ordinal data, and independent sample t test for 
interval data. 

Results

In a period of six months a total of 146 unique visitors came to the workshop, of 
which 5 visitors did not want to participate. In total 17 visitors initially agreed to 
participate, but did not fill in the questionnaire. In total 124 questionnaires were 
available for the statistical analysis after data entry (a response rate of 85%). 
Participants were significantly older (60y; SD 16y) than the non-participants (52y; 
SD 16y) (p<.05). Sex distribution did not differ significantly between participants 
(71% men) and non-participants (73% men). In table 1, descriptive statistics of the 
participants are presented.

The most common level of amputation was transtibial (54%). The most common 
reason for amputation was peripheral arterial disease and/or diabetes (37%). 
Most of the participants had a maximal walking distance less than 500 metres 
(63%), and walked less than 500 metres/day (63%). A majority used a liner in their 
prosthesis (61%). In table 2, observed and reported skin problems are presented. In 
42 amputees (34%; 95% CI 28% to 40%) one or more skin problems were observed 
whereas 44 amputees, 36% (95% CI: 30% to 43%) reported one or more skin 
problems. This difference in number of participants was not significant (p=.845). 
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Table 1: Demographics of participants
All 

Participants 
(n=124)

Reported Skin 
problems 

(n=44)

No reported 
skin problems* 

(n=80)
Mean age ± SD (y) 60±16 58±17 61±15
Mean time ± SD since 
amputation (y)

16±17 19±18 15±17

No. (%)† No. (%)† No. (%)†
Sex
Men 88 (71) 32 (73) 56 (70)
Women 36 (29) 12 (27) 24 (30)
Amputation level
Transtibial 66 (54) 25 (57) 41 (51)
Knee exarticulation 25 (20) 11 (25) 14 (17)
Transfemoral 29 (23) 7 (16) 22 (28)
Hip/pelvis 4 (3) 1 (2) 3 (4)

Bilateral 9 (7) 4 (9) 5 (6)
Reason for amputation
Peripheral arterial 
disease and/or diabetes

46 (37) 13 (30) 33 (41)

Trauma 43 (34) 15 (34) 28 (34)
Oncology 16 (13) 6 (13) 10 (13)
Congenital 6 (5) 3 (7) 3 (4)
Infection 10 (8) 4 (9) 6 (8)
Other 3 (3) 3 (7) 0 (0)

Comorbidity 61 (49) 21 (48) 40 (50)
Smoking 33 (27) 13 (30) 20 (26)
Employment 36 (29) 15 (34) 21 (26)
Walking aids 71 (57) 27 (61) 44(55)
Walking distance 
without break
0-49 m 23 (19) 10 (23) 13 (16)
50-99 m 17 (14) 5 (11) 12 (15)
100-199 m 14 (11) 5 (11) 9 (11)
200-499 m 23 (19) 7 (16) 16 (21)
500-999 m 16 (12) 7 (16) 9 (11)
≥1000 m 31 (25) 10 (23) 21 (26)
Walking distance total
0-99 m/day 36 (29) 14 (32) 22 (28)
100-199 m/day 17 (14) 4 (9) 13 (16)
200-499 m/day 25 (20) 11 (25) 14 (18)
500-999 m/day 17 (14) 5 (11) 12 (15)
≥1000 m/day 29 (23) 10 (23) 19 (23)

Use of liner 76 (61) 28 (64) 48 (60)
Sports with prosthesis 27 (22) 11 (25) 16 (20)
Frequency washing 
stump
0-4 times/wk 33 (27) 10 (23) 23 (29)
≥4 times/wk or more 91 (73) 34 (77) 57 (71)
% use of prosthesis 
indoors
0% to 49% 37 (29) 15 (34) 22 (26)
50% to 100% 87 (71) 29 (66) 58 (74)
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Hours a day prosthesis 
is worn
0-8 h/d 29 (23) 9 (21) 20 (25)
≥8h/d 95 (77) 35 (79) 60 (75)
Skin problems in past ‡ 80 (65) 40 (90) 40 (50)

* At the time of filling in the questionnaire
† Percentages are column percentages
‡ In period before filling in the questionnaire

Table 2: Number of observed and reported skin problems of the stump
Skin problems * Observed 

n(%)†
Reported 

n(%)† Sig.
Excessive perspiration 2 (2) 11 (9) .0040 ‡
Cold Skin 2 (2) 15 (12) <.001 ‡
Warm Skin 0 (0) 4 (3) .125
Redness more than one minute after doffing 28 (23) 21 (17) .167
White Skin 0 (0) 6 (5) .031
Swelling 5 (4) 8 (6) .453
Pimple 8 (6) 11 (9) .549
Blister 2 (2) 9 (7) .016
Crust 2 (2) 3 (2) 1.000
Corn/Callus 12 (10) 13 (10) 1.000
Abrasion 14 (11) 13 (10) 1.000
Existing Wound 9 (7) 4 (3) .125

* A participant could claim more than one skin problem
† Percentage is of the total number of participants (n=124)
‡ Significant after Bonferroni correction (α= .0042)

In total 42 participants (53%: 95% CI 41% to 64%) reported that skin problems 
endured in the past did result in a reduction of the time the prosthesis could be 
worn. None of the determinants investigated had a significant relationship with 
reported skin problems; therefore no additional analysis was performed.

The number of observed skin problems (mean 0.69, SD=1.0) was significantly 
lower than the number of reported skin problems (mean 0.96, SD=1.7) (p=.009), 
mean difference 0.28, 95% CI: 0.07 to 0.49). When the last comparison was made, 
excluding  presence of a cold skin and or excessive perspiration as a skin problems 
the differences between observed and reported skin problems were no longer 
significant (p=.250).

Examples of skin problems of participants are shown in figure 1.

Changes as a result of a present skin problem are presented in table 3. As shown by 
the negative Z-scores, all changes were reductions.



   
   

 8
6

  C
ha

pt
er

 5
 

Figure 1: Skin problems present on the amputation stump of participants: The upper left picture 
shows pimples (in this case, folliculitis) in the patellar region in a transtibial amputee, the upper right 
picture presents corn on the distal part of the stump in a transtibial amputee, the lower left picture 
shows an abrasion in a transfemoral amputee, while the lower right picture shows redness > 1 minute 
after doffing the prosthesis (due to a fungal infection) in a transfemoral amputee.

Table 3: Reduction in prosthesis use, walking distance and stump hygiene due to 
skin problems of the stump.

Reduction of Number (%) of participants who 
report a reduction (n=44)

Z score (sig.)

Time wearing prosthesis 22 (50) -1.897 (.058)
Use prosthesis indoors 22 (50) -1.725 (.084)
Walking distance without 
break 24 (54) -2.506 (.012)
Walking distance in total 24 (54) -1.732 (.083)
Frequency of washing 
stump 8 (18) -0.412 (.680)

Frequency of washing liner 2 (7)* -1.000 (.317)
* n=28 (users of liner)
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Walking distance without a break decreased significantly as a result of skin problems 
of the stump (p=.012). Additionally, time wearing the prosthesis, use of prosthesis, 
and the walking distance decreased also, but not significantly. Three participants 
changed the product for cleaning the stump (7%). In total 14 participants of the 
44 who reported a skin problem (32%; 95% CI: 24% to 43%) reported they used 
some kind of protection to prevent the skin problem from deteriorating. Twenty 
participants (46%; 95% CI: 33% to 59%) thought the prosthesis was responsible for 
their skin problem.The skin problems endured in the past are presented in table 4.

A total of 80 participants (66%: 95% CI 54% to 77%) reported to have endured one 
or more skin problems in the past. The most frequent occurred skin problems were 
pressure ulcer (39%) and infection (25%). 

Table 4:  Skin problems of the stump experienced in the past 
Type of problem* n (%)†
Pressure ulcer 48 (39)
Infection 30 (24)
Wounds 26 (21)
Other 20 (16)
Blisters 16 (13)
Eczema 11 (9)
Psoriasis 1 (1)

*A participant could mention more than one skin problem which had to be present in the period 
before participating in this study, thereby excluding skin problems present on inclusion.
† The percentages are of the total group of participants (n=124)

Discussion

The prevalence of skin problems in this study was 36% (95% CI: 30 to 43%). 
Previously reported prevalences in literature concerning skin problems of the 
stump in lower limb amputees are summarized in table 5. 

Our reported prevalence is in agreement with two other clinical studies 1;6, which 
assessed skin problems of the stump in lower limb amputees, and with the results of 
a retrospective chart review.5 

Two studies did report a lower prevalence.7;8 A possible explanation for these lower 
prevalences is in both studies the relative high age of the participants, and the main 
reason for amputation (peripheral arterial disease and/or diabetes). Higher age4 
and peripheral arterial disease and/or diabetes as reason for amputation4;5 were 
protective on the development of a skin problem. 
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Table 5: Overview of literature concerning prevalence of skin problems in lower 
limb amputees*

Author (publication 
year)

Type of 
study

n Age (y) 
(SD)

Gender 
(M/F)

Prevalence (95% CI)

DesGroseilliers † (1978)6 PE 48 N.A. N.A. 30% (19% to 44%)
Chan (1990)7 Q / PE 46 75.4 (N.A.) 20/26 15% (12% to 23%)
Pohjolainen‡ (1991)8 PE 124 62.8 (N.A.) 112/43‡ 7% (6% to 10%)
Lyon § (2000)1 Q / PE 210 52.6 (20) 52/19§ 34% (28% to 40%)
Dillingham (2001)9 CR / I 78 N.A. 68/10 24% (16% to 33%)
Dudek @(2005)5 CR 745 58.3 (16.7) 634/111 41% (37% to 44%)
Koc (2008)2 PE 142 29.2 (9.7) 139/3 74% (61% to 85%)
Meulenbelt (2009)4 Q 805 60 (15) 498/307 63% (60% to 67%)

*Studies were entered in this table if they provided prevalence data of skin problems in lower limb 
amputees, based on physical examination or chart review, or questionnaire specifically assessing 
skin problems. Studies considering only one specific type of skin problem were not entered in the 
table.
†Only sample size and number of participants with complaints (n=15) was reported
‡ Only data of initial group present (n=155)
§ Only data from participants with complaints (n=71)
@Skin complaints researched per leg, bilateral amputees counted twice
N.A. = Not available in publication
PE = Physical Examination
Q = Questionnaire
CR = Chart Review
I = Interview

Another study reported a lower prevalence than we did, but the 95% confidence 
intervals do overlap.9 No clear explanation of this low prevalence can be provided. 
The majority of the study population was of male gender (a protective determinant)4, 
while the main reason for amputation was trauma (a risk factor). One study reported 
a very high prevalence.2 An explanation may be 96% had trauma as reason for 
amputation (a risk factor).4 On the other hand, the majority of the study population 
was of male gender (a protective determinant).4     

The prevalence of this study is also in contrast with the prevalence found in our 
previous study by means of a questionnaire (63% (95% CI: 60%-67%)).4 This difference 
may be explained by study method and differences in study population. There may 
be an overestimation of the prevalence in our previous study due to selection bias. 
LLA with a skin problem were more likely to participate. Additionally, the time 
window in which LLA could report a skin problem was one month in the previous 
study, which also may have resulted in an overestimation of the prevalence. This 
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explanation is supported by the percentage of amputees in the current study who 
reported to have at least one skin problem in the past (66%; 95% CI 54% to 77%).

Concerning the study populations, there was no difference in mean age of the 
participants in both studies (p=.86), but a larger proportion of males (71%) 
participated in the current study compared with the previous study (62%). Since 
male gender is a protective determinant on having a skin problem4, this may also 
explain the difference in prevalence between both studies.

Considering the presence of a skin problem on patient level, there was no significant 
difference between participant and physician, however this was on level of the 
number of participants which had a skin problem. There was a significant, but very 
small, difference between the number of skin complaints observed and reported 
(less than 0.3); the physician observed less skin complaints. When considering the 
individual complaints which were studied, especially on more physical complaints 
(corn, crusts, and abrasion) there was a good level of agreement. Significant 
disagreement was found on cold skin and excessive perspiration, which were 
reported more by participants than observed by the physician. An explanation for 
this difference may be these complaints can differ in presentation over the day, 
and may be underestimated or missed at the time participants were assessed by 
the physician. The agreement between the other complaints observed and reported 
suggests validity of the questionnaire.

Only walking distance without a break decreased significantly as a result of skin 
problems. However, a false positive result may be present since multiple statistical 
tests performed in a small study sample. In contrast with our previous research4 no 
associations were found between the determinants investigated and a skin problem 
of the stump. This result might be explained by the smaller sample size in the current 
study, the time window which was used in the current study, or by differences in 
study population and their characteristics as previously described. Other differences 
between both study populations are liner use in their prosthesis (61%, compared to 
50% in the previous study) and the time the prosthesis is worn over the day (77% of 
the current study population wears the prosthesis ≥ 8 hours/day, compared to 84% 
in the previous study). However, these determinants were not identified as being of 
influence on skin problems in our previous study.4   
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Study limitations 

It is not clear if our current study sample resembles the general population of 
lower limb amputees in the Netherlands. Since the orthopaedic workshop where 
participants were recruited has an affiliation with a universitary department 
of rehabilitation medicine, this may have influence on the characteristics of the 
participants. In contrast with our previous study, participants were significantly 
older compared to non-participants. On the other hand, only 43% of the current 
participants were over 65 years of age, while of the patients who undergo a lower 
limb amputation, 79% are over 65 years of age.10 The reason for amputation in our 
study population differs from the general population of lower limb amputees (37% 
had a lower limb amputation due to peripheral arterial disease and/or diabetes 
physician, compared to 94% in the general population10, but because of the limited 
life expectancy of these lower limb amputees11, and the fact approximately 50% 
will eventually get a prosthesis10 the percentage of lower limb amputees who use 
a prosthesis and had their amputation due to peripheral arterial disease and/or 
diabetes will be much lower than 94%.

Conclusion

The prevalence of skin problems of the stump in lower limb amputees is 36%. 
Skin problems result in a reduction of walking distance. There was a reasonable 
agreement between skin problems observed by the physician and reported by the 
participant on number of skin complaints. Cold skin and excessive perspiration 
were significantly more frequently reported than observed.
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Abstract 

Purpose: Stump skin problems in lower limb amputees are frequently seen in clinical 
practice. It is not clear if these problems have influence on vocation and/or hobbies. 
Aim of our study is to analyze the influence of a skin problem of the amputation 
stump on vocation and/or hobbies in lower limb amputees.

Method: A questionnaire was send to lower limb amputees. It assessed skin problems 
and their influence on vocation and/or hobbies in 9 items. Item scores were added to 
calculate the sum score (scoring range 0-27). 

Results: Of the 2039 potential participants, 872 agreed to participate, resulting in 
805 questionnaires suitable for statistical analysis. One or more skin problems were 
reported by 507 participants. Negative influence of a skin problem was reported on 
household, use of prosthesis, social functioning, and performing sports. The mean 
sum score was 5.5 (SD=4.1). The sum score significantly correlated with the number 
of complaints (r= .483, p=.01). In linear regression analysis gender (β=-.15) and the 
number of skin complaints (β= .25) explained 23% of the variance.

Conclusions: Skin problems of the stump in lower limb amputees impact on vocation 
and/or hobbies.
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Introduction

Skin problems of the stump in lower limb amputees are frequently seen in clinical 
practice. However basic epidemiological data are scarce.1 One can imagine skin 
problems of the stump may jeopardize vocation and/or hobbies, because these skin 
problems may force an amputee to wear the prosthesis less frequently. Clinicians, 
who are responsible for the treatment of an amputee with a skin problem of the 
stump, may instruct the amputee not to wear the prosthesis for a certain period to 
support the healing process of the skin problem. However, these observations are 
anecdotal.2-5

To obtain more knowledge concerning the impact of skin problems on participation, 
perceived quality of life, and the results of treatment of skin problems several 
instruments have been developed in the field of dermatology.6

 In the field of rehabilitation medicine there is an increased interest in quality of 
life as an outcome for evaluation of either the impact of a certain condition or as 
an outcome to evaluate the result of a rehabilitation program. However, it is still a 
challenge to measure quality of life in an adequate way.7

Concerning this increased interest in the perceived quality of life of an amputee, 
it may be interesting to evaluate the impact of being forced to use the prosthesis 
less in activities concerning vocation and/or hobbies due to skin problems of the 
amputation stump.

To the best of our knowledge, no literature is available concerning the influence of 
skin problems in lower limb amputees on vocation or hobbies, although this question 
has been posed in the literature previously.8 Therefore the aim of this study is to 
analyze the influence of skin problems of the amputation stump on vocation and/or 
hobbies in lower limb amputees, and to investigate if there is a relationship between 
the number of present skin problems of the stump and the use of the prosthesis.

Methods

For assessing the influence of a skin problem on vocation and/or hobbies, items were 
used from the Dermatology Life Quality Index (DLQI). The DLQI is a valid and 
reliable instrument to measure influence of skin problems on quality of life.9 

Nine items of the DLQI (with a 5-point rating scale) were adapted specifically for 
lower limb amputees. The item in of the original DLQI concerning the influence 
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of a skin problem on the clothes someone wears was changed into an item which 
assessed the influence of a present skin problem of the stump on the time an amputee 
could wear the prosthesis. The item concerning skin sensations (how itchy, sore, 
painful or stinging the skin has been) was not used, since it does not assess activities. 
Furthermore, the timeframe of the DLQI (over the last week) was changed into over 
the last month, since this was the timeframe of the questionnaire in which the items 
were present. The scores on each item are added, resulting in a sum score with a 
minimum score of zero, and a maximum score of 27. The items and the response 
categories are summarized in appendix 1.

The items were part of a questionnaire which, in a previous study, had as purpose 
identifying skin problems and determinants of skin problems of the stump in 
lower limb amputees.10 The questionnaire consists of a series of open questions 
and multiple choice questions. By the questionnaire, the following domains were 
assessed: demographics, characteristics of the amputation and prosthesis (assessed 
characteristics of the prosthesis consisted  of if the amputee had a liner and (if 
appropriate) stump socks or other materials between socket and skin were used), 
activity level of the amputee, stump and prosthesis hygiene, and skin problems.  The 
time window for a skin problem was the month prior to receiving the questionnaire. 
Participants who filled in the questionnaire and reported a skin problem in the month 
prior to receiving the questionnaire were asked to answer the items concerning the 
influence of their skin problems on vocation and/or hobbies.

Subjects

Lower limb amputees who were at least 18 years and received their prosthesis through 
the OIM (=Orthopedische Intrument Makerij, an orthopaedic workshop) or were 
member of the National Society of Amputees (LVvG = Landelijke Vereniging van 
Geamputeerden) were invited to participate, by sending them a letter. These potential 
participants represent 25% of the Dutch population of lower limb amputees who 
have a prosthesis. If persons were willing to participate they send back a form with 
their name and address written on it. The questionnaire was sent to the participants 
to the address they provided. Participants could return the questionnaire using a 
pre-paid envelope. If a returned questionnaire had missing data, an effort was made 
to retrieve these data by either contacting the participant by telephone or by sending 
the questionnaire to them again where the missing questions were highlighted and 
participants were asked to fill in the missing data. When the questionnaire was not 
returned at all, the participants received a reminder to return the questionnaire, 
either by telephone or, if no telephone number was available by sending a letter.
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Data entry

Data of the questionnaire were entered into a database. If a participant was not 
able to fill in the exact date of amputation (all participants were able to report at 
least the year of amputation) the following procedure was performed. If the day 
of the month was missing, the fifteenth of that month was entered as the date of 
amputation. If the month was missing, the first of July of that year was entered as the 
date of amputation. If a participant reported more than one reason for amputation 
(i.e. trauma and infection or diabetes and infection), the most logical reason based 
on pathophysiology was chosen as main reason for amputation and entered into 
the database. Due to similarities in pathophysiology, peripheral arterial disease and 
diabetes were entered as one reason for amputation in the database. 

If a participant reported to have endured a bilateral amputation (n=30) the following 
procedure was performed. When a similar level of amputation was reported, it was 
verified if one amputation side on which skin problems were most frequent was 
reported. If so, that side was used for statistical analysis (n=6). When a participant 
reported similar skin problems on both sides, one side was randomly chosen for the 
analysis (n=11). When no side of skin problems was reported, data were checked if 
the participant reported occurrence of skin problems in the month prior to filling 
in the questionnaire (n=6), and one side was randomly chosen for analysis. When a 
non-similar level of amputation was reported, it was verified if one amputation side 
on which skin problems were most present was reported. If so, this side was used for 
statistical analysis (n=7). All data were checked for correct data entry.

Data analysis

Data analysis was performed using SPSS 16. To identify a relationship between 
determinants and the sum score, determinants were entered stepwise backward 
in a (linear) regression analysis with the sum score as outcome. The determinants 
entered in the regression analysis are summarized in table 1. 

These determinants were selected because it was hypothesised that they might 
influence vocation and/or hobbies. Clinical experience was the basis for this 
hypothesis. If a determinant was ordinal in the questionnaire it was dichotomized 
for the analysis (meaning the determinant was either present or absent).The used 
determinants were tested for multicolinearity.
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Table 1: Overview of determinants entered in regression analysis

Age (in years)
Gender
Time since last amputation (in years)
Level of amputation 
Reason for amputation
Having a bilateral amputation
Marital stage
Level of education
Presence of co-morbidities
Having complaints of the non-amputated leg 
Use of a liner
Use of a walking aid
Smoking
Frequency of washing the amputation stump
Complaints of smell when doffing prosthesis
Is current prosthesis first prosthesis of participant
Number of skin problems reported

When conducting the linear regression analysis with the sum score as the outcome 
measure, the residuals were not normally distributed. Thus one of the assumptions 
of linear regression was not met. Therefore the sum score was transformed by 
taking the square root from the sum score as outcome measure in the analysis, 
resulting in a normal distribution of the residuals. To analyse the association 
between the number of skin problems reported and the sum score a Pearson 
correlation coefficient was calculated. An one-way ANOVA was performed to 
calculate the association between the number of skin problems and prosthesis use.

Results

In total 2039 people were invited to participate. The total number was initially 2142, 
but some people got both an invitation through OIM and LVvG. Of the 1082 people 
who responded, 872 stated they wanted to participate. Eventually 816 questionnaires 
(40%) were obtained, after completing data entry 805 questionnaires were available 
for statistical analysis. A total of 507 participants (=63%) responded they had one or 
more skin problems in the month prior to receiving the questionnaire. 

In table 2 characteristics of the participants who reported a skin problem (n=507) 
are summarized. Most common levels of amputation were transtibial (49%; n=249) 
and transfemoral (32%; n=163). Most common reasons for amputation were trauma 
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(44%; n=225) and peripheral arterial disease/diabetes (23%; n=117). Thirty four 
percent (n=170) of the participants had a paid job. Sixty one percent (n=310) had a 
walking distance less than 500 metres/day. Fifty percent used a liner.

Table 2: Descriptive information of participants (n=507)
Characteristics Mean (SD)
Age (years) 58 (15)
Time since amputation 
(years)

20 (18)
n (%)

Gender
Male 298 (59)
Female 209 (41)
Amputation level
Transtibial 249 (49)
Knee-exarticulation 54 (11)
Transfemoral 163 (32)
Hip/pelvis 11 (2)
Bilateral 30 (6)
Reason for amputation
Vascular/Diabetes 117 (23)
Trauma 225 (44)
Oncology 75 (15)
Congenital 22 (4)
Infection 27 (6)
Other 41 (8)
Co-morbidity 240 (47)
Smoking 141 (28)
Paid job 170 (34)
Walking aids 303 (60)
Walking distance
0-100 meters/day 131 (26)
100-200 meters/day 88 (17)
200-500 meters/day 91 (18)
500-1000 meters/day 86 (17)
> 1000 meters/day 111 (22)
Use of Liner 252 (50)
Performing sports 179 (35)
Performing sports with 
prosthesis

118 (23)
Frequency washing stump
0 – 4 times/week 115 (23)
4 times/week or more 392 (77)
% use prosthesis indoor
0 -50% 119 (23)
50-100% 388 (77)
Hours a day prosthesis is 
worn
0 – 8 hours/day 79 (16)
8 hours/day or more 428 (84)
Skin problems in period > 
1 month prior to filling in 
the questionnaire

476 (94)

Of the participants who reported one or more skin problems, 25% (95% CI: 21 to 
29%) was forced to wear the prosthesis less frequently because of the skin problem.
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The distribution of reported symptoms is summarized in table 3. The most 
frequent reported skin problems were profuse sweating (50%; 95% CI 46 to 55%), 
redness of skin persisting more than one minute after doffing the prosthesis (46%; 
95% CI 42 to 51 %), and a sensitive skin (36%; 95% CI 32 to 40%). 

Table 3: Skin problems in month prior to filling in the questionnaire 
Skin problem Number (%)*
Itching† 144 (28)
Sensitive skin† 183 (36)
Prickly skin† 77 (15)
Painful skin† 124 (24)
Profuse sweating 256 (50)
Cold skin 65 (13)
Warm skin 66 (13)
Redness of skin persisting > 1minute after 
doffing prosthesis

235 (46)

White/blue skin 77 (15)
Swelling 78 (15)
Pimples 139 (27)
Blisters 150 (30)
Crusts 41 (8)
Corn/Callus 117 (23)
Abrasion 120 (24)
Existing wound 39 (8)
Infection 10 (2)
Mechanical problems 30 (6)
Other 29 (6)

* Participants could report more than one skin problem, the percentage is the proportion of 
participants reporting a skin problem * 100%.
† These problems were assessed using a 4 point rating scale (none, light, moderate, severe), which 
was dichotomized (none/light = absent, moderate/severe = present).

The distribution of the number of skin problems is summarized in figure 1. On 
average a participant reported 2.9 skin problems (SD=1.7). The results on the 
items concerning the influence of the skin problem on vocation and/or hobbies 
are summarized in table 4. Especially household tasks, use of the prosthesis, social 
functioning, and performing sports are negative affected by the presence of a skin 
problem.

Concerning the influence of skin problems on the use of the prosthesis, 498 
participants responded to this item being valid. The mean number of complaints 
per response categories is: “not at all” (2.2 (SD 1.2), n=172)”; “a little” (2.9 (SD 1.4), 
n=201); “a lot” (3.6 (SD 2.0), n=88); “very much” (4.1 (SD 1.7), n=37).



       101
             Influence on vocation and/or hobbies

Figure 1: Distribution of reported skin problems. The X-axis shows the number of skin problems 
a participant did report, the Y-axis shows the frequency in which a number of skin problems was 
reported. Since there a re no participants without a skin problem, the X-axis starts at 1.

Table 4: Valid responses on the items
Domain* (n†) % influence (n) +
Household  (454) 28 (172)
Use of prosthesis (498) 25 (125)
Social functioning  (473) 21 (99)
Sports (230) 15 (35)
Labour  (277) 9 (25)
Treatment (377) 9 (34)
Embarrassment (507) 3 (15)
Relationships (458) 3 (14)
Sex  (375) 3 (11)

* The domains were investigated by means of a 4 point rating scale (none, light, moderate, severe) 
with the addition of the possibility to report if a domain was not applicable.
† The n is the number of valid observations (meaning the question was applicable for a participant)
+ The percentage and number of participants who stated the skin problem was of moderate or severe 
influence on that specific domain. 

ANOVA indicated a statistical significant difference among the groups (F3,494 = 
25.50; p<0.01). The median (IQR) sum score was 5 (2 to 8). Males had a significantly 
lower mean sum score (5.2; SD=4.0) compared to women (6.0; SD=4.3) (p=.03) 
(Mann Whitney). The Pearson correlation between the number of skin problems 
and the sum score was 0.48 (p=.01). The results of the linear regression analysis are 
summarized in table 5.
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Table 5: Linear regression model to predict sum score
Determinants (and coding) β SE β Significance
Gender (male=1, female =0) -0.15 .07 0.03
Number of skin complaints reported 0.25 .02 <0.001
Constant 1.53 .08 <0.001

R2 = .23 

Determinants which had a relation with the sum score were gender, and the number 
of reported skin problems. The interaction between these determinants was explored, 
but it did not contribute significantly to the model. To analyse possible cumulative 
effects of multiple skin problems, the (number of skin problems)2 was also entered 
in the analysis. This squared term did not contribute significantly to the regression 
analysis. The determinants did explain 23% of the variance. 

On the basis of the regression results the average sum score can be estimated. For 
example a female who did report four skin problems has the following regression 
score:((1.53 + (0*-.15) + (4*.25)) = 2.53.

Since the square root of the sum score was used as the outcome measure, this outcome 
has to be multiplied by itself to obtain the sum score (2.53*2.53= 6.4). The estimated 
average sum score for a person with these characteristics would be therefore 6.4, 
meaning the present skin problems have possibly a minor to moderate effect on 
vocation and/or hobbies.11

Discussion

Number of skin problems and gender were significantly related to the impact of skin 
problems in lower limb amputees. Determinants of which we thought prior to this 
study they might impact on vocation and/or hobbies like level of amputation, co-
morbidity, and age (which have been found to influence the rehabilitation process) 
did not contribute significantly to the regression equation.12 To avoid obvious 
relationships between the model and the sum score, we did not include determinants 
which were assessed by the items like having a job, or performing sports.

Concerning gender, the mean sum score on the items was significantly higher in 
females compared to males, which may lead to the conclusion that skin problems 
of the stump are of more influence on vocation and hobbies in females, compared 
to males. In a previous study female gender was a determinant which increased the 
odds of having a skin problem.[10] A possible explanation for this increase is women 
tend to give more selective attention to medical problems.13
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Concerning the influence of the number of skin problems reported, one can imagine 
there is an increased chance vocation and/or hobbies are influenced when the 
number of skin problems increases.

The linear regression analysis resulted in 23% explanation of the variance of the 
sum score. The low percentage of explained variance may indicate there are other 
determinants which are of influence on the impacting of skin problems on vocation 
and/or hobbies in lower limb amputees, but were not assessed in this study. 

The clinical implication of the score from the regression model has yet to be 
established. To make the translation from average sum score to clinical implication 
one can use the guideline which has been published previously.11 This guideline 
has to be interpreted with caution since it is based on the scores of the original 
DLQI. Since we used adapted items of the DLQI, a direct use of this guideline is not 
possible. However, it may give an indication of the implication of the present skin 
problem on vocation and/or hobbies.

There are several explanations which may have influenced the magnitude of the 
impact of a skin problem of the stump on vocation and/or hobbies.

One of the items assessed the influence of a present skin problem on the use of 
the prosthesis. A significant relationship was found between the number of skin 
problems reported and the reported influence of a skin problem on the use of the 
prosthesis. Research has shown that lower limb amputees, who perform recreational 
activities they usually perform with a prosthesis, are also able to perform these 
activities without a prosthesis, but with a decreased ability.14 

Perhaps an amputee who is prohibited to wear his prosthesis by the physician because 
of a skin problem may continue to perform activities without his prosthesis, but 
with a decreased ability. Thus the influence of a skin problem will vary, depending 
on the activity and the need for a prosthesis to perform that activity. Most of the 
items have a 5 point Likert scale and enable to assess the impact of a skin problem 
(very much//a lot//a little//not at all//not relevant). 

Another explanation may be the use of a sum score, which may not be adequate 
enough to assess specific problems but just gives an average impression of the 
influence of a skin problem. It is known that loss of mobility, prosthesis problems, 
and social activity participation (which may be negatively influenced by a skin 
problem, as stated by 25% of the participants (see table 4)) are predictors of the 
perceived quality of life of a person.15 
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Perhaps a qualitative study incorporating an (semi-structured) interview may 
clarify in extent the influence a skin problem may have on vocation and/or hobbies. 
However, we choose to explore this topic by a questionnaire since this study was 
meant to identify possible determinants in a reasonable time span.

On the other hand bias may have influenced the outcome. A postal questionnaire may 
lead to information bias, either because a participant does not fill in the questions 
adequately or the questionnaire is not specific. Selection bias may have occurred 
since not all potential participants were willing to participate.

The items used to assess the influence of a skin problem on vocation and/or hobbies 
were derived from the DLQI, since there is to the best of our knowledge no (Dutch) 
questionnaire which can be used to assess this influence. The DLQI was chosen since 
it is a valid and reliable scale to evaluate the influence of a skin problem on the 
quality of life.9 We adapted items to make it suitable for lower limb amputees. We 
choose for this adaptation since no questions in literature were available and the 
items from the DLQI were, in our opinion, the most suitable. To facilitate replication 
in future studies we added the items we have used in an appendix (Appendix 1). 
Since this is the first time this set of items is used to assess this problem, validity and 
reliability of this set of items can not be established now.  

In future research it can be advised to use the DLQI with addition of a question 
concerning the influence of a skin problem on the time the prosthesis could be worn.

Concerning reporting skin problems, participants could be influenced by recall bias, 
however we choose a time window of one month in which a skin problem could 
occur, and therefore we expect recall bias not to be an issue.

The extent of the influence of the observed problems may derive from the results we 
found. However, since there is no literature concerning this available, a comparison 
is not possible. We performed an explorative study and perhaps the items we did 
use do not incorporate certain situations or activities which are more problematic for 
a lower limb amputee who is forced not to wear the prosthesis due to a skin problem 
of the stump.

The results of this study may give direction to future research to either identify 
determinants which have an association with the influence of a present skin problem 
of the amputation stump on vocation and/or hobbies or to assess the extent of the 
influence of a skin problem.
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Conclusion

Skin problems of the stump in lower limb amputees do have influence on vocation 
and/or hobbies, and on the time an amputee can wear the prosthesis. Further 
research is necessary to evaluate the extent of the influence of a skin problem on 
vocation and/or hobbies. 
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Appendix 1: Items used to assess the influence of a present skin 
problem on vocation and/or hobbies.

1)  Over the last month, to which extent did you feel ashamed or shy because of the 
skin problem of your amputation stump?

□ Very Much

□ A lot

□ A little

□ Not at all

2)  Over the last month, to which extent did the skin problem of your amputation 
stump interfered with i.e. going shopping or looking after your garden or home?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant,  I did not shop or have to look at the garden or at home.

3)  Over the last month, to which extent did the skin problem of your amputation 
stump interfered with the time you wear your prosthesis usually?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant,  I do not wear a prosthesis now.
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4)  Over the last month, to which extent did the skin problem of your amputation 
stump interfered negative on social or leisure activities?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant , I did not have any social or leisure activities in the last month.

5)  Over the last month, to which extent did the skin problem of your amputation 
stump interfered negative on the time you usually do sport?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant, I do not sport.

6)  Over the last month, to which extent did the skin problem of your amputation 
stump interfered negative on the time you usually work or study?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant, I do not work or study.
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7)  Over the last month, to which extent did the skin problem of your amputation 
stump caused problems with your partner or any of your close friends or relatives?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant, I do not have a partner, friends or relatives.

8)  Over the last month, to which extent did the skin problem of your amputation 
stump caused any sexual difficulties?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant, I did not have any sexual activities in the last month.

9)  Over the last month, to which extent did the treatment of the skin problem 
of your amputation stump caused a problem, for example because your house 
became messy or the treatment took a lot of time?

□ Very Much

□ A lot

□ A little

□ Not at all

□ Not relevant, I did not received a treatment for my skin problem in the last 
month.





CHAPTER 7

GENERAL DISCUSSION



   
   

 1
12

  C
ha

pt
er

 7
 

Introduction

The aim of this thesis was to obtain more detailed and scientific information about 
skin problems of the stump in lower limb amputees. These skin problems have 
been previously described in literature by means of expert opinions1-5, however no 
information was provided on incidence and/or prevalence. Furthermore, information 
was not readily available on the influence of skin problems of the stump on activities 
and participation. Therefore the following research questions were formulated:

•	 What is the level of published scientific evidence on incidence and 
prevalence of skin problems of the stump in lower limb amputees?

•	 What are the determinants of skin problems of the stump in lower limb 
amputees?

•	 What influence does a skin problem of the stump have on the level of 
participation of a lower limb amputee and the time an amputee can wear 
their prosthesis?

•	 What is the prevalence of skin problems of the stump in lower limb 
amputees through clinical assessment?

Epidemiology

Following a systematic review (Chapter 2), it was concluded that the evidence about 
incidence and prevalence of skin problems of the stump in lower limb amputees 
is scarce.6 While conducting the systematic review, many case reports about skin 
problems of the stump in lower limb amputees were identified and it appeared that 
some skin problems were more frequently reported than others. These case reports, 
ordered by aetiology, were presented in an overview of skin problems (Chapter 
3a). Additionally, one patient with a skin problem not previously reported in the 
literature is presented in chapter 3b. 

Since publication of the systematic review, additional studies have been published 
on skin problems of the stump in lower limb amputees. These studies can be 
categorised as: (a) case reports/case series7-12 , (b) descriptive studies13-16, and (c) 
retrospective chart review to investigate relationships between determinants and 
skin problems of the stump.17;18

After evaluating the current level of evidence by including these publications, 
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combined with the published content of this thesis (Chapter 2, 3, and 4), one can 
conclude that level of evidence concerning incidence and/or prevalence of skin 
problems of the stump in lower limb amputees is not scarce anymore, but is still 
limited.

Determinants of skin problems of the stump in lower limb amputees

Various determinants have been suggested in the literature as influencing the 
development of a skin problem of the stump including age, reason for amputation, 
presence of comorbidities, prosthesis fit, prosthesis characteristics (including 
the chemical products it may contains), wearing patterns, level of hygiene, and 
activity level of the amputee.3;5;19-21 All of these determinants were based on clinical 
experience. 

To analyse these suggested determinants, a questionnaire study was performed 
(Chapter 4). The determinants identified can be divided into protective determinants 
(higher age; male gender; and peripheral arterial disease and/or diabetes as reason 
for amputation) and provocative determinants (use of antibacterial soap; smoking; 
and washing the stump four times a week or more). Only the presence of peripheral 
arterial disease was in agreement with the results of  previous research17, in which four 
provocative determinants were found: (1) transtibial level of amputation (compared 
to other levels), (2) being employed or unemployed (compared to being retired), 
(3) use of a single point cane or no walking aid (compared to the use of another 
walking aid) and (4) not having peripheral arterial disease. The differences between 
the research results are probably explained by differences in study methodology 
(sampling method, assessment method, and study population). 

It was concluded in chapter 4 that the identified determinants needed to be studied 
for their clinical relevance. Chapter 5 presents a study aimed at verifying the 
determinants found in chapter 4. However none of these determinants could be 
identified in that clinical study.

Possible explanations for this discrepancy may be the relatively small size of the 
study population in chapter 5 (n=124), a difference in the time frame in which skin 
problems could be reported (the actual situation compared to a period of one month 
before participating) and differences in characteristics of the study populations.

It is also possible there is no “general” set of determinants applicable for the 
population of lower limb amputees to predict the development of a skin problem on 
the amputation stump. 
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This possibility is supported by the fact that the determinants identified in chapter 
4 differed from those of another study on determinants (excluding peripheral 
arterial disease as reason for amputation, which was found in both studies being a 
protective determinant)17, and most of the clinically suggested determinants were 
not identified in the research of this thesis (Chapter 4 and 5).

Establishing a “general” set of determinants is perhaps difficult as, apart from the 
number of (potential) determinants, their presence or influence in each individual 
may vary. Furthermore, there may be an interaction between determinants in an 
individual. When composing the questionnaire used in this thesis, many potential 
determinants had to be added, since available evidence on which determinants 
might have influence on the development of skin problems of the stump was scarce. 

In conclusion, further research on determinants is warranted, and the identified 
determinants need to be studied for their clinical relevance. 

Skin problems and their influence on participation

The knowledge available in literature on this subject was limited to remarks 
made in publications that a skin problem of the stump in lower limb in amputees 
probably has an influence on functioning and thereby as a result may have social 
and economic consequences.16;22-24 Therefore, no indications were available in 
literature on how research of this proposed influence should be conducted.

The degree of influence of a skin problem in a patient can be situated in a holistic 
perspective by means of the ICF (International Classification of Functioning, 
Disability and Health) model, which is commonly used in the field of medicine.25 
The ICF model was introduced to allow all persons involved in a rehabilitation 
process to speak the same “language” using a number of key concepts. These 
key concepts are the body’s physical functions and structures, activities in 
which people engage, and the roles they perform in society (participation). For 
example: if an amputee has a skin problem (health condition) of his amputation 
stump (body function), he may no longer be able to walk properly (activity), and 
this may prevent him from doing his job properly (participation). A schematic 
representation of the ICF model is depicted in figure 1.

The aim was to investigate if there was a relationship between a skin problem on the 
stump of lower limb amputees and their level of participation (as presented by the 
ICF model) and if so, what type of relation. A series of questions was used, based on 
the Dermatology Life Quality Index (DLQI) (Chapter 6).26
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Figure 1: The ICF Model (WHO 1991)

The presence of a skin problem of the stump resulted in a reduction in household 
activities, prosthesis use, social functioning and performing sports. A reduction of 
prosthesis use as a result of a skin problem of the stump was present in 40% of 
the participants (95% CI: 38% to 43%) (Chapter 6). There was a difference in the 
percentages and confidence intervals noted when comparing this reduction of 
prosthesis use to the results of chapter 4 (47% [95% CI:43% to 50%]) and chapter 5 
(18% [95% CI: 15% to 22%]). However, when calculating this reduction only with the 
group of participants who reported a skin problem, the percentages are 57% (95% 
CI: 53% to 61%) for chapter 4; 50% (95% CI: 36% to 64%) for chapter 5; and 64% (95% 
CI: 54% to 70%) for chapter 6. This supports the conclusion that a skin problem of the 
stump does result in reduction of prosthesis use, but predictions for an individual 
amputee can not be made.  

By the study presented in chapter 6 it was established there was a reduction on 
different aspects in the participation domain of the ICF model of an individual lower 
limb amputee. The level of reduction however is not clear. For future research, it 
may be interesting to assess what the impact of a skin problem of the stump might be 
on psychological functioning and the mood of an amputee. This information could 
further enhance knowledge on the impact of a skin problem within each domain of 
the ICF model. With the results from this thesis, it is not possible to answer these 
questions at the moment and it is unknown if these are issues of importance to the 
individual lower limb amputee. There is evidence of a relationship (as reduction) 
between a skin problem of the stump and level of participation 
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Prevalence of skin problems by clinical assessment

To estimate the prevalence of skin problems of the stump in lower limb amputees, a 
clinically based study was conducted in which lower limb amputees were assessed 
by a physician at an orthopaedic workshop (Chapter 5) in order to evaluate actual 
skin problems properly. The prevalence was 36% (95% CI: 30% to 43%). This 
prevalence is in contrast with that reported in chapter 4 of 63% (95% CI: 60% to 
67%). As previously mentioned this difference may be attributed to the time period 
in which skin problems were assessed and is further supported by the percentage of 
amputees (66%; 95% CI: 54% to 77%) who reported to have at least one skin problem 
in the past (Chapter 5).
Additionally, there was a larger proportion of males who participated in the study 
in chapter 5.  Since male gender is a protective determinant for a skin problem27 this 
may also explain the difference in prevalence between both chapters. 
The lack of consensus in reporting prevalence of skin problems in literature may 
be based on studying a single type of skin problem20;28, use of a questionnaire not 
specifically designed to assess skin problems22;29, or using a selected population (i.e. 
silicone sleeve users).21;30

Therefore we are not able to state the “true” prevalence of skin problems of the 
stump in lower limb amputees. When considering the prevalence from clinically 
based studies (although selection bias may be present) in combination with clinical 
practice, the prevalence can be expected to be between 30% and 40%.

Methodology of this thesis 

This thesis assesses different aspects of skin problems of the stump in lower limb 
amputees. One of the strong points of this thesis is the strict time frame in which 
the research was conducted. First, to obtain an optimal knowledge of information 
available in literature, a systematic review was performed. Second, by means of a 
questionnaire (to maximise the number of participants) determinants associated 
with skin problems were explored. Third, by means of a clinical study, the results 
of the questionnaire were verified. As an additional result of the systematic review, 
an overview by case reports is presented. This overview provides the clinician a 
summary of the skin problems which may be present in lower limb amputees, 
together with current opinions concerning aetiology and pathophysiology.
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A limitation in systematic reviews and overviews (on medical topics) may be the 
introduction of bias namely:

•	 Writing bias. On some topics no article is written since the topic is found not 
useful/interesting or scientifically relevant to write a publication.

•	 Publication bias. A paper or case report is judged not suitable for publication.

•	 Selection bias. Not all available databases were used for the searches, the 
search strategies and language restrictions may have resulted in relevant 
papers being missed.

The introduction of writing bias and publication bias is applicable to all systematic 
reviews. Concerning selection bias for this thesis, the most appropriate databases 
were searched and limited language restrictions were applied so the influence of this 
type of bias was limited.

Another limitation may be that we had to create our own set of criteria to assess the 
methodological quality of the publications selected in the systematic review since a 
sufficient set was not available. The criteria we applied were all based on principles 
of performing sound research. 

As there was no proper questionnaire available in the literature, a self-constructed 
questionnaire to assess skin problems was used. This questionnaire is not (yet) tested 
for validity and reliability. It was constructed by selecting relevant questions from 
questionnaires used in previous research to measure satisfaction with and use of 
the prosthesis in lower limb amputees21;22;24;29-36 and by adding questions concerning 
assumed clinically relevant determinants.

Content validity of this questionnaire may not be correct as a result of the method 
applied. We do not know if the questionnaire provides us with the information 
we actually wanted to receive and therefore results should be interpreted with 
caution. Additionally, by using a questionnaire, several types of bias may have 
been introduced. These types of bias were: selection bias (the method used to invite 
potential participants: in total 25% of the population of lower limb amputees in the 
Netherlands were invited to participate), response bias (not all potential participants 
will participate: the achieved response rate was 40%), and recall/information bias 
(participants may fill in the questionnaire inaccurately, which by the nature of the 
study can not be corrected for). The level of agreement on skin problems observed and 
reported (Chapter 5), suggests at least some construct validity of the questionnaire. 
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Since information concerning determinants of influence on skin problems was mostly 
anecdotal, a more explorative approach concerning the number of determinants 
investigated was undertaken. 

In the questionnaire (Chapter 4 and 5), participants could report skin problems 
by means of a list provided. However, these were what we had defined as being 
a skin problem; an amputee may have had another idea about what constitutes a 
skin problem. This issue may be of minor importance as in chapter 5, there was 
agreement between the clinician and the participant on the majority of symptoms 
which could be chosen.

A limitation of the study in chapter 6 was the use of an adapted version of the 
Dermatology Life Quality Index (DLQI) to enhance applicability. The item concerning 
influence of the skin problem on the types of clothes one wears was replaced by an 
item concerning influence of the skin problem on the time the prosthesis could be 
worn. The subject of the original item was not altered drastically. By this adaptation 
we were not able to compare our results with previous results of studies which used 
the DLQI and it is not possible to conclude if the reduction on certain activities we 
found is valid and reliable. However, the results of chapter 6 support the finding that 
there is a relationship between a skin problem of the stump and level of participation. 

In conclusion, this thesis presents information on the level of epidemiological 
evidence of skin problems of the stump in lower limb amputees (including the 
prevalence of these skin problems), presents determinants which must be considered 
when assessing a skin problem of the stump in lower limb amputees and provides 
information about the influence of a skin problem on level of participation and 
prosthesis use.

Implications for clinical practice

Some directives for clinical practice can be given based on the results of this thesis. 
Consideration can be given to the determinants identified in chapter 4 (higher age, 
male gender and peripheral arterial disease and/or diabetes as reason for amputation 
being protective; use of antibacterial soap, smoking and washing the stump four 
times a week or more often as being provocative). In every lower limb amputee with 
a skin problem of the stump, a systematic assessment must be performed in order 
to identify (possible) determinants with the purpose to support proper treatment 
of the skin problem and reduce risk of reoccurrence. A skin problem should be 
documented by means of a photograph, which can be used in teleconsultation with a 
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dermatologist where appropriate. Additionally, it is necessary to document the skin 
problem and type of treatment in the patient chart, thereby in case of reoccurrence 
information can be found easily. 

Most skin problems can be treated by the specialist in rehabilitation medicine or 
other treating physician, as the majority of the skin problems are related to the 
fitting of the prosthesis, or superficial infection caused by bacteria or fungi. When 
in doubt, a dermatologist should be (tele) consulted. The fitting of a prosthesis is of 
utmost importance to enhance an optimal level of functioning of the amputee and 
the prosthesis in general. Additionally, an improper fit of the prosthesis may result 
in (mechanical) skin problems due to shear and stress forces.37 This improper fit may 
also occur when an amputee is unable to don and doff the prosthesis properly, or 
continues using an ill-fitting prosthesis too long. Therefore, amputees need proper 
instructions in donning and doffing the prosthesis and how to adapt fit by using 
socks when applicable. The amputee has to use the prosthesis in a correct way to 
optimize gait and diminish chance of skin problems.

After the initial rehabilitation process is finished, patients tend to visit their general 
practitioner or prosthetist when a skin problem of the stump occurs. It is important 
that, on short notice, contact with a specialist in rehabilitation medicine of an 
outpatient clinic is possible when necessary. The amputee and their relatives should 
receive written instructions concerning hygiene measurements of the stump and the 
prosthesis. A neutral soap should be used for cleaning the stump, liner, or socket. 
Antibacterial products are used for washing the stump, but may increase the odds of 
a skin problem (Chapter 4). The stump should be washed on a regular basis, but not 
too frequent, since a washing frequency of more than four times a week increases 
the risk for a skin problem (Chapter 4). The liner or socket should be cleaned once a 
week with alcohol and washed in the evening so it can dry overnight. 

Based on the contents of this thesis and clinical practice, these directives aim to 
achieve a lower rate of skin problems of the stump in lower limb amputees.

Future research

Future topics of research can be grouped as: (a) consequences of prosthesis use; (b) 
research on the consequences of technological changes in prosthetics; (c) the extent 
that a skin problem of the stump influences participation; and (d) psychological 
consequences.
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(A) Consequences of prosthesis use

In total, 44% of the participants (Chapter 4) reported a bad odour when doffing 
the prosthesis. This odour may be related to the level of hygiene, but can also be 
related to bacteria present on the skin of the stump. It is known that the amount of 
bacteria of the stump skin increases when wearing a prosthesis, as it creates a hot 
and wet environment favourable to bacterial growth.3;38 Studies on bacterial growth 
on the stump skin are necessary to get insight into the types of bacteria present 
and consequently, how to manage the odour complaints. Also, the influence of 
hygiene on colonization by bacterial flora of the skin of the stump or the prosthesis 
components in contact with the skin needs further research. Finally, the influence of 
the use of (anti-bacterial) soap as a hygiene method on the bacterial flora (number 
and types of bacteria present) should be investigated. 

Besides bad odour, excessive perspiration was a skin problem reported by many 
participants. The level of perspiration may be influenced by environmental factors, 
level of activity, and prosthesis type.3 Some case reports have been published, in 
which Botulinum toxin type A is used as a treatment method with good results.7;11;39 

Another method used in case of excessive perspiration is iontophoresis.40 By 
conducting  a randomized controlled trial (RCT) it should be investigated whether 
iontophoresis is an option for treatment in excessive perspiration of the amputation 
stump compared to Botulinum toxin type A.

As mentioned previously, it is sometimes advised that when a skin problem is 
present a lower limb amputee should discontinue the use of the prosthesis. On this 
subject a pilot study has been reported 13 with the conclusion that discontinuation 
of prosthesis use may not be necessary. One can compare this situation with the 
decision when to start the initial prosthesis treatment in a lower limb amputee. In a 
recent study 41 transtibial amputees started with prosthesis training when there was 
still a wound present. The majority (74%) still had good wound healing. It would 
be interesting (by conducting a RCT) to investigate whether discontinuation of the 
prosthesis is necessary when a skin problem is present.

(B) Consequences of technological changes in prosthetics

It is known that manufacturers of prosthesis components are adding ingredients to 
their liners (i.e. Aloe Vera) in order to prevent skin problems. The effectiveness of 
these measures should be investigated. Also, developments in methods of suspension 
of the prosthesis (for example by means of vacuum42 or by osseointegration43) may 
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influence skin problems and need to be investigated. 

(C) Level of influence of a skin problem of the stump on level of participation

It is known that there is an influence (as a reduction)(Chapter 6) on participation 
from skin problems, however no knowledge is available on the level of reduction. 
Therefore further research on this topic is warranted. To facilitate comparison with 
other skin problems in the general population and to make it possible to quickly 
assess the influence on activities and participation, it is advised to use the original 
DLQI26 , An item which addresses the influence of the skin problem on prosthesis 
use can be added separately.

(D) Psychological consequences of a skin problem of the stump in lower limb 
amputees

By means of a semi-structured interview, the level of reduction of a skin problem 
on activities and participation, and possible psychological consequences can be 
assessed. The results from these interviews could be used as guideline for further 
research in this field.

Conclusion

With the questions of this thesis in mind, one can draw the following conclusions 
from the results of this thesis: (1) there is limited evidence in literature concerning 
incidence and prevalence of skin problems of the stump in lower limb amputees, 
(2) a series of determinants has been identified which have to be studied for their 
clinical relevance, (3) a skin problem of the stump results in a reduction in time the 
amputee can wear their prosthesis and there is a reduction in level of participation 
and (4) the prevalence of skin problems of the stump is between 30% and 40%. To 
enhance the level of knowledge of various aspects of skin problems of the stump in 
lower limb amputees, further research is still necessary. 

References

 (1)  Levy SW. The skin problems of the lower-extremity amputee. Artif Limbs 
1956;3:20-35.

 (2)  Levy SW, Allende MF, Barnes GH. Skin problems of the leg amputee. Arch 
Dermatol 1962;85:65-81.



   
   

 1
22

  C
ha

pt
er

 7
 

 (3)  Levy SW. Skin problems of the amputee. 1st ed. St. Louis, Missouri, U.S.A.: Warren 
H. Green Inc.; 1983.

 (4)  Levy SW. Skin problems of the amputee. Atlas of  limb prosthetics: Surgical, 
Prosthetics and Rehabilitation Principles. 2nd edition ed. St Louis: Mosby- year 
Book; 1992. p. 681-8.

 (5)  Levy SW. Amputees: skin problems and prostheses. Cutis 1995;55:297-301.

 (6)  Meulenbelt HE, Dijkstra PU, Jonkman MF, Geertzen JH. Skin problems in lower 
limb amputees: a systematic review. Disabil Rehabil 2006;28:603-8.

 (7)  Garcia-Morales I, Perez-Bernal A, Camacho F. Letter: Stump hyperhidrosis in a leg 
amputee: treatment with botulinum toxin A. Dermatol Surg 2007;33:1401-2.

 (8)  Munoz CA, Gaspari A, Goldner R. Contact dermatitis from a prosthesis. Dermatitis 
2008;19:109-11.

 (9)  Baars EC, Geertzen JH. A patient with donning-related stump wounds: a case 
report. Prosthet Orthot Int 2008;32:219-22.

 (10)  Bloemsma GC, Lapid O. Marjolin’s ulcer in an amputation stump. J Burn Care Res 
2008;29:1001-3.

 (11)  Charrow A, DiFazio M, Foster L, Pasquina PF, Tsao JW. Intradermal botulinum 
toxin type A injection effectively reduces residual limb hyperhidrosis in amputees: 
a case series. Arch Phys Med Rehabil 2008;89:1407-9.

 (12)  Trindade F, Requena L. Pseudo-Kaposi’s sarcoma because of suction-socket lower 
limb prosthesis. J Cutan Pathol 2009;36:482-5.

 (13)  Salawu A, Middleton C, Gilbertson A, Kodavali K, Neumann V. Stump ulcers and 
continued prosthetic limb use. Prosthet Orthot Int 2006;30:279-85.

 (14)  Dudek NL, Marks MB, Marshall SC. Skin problems in an amputee clinic. Am J Phys 
Med Rehabil 2006;85:424-9.

 (15)  Highsmith JT, Highsmith MJ. Common skin pathology in LE prosthesis users. 
JAAPA 2007;20:33-6, 47.

 (16)  Koc E, Tunca M, Akar A, Erbil AH, Demiralp B, Arca E. Skin problems in amputees: 
a descriptive study. Int J Dermatol 2008;47:463-6.



       123
                                        G

eneral discussion 

 (17)  Dudek NL, Marks MB, Marshall SC, Chardon JP. Dermatologic conditions 
associated with use of a lower-extremity prosthesis. Arch Phys Med Rehabil 2005 
;86:659-63.

 (18)  Baars EC, Dijkstra PU, Geertzen JH. Skin problems of the stump and hand function 
in lower limb amputees: A historic cohort study. Prosthet Orthot Int 2008;32:179-85.

 (19)  DesGroseilliers JP, DesJardins JP, Germain JP, Krol AL. Dermatologic problems in 
amputees. CMAJ 1978;118:535-7.

 (20)  Ibbotson SH, Simpson NB, Fyfe NC, Lawrence CM. Follicular keratoses at 
amputation sites. Br J Dermatol 1994;130:770-2.

 (21)  Lake C, Supan TJ. The incidence of dermatological problems in the silicone 
suspension sleeve user. J Prosthet Orthot 1997;9:97-106.

 (22)  Hoaglund FT, Jergesen HE, Wilson L, Lamoreux LW, Roberts R. Evaluation of 
problems and needs of veteran lower-limb amputees in the San Francisco Bay Area 
during the period 1977-1980. J Rehabil R D 1983;20:57-71.

 (23)  Livingston DH, Keenan D, Kim D, Elcavage J, Malangoni MA. Extent of disability 
following traumatic extremity amputation. Journal of Trauma 1994;37:495-9.

 (24)  Otter N, Postema K, Rijken RA, van Limbeek J. An open socket technique for 
through-knee amputations in relation to skin problems of the stump: an explorative 
study. Clin Rehabil 1999;13:34-43.

 (25)  World Health Organization. International classification of functioning, disability, 
and health. Geneva: World Health Organization; 2001.

 (26)  Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI)--a simple practical 
measure for routine clinical use. Clin Exp Dermatol 1994;19:210-6.

 (27)  Meulenbelt HE, Geertzen JH, Jonkman MF, Dijkstra PU. Determinants of skin 
problems of the stump in lower-limb amputees. Arch Phys Med Rehabil 2009;90:74-
81.

 (28)  Allende MF, Levy SW, Barnes GH. Epidermoid cysts in amputees. Acta Derm 
Venereol 1963;43:56-67.

 (29)  Hagberg K, Branemark R. Consequences of non-vascular trans-femoral amputation: 
a survey of quality of life, prosthetic use and problems. Prosthet Orthot Int 
2001;25:186-94.



   
   

 1
24

  C
ha

pt
er

 7
 

 (30)  Datta D, Vaidya SK, Howitt J, Gopalan L. Outcome of fitting an ICEROSS 
prosthesis: views of trans-tibial amputees. Prosthet Orthot Int 1996;20:111-5.

 (31)  Cluitmans J, Geboers M, Deckers J, Rings F. Experiences with respect to the 
ICEROSS system for trans-tibial prostheses. Prosthet Orthot Int 1994;18:78-83.

 (32)  Walker CR, Ingram RR, Hullin MG, McCreath SW. Lower limb amputation 
following injury: a survey of long-term functional outcome. Injury 1994;25:387-92.

 (33)  Gauthier-Gagnon C, Grise M, Potvin D. Predisposing factors related to prosthetic 
use by people with a transtibial and transfemoral amputation. J Prosthet Orthot 
1998;10:99-109.

 (34)  Boonstra AM, Rijnders LJ, Groothoff JW, Eisma WH. Children with congenital 
deficiencies or acquired amputations of the lower limbs: functional aspects. 
Prosthet Orthot Int 2000;24:19-27.

 (35)  Hachisuka K, Nakamura T, Ohmine S, Shitama H, Shinkoda K. Hygiene problems 
of residual limb and silicone liners in transtibial amputees wearing the total surface 
bearing socket. Arch Phys Med Rehabil 2001;82:1286-90.

 (36)  Dillingham TR, Pezzin LE, MacKenzie EJ, Burgess AR. Use and satisfaction with 
prosthetic devices among persons with trauma-related amputations: a long-term 
outcome study. Am J Phys Med Rehabil 2001;80:563-71.

 (37)  Portnoy S, Yizhar Z, Shabshin N, Itzchak Y, Kristal A, Dotan-Marom Y, et al. 
Internal mechanical conditions in the soft tissues of a residual limb of a trans-tibial 
amputee. J Biomech 2008;41:1897-909.

 (38)  Barnes GH. Skin health and stump hygiene. Artif Limbs 1956;3:4-19.

 (39)  Wollina U, Konrad H, Graefe T, Thiele J. Botulinum toxin A for focal hyperhidrosis 
in leg amputees: a case report. Acta Derm Venereol 2000;80:226-7.

 (40)  Togel B, Greve B, Raulin C. Current therapeutic strategies for hyperhidrosis: a 
review. Eur J Dermatol 2002;12:219-23.

 (41)  Vanross ER, Johnson S, Abbott CA. Effects of early mobilization on unhealed 
dysvascular transtibial amputation stumps: a clinical trial. Arch Phys Med Rehabil 
2009;90:610-7.

 (42)  Board WJ, Street GM, Caspers C. A comparison of trans-tibial amputee suction and 
vacuum socket conditions. Prosthet Orthot Int 2001;25:202-9.



       125
                                        G

eneral discussion 

 (43)  Hagberg K, Branemark R, Gunterberg B, Rydevik B. Osseointegrated trans-femoral 
amputation prostheses: prospective results of general and condition-specific 
quality of life in 18 patients at 2-year follow-up. Prosthet Orthot Int 2008;32:29-41.





CHAPTER 8

SUMMARY.
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Skin problems of the amputation stump in lower limb amputees are relative 
common in daily clinical practice, possibly impeding prosthetic use. This 
impediment may have influence on level of activity and level of participation in 
daily life of a lower limb amputee. However, the knowledge concerning these skin 
problems was especially based on published expert opinions, without availability 
of a systematic evaluation of present epidemiological evidence. The aims of 
this research were: (1) to determine the level of scientific evidence in literature 
concerning incidence and prevalence of skin problems of the amputation stump 
in lower limb amputees, (2) to analyse determinants of these skin problems, (3) to 
determine which proportion of  lower limb amputees with a skin problem of the 
amputation stump are forced to wear the prosthesis less, to analyse the influence 
of a present skin problem on the amputation stump on level of participation 
(especially vocation/hobbies), and (4) to determine a point-prevalence of skin 
problems of the amputation stump in lower limb amputees.

The results of a systematic review of literature concerning incidence and 
prevalence of skin problems of the amputation stump in lower limb amputees are 
presented in chapter 2. This literature search was performed in several medical 
databases (MEDLINE, CINAHL, EMBASE, RECAL) using database specific 
search strategies. The reference lists of initially identified publications were 
used as threads for retrieving more publications which were possibly missed in 
the initial searches. A publication had to be a clinical study or patient surveys 
(excluding case reports)  to be considered eligible for further assessment. Initially 
545 publications were identified. After selection, 28 publications were assessed 
for research methodology. This assessment was performed by using a number of 
specific selection criteria. Only one publication fulfilled these selection criteria. 
The prevalence of skin problems of the amputation stump in this publication 
(concerning a series of 46 lower limb amputees of 65 years and older) was 15%. The 
conclusion of this study was that knowledge of prevalence and incidence of skin 
problems of the amputation stump in lower limb amputees is scarce.

When performing the systematic review (chapter 2), several case reports 
concerning skin problems of the stump in lower limb amputees were identified. An 
overview of skin problems of the stump in lower limb amputees by means of these 
case reports is presented in chapter 3a.

A total of 56 reports, comprising 76 cases, were identified in literature. When 
evaluating the disorders which were described in these case reports, they could be 
categorized in the following diagnostic categories: acro-angiodermatitis, allergic 
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contact dermatitis, bullous diseases, epidermal hyperplasia, hyperhidrosis, 
infections, malignancies, and ulcerations. 

Additionally, in chapter 3b a case report concerning a lower limb amputee with a 
skin problem (follicular keratosis with trichostasis) of her amputation stump not 
previously reported in literature is presented.

The results of a study with the objective to identify determinants of skin problems 
of the amputation stump in lower-limb amputees are presented in chapter 4. In a 
survey, by means of a questionnaire, lower-limb amputees (N=2039) who either 
obtained their prosthesis through the OIM (a group of orthopedic workshops in 
the Netherlands) or were member of the (Dutch) National Society of Amputees 
(LVvG) were invited to participate. In total 872 lower-limb amputees agreed to 
participate. These participants filled in the questionnaire (which was sent by mail, 
and could be returned by using a pre-paid envelope) to assess characteristics of 
the amputation and prosthesis, level of activity, hygiene of amputation stump 
and prosthesis, and skin problems. The questionnaire was designed for this study 
by using excerpts from questionnaires which have been previously published in 
literature, thereby adding questions we thought were relevant for the study. In 
total, 816 participants returned their questionnaire. Of these questionnaires, 805 
were suitable for statistical analysis. This analysis consisted of a stepwise backward 
logistic regression to analyze determinants of skin problems of the amputation 
stump, with the presence of skin problems of the amputation stump in the month 
prior to filling in the questionnaire as main outcome measure. The determinants 
which decreased the odds on having a skin problem of the amputation stump were 
(in order of magnitude of association) a higher age, male sex, and a lower limb 
amputation due to peripheral arterial disease and/or diabetes. The determinants 
which increased the odds on having a skin problem of the amputation stump 
were (in order of magnitude of association) use of antibacterial soap, smoking, 
and washing the amputation stump four times a week or more often. In total, 
63% of the participants (95% CI: 60% to 67%) reported one or more skin problems 
in the month prior to filling in the questionnaire. It was concluded the identified 
determinants which increased the odds on having a skin problem of the 
amputation stump in this study have to be studied for their clinical relevance.

As a result of the systematic review presented in chapter 2, a survey by means 
of a clinical assessment and a questionnaire was performed with the objective to 
estimate the prevalence of skin problems of the amputation stump clinically, to 
evaluate the impact of these skin problems, and to evaluate differences between 
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skin problems observed clinically and skin problems reported by the amputee. 
The results of this survey are presented in chapter 5. The participants were 
recruited from a convenience sample of 146 lower limb amputees who visited an 
orthopaedic workshop in the Netherlands. Eventually, 139 lower limb amputees 
participated. The skin of the amputation stump of these participants was assessed 
by a  physician. In addition, the participants filled in a questionnaire to assess 
amputation and prosthesis characteristics, level of activity, hygiene, and present 
skin problems of the amputation stump. This questionnaire was similar to the one 
used in the study presented in chapter 4, besides some minor modifications. 

After data entry, 124 questionnaires were suitable for statistical analysis, with 
presence of a skin problem of the amputation stump on participation as main 
outcome measure.

In the participants in 34% (95% CI 28% to 40%) one or more skin problems of the 
amputation stump were observed, whereas 36% of the participants (95% CI: 30% 
to 43%) reported one or more skin problems of the amputation stump. There was 
a reduction in walking distance without a break due to a skin problem (p=.012). 
An average of .69 (SD=1.0) skin problems were observed, whereas significantly 
more skin problems were reported (.96, SD=1.7) (p=.009). It was concluded that the 
prevalence of skin problems of the stump in lower limb amputees is 36%. When a 
skin problem was present, it resulted in a reduction in walking distance. There is a 
significant, but small, difference between skin problems of the amputation stump 
observed by the physician and reported by the participants.

The objective of the study presented in chapter 6 was to analyze the influence 
of skin problems of the amputation stump in lower limb amputees on level of 
participation. To assess these skin problems and their influence on vocation and/or 
hobbies, a questionnaire was sent to lower limb amputees. This questionnaire was 
similar to the questionnaire used in the study presented in chapter 4, whereas the 
influence of a skin problem of the amputation stump on vocation and/or hobbies 
was assessed by nine items. These items were adapted from a dermatological 
questionnaire which assesses influence of a skin problems on quality of life (the 
DLQI). The nine item scores (scoring range 0-3) were added to calculate the sum 
score (scoring range 0-27).

A total of 507 participants with one or more skin problems of the amputation 
stump filled in the questionnaire and responded on the nine items. The data of 
these questionnaires was suitable for statistical analysis. A negative influence of 
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a present skin problem of the amputation stump was reported on household, use 
of prosthesis, social functioning, and performing sports. The statistical analysis 
resulted in a mean sum score (of the item scores) of 5.5 (SD=4.1). There was a 
significant correlation between the sum score and  the number of complaints 
reported (r= .483, p=.01). In a linear regression analysis, with the purpose to analyse 
which determinants were of influence on the sum score, gender (β=-.15) and the 
number of skin complaints (β= .25) explained 23% of the variance of the analysis. 
Therefore an influence of a skin problem of the stump in lower limb amputees on 
vocation and/or hobbies was shown. However, further research is necessary to 
evaluate the extent of this influence.

In the general discussion (chapter 7) , the results from the conducted studies 
are summarised, and possible implications for clinical practice of these results 
are mentioned. It is advised to assess determinants in a lower limb amputee 
with a skin problem of the amputation stump to support proper treatment. 
Future research should focus on consequences of prosthesis use, consequences 
of technological changes in prosthetics, to assess the level of influence of a 
skin problem of the amputation stump on level of participation, and to assess 
psychological consequences of a skin problem of the amputation stump in lower 
limb amputees.

In conclusion, on the questions raised before this research, the following answers 
are given: (1) there is limited evidence concerning incidence and prevalence of 
skin problems of the stump in lower limb amputees, (2) a series of determinants 
(smoking, use of antibacterial soap, and washing frequency of the amputation 
stump) have been identified which have to be studied for clinical relevance, (3) 
a present skin problem results in a reduction of the time the prosthesis can be 
worn by the amputee, and there is a reduction in level of participation, and (4) the 
prevalence of skin problems of the stump in lower limb amputees is between 30 
and 40%. 





CHAPTER 9

SAMENVATTING.
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Huidproblemen van de amputatiestomp bij beengeamputeerden worden relatief 
vaak gezien in de dagelijkse praktijk van de revalidatiearts en kunnen een 
beperking opleveren wat betreft het dragen van de prothese. Het niet kunnen 
dragen van de prothese kan van invloed zijn op het kunnen uitvoeren van 
activiteiten en het kunnen participeren in het dagelijks leven. De bestaande 
kennis over huidproblemen van de amputatiestomp is voornamelijk afkomstig uit 
overzichtsartikelen geschreven door experts. Er was geen beschikking over een 
duidelijke epidemiologische evaluatie van beschikbare informatie. 
De doelen voor dit onderzoek waren: (1) het bepalen van het niveau van 
wetenschappelijk bewijs in de literatuur over kennis van de incidentie en 
prevalentie van huidproblemen van de amputatiestomp bij beengeamputeerden, 
(2) het analyseren van determinanten van deze huidproblemen, (3) bepalen welk 
percentage beengeamputeerden met een huidprobleem van de amputatiestomp de 
prothese minder vaak kan dragen en de invloed van een aanwezig huidprobleem 
op participatieniveau (vooral op gebied van werk en hobby’s) bepalen en (4) het 
bepalen van een punt-prevalentie van huidproblemen van de amputatiestomp bij 
beengeamputeerden.

Het resultaat van een systematisch literatuuronderzoek naar informatie over de 
kennis van incidentie en prevalentie van huidproblemen van de amputatiestomp 
bij beengeamputeerden wordt beschreven in hoofdstuk 2. Dit literatuuronderzoek 
werd uitgevoerd door diverse databases met medische literatuur (MEDLINE, 
CINAHL, EMBASE, RECAL) systematisch te doorzoeken. Voor elke database 
werden specifieke zoekcriteria gebruikt. De referentielijsten van publicaties 
die in eerste instantie werden gevonden werden bekeken om eventuele 
publicaties die bij een eerste zoekopdracht waren gemist te achterhalen. Om 
geschikt te zijn voor verdere analyse moest Een publicatie een klinische studie 
zijn of een patiëntenonderzoek (geen patiëntencasuïstiek) om geschikt te zijn 
voor verdere analyse. In eerste instantie werden in de doorzochte databases 
545 publicaties gevonden. Na selectie bleven er 28 publicaties over die verder 
werden geanalyseerd op methodologische kwaliteit (met behulp van bepaalde 
selectiecriteria waaraan een publicatie moest voldoen). Uiteindelijk bleek 
slechts één publicatie te voldoen aan deze selectiecriteria. De prevalentie 
van huidproblemen in deze publicatie (die ging over een groep van 46 
beengeamputeerden van 65 jaar of ouder) was 15%. De conclusie die kon worden 
gesteld na het literatuuronderzoek was dat de kennis van prevalentie en incidentie 
van huidproblemen van de amputatiestomp bij beengeamputeerden zeer beperkt 
is.
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Bij het verrichten van het systematisch literatuuronderzoek werden diverse 
beschrijvingen van patiëntencasuïstiek over een huidprobleem van de 
amputatiestomp bij een beenamputatie gevonden. Een overzicht van 
huidproblemen van de amputatiestomp bij beengeamputeerden op basis van deze 
patiëntencasuïstiek wordt beschreven in hoofdstuk 3a. In totaal 56 publicaties (met 
in totaal 76 patiënten) werden gevonden. De beschreven aandoeningen, konden 
worden onderverdeeld in de volgende diagnostische categorieën: huidafwijkingen 
op basis van veneuze problematiek, allergische contact dermatitis, blaarziekten, 
epidermale hyperplasie, overmatige transpiratie, infecties, maligniteiten en ulcera.
Aansluitend op dit overzicht wordt in hoofdstuk 3b een patiënt beschreven met 
een huidaandoening (folliculaire keratosis met trichostase) van de amputatiestomp 
die niet eerder is beschreven in de literatuur.

De resultaten van een studie met als doel om determinanten van huidproblemen 
van de amputatiestomp bij beengeamputeerden te achterhalen worden 
gepresenteerd in hoofdstuk 4. Met behulp van een vragenlijst werden 
beengeamputeerden (N=2039) die hun prothese hadden gekregen via de OIM 
(een groep orthopedische instrumentmakerijen in Nederland) of lid waren van de 
Landelijke Vereniging van Geamputeerden (de LVvG, een patiëntenvereniging) 
gevraagd om deel te nemen. In totaal gaven 872 beengeamputeerden aan mee te 
willen doen. Deze deelnemers vulden de vragenlijst in (die was verstuurd per 
post en kon worden teruggestuurd met een gefrankeerde envelop), die bestond 
uit vragen over kenmerken van de amputatie, de prothese, het activiteitenniveau, 
het niveau van hygiëne wat betreft de amputatiestomp en de prothese en 
huidproblemen van de amputatiestomp. De vragenlijst was speciaal voor dit 
onderzoek gemaakt. Hij bevatte onderdelen van vragenlijsten die eerder waren 
gebruikt in de literatuur, met een toevoeging van vragen die relevant leken voor 
de studie. In totaal werden 816 vragenlijsten teruggestuurd, 805 van deze lijsten 
waren geschikt voor statistische analyse. In deze statische analyse werd een 
logistische regressieanalyse uitgevoerd. Hierbij worden stapsgewijs determinanten 
uit een model dat alle mogelijke determinanten bevat gehaald, tot het optimale 
model is bepaald). De aanwezigheid van een huidprobleem van de stomp in de 
maand voorafgaand aan het invullen van de vragenlijst was de uitkomstmaat. 
De determinanten die de kans op een huidprobleem lieten afnemen waren (in 
volgorde van grootte in het model): hogere leeftijd, mannelijk geslacht en een 
amputatie door diabetes mellitus en/of perifeer vaatlijden. De determinanten die 
de kans op een huidprobleem lieten toenemen waren (in volgorde van grootte 
in het model) gebruik van antibacteriële zeep, roken en het wassen van de 
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stomp in een frequentie van vier maal per week of vaker. In totaal 63% van de 
deelnemers (95% betrouwbaarheidsinterval: 60% tot 67%) rapporteerde één of 
meer huidproblemen van de amputatiestomp in de maand voor het invullen van 
de vragenlijst. De conclusie van deze studie was dat de determinanten die de kans 
op een huidprobleem lieten toenemen nader onderzocht dienen te worden op hun 
toepasbaarheid voor de praktijk. 

Als gevolg van het resultaat van het systematische literatuuronderzoek beschreven 
in hoofdstuk 2, werd een studie verricht. Deze studie bestond uit een klinisch 
onderzoek in combinatie met een vragenlijst. Het doel van de studie was het 
bepalen van de prevalentie van huidproblemen van de amputatiestomp bij 
beengeamputeerden. De andere doelen waren het bepalen van de mate van impact 
van een aanwezig huidprobleem op functioneren en om verschillen te bepalen 
tussen geobserveerde (door de arts) en gerapporteerde huidproblemen (door de 
deelnemer). De resultaten van deze studie worden gepresenteerd in hoofdstuk 
5. De deelnemers aan dit onderzoek werden gezocht in een groep van146 
beengeamputeerden die een orthopedische instrumentmakerij in Nederland 
bezocht. Uiteindelijk wilden 139 beengeamputeerden deelnemen aan de studie. Bij 
deze deelnemers werd de huid van de amputatiestomp door een arts beoordeeld. 
Daarnaast vulden de deelnemers een vragenlijst in. Deze vragenlijst was gelijk 
aan degene die werd gebruikt in hoofdstuk 4, waarbij voor deze studie enkele 
vragen werden toegevoegd of aangepast. Na het invoeren van de vragenlijsten 
bleken er 124 geschikt voor verdere statistische analyse. De aanwezigheid van 
een huidprobleem van de amputatiestomp op het moment van deelname was de 
belangrijkste uitkomstmaat. 

Onder de deelnemers werd in 34 % (95% betrouwbaarheidsinterval: 28% tot 
40%) één of meer huidproblemen van de amputatiestomp vastgesteld, terwijl 
36% van de deelnemers (95% betrouwbaarheidsinterval 30% tot 43%) één of 
meer huidproblemen van de amputatiestomp rapporteerde. Er was een afname 
van de maximale loopafstand zonder pauze als gevolg van een huidprobleem 
van de amputatiestomp (p=-.12). Er werd gemiddeld .69 (standaarddeviatie=1.0) 
huidprobleem van de amputatiestomp vastgesteld, terwijl er significant 
meer huidproblemen van de amputatiestomp werden gerapporteerd (.96, 
standaarddeviatie=1.7). De conclusies van deze studie waren: de prevalentie 
van huidproblemen van de amputatiestomp bij beengeamputeerden is 36% 
(95% betrouwbaarheidsinterval: 30% tot 43%), de maximale loopafstand zonder 
pauze neemt af als gevolg van een huidprobleem van de amputatiestomp en er 
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is een significant, maar klein, verschil tussen geobserveerde en gerapporteerde 
huidproblemen van de amputatiestomp.

Het doel van de studie beschreven in hoofdstuk 6 was het analyseren van de 
invloed van huidproblemen van de amputatiestomp bij beengeamputeerden op 
participatieniveau. Voor het bepalen van de mogelijke invloed van huidproblemen 
van de amputatiestomp op werk en/of hobby’s werd aan deelnemers gevraagd 
negen items te beantwoorden. Deze waren onderdeel van een vragenlijst die werd 
verstuurd naar beengeamputeerden. Deze vragenlijst was gelijk aan degene die 
in hoofdstuk 4 werd gebruikt. De gebruikte negen items waren afkomstig uit een 
dermatologische vragenlijst die de invloed van een huidprobleem op de kwaliteit 
van leven bepaalt (de DLQI (=Dermatology Life Quality Index). De negen item 
scores (0 tot maximaal 3) werden opgeteld om een somscore te bepalen (0 tot 
maximaal 27).
Van de 805 vragenlijsten die werden gebruikt voor de statische analyse in 
hoofdstuk 4, beantwoordden 507 deelnemers (die één of meer huidproblemen van 
de amputatiestomp rapporteerden) de negen items. Op gebied van huishouden, 
prothesegebruik, sociaal functioneren en sporten had een aanwezig huidprobleem 
van de amputatiestomp een negatieve invloed. De statistische analyse van de data 
gaf als resultaat een gemiddelde somscore van 5.5 (standaarddeviatie = 4.1). Er 
was een significante correlatie tussen de somscore en het aantal huidproblemen 
dat een deelnemer rapporteerde (r=.483; p=.01). Bij het verrichten van een lineaire 
regressieanalyse, met als doel de determinanten te bepalen die van invloed 
waren op de somscore, bleken geslacht (β=-.15) en het aantal huidklachten (β=-
.25) 23% van de variatie van het model te verklaren. De aanwezigheid van een 
huidprobleem van de amputatiestomp heeft invloed op gebied van werk en/of 
hobby’s bij een beengeamputeerde. Er is echter verder onderzoek nodig om de 
mate van invloed verder te bepalen. 

In de algemene discussie (hoofdstuk 7) worden de resultaten van de uitgevoerde 
studies samengevat, waarbij mogelijke invloeden van deze resultaten op de 
dagelijkse praktijk worden benoemd. Het advies is om bij de aanwezigheid van een 
huidprobleem mogelijke determinanten te bepalen voor het optimaliseren van een 
eventuele behandeling. Verder onderzoek in de toekomst moet gericht zijn op de 
gevolgen van prothesegebruik, consequenties van technologische veranderingen in 
de prothesiologie, op het bepalen van de mate van invloed van een huidprobleem 
op gebied van participatie en het bepalen van de psychologische gevolgen van een 
huidprobleem van de stomp. 
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Concluderend, kijkend naar de vragen die voor aanvang van dit onderzoek werden 
gesteld kunnen de volgende antwoorden worden gegeven: 
(1) er is beperkt bewijs wat betreft incidentie en prevalentie van huidproblemen 
van de amputatiestomp bij beengeamputeerden.
(2) er is een aantal determinanten gevonden (roken, gebruik van antibacteriële zeep 
en wasfrequentie van de amputatiestomp) die verder moeten worden onderzocht 
op toepasbaarheid in de dagelijkse praktijk.
(3) als er een huidprobleem van de amputatiestomp is, leidt dit tot een 
vermindering van draagduur van de prothese en tot beperkingen op het gebied 
van participatie.
(4) de prevalentie van huidproblemen van de stomp bij beengeamputeerden ligt 
tussen de 30% en 40%.







CHAPTER 10

DANKWOORD
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Gelijk aan menig voorganger bevat ook dit proefschrift een dankwoord. Naast 
de mensen die ik hierna noem wil ik iedereen die ik hierna niet persoonlijk noem 
in de komende regels langs deze weg hartelijk bedanken voor de samenwerking 
en de ondersteuning bij het verrichten van dit onderzoek en het volgen van mijn 
opleiding.

Jan, hartelijk dank voor de steun, het in mij gestelde vertrouwen in de 
afgelopen jaren en voor de mogelijkheid om een AIOSKO (voorheen AGIKO) 
traject te kunnen volgen. Zowel in jouw hoedanigheid als begeleider en als 
plaatsvervangend opleider heb ik veel (plezierig) contact met je gehad. Ik blijf nog 
steeds verbaasd over het tempo waarin concepten voor artikelen en dergelijke 
door jou razendsnel werden gecorrigeerd en teruggestuurd. We zullen nog wel 
“intensief” contact blijven houden uit hoofde van mijn aankomende baan, ik zie er 
al naar uit. Wie weet ga ik ooit nog als “vakantieganger” verder. Ik wens je al vast 
veel succes en voldoening als aankomend president van de ISPO. Vergeet alleen 
niet dat er meer is dan werk, hoeveel voldoening dat ook kan geven.

Marcel, ook naar jou gaat mijn hartelijke dank uit voor de begeleiding die 
uiteindelijk heeft geresulteerd in dit proefschrift. De dermatologische kennis en 
andere input die je inbracht bij besprekingen en andere overlegsituaties gaven vaak 
een originele kijk op bepaalde vragen en problemen die in de loop van het traject 
naar voren kwamen.

Pieter, tijdens dit promotietraject ben jij ondertussen gepromoveerd van 
copromotor tot promotor. Als deze promotie plaatsvindt heb jij je oratie achter de 
rug. Via deze weg mijn felicitaties. Ik wil je hartelijk danken voor alle begeleiding 
die je hebt verleend, al het fruit dat ik van je te eten kreeg tijdens een intermezzo 
en de getoonde interesse in het thuisfront. Door jou weet ik nu eindelijk hoe het 
“Evidence Beest” er uit ziet.  Daarnaast neem ik spreekwoordelijk mijn petje af 
voor de manier waarop je in mijn ogen moeilijke vraagstukken of problemen 
zonder zichtbare moeite tot een helder vervolg kon transformeren. Ik hoop in de 
toekomst nog van jouw kennis en kunde gebruik te kunnen maken.

Graag wil ik de beoordelingscommissie, bestaande uit prof. dr. S. K. Bulstra, prof. 
dr. P.J. Coenraads en prof. dr. J.S. Rietman hartelijk danken voor de tijd die ze 
hebben genomen om dit proefschrift te lezen en te beoordelen.
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Via dit dankwoord wil ik ook alle deelnemers aan het onderzoek dat in dit 
proefschrift wordt beschreven bedanken voor hun deelname en input. Zonder hen 
was dit proefschrift niet tot stand gekomen.

Ook veel dank aan alle medewerkers van de OIM in Haren waar ik een deel van 
het onderzoek heb verricht. De gastvrijheid was en is hartverwarmend. Dank aan 
de orthopedisch instrumentmakers (Liekel, Chris, Mark en Theo) die me tijdens 
de studies bij het OIM te Haren voorzagen van koffie, proefpersonen en kritische 
vragen. En natuurlijk mag ik mijn naam- en kamergenoot tijdens mijn dagen op 
de OIM niet vergeten. Henk, bedankt voor de gezelligheid, je vakmanschap, de 
toevoegingen vanuit instrumenttechnisch gebied en je kritische blik tijdens de 
afgelopen periode.

Aan alle de(oud) medewerkers van het secretariaat op de eerste verdieping 
en de (oud) medewerkers die ik heb ontmoet in al die jaren op de polikliniek 
(secretaresses, fysio’s, ergo’s en alle anderen) dank voor de gezelligheid, de 
discussies en de ondersteuning.

Door de combinatie van opleiding en onderzoek had ik in de afgelopen jaren te 
maken met zowel collega-onderzoekers als collega AIOS. De eerste schreden op het 
onderzoekspad zette ik samen met mijn collega AIOSKO Aline als kamergenote. 
Na de verhuizing richting de derde verdieping bij het Steunpunt Informatisering 
kwamen we bij Martin op de kamer. Ik zal de koffiemomenten bij het bankstel, 
de bodemloze snoep- en pepernootpot en de waanzinnig intrigerende fMRI 
plaatjes (lees: onbegrijpelijk zonder toelichting) niet snel vergeten. Bij de volgende 
verhuizing, naar de afdeling, kwam ik op de kamer met Bianca en Juha. Hartelijk 
dank aan al mijn kamergenoten voor de gezelligheid, tips, trucs en taarten als er 
weer een artikel was geaccepteerd. Juha, bedankt voor de gezelligheid tijdens de 
trip naar Vancouver en het introduceren van mij in de wereld die PubQuiz heet. Ik 
heb nooit geweten dat een gloeilamp winnen zo leuk kon zijn. Wat mij betreft gaan 
we ooit nog een keer frisbeeën, maar geniet nog lekker in Nieuw-Zeeland. Helco, 
jou wil ik ook bedanken voor de gezelligheid in Vancouver en het spelen van de 
PubQuiz, helaas ging het de tweede maal wat minder. Dankzij jou twijfel ik nog 
steeds of ik nu een MacBook moet aanschaffen.

Alle andere onderzoekers (Wietske, Grieke, Lonneke, Corine, Gerda en Jaap) die 
ik in de afgelopen jaren ben tegengekomen bij het koffieapparaat, de lunch of op 



   
   

 1
44

  C
ha

pt
er

 1
0 

wat voor manier dan ook, bedankt voor alle gezelligheid, plagerijen, appeltaarten, 
etentjes en discussies. Jaap, nog bedankt voor het kritisch doorlezen van het één en 
ander.

Tijdens mijn promotietraject kwam de internationalisering van de onderzoeksgroep 
bij de revalidatiegeneeskunde langzaam op gang, wat begon met Carolin, gevolgd 
door Lauren, Mihai, Jesse en meest recentelijk Sobhan en Katie. Met Jesse, Lauren 
en Mihai als kamergenoten was het de bedoeling dat Nederlands de voertaal zou 
worden, but unfortunately this did not happen. Lauren, thanks for reading and 
adapting some of my work. Mihai (Mike), thanks for  the introduction into the 
game of backgammon, I hope to play more games against you in real-life in the 
future. 

Wat betreft de opleiding tot revalidatiearts, langs deze weg wil ik al mijn (oud) 
collega AIOS bedanken voor de samenwerking in de afgelopen jaren: Reinoud, 
Hans, Susanne, Monika, Erica, Hester, Ingrid, Judith, Marcel (bedankt nog voor 
de gezellige tijd op Curaçao), Aline, Liesbeth, Paul Pieter, Parwin, Jessika, Karin, 
Natalie, Arjen, Rik, Sabine, John, Miriam, Marianne, Marlies (succes met je 
promotietraject), Hilde, Willemijn, Wya, Agnes, Audrey, Anne, Mariya, Monique en 
Ate, dank voor de samenwerking en de vele gezellige momenten. 

Buiten het werk om heb ik veel plezier en ontspanning kunnen halen uit het 
volleyballen, helaas gooide het werk wel eens roet in het eten om te kunnen trainen 
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