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Chapter 1 

General introduction 
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People consider their health to be very important.1 In the Netherlands, yearly more 
than 10% of the Gross Domestic Product is being spent on health.2 But what does 
health actually mean? The World Health Organization (WHO) defined health in its 
1948 Constitution as "a state of complete physical, mental, and social well-being and 
not merely the absence of disease or infirmity”. This definition is still standing today, 
although under discussion, particularly regarding the phrase “absence of disease”.3 
With optimism after the second world war and introduction of better hygiene and 
antibiotics, the WHO assumed that diseases could be eradicated. Today, more than 
70 years later, diseases are part of our life. Where some diseases have been 
eradicated, others became chronic. People suffer increasingly from chronic diseases 
and have to find ways to adapt to them.4 Another change in this period is the 
physician-patient working alliance. Traditionally the biomedical model was applied. 
The biomedical model assumed that all disease processes could be completely 
explained by an underlying biological mechanism. The physician was the authority 
and decided what to do. Today more and more health consumers are expecting to be 
heard, understood and respected, and want to be involved in decision making.5 In 
the Netherlands a discussion about the WHO definition of health was initiated in 2009 
by the health counsel for the Netherlands, an independent scientific advisory body 
for government and parliament. After an international conference: Is health a state 
or an ability? Replacement of the WHO definition of health was supported and a new 
concept was formulated. This concept for a new health definition was published in 
2014.6 The new proposal on health definition states “the ability of individuals or 
communities to adapt and self-manage when facing physical, mental or social 
changes”.6 Within this definition, the still habitually used biomedical model is too 
restricted, the biopsychosocial model fits better.  
The biopsychosocial model was presented by Engel in November 1977 at the 23rd 
Cartwright Lecture at the Columbia University College of Physicians and Surgeons, 
under the title, “The Biomedical Model: A Procrustean Bed?” In the biopsychosocial 
model it is critical to merge the psychological and social dimension with the physical 
dimension when studying and treating diseases.  
Beside the integration between mind and body the patient should be seen as his/her 
manager. The patient manages (part of) his/her own care.7  
The new vision on health and the biopsychosocial model is used in rehabilitation 
medicine. Rehabilitation medicine is specialized in adapting to the consequences of 
adversity caused by e.g. disease or trauma, such as reduction of functioning or 
activities and decreased participation in work, leisure or social life. The main purpose 
of rehabilitation medicine is to support the patient on optimal functioning in society 
and restore all domains of quality of life (QOL).8,9 All professionals  of the 
rehabilitation team support the patient in the effort to reach an optimal QOL.  
Psychological treatment in rehabilitation focuses on the patients acceptance of and 
adaption to consequences or restrictions of a disease. Is the patient able to return to 
his/her previous QOL, within the restrictions and with the consequences, caused by 
the adversity? Or is the patient developing dysfunctional cognitions, mood or anxiety 
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problems and experiencing a decreased QOL. Through various types of treatments, 
by applying for instance Cognitive Behavioral Therapy, Solution Focused Therapy or 
Acceptance and Commitment Therapy, the psychologist is helping the patient to 
accept and adapt to restrictions or consequences of adversity. The results of those 
treatments with regard to the mentioned goal are positive, sometimes promising but 
not always conclusive.10-14  
Psychological factors, such as cognition or resilience, alter the impact of a disease. 
But psychological factors are also linked to a situation or a context. For instance, a 
patient moves generally fearless, while at the same time he is afraid to move the 
right hand. There are strict factors, like optimism and there are broad factors, for 
instance resilience, containing strict factors as optimism and hardiness. Where some 
factors are more trait (personality) thus more stable, others are more state 
(anxiety), thus dynamic. 
There is a lack of knowledge of the association of psychological factors and the QOL 
of patients with a disease, especially the causal relationship.15-18 In daily practice, we 
want to know more about that relationship to reveal psychological factors for the 
patient to change or for the therapist to treat or to predict the outcome of the 
rehabilitation.  
A case from my own daily practice clarifies questions that can arise from a referral. 
 --------------------------------------------------------------------------------------- 

I just started working as a psychologist in the outpatient clinic of the 
Department of Rehabilitation Medicine at the University Medical Center in 
Groningen when I received the following referral: “Is the proposed amputation 
for this patient, a 45 year old man with Complex Regional Pain Syndrome type 
I (CRPS-I), the right decision?” I had absolutely no idea what to advice, even 
the reasoning behind the question confused me. Was the implicit question of 
the rehabilitation physician: “has this patient a psychiatric disorder?” And are 
there psychiatric disorders that contra indicate an amputation e.g. conversion? 
Was there any doubt about the patients considerations (his ability to make 
any decision) concerning this request of amputation? Were there psychological 
factors influencing the beginning or maintenance of the CPRS-I and was I 
supposed to reveal them? During my first assessment the request of the 
patient’s was crystal clear: “Please amputate that thing!” How should I weigh 
this request? According to the Dutch CRPS-I guidelines: There is insufficient 
evidence that amputation positively contributes to the treatment of CRPS-I?19 
Has the patient weighed the decision sufficiently? I am unknown with any 
cutoff score regarding that decision process. What was the goal behind 
patient’s request to get rid of “that thing” to acquire a better life or QOL? To 
experience less pain? Within one hour I had so many questions but all with 
more or less the same background: how is psychology fitting into this 
biopsychosocial model? What is the connection between the physical and the 
psychosocial domains of the biopsychosocial model. These questions were 
good motivators for research. In this patient with CRPS-I, who wanted less 
pain and gain mobility in order to increase his QOL, are psychological factors 
associated with those particular outcomes? Can we specify that association 
and might we even predict part of the outcome?  



12 

Sequel in discussion (page 134) 
---------------------------------------------------------------------------------- 

Now, many years later, some of the answers I was looking for are gathered and 
presented in this thesis.  
To measure the impact of a disease on QOL and acquire norm scores for QOL of 
rehabilitation outpatients, measurement of QOL was initiated. The World Health 
Organization Quality of Life questionnaire (WHOQOL-bref) was used to measure QOL. 
It is an international instrument for measuring QOL in 4 domains: physical, 
psychological, social and environmental and these 4 domains fit the biopsychosocial 
model.20 Because no QOL values for rehabilitation outpatients were known, the first 
study was devoted to explore QOL in rehabilitation outpatients. The results of that 
study are presented in chapter 2.  
Thereafter the focus of research shifted from QOL to cognition because cognitive 
dysfunction e.g. lack of concentration, poor memory, disturbed executive functions 
were brought up by rehabilitation patients as an obstacle in their daily life. These 
clinical findings were remarkable because none of these outpatients had brain 
damage. This type of cognitive dysfunction was not reported in rehabilitation 
outpatients, without brain damage, before. In previous research associations of e.g. 
gender, age, diagnosis, recent surgery and pain with cognitive failure had been 
reported.  
For rehabilitation outpatients the occurrence of cognitive problems and which factors 
might be associated with the cognitive problems was unknown. In chapter 3, a 
study, in 274 rehabilitation outpatients, is presented assessing cognitive failure and 
possible associations with gender, age, diagnosis, recent surgery, pain and stress 
coping ability. 
Another research question originated from daily practice around lower limb 
prosthesis. In the fitting process of a prosthesis in the case of a trans tibial 
amputation some patients were not satisfied. In chapter 4 a systematic review is 
presented regarding factors influencing satisfaction with the prosthesis, including 
psychological factors. The factors reported in literature were classified in 5 domains: 
appearance, properties, fit, and use of the prosthesis, as well as aspects of the 
residual limb.  
In chapter 5, 6 and 7 studies are presented about patients who underwent an 
amputation for chronic therapy resistant CRPS-I, a rare condition with a normally 
favorable prognosis. In some cases, the CRPS-I is therapy resistant. All participants 
of the research in chapter 5, 6 and 7 suffered from this syndrome and underwent an 
amputation in attempt to reduce pain, increase mobility and increase QOL. Because 
the outcomes of the first 22 patients, amputated between May 2000 to October 
2008, exceeded expectations of the research team, the question arose why these 
patients did rather well.21 High resilience could be an explanation for these 
unexpected results and it became therefor the topic of research. Resilience was first 
described in children.22 Children with severe adversity in their youth did relatively 
well and therapists wondered why. It was discovered that children with high 
resilience or stress coping ability did better than those with poorer resilience.23 It 
was not clear however, if QOL, the post amputation outcome measurement in the 
case of therapy resistant CRPS-I, was associated with resilience. In chapter 5, a 
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study is presented about the association between resilience and QOL in the above 
mentioned patients. 
Because resilience is only one factor and the study in chapter 5 was cross sectional, 
the research was extended to more factors and a longitudinal design. In 31 
participants, amputated for long standing therapy resistant CRPS-I, psychological 
factors, measured before and after the amputation, were analyzed. In chapter 6, 
results of that longitudinal study are presented. 
Besides resilience, QOL, depression, anxiety, psychological distress, childhood 
adversity, life events, psychiatric (DSM-IV) history or psychiatric disorder, lawsuit, 
and social support were analyzed. In chapter 7 a study is presented of long term 
outcome of all patients, amputated in the last 17 years, 48 patients participated. Of 
19 participants we were able to compare their outcomes with outcomes of 7 years 
ago.  
In chapter 8 the decision making process to amputate or not is presented as it is 
currently applied. That chapter is an invitation for an international discussion about 
amputation in case of longstanding therapy resistant CRPS-I. Because amputation in 
case of longstanding therapy resistant CRPS-I is rare and the patients are 
determined to have an amputation performed, a (randomized) controlled trial is 
almost impossible to perform. By publishing our decision making process we hope to 
contribute to an international discussion regarding this topic. 

Outline of the thesis 

Chapter 2  
-QOL study-
QOL in rehabilitation outpatients: normal values and a comparison with the general
Dutch population and psychiatric patients.
Research question: What are the Dutch norm values of QOL for rehabilitation
outpatients of the World Health Organization Quality of Life questionnaire (WHOQOL-
BREF) and what is the association of diagnosis and patient characteristics with those
values?

Chapter 3 
-Cognitive dysfunction study-
Subjective cognitive dysfunction in rehabilitation outpatients with musculoskeletal
disorders or chronic pain.
Research question: What is the magnitude of cognitive dysfunction in rehabilitation
outpatients and is cognitive dysfunction associated with patient characteristics,
diagnosis, surgery, pain, anxiety, stress and depression?

Chapter 4 
-Prosthesis satisfaction review-
Prosthesis satisfaction in lower limb amputee: a systematic review of associated
factors and questionnaires.
Research question: Which factors are influencing the transtibial prosthesis fit and
how is satisfaction operationalized in the different questionnaires?
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Chapter 5 
-Resilience in CRPS-I study-
Resilience in patients with amputation because of CRPS-I.
Research question: What is the association between resilience and post amputation
outcomes, i.e. QOL, pain, recurrence of CRPS-I and psychological distress?

Chapter 6 
-Association with outcome study-
Psychosocial factors associated with poor outcomes after amputation for CRPS-I. 
Research question: Which psychosocial factors assessed prior to amputation are 
associated with poor outcomes of amputation for longstanding therapy resistant 
CRPS-I?

Chapter 7 
-Outcome study-
Outcomes of amputation because of longstanding therapy-resistant CRPS-I 
Research question: What are the long-term outcomes of amputation in patients with 
longstanding and therapy-resistant CRPS-I, regarding QOL, pain, recurrence of 
CRPS-I, use of a prosthesis and functioning in daily life?

Chapter 8 
-Decision paper-
Decision making process for amputation in case of therapy resistant CRPS-I 
Research question: What is the current state of the decision making process for 
amputation in longstanding therapy resistant CRPS-I in the UMCG, the Netherlands?

Chapter 9 
-General discussion- 

Summary 

Samenvatting 

Dankwoord 
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Abstract 
 
Purpose: Provide Dutch normal values for rehabilitation outpatients with chronic pain 
or musculoskeletal diseases utilizing the World Health Organization Quality of Life 
questionnaire abbreviated version (WHOQOL-BREF) and analyse influence of 
diagnosis and patient characteristics on normal values and increase understanding in 
those values.  
Methods: 542 outpatients, referred to a rehabilitation psychologist. Referral 
diagnoses were “musculoskeletal”, “chronic pain”, “neurological” and 
“miscellaneous”. Comparisons between groups were made for each of the four 
domains of the WHOQOL-BREF (scoring range 4-20). 
Results: Domain scores of rehabilitation outpatients were: physical domain, 11.0 
(±2.7), psychological domain 13.6 (±2.4), social domain 14.8 (±3.4) and 
environmental domain 14.2 (±2.2). Outpatients with chronic pain reported the 
lowest scores on the WHOQOL-BREF when compared to the “musculoskeletal”, 
“neurological” and “miscellaneous” groups. Increased age, lower education, living 
alone and unemployment had a negative impact on WHOQOL-BREF scores. 
Compared to the general Dutch population, rehabilitation outpatients scored, 
unadjusted for age, significantly lower (difference for the physical domain 4.5 (95% 
confidence interval (CI): 4.2; 4.8), the environment domain 1.7 (95% CI: 1.5; 2.0), 
the psychological domain 1.1 (95% CI: 0.4; 1.2) and the social domain 0.4 (95% CI: 
0.0; 0.8). 
Conclusions: WHOQOL-BREF scores of rehabilitation outpatients are lower and 
differed significantly from normal values of a Dutch population in all four domains. 
Therefore the WHOQOL-BREF can be used to measure the subjective impact of their 
disease or injury. The subjective impact of chronic pain was found to be particularly 
high.  
 
Introduction 
 
Due to modern health care more and more patients with potentially lethal diseases 
are cured or disease progression is reduced [1]. Therefore, the treatment goals of 
patients in rehabilitation have shifted from how to survive into how to adapt to and 
cope with a chronic disease [2]. In the last decades, the patient’s perspective on the 
pros and cons of treatment has grown in importance, resulting in increased attention 
for the impact of (chronic) disease or injury on patient’s quality of life (QOL). QOL 
can be assessed utilizing the WHOQOL-BREF [3], in which QOL is defined as “an 
individual's perception of their position in life in the context of the culture and value 
systems in which they live and in relation to their goals, expectations, standards and 
concerns”. Domain scores are scaled in a positive direction (i.e. higher scores denote 
higher QOL). 
It should be noted that apart from disease and injury, QOL is also influenced by 
social functioning [4, 5], education, employment [6], comorbidity [7], self-efficacy 
[8], and goal adjustment [9]. Furthermore, both gender and age influence QOL; 
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women score significantly higher on the social domain of QOL and lower on all the 
other domains of QOL compared to men [10]. Finally, QOL has been shown to 
decrease with increasing age [11]. A decreased QOL is found in patients with a 
somatic disease as well as in patients with a psychiatric disorder [4, 12-14]. In the 
latter case, QOL is inversely related to severity of psychopathology [4, 7]. 
The negative influence on the QOL by somatic and psychiatric diseases is found in all 
domains. This influence is well understood since Engel introduced the biopsychosocial 
model [15]. This model is the foundation of the multidisciplinary treatment approach 
in rehabilitation. Today the International Classification of Functioning (ICF) is 
adopted as a framework for rehabilitation and an important goal in rehabilitation is to 
increase QOL of patients [16, 17]. Currently no normal values for QOL of Dutch 
rehabilitation outpatients are available, which are essential for a correct comparison 
between rehabilitation outpatients, the general Dutch population and psychiatric 
outpatients. Normal values for rehabilitation outpatients provide insight into whether 
the instrument can measure the impact and variations of a disease or injury on the 
QOL. 
The aims of this study were to provide normal values for Dutch rehabilitation 
outpatients with chronic pain or musculoskeletal diseases utilizing the WHOQOL-
BREF, to analyse the influence of diagnosis and patient characteristics of 
rehabilitation outpatients on normal values and to compare normal values with those 
of the general Dutch population and psychiatric outpatients.   
 

Method 
 
Patients 
Between January 2008 and January 2013, 607 outpatients from the Department of 
Rehabilitation Medicine of the University Medical Centre Groningen (UMCG) were 
referred to a psychologist. They were referred by a rehabilitation specialist for a 
psychological assessment and/or treatment. Prior to this assessment, a set of 
questionnaires and a consent form were sent by mail to the patients with a request 
to fill out all forms. During the assessment a semi-structured interview was 
conducted to determine a treatment plan. During the intake procedure, patient’s 
gender, age, educational level, employment, and marital status were collected. The 
rehabilitation specialist’s referral medical diagnosis was retrieved from the medical 
records. 
Reference groups 
The general Dutch population reference group was based on the Dutch manual 
WHOQOL-100 and WHOQOL-BREF. This group of 626 persons had a mean age of 
53.9 (SD 16.2) and 67.5% of the group were women [18].  
The psychiatric reference group consisted of 410 psychiatric outpatients with a mean 
age of 33.5 (SD 8.3) and 58.8% of the group were women. It was a mixed 
diagnostic group: 54 persons who did not obtain a DSM-IV diagnosis, 224 with a 
single axis diagnosis and 132 with a diagnosis on axis 1 as well as axis 2 [7]. 
Instruments 
The WHOQOL-BREF is a condensed version of the WHOQOL questionnaire. The 
WHOQOL-BREF is a 26 item questionnaire that correlates well with the original 100 
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item questionnaire (r ranges between 0.88 and 0.96) [19]. It assesses the 
individual's perceptions in the context of his/her culture and value system, personal 
goals, standards and concerns. The WHOQOL instruments were developed 
collaboratively in a number of centres worldwide, and have been field-tested widely 
[20]. Of the 26 items, 24 items were used to calculate the 4 QOL domains; physical 
health (7 items), psychological (6 items), social relationships (3 items) and 
environment (8 items). Transformed domain scores range from 4 to 20. A higher 
score indicates a better QOL. The two remaining items, sometimes used to calculate 
overall QOL and health, were not used in this study as recommended by the WHO. 
Analysis  
Data was anonymised and analysed using IBM SPSS Statistics (v.20). P-P and Q-Q 
plots were used to assess the normal distribution of the dependent variables. Results 
are significant at p ≤ 0.05 unless stated otherwise. A Pearson Chi-Square test and 
ANOVA were used to determine whether gender, marital status, education, 
employment and age differed between the referral diagnosis groups. The dependent 
variables in the current study were the scores on the four domains of the WHOQOL-
BREF. The WHOQOL-BREF scores of the referral diagnosis groups were compared 
using a one way ANOVA. A series of Tukey's post-hoc tests were used for pair-wise 
comparisons. For regression analyses several dummy variables were computed. 
Education was dichotomized into low education (1 = low and lowest, 0 = middle and 
high) according to the International Standard Classification of Education (ISCED) 
2011. Low education equals the ISCED level 0-4, middle the level 5 and high the 
level 6-9 [21]. Social status was dichotomized into living alone (0 = living alone, 1 = 
living with the family or a partner), referral diagnosis was dichotomized into chronic 
pain (1 = chronic pain, 0 = musculoskeletal, neurological and miscellaneous) and 
employment was dichotomized in employment (0= retired, unemployed, student, 
welfare, 1 = work, sick leave compensation). In the Dutch society persons who are 
on sick leave keep their job for at least two years and get between 70 and 100% 
financial compensation, and for this reason sick leave compensation was counted as 
work. To analyse the influence of gender, age, education, social status, employment 
and diagnosis, a hierarchical step wise regression analysis was applied for each 
domain of WHOQOL-BREF. To compare differences in means of rehabilitation 
outpatients with a general Dutch population and psychiatric outpatients [4], 
confidence intervals (CI) for differences in means were calculated for each domain, 
unadjusted for age and or gender, since data on a personal level of the reference 
groups were not available [22]. 
 

Results 
 
In total, 65 patients were excluded from the current study (11%); 32 did not sign 
informed consent, 18 were under 18 years of age and 15 were excluded because of 
missing data resulting in 542 potential participants in the current study. 
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Four referral diagnosis groups were specified, based on the diagnosis treatment 
combination used in the Netherlands to categorize patients for funding purposes, this 
method is used in all Dutch rehabilitation centers.  
The first referral diagnosis group was “musculoskeletal” including “disease or injury 
of the upper extremity” and “other musculoskeletal diseases” (n=280, 52%). The 
second referral diagnosis group was “chronic pain” including patients with chronic 
pain (n=174, 32%). The third referral diagnosis group was “neurological” including 
“diseases or injury of the central nerve system” or “peripheral nerves” (n=59, 11%) 
and the last group is a miscellaneous group (n=29, 5%) (Table 1).  
 
Table 1 Referral diagnosis of the rehabilitation specialist and grouping of patients in the current study. 
Diagnosis Division of the groups         n 

Musculoskeletal diseases Musculoskeletal 280 

Chronic pain Chronic pain 174 

Neurology Neurological 59 

Brain injury Miscellaneous 7 

Paraplegic Miscellaneous 2 

Amputations Miscellaneous 16 

Organs Miscellaneous 4 

Total  542 

 
A benchmark was made in 2012 of all treatments (n=103410) in 20 Dutch 
rehabilitation centers, according to the same categories. Brain injury patients were 
the largest group (32%) followed by musculoskeletal (24%), chronic pain (17%), 
neurology (13%), organs (6%), paraplegic (5%) and amputations (3%) in that 
benchmark [23]. In our study in outpatients brain injury was rare but the other three 
most important diagnosis groups had a similar distribution. Because the same 
method to diagnose was used we expect that our sample is representative for at 
least musculoskeletal group and chronic pain group. In total, 68% of the patients 
were female; 88% had an age between 20 and 60 years. A majority of patients were 
living with a partner (67%), 11% lived with their parents, 22% lived alone and 56% 
were employed (Table 2).  
Gender (χ 2 (df 3, n= 542) = 4,197, p= .241), marital status (χ 2 (df 6, n= 542) = 
7.088, p= .313), education (χ 2 (df 6, n= 542) = 4,144, p= .657) and employment (χ 

2 (df 3, n= 542) = 7,755, p= .051) did not differ significantly between the different 
diagnosis groups. Employment was almost a significant difference between groups, 
most deviant were the neurological group and the miscellaneous group. The four 
domains of the QOL were normally distributed. Chronbach’s alpha for the WHOQOL-
BREF was .90. Removing items from the questionnaire resulted in lower values of 
alpha. 
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Table 2 Characteristics of participants and according to referral diagnosis of the rehabilitation specialist. 
 Total group 

 
(n=542) 

Musculo-
skeletal 
 (n= 280) 

Chronic 
pain  
(n= 174) 

Neurological  
 
(n=59) 

Miscellaneous 
 
(n=29) 

P 
value  

 n (%) n (%) n (%) n (%) n(%) 
 

Female 366 (67.5%) 196 (70.0%) 116(66.6%) 39(66.1%) 15(51.7%) 0.241a 
Education      0.313a 

--Low/ 
lowest 

198(36.5%) 97 (34.6%) 73(42.0%) 20(33.9%) 8(27.6%)  

--Medium 211 (38.9%) 113 (40.4%) 63(36.2%) 23(39%) 12(41.4%)  

--High 133 (24.6%) 70 (25.0%) 38(21.8%) 16(27.1%) 9(31%)  

Social 
status 

     0.657a 

--Alone 121(22.3%) 57 (20.4%) 41(23.6%) 12(20.3%) 11(37.9%)  

--With 
parents 

58 (10.7%) 31 (11.0%) 17(9.8%) 9(15.3%) 1(3.4%)  

-- With 
partner 

363 (67.0%) 192 (68.6%) 116(66.6%) 38(64.4%) 17(58.6%)  

Employed 302(55.7%) 168(60.0%) 96(55.2%) 25(42.4%) 13(44.8%) 0.051a 

Age, 
mean (sd) 

41.0 (14.0) 40.3 (14.2) 41.7 (14.0) 41.8 (12.8) 43.7(15.6) 0.491b 

       
a:  chi square test, b: ANOVA 
 
 
Compared to the total group rehabilitation outpatients, the chronic pain group scored 
significantly lower in every domain except the environment, the musculoskeletal 
group scored significant higher in all four domains. There is a significantly difference 
between the musculoskeletal group and the chronic pain group in all four domains. 
(Table3). 
 
Table 3 Comparison of WHOQOL-BREF domains between the four diagnosis groups of rehabilitation 
outpatients included in the University Medical Centre Groningen between 2008 and 2012. 

a: The p-value concerns the main effect of the ANOVA, post hoc Tukey test showed a significant difference 
between the chronic pain diagnosis group and musculoskeletal diagnosis group in all domains and between the 
chronic pain diagnosis and the miscellaneous in the physical domain. 
 
The results of the regression analyses are summarized in Table 4.  
  

 
 
 
Domain 

Total group 
outpatients 
n = 542 
Mean (SD) 

Musculo-
skeletal 
n = 280 
Mean (SD) 

Chronic 
pain  
n = 174 
Mean 
(SD) 

Neurological  
 
n = 59 
Mean (SD) 

Miscellaneou
s 
 
n=29 
Mean(SD) 

One-way 
between 
groups 
ANOVA  
p value 

Physical  11.0(2.7)  11.4(2.5) 10.1(2.6) 10.6(3.0) 12.0(2.9) 0.001a 

Psychological 13.6(2.4) 14.0(2.3) 13.1(2.4) 13.8(2.5)  13.5(2.6) 0.001a 

Social  14.8(3.4) 15.3(3.2) 14.1(3.4) 14.5(3.8) 14.4(3.8) 0.004a 

Environment 14.2(2.2) 14.5(2.1) 13.9(2.3) 14.0(2.2) 14.3(2.2) 0.025a 
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Table 4 Results of the stepwaise regression analyses with the different domains of the WHOQOL-BREF as 
dependent variables rehabilitation outpatients (n=542). 
 B SE B Sig 95% Confidence interval 
Physical domain      
Step 1 -0.025 0.008 0.003 -0.041 -0.008 
      Gender/male  0.367 0.249 0.141 -0.122  0.857 
      Education/low -0.674 0.241 0.005 -1.147 -0.200 
      Living together  0.172 0.279 0.539 -0.376  0.719 
      Employed  0.408 0.236 0.084 -0.055  0.871 
Step 2      
      Chronic pain -1.123 0.241 <0.001 -1.599 -0.653 

Psychological domain     
Step 1      
      Age -0.015 0.008 0.056 -0.029  0.000 
      Gender/male -0.140 0.225 0.535 -0.582  0.302 
      Education/low -0.339 0.218 0.120 -0.766  0.089 
      Living together  0.760 0.252 0.003 0.265  1.255 
      Employed  0.636 0.213 0.003 0.218  1.054 
    Step 2      
      Chronic pain -0.788 0.219 <0.001 -1.219 -0.358 

Social domain     
Step 1      
      Age -0.042 0.011 <0.001 -0.063 -0.021 
      Gender/male -0.385 0.314 0.221 -1.002  0.232 
      Education/low -0.350 0.304 0.250 -0.947  0.247 
      Living together  0.530 0.351 0.132 -0.161  1.220 
      Employed  0.997 0.297 0.001 0.413  1.580 
    Step 2      
      Chronic pain -0.916 0.307 0.003 -1.519 -0.312 

Environment domain     
Step 1      
       Age -0.016 0.007 0.014 -0.029 -0.003 
       Gender/male  0.194 0.198 0.327 -0.195  0.583 
       Education/low -0.945 0.191 <0.001 -1.321 -0.569 
       Living together  0.485 0.221 0.029 0.051  0.920 
       Employed  0.489 0.187 0.009 0.121  0.856 
Step 2      
       Chronic pain -0.443 0.194 0.023 -0.825 -0.062 

For gender the reference group was female, for education the reference group was middle or high education, 
for living together (consists of living with the family or a partner) the reference group was living alone, for 
employed the reference group was unemployment and for chronic pain the reference group was the other 
diagnosis groups (musculoskeletal, neurological and miscellaneous ). 
 
Tabel 5 Comparison of domains of WHOQOL-BREF between the general Dutch population, rehabilitation 
outpatients seen in University Medical Center Groningen between 2008 and 2012, and the psychiatric 
outpatients (not adjusted for age and gender). 
 General Dutch 

population 
(n=626a) 

  Rehabilitation 
outpatients 
(n=542) 

 Psychiatric 
outpatients 

(n=410) 
Domain Mean sd Difc 95% 

CIb 
lower 

95% 
CI 
upper 

Mean sd Dif 95% 
CI 
lower 

95% 
CI 
upper  

Mean sd 

Physical 15.5 2.7 4.5 4.2 4.8 11.0 2.7 0.8 0.4 1.2 11.8 3.0 
Psycho-
logical 

14.7 2.2 1.1 0.4 1.2 13.6 2.4 -3.1 -3.4 -2.8 10.5 2.5 

Social 15.2 2.9 0.4 0.0 0.8 14.8 3.4 -2.0 -2.4 -1.6 12.8 3.5 

Environ-
ment 

15.9 2.2 1.7 1.5 2.0 14.2 2.2 -0.7 -1.0 -0.4 13.5 2.5 

a: owing to missing data the number of participants from the general Dutch population differ per domain (range 
619-626).  
b: Confidence interval. c: Difference 
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Figure 1 Comparison of domains of WHOQOL-BREF between the general Dutch population (GDP), 
rehabilitation outpatients (RO) included in the University Medical Center Groningen between 2008 and 2012, 
and the psychiatric outpatients (PO) (not adjusted for age and  gender). 
 

 
 

Discussion  
 
The current study aimed to provide normal values of the WHOQOL-BREF for 
outpatients in rehabilitation, and to gain insight into the influence of diagnosis and 
patient characteristics on QOL. Compared to the general Dutch population, 
rehabilitation outpatients scored, lower on all domains of WHOQOL-BREF; the 
physical domain most strongly. A higher age had a negative impact on QOL in all 
domains except the psychological domain. Unemployment had a negative impact on 
all domains except the physical domain. Living alone influenced the psychological 
and environmental domains negatively. Lower education influenced the physical and 
environmental domains negatively. Finally, gender had no significant influence on 
any domain.  
Diagnosis 
In all four domains, the patients suffering from chronic pain were found to have a 
lower QOL than the musculoskeletal group. This influence was also significant after 
correcting for patient characteristics in all domains of WHOQOL-BREF. This finding 
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corresponds with the concept that the emotional component plays an important role 
in chronic pain [24, 25].  
Rehabilitation patients, psychiatric patients and general Dutch population compared 
Both psychiatric outpatients and rehabilitation outpatients scored lower on the 
physical domain than the general Dutch population, with the rehabilitation patients 
scoring the lowest. The psychiatric patients scored lower in the other three domains 
compared to the general Dutch population and to the rehabilitation outpatients. 
Further analyses revealed that the chronic pain patients had a lower score on the 
psychological domain but not as low as the psychiatric patients. The comparison with 
the psychiatric patients was not adjusted for age and gender. The comparison with 
the general Dutch population was not adjusted for age because data to do so were 
not available. Some age differences were present in our study. The mean age of the 
general Dutch population was 53.9 (SD 16.2), of the rehabilitation outpatients 41.0 
(SD 14.0) and of the psychiatric outpatients 33.5 (SD 8.3). In a  large WHOQOL-
BREF study in the UK (n = 4628), including healthy people and people suffering from 
different health conditions, effects of age on WHOQOL-BREF scores was small. [26]. 
There were no gender difference between the general Dutch population and the 
rehabilitation outpatients. These findings validate the assumption that rehabilitation 
patients primarily show difficulties coping with their physical problem and psychiatric 
patients with their mental problems.  
QOL as outcome measure / Implications 
The ability of the WHOQOL-BREF to evaluate change over time was investigated in a 
study within an outpatient rehabilitation setting. That study concluded that the 
questionnaire was a useful instrument for outcome measurement [17]. Also, 
statistical significant differences were found in all but the social domain, using raw 
data, between admission and discharge. Because raw data was used it is difficult to 
assess the clinical impact of these differences. Moreover, the study used a small 
sample of 55 patients. WHOQOL –BREF has been used as a routine outcome 
measure and changes were found in pre-post scores for some of 13 interventions 
investigated  [26]. Only three of the interventions found a significant response in 
three or more domains: treatment as usual for depression, treatment as usual for 
arthritis and massage for chronic pain. Only four of the 13 treatments reported 
improvement in the psychological domain. The conclusion was that the 
responsiveness of the WHOQOL-BREF is limited or that the interventions were 
ineffective [26].  
In the current study QOL was measured once. The largest difference between the 
general Dutch population and the rehabilitation outpatients was in the physical 
domain, approximately 4 points on a 4 to 20 scale. The difference between the 
general Dutch population and rehabilitation outpatients was 1.1 point on the 
psychological domain and only 0.4 on the social domain. In our opinion the 
differences in the psychological and social domain are small. This finding upholds one 
of the conclusions of the aforementioned study, of a limited responsiveness [26]. 
Strengths and limitations 
The strength of the current study is the number of consecutive participants over a 
five year period. All referred patients were asked to participate. Of these 
participants, only 11% were excluded. Limitation of the current study is a missing 
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base-line measurement of QOL before the trauma or disease. However these data 
cannot be obtained. 
Conclusion 
In rehabilitation outpatients, scores on all WHOQOL-BREF domains were significant 
lower than those of the general Dutch population. Therefore the WHOQOL-BREF can 
be used to measure the subjective impact of their disease or injury in rehabilitation 
outpatients. A small but significant negative effect of increased age and 
unemployment was found on three domains, of living alone on two domains, and of 
lower education also on two domains of QOL. 
Patients with chronic pain were found to exhibit a significant lower QOL in all four 
domains when compared to the group of patients with musculoskeletal problems. 
The differences between the rehabilitation outpatients and the general Dutch 
population on the psychological and social domain are small. 
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Abstract 
 
Background: rehabilitation patients, without brain damage, sometimes complain 
about poor concentration and problems with their memory. The magnitude and 
associations, of this cognitive dysfunction, with different factors is unclear. 
Aim: To determine the magnitude of cognitive dysfunction in rehabilitation outpatient 
and to explore its associations with patient characteristics, diagnosis, surgery, pain, 
stress, anxiety and depression. 
Design: Cross sectional. 
Setting: Rehabilitation outpatients. 
Population: Between July 2009 and January 2012, 274 rehabilitation outpatients 
were included and divided in 8 different groups through diagnosis. 
Methods: Cognitive functioning was assessed using the cognitive failure 
questionnaire and compared with the general Dutch population. Associations of 
gender, age, diagnosis, recent surgery, pain and stress coping ability with cognitive 
function was explored. Mediation of depression and anxiety was explored. 
Results: The rehabilitation patients had a significantly higher score on the CFQ 
(mean (SD) = 35.9 (13.4)) when compared to the general Dutch population (mean 
(SD) = 31.8 (11.1)). Mean difference is 4.1, 95% 2confidence interval 2.60 to 5.60 
In the stepwise linear regression analysis only gender, diagnosis and stress coping 
ability were significantly associated. A significant mediation effect was found of 
anxiety (p=<0.001) and depression (p=<0.005) between stress coping ability and 
cognitive function.  
Conclusions: Rehabilitation outpatients experience more cognitive problems in 
comparison to the general Dutch population. Reported dysfunction of cognition in 
rehabilitation outpatients are associated with stress coping ability and for a small 
amount to gender and diagnosis. The association of stress coping ability and 
cognitive dysfunction is mediated by depression and anxiety. Women tend to report 
more dysfunctional cognition compared to men. Patient characteristics, surgery and 
experienced pain have no significant influence on the experienced cognitive 
dysfunction. 
Clinical rehabilitation impact: Cognitive problems reported by patients should be 
addressed by adapting the rehabilitation program, for instance write down 
instructions, repeat explanations and take more time for instructions. . Cognitive 
problems in rehabilitation patients without brain damage is probably a stress coping 
problem and can be addressed by boosting resilience. Targeting depression or 
anxiety is another option of treatment cognition if those are mediating between 
stress coping and cognitive problems.  
 

Introduction 
 
In rehabilitation inpatients, without brain injury, cognitive dysfunction does occur.1, 2 
Cognitive dysfunction has been found to be associated with different factors including 
gender, age, diagnosis, surgery, pain, stress, anxiety and depression.3-13  
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There are many hypotheses regarding the associations between cognitive 
dysfunction and the factors mentioned above. Some hypotheses are biomedical and 
describe that anoxia, hypoperfusion or micro-emboli may occur during surgery 
causing brain damage, resulting in cognitive dysfunction.1, 14 Other hypotheses are 
biopsychosocial, and describe more complicated pathways to the cognitive 
dysfunction.15-18 In patients suffering from medical unexplained symptoms such as 
irritable bowel syndrome, chronic pain, fatigue and stress, a complicated interaction 
between different systems and structures has been described to maintain 
homeostasis including the hypothalamic-pituitary-adrenal axis, the autonomic 
nervous system, the immune system and the prefrontal cortex.3, 19-23 These systems 
interact with endogenous and exogenous stimuli in a protective and beneficial way 
but can become deleterious and may cause, among other things, cognitive 
dysfunction. Rehabilitation outpatients are exposed to stressful circumstances and 
stress factors like surgery and pain.24, 25 
Stress, chronic and acute, causes an imbalance of the neural circuitry subserving 
cognition, anxiety and mood.26 Therefore according to the hypotheses above it is no 
surprise that patients may complain, along with a change in mood and anxiety, 
about cognitive dysfunction. Little is known about the extent of this problem nor is it 
clear if patient characteristics, diagnosis, surgery, pain, are associated with the 
cognitive dysfunction and if there is a mediating role of depression and anxiety in 
rehabilitation outpatients.  
When there is no clear cue for cognitive dysfunction like brain damage or old age, it 
may stay unnoticed during the rehabilitation. Cognitive dysfunction such as poor 
functioning of memory, concentration or problem solving, has a negative influence 
on the outcome of rehabilitation programs.27-29 When cognitive dysfunction is 
recognized, the rehabilitation program need to be adapted,30 for instance write down 
instructions, repeat explanations and take more time for instructions. 
The aim of the study is to determine the magnitude of cognitive dysfunction in 
rehabilitation outpatient and to explore its associations with patient characteristics, 
diagnosis, surgery, pain, anxiety, stress and depression. 
 

Materials and methods 
 
This study is assessed by the Medical ethics Review Board and they state that it 
fulfils all the requirements of our University Hospital for publication of patient data on 
08-20-2015 (2015/348). All patients signed an informed consent. 
Participants 
Between July 2009 and January 2012, 327 outpatients (≥18 years) from the 
Department of Rehabilitation Medicine of the University Medical Centre Groningen 
were referred to a psychologist with experience in patients undergoing rehabilitation. 
They were referred by a rehabilitation physician for a psychological assessment 
and/or treatment. All the referred out clinic patients were included. Medical referral 
diagnosis were used to form 8 different diagnosis groups. Excluded from this 
consecutive study sample were patients with possible brain damage or organ failure.  
Before the first meeting with the psychologist, a set of questionnaires was sent by 
mail with the request to fill out the questionnaires and bring these to the first 
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session. An informed consent was sent together with the questionnaires. The 
following patient characteristics were collected during the intake procedure; gender, 
education (according to the International Standard Classification of Education)31, 
marital status and age. Also the highest and lowest pain intensity, experienced in the 
last week, assessed on a numeric rating scale from 0 to 10 was collected. From the 
medical records data regarding recent surgery (< 3 months ago) and the referral 
diagnosis of the rehabilitation physician was collected. 
Questionnaires  
This study used questionnaires to assess cognitive functioning, the stress coping 
ability, depression and anxiety. Self-reported cognitive functioning was assessed 
using the cognitive failure questionnaire (CFQ).32, 33 The CFQ is a 25-item self-report 
questionnaire assessing failures in perception, memory, and motor function in the 
completion of everyday tasks in the past 6 months. Individuals were asked to rate 
the frequency of experiences and behaviors on a 5-point scale from 0 (never), to 4 
(very often). In this study, the sum score (range 1-100) was used. Higher scores 
indicate more cognitive failures. The CFQ is shown to have excellent psychometric 
properties, CFQ reliability (r) over 24 months is 0.71, the inter-item reliability 
Cronbach’s α of the CFQ is 0.92.34  
The Connor-Davidson Resilience Scale (CD-RISC) was used to estimate the stress 
coping ability of a patient.35 The CD-RISC is a 25 item questionnaire. Each item is 
rated on a 5-pont scale, higher scores reflecting greater resilience. Resilience may be 
viewed as a measure of stress coping ability.35 There is no gold standard for 
resilience yet but in a review of different resilience questionnaires the CD-RISC was 1 
of the 3 questionnaires with the best psychometric properties.36 
The hospital anxiety and depression scale (HADS) was used to assess anxiety and 
depression.37 This scale is divided into an anxiety subscale (HADS-A) and a 
depression subscale (HADS-D), both containing 7 intermingled items. During the 
development of this scale the ‘noise’ from somatic disorders on the scores, all 
symptoms of anxiety or depression also relating to physical disorder, such as 
dizziness, headaches, insomnia, anergia and fatigue, were excluded.34 In patients 
with musculoskeletal disorders the depression subscale is stable. The reported 
Chronbach alpha was .83 for the anxiety subscale and .84 for the depression 
subscale, indicating adequate internal consistency.38 
Statistical procedures 
Data was anonymized and analyzed using IBM SPSS Statistics (v.20). P-P and Q-Q 
plots were used to assess normal distribution of dependent variables. Results are 
significant at p ≤ 0.05 unless stated otherwise. To analyze differences in means of 
the CFQ in rehabilitation outpatients with a general Dutch population the confidence 
interval (CI) for difference in means was calculated.30 
A Pearson Chi-Square test and ANOVA were used to analyze if gender, education, 
social status, age, HADS-D, HADS-A, pain, CFQ and CD-RISC total score, differed 
between diagnosis groups. Education was split according to the international 
Standard Classification of Education (ISCED) 2011; Low education equals the ISCED 
level 0-4, middle the level 5 and high the level 6-9.31 For (regression) analyses 
several dummy variables were computed. Social status was dichotomized into living 
alone (living alone and living with the family or a partner), diagnosis was 
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dichotomized into musculoskeletal (upper extremity, lower extremity, arthritic and 
other) and the other 4 groups (chronic pain complex/not complex, peripheral nerve 
damage and amputation). To analyze the association between gender, age, 
diagnosis, surgery, pain and stress coping ability, a hierarchical step wise regression 
analysis was used with the sum score CFQ as dependent variable. In the first step we 
entered gender and age, in the second the diagnosis, in the third surgery and pain 
intensity, in the fourth stress coping ability. Interaction effects were explored and 
residuals were checked for a normal distribution. Anxiety and depression were added 
in the fifth step to check mediation. Anxiety and depression were used in a mediation 
model using stress coping ability as independent variable, cognition as dependent 
variable and depression and anxiety as mediators. PROCESS v2.16 add on for SPSS 
by Hayes was used for mediation calculation.39  
 
Results 
 
Of all the referred patients (n=327) some did not want to participate (n=22) and 
some questionnaires contained too much missing data (n=18). Of the remaining 287 
patients, 13 patients had an organ failure or a (presumably) central neurologic 
problem and were excluded. The most common referral diagnosis, of the included 
274 patients, was musculoskeletal disorder (53%), followed by chronic pain (35%). 
The musculoskeletal group was divided in 4 subgroups, 3 depending on the location 
of their musculoskeletal disorder, upper extremity, lower extremity and other such 
as spine or trunk, and 1 arthritic disorder group including rheumatoid arthritis. The 
pain group was divided in 2 subgroups. Social and psychological factors played a 
substantial role in maintaining the pain in the first chronic pain group (complex) and 
behavior such as overuse played a substantial role in maintaining the pain in the 
second chronic pain group (not complex). 
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Figure 1  Flowchart of inclusion procedure. 

  
The group of peripheral nerve damage (9%) and a small group of patients with an 
amputation (3%) are the last 2 of the total of 8 groups (Figure 1).  
No significant differences were found between the 8 different diagnosis groups with 
regard to gender, education, social status, age and stress coping ability (Table 1). 
  

Referred patients between July 
2009 and January 2012 
n=327 

Included n=287 

No inform consent n=22 
Missing data   n=18 

Included in this study    n=274 
Musculoskeletal upper extremity  n=79 
Musculoskeletal lower extremity  n=18 
Musculoskeletal arthritic   n=31 
Musculoskeletal other      n=17 
Amputation    n=8 
Peripheral nerve damage   n=26 
Chronic pain, behavioral   n= 21 
Chronic pain, social and psychological n=74 

Brain injury   N=5 
Multi trauma   N=2 
Organ failure   N=4 
Spinal cord injury  N=2 
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The rehabilitation patients had a significantly higher score on the CFQ (mean (SD) = 
35.9 (13.4)) when compared to the general Dutch population (mean (SD) = 31.8 
(11.1)). Mean difference 4.1, 95% confidence interval 2.6 to 5.6. 
In the stepwise linear regression analysis only gender, diagnosis and stress coping 
ability were significantly associated, after stress coping ability (CD-RISC) was 
entered in the fourth step. There were no significant interaction effects (Table 2). 
The explained variance of the model was 0.159. Residuals were normally distributed. 

Table 2 Results of the stepwise regression analyses of the CFQ as dependent variables. With 4 steps of 
independent variables. 

* sig < 0.05. ** <0.001 * . †. Musculosketetal yes, no. ‡. Surgery <3 month before intake, yes, no. §. Highest
experienced pain level last week on the numeric rating scale ||. Lowest experienced pain level last week on the
numeric rating scale. B = unstandardized coefficients. For gender the reference group was female. for surgery
the reference group was no surgery. For was musculoskeletal disorders the reference groups was chronic pain,
peripheral nerve damage and amputation combined.

Table 3 Results of the stepwise regression analyses of the CFQ as dependent variables. With 5 steps of 
independent variables. 

* sig =< 0.05. ** sig=<0.001 †. Musculosketetal yes. no. ‡. Surgery <3 month before intake. yes. no. §.
Highest experienced pain level last week on the numeric rating scale ||. Lowest experienced pain level last
week on the numeric rating scale.  B = unstandardized coefficients SE = standard error. For gender the
reference group was female. for surgery the reference group was no surgery. For was musculoskeletal disorders
the reference groups was chronic pain, peripheral nerve damage and amputation combined.

B SE B Sig 95%Confidence interval R Square 
Change 

Lower 
bound 

Upper 
bound 

Step 1 0.017 
Gender/male -3.532 1.713 .040 -6.905 -.159 
Age .039 .053 .465 -.066 .144 
Step 2 0.019* 

Diagnosis† -3.304 1.512 .030 -6.281 -.328 
Step 3 0.018 
Surgery‡ -3.567 2.253 .115 -8.003 .868 
Pain high§ .110 .339 .747 -.558 .777 
Pain low|| -.342 .444 .442 -1.215 .532 
Step 4 0.106** 
CD-RISC -.311 .054 <.001 -.417 -.205 

Constant 57.632 4.647 <.001 48.482 66.781 

B SE B Sig 95%Confidence interval R Square 
Change 

Lower 
bound 

Upper 
bound 

Step 1 0.017 
Gender/male -3.232 1.498 .032 -6.181 -.282 
Age -.014 .048 .765 -.108 .080 
Step 2 0.019* 
Diagnosis† -1.554 1.335 .245 -4.182 1.074 
Step 3 0.018 
Surgery‡ -2.528 1.977 .202 -6.421 1.365 
Pain high§ .092 .298 .758 -.494 .678 
Pain low|| -.670 .389 .086 -1.437 .096 
Step 4 0.106** 
CD-RICS -.024 .056 .669 -.135 .087 
Step 5 0.204** 
HADS-A .973 .219 <.001 .542 1.404 
HADS-D .746 .240 .002 .273 1.219 
Constant 34.946 2.421 <.001 30.180 39.712 
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In a fifth step Anxiety (HADS-A) and depression (HADS-D) were entered. Association 
between stress coping ability and CFQ was reduced and no longer significant, 
indicating a strong mediating effect of the HADS-A and HADS-D. 
A significant mediation effect was found of anxiety (p=<0.001) and depression 
(p=0.006) between stress coping ability and cognitive function (Figure 2). Gender 
and diagnosis did not have any mediation effect. 

Figure 2 
Mediation model. 

Mediation model showing that stress coping ability, (independent variables) on cognition 
 (dependent) is mediated by anxiety and depression. Total effect model B = -0.324, t(272)=-6.037, p=<.001 
** p=<0.005 *** p=<0.001 

Discussion 

Rehabilitation outpatients experience more cognitive problems compared to the 
general Dutch population. This difference confirms the observation that a proportion 
of the rehabilitation outpatients complained about cognitive functioning. Of the 
patient characteristics analyzed in this study gender appeared to be significantly 
related to the CFQ scores but the effect was small (1.7% explained variance). 
Diagnosis also had a small effect (1.9% explained variance). Stress coping ability 
(CD-RISC) had the foremost influence on the model (11% explained variance). 
Beside the direct effect there was a substantial mediating effect of anxiety and 
depression on cognition (Table 3). Entering anxiety and depression in the fifth step 
reduced the association between stress coping ability and cognitive problems. That is 
a sign of mediation (Figure 2). The presented model is simple and the discussion 
about a (more complicated) model is going on.19-21, 40 This model provides the 
clinician with more possibilities to modify the rehabilitation program. The obvious 

B=-0.183*** B=1.026*** 

B=-0.164*** 

Stress coping ability 

Depression 

Anxiety

Cognition

B=0.673** 
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solution is to adapt the program as described in the introduction. Other opportunities 
are strengthening the stress coping ability or treatment of anxiety and  
depression.41, 42

Although the difference with the general Dutch population was clinically small, it is 
relevant in rehabilitation because cognition is one important determinant of 
rehabilitation outcome.27, 28  
The expected association with, surgery or pain was not found. Other studies did find 
a significant association between surgery and pain and cognition.1, 2, 6, 7 One 
explanation of this difference in outcomes is that in previous studies, stress coping 
ability, depression and anxiety was not included into the analyses.43 Another 
explanation for this difference is that in our study, patients were included up to 3 
months after surgery. Cognitive decline was found to be most distinct in the first 2 
weeks after surgery.14  
In a study including patients with chronic pain, an association was found between 
pain and cognitive dysfunction but depression made the strongest unique 
contribution to the cognitive dysfunction.3 A study in fibromyalgia patients found that 
pain played an important role in cognitive dysfunction.44 Sleep disturbance and 
depression were referred to as factors influencing cognition.45 All mentioned studies 
acknowledge the role of depression in disrupting cognition.1-3, 6, 7, 14, 15, 44, 45 In our 
study depression, anxiety mediated cognitive problems. Although the pathway is not 
yet revealed, our study suggests that perceived cognitive dysfunction may be an 
indicator of an imbalance of the neural circuitry resulting in cognitive problems, 
anxiety or depressive symptoms. This imbalance is caused by acute and chronic 
stress as experienced by rehabilitation patients.24 
It is safe to assume that the patients in this study experienced stress.24, 46 This is 
stress for example about their health, the pain they experience, and frustration 
about the things they can’t do, like work or hobby, due to their disorder. Stress is 
linked to dysfunctional cognitions, major depression and anxiety in several  
studies.19, 47

The strength of this study is that it included different diagnoses within the 
rehabilitation outpatients, included different possible causes of the cognitive problem 
and the mediating factors.  
Study limitations 
The weakness of this study is the use of one screening instrument for cognitive 
dysfunction. The CFQ is a subjective measure of cognitive functioning. A study about 
cognitive functioning in bipolar disorders showed no association between cognitive 
complaints and objective cognitive functioning, but cognitive complaints were 
strongly related to depressive symptoms.48 Other studies found a relationship 
between objective testing and subjective questionnaire as the CFQ and even that 
perceived cognitive problems predict cognitive decline at an earlier stage than 
objective tests.49 Whereas another study concluded white matter lesions were 
associated with subjective cognitive failures, even in the absence of objective 
cognitive impairment.50  
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Conclusions  
Rehabilitation outpatients experience more cognitive problems in comparison to the 
general Dutch population. Reported dysfunction of cognition in rehabilitation 
outpatients are associated with stress coping ability and for a small amount to 
gender and diagnosis. The association of stress coping ability and cognitive 
dysfunction is mediated by depression and anxiety. Women tend to report more 
dysfunctional cognition compared to men.  
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Abstract 
 
Objective: The aims of this systematic review were to review the literature regarding 
factors of influence on patient satisfaction with a transtibial prosthesis, to report 
satisfaction scores, to present an overview of questionnaires used to assess 
satisfaction, and examine how these questionnaires operationalize satisfaction.  
Methods: A literature search was performed in PubMed, Embase, PsycInfo, CINAHL, 
Cochrane, and Web of Knowledge databases up to February 2018 to identify relevant 
studies. Results: Twelve out of 1832 studies met the inclusion criteria. Sample sizes 
ranged from 14 to 581 participants, mean age ranged from 18 to 70 years, and time 
since amputation ranged from 3 to 39 years. Seven questionnaires assessed different 
aspects of satisfaction. Patient satisfaction was influenced by appearance, properties, 
fit, and use of the prosthesis, as well as aspects of the residual limb. These 
influencing factors were not relevant for all amputee patients and were related to 
gender, etiology, liner use, and level of amputation. No single factor was found to 
significantly influence satisfaction or dissatisfaction. Significant associations were 
found between satisfaction and gender, etiology, liner use, and level of amputation.  
Conclusion: Relevance of certain factors for satisfaction was related to specific 
amputee patient groups. Questionnaires assessing satisfaction use different 
operationalizations, making comparisons between studies difficult.  
 
Acknowledgments: The authors declare that they have no conflict of interest. 
 
Introduction 
 
Regaining mobility is an important rehabilitation objective for patients with a 
transtibial amputation. Satisfaction with the prosthesis plays a key role in regaining 
mobility and is important for optimizing use of the prosthesis, preventing rejection, 
and increasing compliance with the medical regimen.1,2 Forty percent to 60 % of 
amputee patients are not satisfied with their prostheses.3,4 Fifty-seven percent are 
dissatisfied with the comfort of their prostheses, and over 50% report pain while 
using their prostheses.3,4 Rejection of the prosthesis can be seen as the ultimate 
expression of dissatisfaction with the prosthesis and occurs in up to 31% cases of 
prostheses prescribed to armed forces service members with lower limb 
amputations, mainly as a result of technical problems (e.g., “too much fuss” during 
use and the prosthesis being “too heavy”).5 These findings make (dis)satisfaction 
with transtibial prostheses a highly relevant issue in lower limb amputee care.4,5 
Patient satisfaction is a key indicator of the quality of care. It plays an important role 
in the evaluation of outcomes of healthcare services and management of the 
healthcare budget.1,2,6-8 Numerous theories and models of patient satisfaction exist, 
including “the value expectancy model,” “the disconfirmation theory,” “the 
attribution theory,” and “the need theory.” 6,8 Satisfaction is defined in different ways 
e.g.: “an emotional or affective evaluation of the service based on cognitive 
processes which were shaped by expectations”; “a congruence of expectations and 
actual experiences of a health service”; and “an overall evaluation of different 
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aspects of a health service.” 6 In summary, patient satisfaction entails matching 
patients’ experiences with their expectations.  
The various questionnaires assessing satisfaction with the prosthesis operationalize 
satisfaction differently. For example, the Trinity Amputation and Prosthesis 
Experience Scales (TAPES) assesses satisfaction using a 5- point scale that 
comprises questions on “color”, “noise”, “shape”, “appearance”, “weight”, 
“usefulness”, “reliability”, “fit”, “comfort”, and “overall satisfaction.” 9,10 The 
Prosthesis Evaluation Questionnaire (PEQ) uses 2 visual analogue scales to assess 
overall satisfaction and satisfaction with walking with the prosthesis during the 
previous 4 weeks.1
In this review, prosthesis satisfaction is viewed as a multidimensional and dynamic 
construct. Prosthesis satisfaction is the patient’s subjective and emotional evaluation 
of (aspects of) the prosthesis that is influenced by the appearance, properties, fit, 
and use of the prosthesis, as well as aspects of the residual limb. Emotions regarding 
the prosthesis are also influenced by the patient’s psychological state, e.g., 
depression and anxiety; psychological factors; and person-related characteristics, 
such as prior experiences, coping, expectations, general values, beliefs, perceptions, 
and social context.6,7 Hence, satisfaction with the prosthesis (or prosthesis 
components) is a biopsychosocial construct that is influenced by all of the 
aforementioned factors.1,2,6,7

Recently, a systematic review analyzed patients’ experiences, including satisfaction, 
with transtibial prosthetic liners.11 This review has several limitations. First, half of 
the included studies had small sample sizes (≤10). Second, most of the included 
studies used author-designed questionnaires, some of which were based on the PEQ. 
Third, satisfaction was not studied in all of the included studies. Fourth, in several 
studies patients’ experiences with liners were assessed with test prostheses instead 
of definitive prostheses. Finally, in two studies the same population was 
researched.12,13  
Given that prosthesis satisfaction is not only interpreted differently by researchers 
1,2,6 but also operationalized differently in questionnaires, it is difficult to compare 
results of studies on prosthesis satisfaction. A comprehensive overview of factors 
that influence satisfaction with the prosthesis is currently missing. Such an overview 
will help clinicians to systematically assess these factors and target them to improve 
outcomes.   
This systematic review aims to identify factors of influence on patient satisfaction 
with a definitive transtibial prosthesis, report satisfaction scores, present an overview 
of questionnaires used to assess satisfaction with the prosthesis, and examine how 
these questionnaires operationalize satisfaction. 

Methods 

This study is reported in accordance with the PRISMA guidelines. Ethical approval is 
not required for this is a systematic review of previously published studies.  
Search Strategy 
Six databases (PubMed, Embase, PsycInfo, CINAHL, Cochrane, and Web of 
Knowledge) were searched from their inception to Febuary , 2018. The search 
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strategy used for PubMed was based on terms related to (1) lower limb prosthesis, 
including “lower limb,” “leg,” “artificial limb,” and “prosthesis”; and (2) patient 
satisfaction, including “patient satisfaction,” “acceptance,” “rejection,” “satisfaction,” 
and “dissatisfaction.” Excluded were the terms “endoprosthesis,”,” arthroplasty,” 
“graft,” “implant,” and “breast.” With the aid of an information specialist the search 
strategy for MEDLINE was designed: (leg OR lower limb) AND (prosthesis OR 
artificial limb) AND (patient satisfaction OR accept* OR reject* OR satisf* OR 
dissatisf*) NOT (endoprosthesis OR implant OR graft OR bypass OR breast). The 
search strategy was adapted for each of the databases accordingly. 
Study selection 
Studies were collected in a RefWorks database and duplicates (publications listed 
more than once) were removed. Two observers (JG, EB) independently assessed the 
titles and abstracts of the studies identified in the databases. 
Inclusion criteria were as follows: a questionnaire was used to assess patient 
satisfaction with a definitive prosthesis; the transtibial amputation level was studied, 
or, in case of mixed samples, separate data were presented on transtibial amputee 
patients; age of (part of) the study population was >18 years and separate data 
were presented on this group; sample size was > 10; and studies were published in 
English, Dutch, or German.  
Excluded were studies of interim or test prostheses, congress abstracts with no full 
text available, and all types of reviews. After title and abstract assessment, observer 
agreement was calculated (Cohen’s Kappa and absolute agreement), and 
discrepancies in assessments were discussed between observers until consensus was 
reached. Full text studies included in the first round were assessed independently for 
inclusion and exclusion criteria by the same observers (JG, EB) and recorded on a 
predesigned form. Next, a consensus meeting took place to discuss the recorded 
studies. Double publications (studies using the same study population) were 
removed. Reference lists of included studies were checked for any relevant studies 
not identified in the database searches. The full text of these studies was assessed 
and inter-observer agreement was calculated. 
The methodological quality of included studies was assessed independently by two 
authors (ES, EB) by means of a checklist based on the Methodology Checklist for 
Cross-Sectional/ Prevalence Studies of the Agency for Healthcare Research and 
Quality.14   For longitudinal studies additional criteria from the Methodological Index 
of Non-Randomized Studies (Minors check list) were assessed.15 When relevant data 
was missing or a mixed group of amputee patients was described in the study and no 
separate data on transtibial amputee patients were presented, we contacted the 
corresponding authors with the request to provide these data.  
Factors associated with prosthesis satisfaction were extracted independently by 2 
observers (ES, EB) and recorded on a predesigned form. These factors were 
categorized into 5 satisfaction domains: appearance of the prosthesis, properties of 
the prosthesis, fit of the prosthesis, use of the prosthesis, and aspects of the residual 
limb.
Questionnaires 
Two observers (ES, a rehabilitation psychologist with 17 years of experience in 
rehabilitation care, and EB, a physiatrist with 18 years of experience in amputee 
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patient care) independently analyzed the questionnaires used in the studies 
regarding questions or combinations of questions that assessed prosthesis 
satisfaction. Questions that asked the patient to subjectively or emotionally evaluate 
the appearance and properties of the prosthesis or its fit and use were labeled as 
satisfaction questions. For example, the question “Rate how your prosthesis looks,” 
with answering possibilities on a visual analogue scale anchored by 
“terrible/excellent,” was labeled as a satisfaction question. If responses to a question 
were endorsed on a numerical scale, for example, “How many prostheses wore 
out?”, this question was not labeled as a satisfaction question. Discrepancies in 
assessment of questions were discussed until consensus was reached.  

Results 

Search 
A total of 1832 unique studies were identified for assessment  after removal of 
duplicates from the search results. Thirteen studies were identified from the 
reference lists of the included studies  (Figure 1). Cohen’s Kappa as a measure for 
inter-observer agreement for title and abstract assessment was 0.793 , absolute 
agreement 98% . Eighty studies remained after the first assessment and full text of 
these studies was retrieved, in addition to the full text of studies identified from the 
reference lists. Sixty-seven studies were excluded (Figure 1).10,13,16-76 
The assessment resulted in the final inclusion of 12 studies (Figure 1).1,3-5,77-84

Cohen’s Kappa as a measure for inter-observer agreement of the full text 
assessment and selection was 0.39 (absolute agreement 67%).  
Study descriptions and quality assessment 
Most studies had a cross-sectional design. Two had a longitudinal design .79,84

Sample sizes varied from 14 to 581 participants, age ranged from 18 to 70 years and 
60% to 100% was male. Participants were recruited from prosthetic centers, 
amputee patient groups, hospitals, medical services for armed forces service 
members, and registered charities (Table 1).1,3-5,77-83

One of the contacted authors responded to our request for additional data on 
transtibial amputee patients.84  
Quality criteria that were met for ranging from 6 out of 10 to10 out of 10 (Table 2). 
The longitudinal studies 79,84 met 2 and 3 of the 8 additional Minors criteria (Table 2).
Overall satisfaction with the prosthesis was analyzed in 5 studies.3,77,78,82,84 Van de 
Weg et al.78 compared 2 overall satisfaction scores between groups of patients with 
different types of liners and found no significant differences between these patients.  
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Figure 1. Flow chart of paper assessment. 
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Overall satisfaction 
A regression analysis demonstrated that male gender, paid work, a nonvascular 
reason for amputation, and a longer period of time since amputation were associated 
with somewhat higher satisfaction scores.  Ali et al.77 analyzed satisfaction with liners 
and found significantly higher overall satisfaction scores for Seal-in liner users. Berke 
et al. 3 reported mean overall satisfaction scores (range 0-10) in veterans and 
service members who lost limbs in the Vietnam conflict (7.3) or in the Operation 
Iraqi Freedom (OIF) and Operation Enduring Freedom (OEF) conflicts (7.5). Harness 
et al. 82 found overall satisfaction to be associated with “appearance” (r =0.44), 
“residual limb health” (r=0.44), “less pain” (r=0.40), “ability to ambulate” (r=0.66), 
and “ability to make transfers” (r=0.36). Giesberts et al. 84 analysed satisfaction with 
the modular socket system  in a longitudinal study using an overall prosthesis 
evaluation score, ranging from 0-10, with 0 equaling “not at all satisfied” and 10 
equaling “very satisfied”.  
Mean visual analogue scale (VAS) scores (range 0-10) for overall satisfaction ranged 
from 6.9 77 to 7.7,84 and mean overall satisfaction sum scores (range 0-21) ranged 
from 11.0 to 12.0.78 Mean overall satisfaction with liners (range 0-100) ranged from 
63.1 for polyethylene liners to 83.1 for Seal-in liners.77 
Appearance 
Several studies described the percentage of patients satisfied with the appearance of 
their prostheses or reported satisfaction scores regarding appearance.4,77,78,82,84

Harness et al.82 found a positive association between overall satisfaction and 
appearance of the prosthesis (r=0.44). Two studies compared different prosthesis 
liners in relation to satisfaction with appearance. 77,78 Van de Weg et al.78 found no 
significant differences regarding satisfaction with appearance of the prosthesis 
(“looks”) between users of different liners. Ali et al.77 found that patient satisfaction 
with appearance of the prosthesis was highest for Seal-in liner users. The 
operationalization of satisfaction with appearance of the prosthesis included the 
factors “appearance,” “color,” “touch/feel,” “look(s),” “cosmetics,” and 
“shape.”4,77,78,82-84Giesberts et al. 84 found, no change in satisfaction with appearance 
over time using the PEQ, in patients using the modular socket system.  
The PEQ was applied in 3 studies and uses an appearance scale to assess 
satisfaction.1,82,84 This scale includes 5 questions: 1 on appearance of the prosthesis, 
2 on damage done to clothing or prosthesis cover, and 2 on freedom in choice of 
clothing and shoes. PEQ-based questionnaires were used in 2 studies. One study 
included a question on cosmetic satisfaction with the prosthesis, a concept closely 
related to appearance, while the other study included a question on satisfaction with 
appearance.77,78 The TAPES, used in 2 studies, includes 1 question regarding 
satisfaction with appearance.79,80 This question is part of its Aesthetic Satisfaction 
Subscale. The other 2 questions of this subscale assess satisfaction with the shape 
and color of the prosthesis. In the Survey for Prosthetic Use (SPU), used in 2 studies, 
appearance is not assessed.3,5 The Satisfaction with Prosthesis Questionnaire 
(SATPRO) was used in 1 study and includes 15 questions, 1 of which assesses 
satisfaction with the look of the prosthesis.81 Two studies used author- designed 
questionnaires. Dillingham et al.4 used 1 question to assess satisfaction with the 
appearance of the prosthesis. Cairns et al.83 included a subscale on the aesthetics of 
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the prosthesis, another concept closely related to appearance. This subscale includes 
3 questions assessing “color,” “shape,” and “feel/touch” of the prosthesis.  
Properties of the prosthesis 
Satisfaction with properties of the prosthesis was reported in 7 studies.3-5,79,80,83,84 
Sinha et al.80 found that satisfaction with the weight of the prosthesis was 
significantly higher in transtibial amputee patients compared with transfemoral 
amputee patients. Webster et al.79 found significantly lower levels of functional 
satisfaction in transtibial amputee patients compared with transmetatarsal amputee 
patients. No significant differences in satisfaction with functional and physical 
properties of the prosthesis were found between Vietnam veterans and OIF or OEF 
veterans in the study of Berke et al.3  Another study found a prosthesis rejection rate 
of 18% in Vietnam veterans and 31% in OIF or OEF veterans.5 The operationalization 
of satisfaction with functional and physical properties of the prosthesis included the 
factors “weight,” “smell,” “noise,” “being waterproof,” “durability,” “reliability,” 
“usefulness,” “easy to clean,” “ease of use,” “works well regardless of the weather”,
“limitations imposed on clothing,” “shoe choice (height and style),” “damage done to 
clothing,” and “interaction of prosthesis cover with clothing and joint  
movement.” 3-5,79,80,83,84

Giesberts et al. 84 found a non-significant decline in PEQ scores over time when 
assessing satisfaction with sounds of the prosthesis. The PEQ includes 2 questions on 
satisfaction with properties of the prosthesis.1,82 These questions assess the patients 
rating of “prosthesis weight” and “squeaking, clicking or belching sounds” made by 
the prosthesis. Two PEQ- based questionnaires also included satisfaction questions 
assessing the properties “sound” and “smell” of the prosthesis.77,78 The Functional 
Satisfaction Subscale of the TAPES includes 3 questions on satisfaction with “weight,” 
“usefulness,” and “reliability” of the prosthesis.79,80 The SPU has a satisfaction 
section with 3 questions on satisfaction with “smell,” “sound,” and “weight” of the 
prosthesis and a dissatisfaction section with questions on “lack of reliability” and 
“lack of functionality” of the prosthesis.3,5 In the SATPRO, 4 of the 15 questions 
concern properties of the prosthesis. The scores on these questions are not analyzed 
on item level.81 An author-designed questionnaire included 3 questions on factors 
affecting satisfaction with the cosmetic properties of prosthesis: “durability, “being 
waterproof,” and “easy to clean.” 83 
Fit 
Dillingham et al.4 reported on satisfaction with the fit and comfort of the prosthesis 
without using a between- group comparison. Other studies that examined the fit of 
the prosthesis did perform between-group comparisons of war veterans and included 
the variables employment, gender, marital status, reasons for amputation, years 
since amputation and mobility level. Three out of  4 studies found no significant 
differences between groups.3,78,81 Ali et al.77 found that the type of liner significantly 
influenced patient satisfaction with the fit of the prosthesis. Satisfaction with 
prosthesis fit and suspension was highest in Seal-in liner users, and satisfaction with 
prosthesis donning and doffing was highest in users of polyethylene foam liners.77 
The operationalization of satisfaction with  fit included the factors “comfort,” “fit”, 
“donning and doffing,” “suspension,” “pistoning,” “rotation,” and  
“socket fit.” 3,4,77,78,81,84 
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Giesberts et al. found a significant decline (p 0,027) in satisfaction with comfort  and 
pain over time  using the Socket Fit Comfort Score (SCS) in patients using the 
modular socket system. 84 The Utility Scale of the PEQ includes 2 questions on 
satisfaction with the fit and comfort of the prosthesis; the latter is a concept closely 
related to fit.1,82 In a PEQ-based questionnaire, 1 question was used to measure 
satisfaction with fit (“comfort to wear”).78 The TAPES has incorporated “fit” and 
“comfort” into 3 questions on prosthesis properties in a subscale assessing 
satisfaction.79,80 The SPU includes 1 satisfaction question on “fit.” 3,5 The SATPRO also 
includes 1 question on satisfaction with the comfort of the prosthesis.81 The SCS 
assesses satisfaction with socket comfort while sitting, standing and walking, using a 
scale ranging from 0-10, with 0 being “most uncomfortable socket you can imagine” 
to 10 the “most comfortable socket fit”. 84  
Aspects of the residual limb 
Berke et al.3 compared differences in satisfaction with the prosthesis between 3 
groups of veterans with limb loss. It was found that Vietnam veterans had 
significantly less skin problems of the residual limb than OIF or OEF veterans, which 
positively affected their satisfaction with the prosthesis.  Another study found overall 
satisfaction to be associated with residual limb health and less pain in the residual 
limb (r=0.4).82 Giesberts et al. found a non-significant decline in residual limb health 
using the PEQ in patients using the modular socket system. 84 The operationalization 
of satisfaction with the residual limb included the factors “sweating/perspiration,” 
“wounds,” “irritation,” “blisters,” “pimples,” “skin rash,” “swelling,” “pain,” and 
“phantom pain.” 1,3-5,79,80,82 
The PEQ includes a Residual Limb Health Scale containing 6 questions and a total of 
10 questions on pain, 3 of which specifically assess pain in the residual limb.1,82,84 

Questionnaires based on the PEQ included several questions on different aspects of 
the residual limb that influence satisfaction, such as “sweating,” “wounds,” 
“irritation,” “smell,” and “pain.” 77,78 The TAPES includes 1 question on residual limb 
pain.79,80 The SPU includes 3 questions on aspects of the residual limb that impact 
satisfaction; these include “pain,” “skin problems,” and “sweating.” 3,5 An author-
designed questionnaire included questions on “skin irritation,” “wounds,” 
“perspiration,” and “pain.” 4 
Use of the prosthesis 
In 2 studies differences between groups regarding satisfaction with prosthesis use 
were analyzed.77,78 Users of polyethylene foam inserts were more satisfied than 
users of silicon liners or polyurethane liners while sitting or while walking on uneven 
terrain.78  Users of Seal-in liners were more satisfied while “sitting,” “walking,” 
“walking on uneven terrain,” and “walking on stairs” than users of silicone liners with 
a shuttle lock or polyethylene foam liners.77 Harness et al.82  analyzed factors 
associated with satisfaction with prosthesis use. Satisfaction with use was associated 
with the “ability to ambulate” and the “ability to transfer.”  Giesberts et al. 84 found 
no significant change in ambulation or prosthesis utility over time in patients fitted 
with the modular socket system. Another study found that satisfaction with walking 
with the prosthesis was higher in transtibial amputee patients than in transfemoral 
amputee patients.1 The operationalization of satisfaction with use included 
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satisfaction with “sitting,” “walking,” “walking on uneven terrain,” “walking up and 
down stairs,” “ease of use,” “daily use,” and performance-based  
measures.1,4,77,78,82-84 

The Ambulation Scale of the PEQ includes 8 questions, 1 of which assesses 
satisfaction while walking down the stairs.1,82,84 The PEQ-based questionnaires 
included questions on satisfaction with prosthesis use in different circumstances, 
including “sitting,” “walking,” “climbing stairs,” and “walking on uneven terrain.” 77,78

In the SATPRO, 2 of the 15 questions assess satisfaction with prosthesis use.81An 
author-designed questionnaire assessed satisfaction with a question on “hours of 
prosthesis use.” 4
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Discussion 

Study aim 
The analysis of the included studies revealed that a considerable number of 
transtibial amputee patients were not satisfied with their prostheses or aspects of 
their prostheses. Satisfaction with the prosthesis is a multidimensional construct that 
is affected by various factors. In the included studies several factors were found to 
influence satisfaction and dissatisfaction and the use of different operationalizations 
of satisfaction in the questionnaires makes comparison of outcomes between studies 
impossible.  
Participants 
Participants assessed in the included studies were predominantly physically active 
males who had undergone a traumatic amputation and who had a wide range in age 
and time since amputation.1,3-5,77-84 In some studies participant characteristics were 
correlated. Armed forces service members, for example, were almost exclusively 30- 
to- 60- year- old males who were employed, had undergone traumatic amputations, 
and used their prostheses many hours per day.3,4 Female amputee patients were 
underrepresented and outcome regarding appearance, comfort, and use of the 
prosthesis were not given separately for women.1,3-5,78,80-84 
Overall satisfaction 
Five studies assessed overall satisfaction with the prosthesis, which is the least 
specific evaluation of satisfaction.3,77,78,82,84 Overall satisfaction scores give no insight 
into the specific aspects of satisfaction and offer no directions for improvement. The 
operationalization of overall satisfaction was associated with “appearance of the 
prosthesis” “residual limb health,” “experiencing less pain,” and “being able to 
ambulate and make transfers.” 3,77,78,82 The scores on overall satisfaction suggest 
that there is considerable room for improvement (Table 3).  
Appearance of the prosthesis 
The use of the words “appearance,” “look(s),” “cosmetics,” and “aesthetics” in the 
questionnaires refer to the operationalization of appearance of the prosthesis and 
illustrates why it is difficult to draw comparisons between study outcomes. These 
words are similar in nature, for they all refer to the outward form/appearance of the 
prosthesis, but subtle semantic differences are nevertheless present. “Appearance” is 
the more neutral option, whereas “looks” and “aesthetics” refer to the appreciation of 
the appearance of the prosthesis. “Cosmetics,” in turn, can also refer to the 
enhancement of the (normal) appearance. These words are not interchangeable, and 
differences in meaning may result in different interpretations of questions regarding 
appearance, thereby influencing the outcomes of the questionnaires.  
The difference in the number of questions used in the scales of the questionnaires 
also makes it difficult to compare outcomes. The number of questions on satisfaction 
with appearance, for example, varied from 1 question in the SATPRO, 3 questions in 
the TAPES, and 5 questions in the PEQ, all with different scale ranges (Table 4). In 
addition, while most questionnaires assess satisfaction, only 1 assesses 
dissatisfaction with “reliability” and “functionality” of the prosthesis (SPU).81 The low 
satisfaction scores on appearance of the prosthesis indicate that there is also room 
for (considerable) improvement (Table 3).  
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Properties of the prosthesis 
One study reported on rejection rates of the prosthesis of 18% of Vietnam veterans 
and 31% of OIF/OEF veterans, predominantly because of dissatisfaction with 
properties of the prosthesis.5  One study reported an increase of satisfaction with 
appearance and a decrease in satisfaction with sounds and utility of the prosthesis  
and a decrease of residual limb health over time.84 In another study the mean 
satisfaction score regarding weight of the prosthesis was 58.1 (range 0-100).4
Amputee patients with a more proximal amputation were less satisfied with the 
function and weight of the prosthesis than amputee patients with a more distal 
amputation, and transfemoral amputee patients were less satisfied while walking 
with the prosthesis than transtibial amputee patients.1,79,81 As mentioned above, 
satisfaction in the domains “residual limb health” and “prosthesis use” is related to 
overall satisfaction.82 
Again, considerable improvement is possible in these domains.  
Prosthesis use 
The PEQ assesses prosthesis use in different circumstances because of their possible 
influence on satisfaction. A person might be perfectly satisfied with the prosthesis 
while sitting but dissatisfied with the same prosthesis while walking on uneven 
terrain.1,82 Thus satisfaction is also related to the kind of activity a person wants to 
do. Although most questionnaires include questions on prosthesis use, for instance 
regarding the distance walked, they do not include questions that measure the level 
of satisfaction with this particular distance. 
Questionnaires 
The reviewed studies used existing questionnaires, parts of existing questionnaires, 
adapted questionnaires, and author-designed questionnaires to measure prosthesis 
satisfaction. Various operationalizations were used in the questionnaires to assess 
aspects of satisfaction with a transtibial prosthesis. The reasons for choosing a 
particular operationalization were not explained in the questionnaire guidelines or 
discussed in the studies (Table 4). Furthermore, it was sometimes difficult to 
determine whether the questions assessed satisfaction or another construct. The 
following question illustrates this difficulty: “Over the past four weeks, rate how you 
felt about being able to walk down stairs when using your prosthesis.” Answering 
possibilities were on a VAS anchored by “cannot” and “no problem” (PEQ 13D).1,82 
Because the answer indicates the patient’s subjective/emotional evaluation of 
walking, this was considered to be a satisfaction question concerning prosthesis use.  
All factors that influence satisfaction were categorized into 5 different domains: 
appearance, properties, fit, residual limb, and use. The residual limb was mentioned 
in only 3 studies, despite the fact that it affects satisfaction with the prosthesis. 
Comparison of study outcomes was difficult due to different operationalizations of 
satisfaction in the questionnaires, differences in the phrasing of questions and choice 
of words, and differences in study objectives (Table 3, Table 4). In addition, the time 
frame studied also influences outcomes and was only evaluated in the PEQ. (Table 
4). 
Prosthesis satisfaction 
The findings of this review indicate that it is important for researchers studying 
prosthesis satisfaction to motivate the use of a specific operationalization and 
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preferably cover all factors and domains influencing satisfaction (Table 4). This 
review provides an overview of factors that affect prosthesis satisfaction and can 
help researchers assess satisfaction during history taking, clinical examination, and 
prosthesis evaluation. At the same time, satisfaction is a subjective/emotional 
evaluation influenced by psychosocial factors that might change and vary over time. 
To enable research synthesis of prosthesis satisfaction in meta-analyses, researchers 
should be aware of the different operationalizations used in the questionnaires, for 
these impede comparisons of outcomes and calculation of effect sizes across studies. 
Limitations of this review  
The review was limited by the quality of the studies identified for inclusion. Many 
studies were excluded because they lacked specific data on transtibial amputee 
patients. In addition, only one author answered our request for additional data. We 
also excluded studies because of language restrictions and retrieval problems, 
thereby possibly excluding potential relevant studies. Studies included mainly 
employed males with traumatic amputations, which limits generalizability of findings 
to amputee patients with other characteristics. Patients were recruited from specific 
sources, which also limited generalizability. Finally, the diversity in questionnaires 
used and the different operationalizations of prosthesis satisfaction made pooling of 
quantitative data in a meta-analysis impossible. 
Implications for future research     
Ideally, prosthesis satisfaction should be systematically evaluated by means of an 
assessment of all known factors influencing satisfaction. The choice of a specific 
operationalization and questionnaire should be motivated. Furthermore, future 
research should take into account that prosthesis satisfaction is an emotional 
evaluation that is best assessed during a specific time frame, thereby respecting the 
dynamic aspects of satisfaction. Adhering to these principles will enhance 
comparability of future studies assessing prosthesis satisfaction and make meta-
analysis and pooling of data possible.  
Conclusion 
Factors influencing patient satisfaction with a transtibial prosthesis are diverse and 
include appearance and properties (functional and physical) of the prosthesis, fit of 
the prosthesis, functional use of the prosthesis, and aspects of the residual limb. 
Relevance of certain factors seems to be related to specific amputee groups. 
Questionnaires assessing patient satisfaction use different operationalizations, 
making comparisons between outcomes of questionnaires impossible.  
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Abstract 
 
Purpose: Although controversial, an amputation for longstanding and therapy-
resistant 
Complex Regional Pain Syndrome Type I (CRPS-I) may improve quality of life and 
pain intensity. Resilience, the way people deal with adversity in a positive way may 
be related to these positive outcomes. This study focused on the relationship 
between resilience and postamputation outcomes, i.e. quality of life, pain and 
recurrence of CRPS-I and psychological distress. Method: Twenty-six patients with an 
amputation related to CRPS-I filled in the Connor Davidson Resilience Scale (CD-
RISC), World Health Organisation – Quality of life Assessment (WHOQOL-Bref) and 
the Symptom Checklist-90 Revised (SCL-90-R). An interview was conducted and a 
physical examination performed. Results were compared with reference groups from 
literature and a control group from the outpatient rehabilitation clinic at our medical 
center.Results: Resilience correlated significantly with all domains of the WHOQOL-
Bref (r ranged from 0.41 to 0.72) and negatively with all domains of the SCL-90-R (r 
ranged from 0.39 to 0.68). Patients with an amputation because of CRPS-I have 
higher scores on resilience and quality of life than the control group. Resilience was 
lower in patients who reported CRPS-I symptoms compared to those who did not. 
Conclusions: The results confirmed our hypothesis that patients with an amputation 
because of CRPS-I who have a higher resilience also have a higher quality of life and 
experience lower psychological distress. The prognostic value of resilience in this 
patient group requires further research 
 
Introduction 
 
Pain and swelling following a seemingly minor injury of wrist or ankle, do not recover 
in some patients within a normal timeframe. When pain intensifies and other 
symptoms occur and worsen (e.g. changes in sweating, colour or nail and hair 
growth) Complex Regional Pain Syndrome type I (CRPS-I) is likely to be present.[1] 
Guidelines offer evidence based treatment options for CRPS-I such as medication, 
physical therapy and occupational therapy.[2] However, not all patients respond to 
these therapies and in some patients CRPS-I may further develop into a 
dysfunctional limb with uncontrollable pain or life-threatening infection. [3-5] 
Sometimes a patient requests an amputation of the affected limb as a last resort. [6, 
7] 
Amputation for longstanding and therapy-resistant CRPS-I is controversial and a rare 
intervention.[8] Primarily, the aim of the amputation is to increase quality of life and 
mobility of the patient but also to decrease pain intensity. Outcome variables after 
an amputation such as quality of life have been infrequently reported.[8] Previously, 
there was insufficient evidence that amputation positively contributes to the 
treatment of CRPS-I, with just a few published case studies with positive 
outcomes.[2, 7, 9, 10] Guidelines warn against amputation and the risk of 
recurrence of the syndrome due to their referral to one or two larger studies with 
predominantly negative outcomes. [5,11-13] A systematic review on CRPS-I and 
amputation could not find enough evidence for or against amputation [8] Results 
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from our recent study in a group of 21 patients who had an amputation because of 
longstanding and therapy-resistant CRPS-I did show an overall improvement of life in 
general and improvements in pain intensity, quality of life, mobility, use of a 
prosthesis and job or study enrolment.[6] It is unknown why patients from this study 
have better results than most other patients described in literature.[6, 8] Patients 
faced physical disability and severe pain often several years prior to the amputation. 
After the amputation they seem to “bounce back” beyond what could be expected 
according to literature.   
The ability to bounce back in times of adversity, including physical stress, is called 
resilience.[14] Resilience is defined as “the process of adapting well in the face of 
adversity, trauma, tragedy, threats, or even significant sources of stress — such as 
family and relationship problems, serious health problems, or workplace and financial 
stressors”.[15] It represents a person’s qualities that enable that person to thrive in 
the face of adversity.[16] In patients with traumatic amputations psychological 
recovery and acceptance of limb loss are positively influenced, not only by social 
support or medical care, but also by higher resilience.[17] Resilience may, in part, 
explain why patients are able to increase quality of life after amputation. Insight in 
resilience of patients with a limb amputation because of CRPS-I could guide patient 
selection and give reason for offering patients a program to increase their resilience 
before and after amputation. 
Based on the results from our previous study on quality of life, we hypothesised that 
higher scores on quality of life and participation in daily life may be correlated with 
higher resilience. The aim of this study was to analyse resilience and post 
amputation outcome (CRPS-I symptoms, quality of life, psychological distress and 
participation in daily life) and to analyse how resilience relates to these outcome 
variables in patients with an amputation because of CRPS-I.  
 
Methods 
 
Participants and procedures 
Patients with a request for amputation were referred to our outpatient clinic by their 
consultant in rehabilitation medicine, their general practitioner, or they came on their 
own initiative. Our rehabilitation medicine outpatient clinic is situated in a university 
based medical centre which serves as one of the referral clinics for people with 
longstanding and therapy-resistant CRPS-I in our country. Upon referral the patient 
was independently assessed by a consultant in rehabilitation medicine, vascular 
surgeon, physical therapist and psychiatrist or psychologist. CRPS-I was diagnosed 
according to the criteria of the International Association for the Study of Pain (IASP) 
and the criteria of Bruehl.[18,19] Patients were considered eligible for amputation if 
other diagnoses were ruled out, if (all) therapies for CRPS-I advised in guidelines 
were tried but failed (including infection and wound therapy) and if quality of life was 
experienced as poor and participation in daily life activities was hindered excessively. 
In a multidisciplinary meeting the health care professionals discussed the pros and 
cons of an amputation together, and then later discussed these with the patient.  
All patients (n=27) who underwent elective amputation because of CRPS-I at our 
centre between 2000 and 2011 were contacted to participate in this cross-sectional 
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explorative study. After agreement on participation, patients were sent more 
information about the study, questionnaires and an informed consent form. Patients 
with insufficient knowledge of the Dutch language or younger than 18 years were 
excluded from the study. The study included several questionnaires, a semi-
structured interview and a physical examination. The medical ethical committee 
approved the research (METc 2009/117). 
Questionnaires  
Resilience was assessed with a Dutch version of the Connor-Davidson Resilience 
Scale (CD-RISC), a 25 item self-report measure that was developed to quantify 
current resilience.[16, 20] The score ranges from 0 to 100 with higher scores 
indicating a better resilience.  
Quality of life was evaluated with the World Health Organization - Quality of life 
Assessment (WHOQOL-Bref), a 26 item questionnaire covering four domains: 
physical health, psychological health, social relationships and environment.[21] The 
scores range in each domain from 4 to 20; higher scores indicate better quality of 
life in a certain domain. The results of the WHOQOL-Bref of 21 patients included in 
this study have been described previously.[6] 
Psychological distress was assessed with the Symptom Checklist-90 Revised (SCL-
90-R).[22] The SCL-90-R assesses self-reported psychological distress and multiple 
aspects of psychopathology. It consists of 90 questions in eight dimensions of 
psychological distress: anxiety, agoraphobia, depression, somatisation, insufficiency, 
sensitivity, hostility and insomnia. Patients report to which extent the symptoms of 
the checklist were present in the week preceding the completion of the 
questionnaire. Higher scores in the SCL-90-R indicate more problems. It can be used 
with single dimensions but also as a total psycho neuroticism. All questionnaires 
have five point Likert scales, scoring from 0 to 4 (CD-RISC) or 1 to 5 (WHOQOL-Bref 
and SCL-90-R). 
Interview and physical examination 
A visit to the patient for an interview and physical examination by a psychologist and 
a physician was scheduled in a hospital close to or at the patient’s home. Main 
results from the interview have been published.[6] Patients were asked if they still 
experienced CRPS-I related symptoms, stump pain and phantom pain in the two 
weeks before the visit. Stump pain and phantom pain were recorded on a visual 
analogue scale (VAS) in millimetres (mm). 
After the interview, the physician performed a physical examination of the limbs for 
(recurrence of) CRPS-I [19] and the psychologist checked all questionnaires for 
missing answers and asked patients to fill in the missing answers. 
Analysis  
The results of the CD-RISC and WHOQOL-Bref questionnaires were compared with 
unpublished data from a control group from our outpatient rehabilitation clinic. The 
control group exists of chronic pain patients selected from patients seen by the 
psychologist from our rehabilitation clinic between 2008 and 2013 (n ¼111; male 
34%, mean age 45.9 years SD 13.4 years, female 66%, mean age 40.0 years SD 
13.2 years). Patients in this control group experienced chronic pain (46 weeks) and 
social and psychological factors played a considerable role in maintaining the health 
related complaints. The results of the CD-RISC were also compared with those of a 
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non help-seeking general population sample (n=577) and primary care outpatients 
(n=139) in the United States of America.[16] WHOQOL-Bref scores were additionally 
compared with scores found in the general Dutch population (n=218, male 41%, 
mean age 37.5 years SD 7.6, female 59%, mean age 37.4 SD 8.2). [23] SCL-90-R 
scores were compared with norm values for the Dutch population (n=2394, male: 
female 50%:50%, mean age 41.1 years SD 14.5) and for patients with chronic pain 
(n=2461, male: female 32%:68%, mean age 46.2 years SD 15.4).[22] Comparisons 
were made using Confidence Interval Analysis (CIA 2.2.0 University of 
Southampton).[24] Associations between resilience and the other outcome 
parameters were analysed. Non-parametric correlations (Spearman’s ρ) and Mann 
Whitney U tests were used. 
PASW Statistics version 18 for Windows was used for data analysis. Results are 
significant at p ≤ 0.05.  
 
Results 
 
Patient characteristics 
Of the 27 contacted patients, 26 agreed to participate: 23 women and three men, 
median age 44 years (Interquartile range (IQR): 34; 48). Patients underwent 
amputation between May 2000 and May 2010. Median duration of CRPS-I was 5.5 
years (IQR: 3; 10). Median interval between amputation and study was 56 months 
(IQR: 25; 69). Twenty patients underwent amputation of a lower extremity (LE) and 
six patients of an upper extremity (UE). No patients were excluded. Previous failed 
therapies included combinations of e.g.: physical therapy including pain exposure 
physical therapy [25], occupational therapy, manipulation, sympathetic blocks or  
sympathectomy, medicine such as morphine anti-anxiety agents and dimethylsulfoxide 
cream (50%)[12]. Before amputation patients generally experienced their quality of life 
as poor and often referred to their affected limb as “paw” , “canon” or “obstacle”.   
Measures 
The mean CD-RISC was significantly higher than that of the control group at our 
outpatient rehabilitation clinic (Table 1). CDRISC scores were significantly lower 
compared to values for a USA non help-seeking general population sample and 
similar to patients seeking primary care (Table 1) [16]. 
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Table 1.  Mean and standard deviation for CD-RISC and WHOQOL-Bref domain  scores of  patients who had  
a  limb amputation because of longstanding therapy-resistant Complex Regional Pain Syndrome type I (CRPS-I) 
compared to reference and control groups. 

 CRPS-I Reference and control 
groups 

Difference (95% 
CI) 

CD-RISC 73.3(11.7) Non help seeking[16] 
80.4(12.8) 

 
7.1 (2.1; 12.1)* 

  Primary care [16] 
71.8 (18.4) 

 
-1.5 (-8.9; 5.8) 

  Outpatient rehabilitation 
clinic 
60.2 (12.3) 

 
-13.1 (7.9; 18.4)* 

WHOQOL-Bref 
domains 

 Dutch norm values [23]  

Physical 12.7 (3.6) 15.2 (2.6) 2.6 (1.4; 3.7)* 
Psychosocial 14.4 (2.7) 14.4 (2.0) 0.1 (-0.9; 0.8) 
Social 15.1(3.7) 15.4 (2.9) 0.3 (-0.9; 1.6) 
Environment 13.9(2.8) 15.8 (2.0) 1.9 (1.0; 2.8)* 
  Outpatient rehabilitation 

clinic 
 

Physical  9.8(2.4) 2.9 ( -4.0; -1.7)* 
Psychosocial  12.8(2.3) 1.6 ( -2.6; -0.6)* 
Social  13.7(3.5) 1.4 ( -2.9; 0.2) 
Environment  13.6(2.2) 0.4 ( -1.4; 0.7) 

CD-RISC: Connor-Davidson Resilience Scale; reference values taken from Development of a new resilience scale: the Connor-
Davidson Resilience Scale (CD-RISC) [16]. WHOQOL-Bref: World Health Organization Quality of Life-BREF questionnaire; 
reference values taken from Quality of life and psychopathology: Investigations into their relationship [23]. Control group: 
outpatient rehabilitation clinic: results from patients with chronic pain (46 weeks duration). CI: Confidence interval; *p≤0.05. 
 
WHOQOL-Bref.  
Sixteen patients (62%) reported a good or very good quality of life; four patients 
(15%) reported good nor bad and six patients (23%) reported a poor or very poor 
quality of life. Patients scored significantly higher (=better) on the physical and 
psychosocial domain compared to patients in our control group (Table 1). Patients 
scored significantly lower on the physical and environmental domain compared to 
Dutch norm values. 
SCL-90-R.  
Patients scored significantly higher (=worse) on depression, somatisation, 
insufficiency, insomnia and psycho neuroticism compared to the Dutch norm values 
(table 2)[22]. However, they scored similar to Dutch norm values for chronic pain 
patients )[22]. 
 
Table 2. Mean (SD) SCL-90-R domain scores of patients who had limb amputation because of longstanding 
therapy-resistant Complex Regional Pain. Syndrome type I (CRPS-I) compared with Dutch norm values. 
  CRPS-I Dutch norm 

values 
Difference (95% 
CI) 

Chronic Pain Difference (95% 
CI) 

Anxiety 13.4 (5.4) 12.8 (4.4) −0.5 (−2.2; 1.2) 15.4 (6.3) 2.1 (−0.3; 4.5) 
Agoraphobia 8.7 (3.1) 7.9 (2.3) −0.9 (−1.8; 0.0) 9.1 (4.0) 0.3 (−1.2; 1.9) 
Depression 26.1 (12.0) 21.6 (7.6) −4.5 (−7.5; −1.6)* 28.4 (11.4) 2.3 (−2.1; 6.7) 
Somatization 22.6 (8.6) 16.7 (5.3) −5.9 (−8.0; −3.9)* 24.8 (7.9) 2.2 (−0.9; 5.3) 
Insufficiency 16.9 (6.0) 12.6 (4.3) −4.3 (−5.9; −2.6)* 17.9 (6.4) 0.9 (−1.5; 3.4) 
Sensitivity 25.5 (8.9) 24.1 (7.6) −1.4 (−4.4; 1.5) 25.2 (9.1) −0.3 (−3.8; 3.2) 
Hostility 7.1 (1.5) 7.2 (2.1) 0.1 (−0.7; 1.0) 8.2 (3.1) 1.1 (−0.1; 2.3) 
Insomnia 7.0 (3.9) 4.5 (2.2) −2.5 (−3.4; −1.6)* 7.4 (3.7) 0.5 (−1.0; 1.9) 
Psychoneuro-
ticism 

138.7 (46.0) 118.3 (32.4) −20.4 (−33.0;-7.8)* 148.6 (45.5) 9.9 (−7.7; 27.5) 

SCL-90-R: Symptom Checklist 90 Revised; Chronic Pain: Normal values for chronic pain patients. Reference 
values taken from Symptom Checklist [22]. *p<0.05; CI: confidence interval. 
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Interview and physical examination 
Fifteen patients (56%) reported recurrence of CRPS-I-like symptoms. Twenty-three 
patients (88%) reported stump pain (median VAS score 31mm; IQR: 6; 63) and 20 
patients (77%) reported phantom pain (median VAS score 25mm; IQR: 2; 51). Five 
patients (19%) met Bruehl’s criteria [19] for recurrence of the syndrome in the 
stump and two patients (8%) for recurrence in another limb. 
Associations 
The CD-RISC correlated positively with all domains of the WHOQOL-Bref (ρ ranged 
from 0.41 to 0.72) and negatively with all domains of the SCL-90-R (ρ ranged from -
0.39 to -0.68) (table 3). 
A positive, though not significant association (ρ =0.457, p=0.065) was found 
between CD-RISC score and frequency of prosthesis use for patients with a 
prosthesis (n=17). 
CD-RISC scores in patients who did not report persistence of CRPS-I related 
symptoms (n=11) (median: 81, IQR: 76; 83) was higher compared to patients who 
did report these symptoms (n=15) (median: 71, IQR: 64; 78) (Mann Whitney U: 
p=0.032). CD-RISC scores were significantly lower in patients reporting more stump 
pain (ρ=-0.508, p=0.008). For phantom pain such an association was not found 
(ρ=-0.297, p=0.14). CD-RISC scores did not differ significantly between patients 
with or without objectified recurrence of CRPS-I (Mann Whitney U: p=0.53). 
  
Table 3. Correlations between CD-RISC and WHOQOL-Bref scores and between CD-RISC and SCL-90-R in 
patients with amputation because of longstanding therapy-resistant CRPS-I.  
 Correlation coefficient 

 
p 

WHOQOL-Bref [21] 0.549   0.004 
 Physical 0.454   0.020 
 Psychosocial 0.721 <0.001 
 Social 0.448  0.022 
 Environmental 0.407  0.039 
SCL-90-R[22] 
 Anxiety −0.586 0.002 
 Agoraphobia −0.405 0.040 
 Depression −0.680 <0.001    
 Somatization −0.439 0.025 
 Insufficiency −0.543 0.004 
 Sensitivity −0.539 0.005 
 Hostility −0.660 <0.001 
 Insomnia −0.391 0.048 
 Psychoneuroticism −0.668 <0.001 

WHOQOL-Bref: World Health Organization Quality of Life-BREF questionnaire. Resilience was measured with 
Connor-Davidson Resilience Scale (CD-RISC). Correlation Coefficient: between CD-RISC and SCL-90-R or CD-
RISC and WHOQOL-Bref scores, calculated with Spearman’s Rho 
 
Discussion  
 
This research focused on resilience (the ability to bounce back from adversity) in a 
group of patients with an amputation because of longstanding therapy-resistant 
CRPS-I. Resilience is an interactive concept concerning the combination of serious 
risk experiences and a relatively positive psychological outcome despite those 
experiences.[26] Higher resilience is positively related to better physical functioning, 
higher quality of life and lower pain scores among patients with chronic 
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conditions.[27-29] In a previous publication we showed relatively high quality of life 
scores in this group of patients with amputation due to longstanding therapy-
resistant CRPS-I.[6] Based on the findings in literature and our own study [6],we 
hypothesized that patients with a CRPS-I related amputation who have relatively 
good results also score relatively high on resilience. We found a positive association 
between resilience and quality of life, especially within the psychosocial domain. 
Despite living with CRPS-I for many years and experiencing an amputation, scores 
on the psychosocial domain are significantly better than patients with chronic pain 
who visit the psychologist at a rehabilitation outpatient clinic and similar to Dutch 
norm values [20]. Even on the physical domain they score significantly better than 
the chronic pain patients. 
The focus of most previous research on CRPS-I has been on risk factors. With an 
unknown cause of the CRPS-I, it is frequently assumed that psychological factors 
play an important role in the development of the syndrome. However, a systematic 
review showed that life events appear to be the only factor related to the 
development of CRPS-I; patients who experience more life events have a higher 
chance of developing CRPS-I.[30] Amputation because of CRPS-I is controversial due 
to clinicians’ opinions on the negative outcome. Literature on amputation because of 
CRPS-I also focuses on reasons (risk factors) for amputation.[8] Case studies on 
amputation due to longstanding therapy-resistant CRPS-I are characterized by 
predominantly negative reporting on topics such as pain, quality of life, mobility and 
use of a prosthesis.[8] Recurrence of the syndrome underlies most opinions about 
not to amputate in case of longstanding therapy-resistant CRPS-I. However 
recurrence is often not (clearly) described in those case reports.[8] Our clinical 
experience with these patients led us to believe in a more positive outcome after 
amputation regarding quality of life.[6] Shifting the focus of research from 
identification of risk factors to this more positive approach on patients’ competencies 
and strengths, offers a new perspective.  
We are aware of the limitations of this study. Clinical relevance of differences in CD-
RISC scores is not yet clear. A 7 point difference between our group and a non-help 
seeking population on a 0-100 scale (in which the upper and lower boundaries are 
never occur) seems to be meaningful (Table 1). Another limitation is that we do not 
have pre- and post-test measurements. This is also applicable for the results of the 
control group with chronic pain. Patients from this control group seek medical care 
for their (pain) problem, which is not necessarily the case for the CRPS-I and 
amputation population. Measurements presented from this control group are scores 
at the beginning or during the rehabilitation process and not after the rehabilitation 
process which makes comparing the results difficult. We do believe that this control 
group is more or less comparable to our CRPS-I population since both groups have 
been dealing with pain for a longer period.   
Several explanations for relatively high resilience scores can be thought of. First, the 
high resilience scores in our study may be related to patient selection. It is possible 
that the specialists who made the decision to amputate unknowingly selected 
patients on the basis of resilience; the patient’s previous ability to bounce back from 
adversity. According to this explanation our patients were more likely to have better 
outcome than could be expected based on literature. Whether this phenomenon 
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occurred is unclear since we have no information about the patients who were denied 
amputation. It may also be that only the most resilient patients with CRPS-I do not 
give up on looking for a solution in the face of repeated treatment failures. Another 
explanation for relatively high scores on questionnaires in general for this specific 
population years after amputation could be a phenomenon called response shift. 
Response shift means that, over time, the meaning of self-reported constructs are 
subject to change because of recalibration, reprioritization and reconceptualization 
[31,32]. 
Another factor that should be considered in explaining our results is the cognition of 
the patients. It is not unreasonable to assume that patients respond positively to 
their “last resort”; an amputation of their limb affected by longstanding therapy-
resistant CRPS-I. Additionally patients may feel understood or feel that their 
problems are being taken seriously when, at last a team of medical specialists is 
found willing to deliberate amputation. Although the mechanism is poorly 
understood, the positive effect of clinician-patient communication on outcomes has 
been found repeatedly in other pathologies.[33]  
Another explanation of the score may lie in the intervening period between 
amputation and our study. Life experiences between these two points may also have 
given a raise in resilience scores and accounts for one of the limitations of this study. 
Finally, cognitive dissonance could explain the relatively good results. Cognitive 
dissonance is the discomfort caused by holding conflicting cognitions. Based on that 
theory, the patient will try to minimize regret of their irrevocable choice.[34]  These 
three explanations should be taken into account in future research in this field. 
 The domain scores of the SCL-90-R correlated negatively with resilience. These 
findings indicate that participants with a better resilience experience less 
psychological distress which is in line with our hypothesis. This negative correlation 
between resilience and psychological distress was found previously in women with 
fertility problems.[35] Not all associations were in line with our hypothesis. We 
expected that patients with a higher resilience score would improve in a larger 
number of topics. However, the association between resilience and the amount of 
topics patients improved upon was weak and not significant. Another “logical” 
hypothesis would be that those patients with a higher resilience score would use 
their prosthesis more often. The association between resilience and frequency of 
prosthesis use was not significant either (p=0.065). This lack of significance could be 
attributed to lack of power due to the small sample size. However, it is very well 
possible that resilient patients find ways of participating without the use of a 
prosthesis. 
The direction of the association between resilience and quality of life remains unclear 
because of the study design. It is possible that the relatively good results encourage 
the patients to feel resilient rather than resilience leading to better results and the 
competency to restore parts of life. Programs for improving resilience are currently 
being developed and studied for effectiveness. The results of these programs 
substantiate that training can improve resilience.[36] Resiliency training may 
indirectly lead to improvement in quality of life.[37, 38] When patients ask for an 
amputation for their therapy-resistant CRPS-I a training to improve resilience prior to 
the amputation might be considered. 
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Medical care is known to influence a patient’s quality of life, therefore rehabilitation 
after amputation plays an important role in the final results. Rehabilitation in our 
patient group, however, took place near patients’ homes in different centres for 
rehabilitation in all parts of the country. Therefore, we cannot estimate the effect of 
it on the outcome.  
Despite our relatively positive results, amputation for CRPS-I remains controversial. 
Screening for psychopathology and assessment of resilience should be performed 
prior to amputation. 
We think that resilience might be a key factor in helping patients to accept and adapt 
to their new situation. Longitudinal studies are needed to analyze the strength of 
resilience over time and to analyze its prognostic value. Exploring competencies 
offers a new perspective on why some patients report positive outcomes after 
amputation. We conclude that the results of this explorative study confirm our 
hypotheses. 
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Abstract 
 
Background 
Amputation for longstanding therapy resistant complex regional pain syndrome type-
I (CRPS-I) is controversial. Reported results are inconsistent. It is assumed that 
psychological factors play a role in CRPS-I.  
Objective 
To explore which psychological factors prior to amputation are associated with poor 
outcomes after amputation in the case of longstanding therapy resistant CRPS-I. 
Methods  
Between May 2008 and August 2015, 31 patients with longstanding therapy resistant 
CRPS-I were amputated. Before the amputation 11 psychological factors were 
assessed. In 2016, participants had a structured interview by telephone and filled 
out questionnaires to assess their outcome. In case of a perceived recurrence of 
CRPS-I a physician visited the patient to examine the symptoms. Associations 
between psychological factors and poor outcomes were analysed.  
Results  
Four of the 11 psychological factors were associated with poor outcomes. Regression 
analyses showed that change in the worst pain in the past week was associated with 
poor social support (B=0.3, 95% confidence interval: 0.1;0.6) and intensity of pain 
before amputation (B=2.0, 95% confidence interval 0.9;3.0). Patients who reported 
important improvements in mobility (n=23) had significantly higher baseline 
resilience (median 79) compared to those (n=8) who did not report it (median 
69)(Mann-Whitney U, Z=-2.398, p=0.015). Being involved in a lawsuit prior to 
amputation was associated with a recurrence in the residual limb (Bruehl criteria). A 
psychiatric history was associated with recurrence somewhere else (Bruehl criteria).  
Conclusion  
Poor outcomes of amputation in longstanding therapy resistant CPRS-1 are 
associated with psychological factors. Outstanding life events are not associated with 
poor outcome although half of the participants had experienced outstanding life 
events. 
 
Introduction 
 
Complex regional pain syndrome type-I (CRPS-I) is characterized by severe pain, 
sensory, vasomotor, sudomotor and trophic changes and can have a devastating 
effect on a person.[1] CRPS-I generally develops after an injury but sometimes it 
develops spontaneously. Many treatments have been described but only a few are 
evidence based.[2] Amputation in the case of longstanding therapy resistant CRPS-I 
is rare and controversial. It is rare because many patients with CRPS-I, recover 
within 6 to 13 months.[3] It is controversial because some patients benefit from the 
amputation, while others experience the same symptoms or even experience an 
increase of symptoms after the amputation.[4] These unpredictable outcomes make 
an amputation in longstanding therapy resistant CRPS-I debatable as treatment.[5] 
Hesitation to amputate is strengthened by the assumed role of psychological factors 
or psychiatric disorders in the aetiology, development and maintenance of CPRS-
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I.[6-10] However, data supporting this assumption are scant. In the University 
Medical Centre Groningen (UMCG) the decision to amputate or not is made by a 
team of specialists together with the patient.[11] For the psychologist, working in 
that team, a working hypothesis was that outcomes of an amputation would be 
negatively influenced by presence of some psychological factors: Poor Quality of Life 
(QOL) in the physical domain or psychological domain, low resilience, depression, 
anxiety, psychological distress, childhood adversity, life events, psychiatric (DSM-IV) 
history or psychiatric disorder, current lawsuit, and or poor social support.[12-14] In 
patients with an amputation for other causes, associations with poor QOL post 
amputation have been  reported.[15-17] Poor QOL was associated with many factors 
including depression, social support, cognition, pain, independence in activities of 
daily living and comorbidity.[18, 19] Starting in May 2008 these factors were 
therefore routinely assessed during intake of patients who requested an amputation 
in the case of longstanding therapy resistant CRPS-I in our centre. Insight regarding 
which psychological factors are associated with poor outcomes could help the team 
to predict which patients suffering from longstanding therapy resistant CRPS-I should 
not be amputated. Current study is part of a larger outcome study of CRPS-I 
patients, amputated in the UMCG, starting in 2000. Of all the 48 patients 
participating in that study, 31 were assessed by a psychologist (ES) prior to 
amputation by means of a standardized interview and a set of questionnaires. The 
larger study focuses on several outcomes after amputation, assessed in 2015, but is 
cross-sectional in design. Focus of current study was to explore which psychological 
factors assessed prior to amputation are associated with poor outcomes after 
amputation. 
As primary outcomes of this study change in pain and mobility after amputation were 
selected because most patients requested an amputation to improve on pain and or 
mobility. As a secondary outcome recurrence of CRPS-I was selected because after 
amputation recurrence in the residual limb or elsewhere is a major concern.[4, 5]  
The aim of this longitudinal study was to analyse changes over time and to explore 
which psychological factors, present prior to amputation, were associated with poor 
outcomes after amputation in the case of longstanding therapy resistant CRPS-I. 
 
Methods 
 
The research protocol was approved by the local Medical Research Ethics Committee 
(METc 2015/561) and all participants signed an informed consent before the start of 
the study.  
Between May 2008 and August 2015, 33 adult patients with longstanding, therapy 
resistant CRPS-I underwent an amputation at the UMCG. CRPS-I was determined to 
be therapy resistant if all treatments described in the Dutch guidelines for CRPS-I 
had been tried.[20] Inclusion criteria for this follow-up study were: 18 years or 
older, participants should be able to comprehend questionnaires, and amputation 
was performed at least 1 year prior to follow-up. All 33 patients were asked to 
participate and all met inclusion criteria for this study. One patient did not respond 
and 1 patient had passed away. All participants met Bruehl criteria for CRPS-I at the 
time of amputation.[1]  
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More patients with longstanding therapy resistant CRPS-I requested an amputation 
at our Centre, but in about 50% of patients the requested amputation was refused. 
The main reasons to refuse were: criteria for CRPS-I were not met, patient 
expectations about the effects of an amputation were too optimistic (not realistic), 
the onset of CRPS-I was less than 1 year ago or all treatments described in the 
Dutch guidelines for CRPS-I had not yet been tried.[20] 
Between May 2008 to August 2015, during the psychological assessment for the 
decision making process to amputate or not, a structured interview with the patient 
was performed. In that interview pain, childhood adversity, outstanding life events, a 
current lawsuit, a psychiatric disorder or history of a psychiatric disorder were 
assessed. Childhood adversity was operationalized as any experience(s), such as 
physical, mental or sexual abuse, occurring in childhood that cause(s) extreme 
stress. An outstanding life event was operationalized as any experience that caused 
stress far above the average. Additionally, a set of questionnaires was filled out. 
In April 2016 an invitational letter to participate in this follow-up study was send to 
33 patients. The follow-up study included a structured interview by telephone and 
filling out of questionnaires. Between May 30 2016 and August 11 2016 the 
structured interviews were held by a physician (JS), not involved in the decision 
making process of the amputation. Participants were also send a link to a secure 
website with the request to fill out a set of questionnaires. Attempts to acquire data 
were stopped January 1 2017. 
In the interview, participants were asked to rate their worst and their least pain, in 
the past week, on a numeric rating scale (NRS): 0 = no pain and 10 = the worst 
imaginable pain. Participants were asked to rate their change in mobility after 
amputation, compared to the mobility prior to amputation, on a 5 point Likert scale 
(important improvement, small improvement, no change, small deterioration or 
important deterioration). If the participant reported a recurrence of CRPS-I, the 
physician (JS) visited the patient to evaluate recurrence according to Bruehl 
criteria.[20]  
The following questionnaires were filled out prior to amputation and at follow-up.  
The Quality of Life Questionnaire (WHOQOL-BREF) was used to assess quality of life 
in 4 different domains. It is a 26 item questionnaire that correlates well with the 
original 100 item questionnaire (r ranges from 0.88 to 0.96).[21] The WHOQOL-
BREF has been field-tested widely.[22] In this study we used 3 domains of the 
questionnaire; physical health (7 items), psychological health (6 items) and social 
relationships (3 items). Raw data were transformed into domain scores range from 4 
to 20 following the guidelines.[23] A higher score indicates a better QOL. The social 
relationships scale was used to determine social support. One question of this scale 
assesses satisfaction with support of friends and 1 assesses satisfaction with 
personal relationships. We operationalized poor social support as a score 1SD below 
the mean of all participants.  
The Connor-Davidson Resilience Scale (CD-RISC), a 25 item questionnaire, was used 
to evaluate resilience. Each item is rated on a 5-point scale. The score ranges from 0 
to 100, with higher scores reflecting greater resilience. Resilience can be viewed as a 
measure of stress coping ability.[24]  
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The hospital anxiety and depression scale (HADS) was used to assess anxiety and 
depression.[25] This scale is divided into 2 subscales, an anxiety subscale (HADS-A) 
and a depression subscale (HADS-D), both containing 7 items. Each item is rated on 
a 5-point scale. The Cronbach alpha was .83 for the anxiety subscale and .84 for the 
depression subscale, indicating adequate internal consistency.[26] The HADS was 
added to the standard intake procedure in 2009 hence five participants did not fill 
out the HADS at T0.  
The Symptom Check List-90-Revised (SCL-90-R) assesses self-reported 
psychological distress and multiple aspects of psychopathology. It consists of 90 
questions, each item is rated on a 5-point scale. In this study total scale was used as 
a measure for psychological distress.[27] Internal consistency of the total scale is 
excellent.[28] The SCL-90-R was added to the standard intake procedure in 2010, 
hence 9 participants did not fill out the SCL-90-R at T0. 
Statistical procedures  
Data was anonymised. Changes in pain scores (intensity of worst and least pain of 
the past week), domain scores of the WHOQOL-BREF (physical, psychological, and 
social), resilience scores, and HADS scores (depression and anxiety) were checked 
for normal distribution. Changes were normally distributed, hence a paired-sample t- 
test was applied. 
We operationalized the outcome variables as follows. A poor outcome regarding pain 
(the worst pain in the past week) was present if the improvement was <2 points on 
the NRS.[29] A poor outcome regarding mobility was present if the participant rated 
the change as less than an “important” improvement. A poor outcome regarding 
CRPS-I was present if the physician judged CRPS-I to be present (in the residual 
limb or elsewhere), based on Bruehl criteria. [1] 
 The following potential risk factors, assessed prior to amputation, were explored, for 
their association with poor outcomes; low scores on the physical, psychological, or 
social domains of the WHOQOL-BREF (a score of 1 SD below the mean of all 
participants), poor resilience, (a score of 1 SD below the mean of all participants), a 
score >8 on one of the HADS domains, psychological distress (a score of 1 SD above 
the mean of all participants on the SCL-90-R), childhood adversity, outstanding life 
events, a psychiatric disorder or history of a disorder, and being involved a lawsuit. 
Uni variable linear regression analyses were performed for all 11 potential risk 
factors and 5 baseline characteristics (social status, age, gender, education and pain) 
as independent variables, with change in worst pain in the past week (before and 
after amputation) as dependent variable. Dummy variables were made to analyse 
social status, level of amputation and education. Factors associated (p<0.1) with 
change in worst pain in the past week, were entered in multi variable regression 
analysis. The following factors, assessed prior to  amputation, were entered: worst 
pain intensity in the past week, social support and education. All 11 potential risk 
factors and 5 baseline characteristics, were also analysed non-parametrically for 
their association with poor outcomes regarding mobility and recurrence. Associations 
with mobility were analysed using a Mann-Whitney test and associations with 
recurrence were analysed using Fischer’s exact test. Results are significant at p≤0.05 
unless stated otherwise. All analyses were performed in IBM SPSS Statistics (v.22). 
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Results 

Thirty-one patients, mean (sd) age 41 (12.1), 6 men and 25 women, 
participated (Table 1). 

Table 1 Clinical characteristics of 31 participants. 
Variable Mean(SD) T0 n(%) T0 
Age (years) 37.5(12.5) 
Women 25(81) 
Social status 
 Living alone 8(26) 
 Living together 16(52) 
 Living with parent(s) 7(22) 

Education (ISCES level) 
0-4 9(29) 
5 and 6 18(58) 
7-9 4(13) 

Presence of 
 Childhood adversity 10(32) 
 Outstanding life events 16(52) 
 Lawsuit 2(6) 
 Psychiatric disorder or history of such a disorder 6(19) 
Motivation for amputation request± 
 Pain reduction 31(100 
 Contracture 23(74) 
 Increase mobility 19(61) 
 Remove “obstacle” 12(39) 
 Non-functional limb 8(26) 
 Wounds 8(26) 
 Dystonia 3(10) 
Duration CRPS-I prior to amputation (years) 7.4(6.9) 

Mean(SD) T1 n(%) T1 
Age (years) 41.4(12.1) 
Level of amputation 
 Trans-humeral 1(3) 
 Trans-radial 1(3) 
 Trans-femoral 6(19) 
 Knee disarticulation 10(32) 
 Trans-tibial 13(42) 

Time after amputation(years) 3.9(2.2) 
T0= Prior to amputation, T1= Follow-up, ISCES= The International Standard Classification of Education  
±=More answers possible 
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Table 2 Scores before and after amputation and difference in mean scores in 31 patients. 
95% confidence interval of 
difference 

Variable Mean (SD) 
T0 

Mean (SD) 
T1 

Differen- 
ce (SD) 

Lo-
wer 

Up- 
per 

P* 

Intensity of worst 
pain in past week 

8.7(0.9) 5.2(3.0) -3.5 (3.3) -2.2 -4.7 <.001 

Intensity of least 
pain in past week 

6.1(1.8) 2.5(2.9) -3.6 (3.3) -2.4 -4.8 <.001 

Quality of life 
Physical domain 

9.4(2.5) 12.7(3.7) 3.3 (3.6) 4.6 2.0 <.001 

Quality of life 
Psychological 
domain 

14.1(2.1) 14.6(3.3) 0.5 (2.5) 1.4 0.5 .329 

Quality of life 
Social domain 

13.6(3.8) 14.3(3.0) 0.8 (3.5) 2.1 0.5 .230 

Resilience CD-
RISC 

76.9(9.2) 72.5(17.8) -4.5 (13.7) -0.6 -9.5 .081 

HADS depression 
(n=26)# 

5.2 (3.4) 3.4 (4.5) -1.8 (4.6) -0.1 -3.6 .063 

HADS anxiety 
(n=26)# 

5.1 (3.1) 4.0 (3.6) -1.0 (3.3) -0.3 -2.4 .127 

SCL-90-
R(n=22)# 

128.7(26.2) 148.7(55.7) 20 (44.9) 39.9 0.1 .049 

T0= Prior to amputation, T1= Follow-up, *=Significance results of paired-sample t test, # =Number of paired 
data if less than 31. 
Scale range: pain; 0-10, Quality of life domains; 0-20, Resilience 0-100, HADS domains 0-21, SLC-90; 90-360 

At follow up pain scores had reduced, scores on the physical domain of the QOL were 
improved, and SCL-90-R scores had increased (p<0.05)(Table 2).  
An overview of potential risk factors and outcomes per patient is presented in  
Table 3.  
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Table 3 Potential risk factors and outcomes of an amputation in longstanding therapy resistant CRPS-I. 

Resilience score = total score of CD-RISC, Social support = total score of social domain at initial assessment, Y 
= Potential predictor is present prior to amputation, N=not present HIS=history of psychiatric disorder prior to 
amputation, Pain change= change in worst pain in past week, higher values indicate larger improvements, 
Mobility change = mobility change between before and after amputation; ++= Important improvement, += 
small improvement, +-= no change, ---= important deterioration, Recurrence according to Bruehl criteria: Y = 
outcome is present at follow up, N=not present ;GRAY SHADED Risc factors= potential predictor of poor 
outcome; GRAY SHADED Outcomes= outcome is poor ( see text for operationalisations).  
 
Eleven participants (35%, 95% confidence interval (CI) 21% to 53%) had a poor 
outcome regarding pain, 8 participants (26%, 95% CI 14% to 43%) had a poor  
outcome regarding mobility and 12 participants (39%,95%CI 24% to 56%) reported 
a recurrence. Of these 12 participants 5 (16%, 95% CI 7% to 33%) had a 
recurrence confirmed by a physician following Bruehl criteria. Seven patients (23%, 
95% CI 11% to 40%) had 2 poor outcomes and 1 participant (3%, 95% CI 1% to 
16%) had 3 poor outcomes. Reduction of worst pain in the last week was less in 
participants with a poor social support (Table 4). 
 

 

Partici
- 
pant 

Risk factors   Outcomes   

 Resilienc
e 
 score 

Social  
suppor
t 

Law
- 
suit 

Psychiatri
c 
disorder  
DSM4 

Pain 
chang
e 

Mobilit
y 
change  

Recurrence
, 
residual 
limb 

Recurrence
, 
somewhere 
else 

1 76 12 N N 9 ++ N N 
2 66 12 N N 9 ++ N N 
3 67 17 N N 9 + N N 
4 77 11 N N 8 ++ N N 
5 82 17 N N 7 ++ N N 
6 69 20 N N 7 + N N 
7 71 17 N Y 7 ++ N N 
8 91 17 N N 7 ++ N N 
9 71 16 N N 6 ++ N N 
10 69 15 N Y 6 + N N 
11 90 11 N N 5 ++ N N 
12 85 17 N N 4 ++ N N 
13 80 13 Y N 4 + Y N 
14 88 16 N N 4 ++ N N 
15 76 15 N N 3 ++ N N 
16 70 9 N N 3 ++ N N 
17 88 20 N N 3 ++ N N 
18 87 8 N N 2 ++ N N 
19 66 12 N N 2 ++ Y Y 
20 69 12 N HIS 2 + N N 
21 81 11 Y N 1 +- Y Y 
22 76 12 N Y 1 ++ N N 
23 64 12 N N 1 ++ N N 
24 59 9 N N 1 + N N 
25 69 11 N HIS 1 -- N N 
26 83 19 N N 0 ++ Y N 
27 95 19 N N 0 ++ N N 
28 83 11 N N 0 ++ Y N 
29 79 5 N N -1 ++ N N 
30 71 9 N N -2 ++ N N 
31 86 15 N HIS -2 ++ N N 
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Table 4 Results of the 2 regression analyses with change in worst pain in the past week as dependent 
variable. Model 1 without controlling for education, model 2 with controlling for education. 

Model 

Unstandardized 
Coefficients 

 
 

Sig. 
 

95% Confidence 
Interval for B Model correlation 

B SE B 
 

Lower 
Bound 

Upper 
Bound 

R R Square 
change 

1 (Constant) -20.8 5.1 <0.001 -31.1 -10.4 0.679 
 

.461 
p<0.001 

Social support 0.4 0.1 0.004 0.1 0.6 
  

Paina 2.2 0.5 <0.001 1.1 3.2 
  

2 (Constant) -18.8 4.9 0.001 -28.8 -8.7 0.741 
 

.088 
 

p=0.099 
Social support 0.3 0.1 0.011 0.1 0.6 

  

Paina 2.0 0.5 0.001 0.9 3.0 
  

Education highb  3.3 1.5 0.037 0.2 6.4 
  

Education middle b 0.6 1.0 0.563 -1.5 2.6 
  

a: Worst pain in the past week assessed prior to amputation b: the reference group for education low 
education.  
 
Participants with low resilience perceived a less important improvement in mobility score 
(Mann-Whitney U, Z= -2.398, p= 0.015, median resilience of those with an important 
improvement n=23: 79 and median resilience of others n=8: 69). No other variables 
were associated with an important improvement in mobility. Twelve participants (38%, 
95%CI 24% to 56%) believed they had recurrence of the CRPS-I in the residual limb and 
8 (26%, 95%CI 14% to 43%) believed somewhere else. According to Bruehl criteria, 5 
participants (16%, 95%CI 7% to 33%) had a recurrence in the residual limb and 2 
participants (6%, 95%CI 2% to 21%) also somewhere else. 
Being involved in a lawsuit was associated with a recurrence in the residual limb 
(Bruehl criteria). A psychiatric disorder or history of psychiatric disorder was 
associated with a recurrence somewhere else (Bruehl criteria) and with reporting a 
recurrence somewhere else (Table 5). 
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Table 5. Associations of psychological factors and poor outcome of an amputation in longstanding therapy  
resistant CRPS-I in 31 patients. 
 Recurrence  No recurrence significance 

 In residual limb (Bruehl, n=5) 
 

In residual limb (Bruehl, n=26)  

Psychiatrica 
(n=6) 

2 4 0.241 

Lawsuitb (n=2) 2 0 0.022* 

 Somewhere else (Bruehl, n=2)  
 

Somewhere else (Bruehl, n=29)  

Psychiatrica 
(n=6) 

2 4 0.032* 

Lawsuitb (n=2) 1 1 0.127 

 Patient reported in residual limb 
(n=12) 
 

Patient reported in residual limb 
(n=19) 

 

Psychiatrica 
(n=6) 

4 2 0.137 

Lawsuitb (n=2) 2 0 0.142 

 Patient reported somewhere 
else  
(n=8) 

Patient reported somewhere else 
(n=23) 
 

 

Psychiatrica 
(n=6) 

4 2 0.026* 

Lawsuitb (n=2) 2 0 0.060 

a) Psychiatric disorder or history of psychiatric disorder prior to amputation, b) Patient was in a lawsuit prior to 
amputation, *= <0.05 Results of Fischer exact test. 
 
No other associations were found between potential risk factors and outcome 
variables. 
 
Discussion  
 
This study focussed on associations between psychological factors before amputation 
and poor outcomes after amputation because of longstanding therapy resistant 
CRPS-I. Four risk factors were associated with poor outcomes. Poor social support or 
lower score on resilience were associated with poor outcomes regarding pain and 
mobility. Having a psychiatric disorder or a history of a psychiatric disorder or 
involvement in a lawsuit were associated with recurrence.  
Amputation in longstanding therapy resistant CRPS-I is a last option but outcomes 
can be disappointing. Therefore identifying risk factors associated with poor outcome 
is highly relevant. The association between lack of social support and pain was more 
or less expected since lack of social support is also a predictor of worse outcomes in 
patients with arthritis, chronic pain, and patients with an amputation.[30-33] The 
fact that social support is beneficial for many patients points in the direction of a 
more general principal and not specific for CRPS-I. We did not find an association 
between change in worst pain in the past week and anxiety before the amputation 
(HADS-A). A prospective study into psychological factors, influencing recovery from 
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CRPS-I found an association between high anxiety scores and poor outcome.[34] The 
main difference with our study is, that in our study participants suffered from 
longstanding therapy resistant CRPS-I, while in the mentioned study patients 
responded to treatment of their CRPS-I. Additionally we used different questionnaires 
to asses anxiety. Contrary to our assumption no association was found between poor 
outcomes and childhood adversity or outstanding life events. About one third of the 
participants, had experienced childhood adversity, and more than half had 
experienced outstanding life events (including childhood adversity). A high incidence 
of life events in CRPS-I patients was also found in other studies.[35, 36] Childhood 
adversity or outstanding life events were found to be factors predisposing for chronic 
pain.[13, 36, 37] The way people handle stress can be weakened by (prolonged) 
adversity especially in childhood.[38] However, a subgroup of people benefit from a 
stressful environment and learn to cope better with stress.[39, 40] In our study most 
participants had normal to high stress coping ability or resilience. It is possible that 
participants with childhood adversity and outstanding life events in our study, coped 
well with adversity. But it is still thinkable that stressful periods might contribute to 
development of CRPS-I, although we did not find any association between presence 
of stressful life events and recurrence. Participants with low resilience less often 
perceived an important improvement in their mobility. Such an association was 
expected, because resilience is a factor that can influence outcome in physically ill 
people.[41, 42] One rationale is that disease is a stressful event and the way 
somebody copes with the stress (resilience or stress coping ability) is influencing the 
impact of the disease. In a previous cross sectional study in patients with an 
amputation because of longstanding therapy resistant CRPS-I we found that higher 
resilience scores were associated with a better QOL and lower psychological 
distress.[43] In that study we found that the resilience of our participants was above 
average. We wondered why. It might be that only the most resilient patients with 
CRPS-I are not giving up on looking for a solution after disappointing treatments and 
end up in a hospital for an amputation far from their home.  
The expected association between depression and poor outcome was not found. This 
association was reported in studies in patients with CRPS-I and in patients after 
amputation.[15-17,34] But in a prospective multicenter cohort study an association 
between depression and development of CRPS-I was not found.[36] 
In this study participants having a lawsuit before amputation had a higher chance of 
recurrence in the residual limb. Previous research reported, that being involved in a 
lawsuit may negatively impact on chronic pain.[44,45] We did not find a significant 
association. Although the medical examination confirmed recurrence of CRPS-I in the 
2 patients that were in a lawsuit at the time of the intake, 1 participant reported a 
positive, but not clinical relevant, change in pain of 1 point while the other 
participant reported, a clinical relevant 4 points improvement after amputation and 
yet claiming recurrence. It is possible that experienced injustice plays a role in the 
way they experience their symptoms.  
A psychiatric disorder or a history of a psychiatric disorder was associated with 
reported and observed recurrence somewhere else. Of the 6 participants with a 
psychiatric disorder or a history of a psychiatric disorder 4 didn’t have recurrence 
somewhere else. For that reason using a psychiatric disorder or a history of a 
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disorder as a potential risk factor for a poor outcome is not specific enough. 
Additionally a psychiatric disorder or a history of a psychiatric disorder is not precise 
since it could be any psychiatric disorder described in the DSM-IV and therefor it has 
limited value in the decision making process. The reason we analysed this potential 
risk factor, beside depression, anxiety and psychological distress, was the assumed 
role of a psychiatric disorder in the development of CRPS-I.[6-10] However several 
reviews could not confirm such a role.[36, 46] Prior to the amputation 3 participants 
(Table 3: participant 2, 7 and 16) had a potential risk factor for a poor outcome, but 
their mobility improved and pain decreased considerably, indicating that the 
prediction of outcomes, based on our findings, is currently not specific enough. A 
possible explanation is that also other factors, psychologically, physically and 
medically, play a role in outcomes after amputation because of longstanding therapy 
resistant CRPS-I. Other factors that also influence outcomes are the common 
therapeutic factors e.g. expectations or a placebo effect.[47, 48] 
The risk factors identified in this study are also not sensitive. Four participants had 
no risk factors but had poor outcome in 1 or more outcomes (Table 3: participant 6, 
26, 27 and 28). Table 3 illustrates the lack of clear pattern in associations. As 
already mentioned, possibly other factors or a cluster of factors not assessed in this 
study can predict outcomes better, such as pain related fear, catastrophic thinking, 
coping style or perception disturbance.[34] Patients ruminating about the worst case 
scenarios (catastrophic thinking) may interpret any bodily feeling as harmful. This 
mechanism may play a role in reporting of recurrence of CRPS-I (12 patients 
reported recurrence but CRPS-I was only confirmed in 5 cases by the physician). As 
a result of this study we added a scale for pain related fear and catastrophizing to 
our clinical practice. The data of this study do not support the assumed role of 
psychological factors or psychiatric disorders in the etiology, development and 
maintenance of CPRS-I. They do support the assumed role of psychological factors in 
rehabilitation.  
Limitations of this study 
A limitation of our study is the presence of ceiling effects of pain scores, 75% of the 
participants scored 9 or 10 on the NRC scale before amputation. Additionally the 
time between amputation and follow-up differed between participants (mean 3.9 
years (SD2.2)). Other weaknesses are the use of 11 potential risk factors and 3 
different outcomes in a small data set with some missing data of which only change 
in pain was normally distributed resulting in several non-parametric analyses. Some 
significant associations might be related to multiple testing. 
Conclusion  
Poor outcomes of amputation in longstanding therapy resistant CPRS-1 are 
associated with psychological factors. 
These factors are not specific for the recovery or rehabilitation of CRPS-I. 
Outstanding life events are not associated with poor outcomes although half the 
participants had experienced outstanding life events. 
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Abstract 

Background: Amputation as a treatment for long-standing, therapy-resistant 
complex regional pain syndrome type I (CRPS-I) is controversial. The aim of this 
study was to evaluate the long-term outcomes of amputation in patients with long-
standing, therapy-resistant CRPS-I regarding quality of life, pain, recurrence of 
CRPS-I, use of a prosthesis, and functioning in daily life.
Methods: From May 2000 to September 2015, 53 patients underwent amputation of 
a limb affected by long-standing, therapy-resistant CRPS-I at our hospital. Forty-
eight patients (40 women, 8 men) participated in this study. One participant 
participated only in the interview, because of health issues. Median age at the time 
of diagnosis was 33.5 years (interquartile range (IQR): 20.3 to 40.0 years), and 
median time interval between amputation and participation in this study was 5.5 
years (IQR: 3.0 to 11.0 years). Participants completed 5 questionnaires; participated 
in a semi-structured interview; and, if indicated, underwent a physical examination. 
A longitudinal follow-up could be performed in a subgroup of 17 participants because 
their data were available from a previous study.
Results: Thirty-seven participants (77%) reported an important improvement in 
mobility after amputation (95% Confidence Interval (CI): 63 to 87). An important 
reduction of pain was reported by 35 participants after amputation (73%; 95% CI: 
59 to 83). Twenty patients (42%; 95% CI: 29 to 56) reported important 
deteriorations (ranging from 1 to 11 important deteriorations per participant, IQR: 
0.0 to 3.0). Deterioration of mobility was reported by 2 participants and deterioration 
of pain by 8 participants. CRPS-I recurred in 4 out of 47 participants (9%; 95% CI: 3 
to 20). It recurred in the residual limb of 1 participant and in another limb of 3 
participants. 
Longitudinal follow-up of a subgroup (n=17) of participants showed no significant 
deteriorations. 
Conclusion: Amputation should be considered as a treatment option for patients with 
long-standing, therapy resistant CRPS-I because it can increase mobility and reduce 
pain, thereby improving the quality of patients’ lives.

Background 

Complex regional pain syndrome type I (CRPS-I) is characterized by pain that is 
disproportionate to the inciting event. Other symptoms include sensory, sympathetic, 
motor, and trophic changes [1-3]. The syndrome often requires long and intensive 
treatment [4-6], including physical therapy, occupational therapy, pharmaceutical 
therapy, comprehensive multidisciplinary therapy, and/or neuromodulation [7, 8]. 
The pathophysiology is not yet understood [3, 9]. Within 6 to 13 months of onset, 
symptoms improve considerably in many patients [10]. However, in a small number 
of patients, CRPS-I might become therapy-resistant (not responding to medical 
treatment, physical therapy, occupational therapy, or multidisciplinary therapy, as 
recommended in the Dutch Guidelines) [7, 8]. Subsequently, patients might express 
the wish for amputation of the affected limb because of severe or unbearable pain, 
infections, or extremely limited mobility [7, 8, 11-13]. Nevertheless, amputation as a 
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treatment for long-standing therapy-resistant CRPS-I remains controversial [7, 8, 
14, 15]. The procedure is irreversible, associated with surgery-related complications, 
and may result in phantom pain. Furthermore, CRPS-I can recur in the residual limb 
or somewhere else, for instance, in the opposite limb. Recently, a comparison was 
made between CRPS-I patients with and without amputation, and clinically relevant 
improvements were observed in all outcome measures in the amputation group [16].  
Limited data exist on the long-term effects of amputation as a treatment for long-
standing, therapy-resistant CRPS-I. Furthermore, little is known about the course of 
patients’ functioning following amputation. Therefore, the aim of this study was to 
gain insight into the long-term outcomes of amputation in patients with CRPS-I 
regarding quality of life, pain, recurrence of CRPS-I, use of a prosthesis, and 
functioning in daily life. The current study follows up on previous research [14] and 
includes a larger study population, has a longer follow-up time, and allows for a 
longitudinal evaluation of outcomes in a subgroup. 
 
Methods 
 
The current study used a mixed ambispective design for performing quantitative and 
qualitative explorative analyses. 
Fifty-three adult patients underwent amputation of a limb affected by long-standing, 
therapy-resistant CRPS-I at the University Medical Center Groningen (UMCG) 
between May 2000 to September 2015. 
Patients were referred to our outpatient rehabilitation clinic for 2 reasons: they were 
suffering from long-standing CRPS-I despite earlier treatment, and they had strongly 
expressed the wish for amputation to their own physician. Prior to amputation, 
CRPS-I was diagnosed at our outpatient rehabilitation clinic, according to criteria of 
the International Association for the Study of Pain (IASP) [17] and criteria described 
by Bruehl et al. [1]. The Budapest criteria were used from 2012 onwards [18, 19]. 
Amputation was performed because of unbearable and therapy-resistant pain, life-
threatening infections, or poor mobility. For instance, patients experienced their 
affected limb as an obstacle, were afraid to bump the limb, and expected to improve 
function and mobility without the limb. Within rehabilitation medicine, mobility is 
considered as the ability to move or be moved freely and easily with or without aids 
(wheelchairs, prostheses, orthoses, canes, crutches, and so forth). CRPS-I was 
considered therapy-resistant if it persisted despite earlier treatment according to 
Dutch guidelines [7]. First, patients who asked for an amputation were extensively 
screened by a multidisciplinary team to determine whether amputation could be a 
treatment option [12, 14]. This screening included an evaluation of whether all 
evidence-based treatments had been tried. The screening procedure and decision-
making process have been described previously [15, 20].  
An invitation letter to participate in this follow-up study was sent to all 53 patients. 
Twenty- one patients of these 53 had also participated in the previous study [14]. 
Data of this subgroup were used to compare characteristics with the group of 
participants amputated more recently. Additionally, this subgroup was used for the 
longitudinal evaluation. Participants could return the informed consent forms using 
the included prepaid envelope. Once written informed consent was obtained, a link to 
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a secure website was sent to the participants where they could fill out questionnaires 
online (a paper version was sent if preferred) and a semi-structured interview was 
scheduled.  
A total of 5 questionnaires were filled out by the participants. The World Health 
Organization Quality of Life-BREF (WHOQOL-BREF) was used to assess quality of life 
[21]. It is divided into 4 domains: physical health (7 items), psychological (6 items), 
social relationships (3 items), and environment (8 items) [21]. Domain scores range 
from 4 to 20. Low scores indicate a poor quality of life. The internal consistency is 
good for all domains, except for the social domain, which is marginal [22]. The 
Connor-Davidson Resilience Scale (CD-RISC) was employed to assess resilience, 
using 25 items [23]. Higher scores indicate better resilience. Internal consistency is 
good for the full scale, and the CD-RISC has good psychometric properties [24]. The 
Hospital Anxiety and Depression Scale (HADS) was used to assess the severity of 
anxiety and depression symptoms [25, 26]. The internal consistency is adequate for 
both scales [27]. Scores above 8 indicate a possible anxiety disorder or depression. 
The depression subscale was part of the semi-structured interview. The Trinity 
Amputation and Prosthesis Experience Scales-Revised (TAPES-R) was used to assess 
the psychosocial processes involved in adjusting to a prosthesis [28]. This is a 64-
item questionnaire divided into 4 sections: psychosocial adjustment; activity 
restriction; satisfaction with the prosthesis; and exploration of phantom limb pain, 
residual limb pain, and other medical conditions not related to the amputation. All 
scales and subscales show acceptable internal consistency [28]. We used the scores 
on the TAPES-R to determine the level of activity for lower limb amputee patients 
who use a prosthesis and converted this level into a corresponding K-level [29]. The 
Symptom Checklist-90-Revised (SCL-90-R) was used to assess psychological distress 
[30]. All 90 items are rated on a 5-point scale over the last 4 weeks. The internal 
consistency of the total scale is excellent [31]. Higher scores represent more 
psychological distress. Time required to fill out all questionnaires was estimated at 
60 minutes per participant. Filled out questionnaires were included in the study up 
until January 1, 2017. 
Semi-structured interviews were conducted by telephone by a physician (J.S.) in the 
presence of a psychologist (E.S.), who acted as an observer. Participants were 
informed about the presence of an observer, but the identity of the observer was 
masked. Prior to the start of the interview, participants were reassured that the 
collected data would be handled confidentially, as mentioned in the invitation letter. 
The interviews were recorded digitally. Additionally, answers were recorded on paper 
by the physician and psychologist. Results were compared afterwards. In case of 
disagreement, discussion followed and the recorded interview was replayed to 
reassess the interpretation of the interview. 
Participants were asked to rate perceived changes (comparing the current post-
amputation situation to the situation prior to amputation) on a 5-point Likert scale. 
Changes concerned pain, mobility, self-care, household tasks, job participation, 
hobbies, sport activities, social interaction, intimacy, mood, appearance, worrying, 
sleep, use of pain medication, self-confidence, and the general situation after 
amputation (Appendix 1). Furthermore, participants were asked to score the 
presence and intensity of the least and worst residual limb pain, phantom 
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sensations, and phantom pain in the last 2 weeks (0 = no pain, 10 = worst 
imaginary pain). Finally, some open questions, for example, regarding complaints if 
the participant suspected recurrence of CRPS-I, were asked. Interviews were 
completed in 30 to 60 minutes. If recurrence of CRPS-I was reported by the 
participant, an appointment was made for a physical examination by the physician 
(J.S.), in which the Budapest criteria were applied [18]. This physical examination 
was performed at the participant’s home or in a hospital nearby, depending on the 
participant’s preference. The research protocol was approved by the local Medical 
Research Ethics Committee, provided that only patients aged 18 years or older were 
included (METc 2015/561). 
Statistical analyses 
First, data were anonymized. Data analysis was performed with IBM SPSS Statistics 
for Windows (version 23.0, IBM Corp., Armonk, New York). Statistical significance 
was set a p ≤ 0.05, unless stated otherwise. Descriptive statistics were used to 
report characteristics of the participants and the answers to the interview questions. 
Answers to the interview questions, scores on the TAPES-R, scores on the WHOQOL-
BREF, and findings during the physical examinations were used as outcome 
measures. A sensitivity analysis was performed for measuring pain, mobility, and 
recurrence of CRPS-I. In the first analysis it was assumed that all participants who 
dropped out had the worst possible outcome (worst case scenario); in the second 
analysis it was assumed that all participants who dropped out had the best possible 
outcome (best case scenario). Additionally, scores on SCL-90-R, CD-RISC and HADS 
were used to describe the study population. 
Mann-Whitney test was used to analyze differences between participants amputated 
before and after October 2008. Distribution of perceived changes (interview items) 
was analyzed with Chi-Square test to compare observed distribution with 
hypothesized distribution. One-sample t-test was used to analyze differences 
between mean scores on WHOQOL-BREF, SCL-90-R, CD-RISC, and HADS of our 
participants compared with norm data and control groups [31-35]. For the 
longitudinal analyses, paired samples t-test was used to asses differences between 
mean scores on WHOQOL-BREF and total score on SCL-90-R. Differences in scores 
on the TAPES-R were analyzed using the Wilcoxon Signed Ranks test. 

Results 

Of the 53 patients invited, 48 participated in this study (Table 1). One participant 
agreed to participate in the interview, but she (later) declined to fill out the 
questionnaires and undergo a physical examination because of health issues. She 
reported recurrence of CRPS-I in the residual leg, in the opposite leg, and in an arm, 
and she experienced pulmonary and abdominal health problems. 
In the period of January 2010 to September 2015, the requests of 16 patients who 
requested an amputation were turned down. The main considerations were (more 
items per person are possible): criteria for CRPS-I were not met (n=6); patients did 
not have realistic expectations about outcomes of the amputation (n=4); not all 
treatments according to the Dutch guidelines had been tried [7] (n=4, of which 3 
patients were advised to follow a multidisciplinary rehabilitation program and 1 
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patient was advised to try neuromodulation); the extremity was still functional 
(n=2); comorbidity negatively influenced possible outcomes (n=2); conversion 
(n=1); suspicion of CRPS-2 (n=1); and suspicion of auto-mutilation (n=1). Patients’ 
requests that were turned down were not systematically recorded before 2010. 

Table 1  Table of participation and non-participation at different time points. 

T0= year of amputation; T1= participants of previous research, data collection 2009; T2= participants in 
current research, data collection 2016; T2#= participants in current research with longitudinal follow-up: 
comparison between 2009 and 2016.  
– no data available
* refused to fill out questionnaires and undergo physical examination after participating in the interview,
because she was too sick and ceased participation.

When comparing characteristics of participants in the previous study with 
participants who had undergone an amputation more recently, a significant 
difference was found for age (median age 53.5 versus 44.5 years) and number of 
years after amputation (median time after amputation 11.5 versus 3.5 years). No 
other significant differences were found. (Tables 2 and 3). No significant differences 
were found between these two groups in outcomes with respect to the interview 
items, scores on questionnaires, and recurrence of CRPS-I (Appendix 2). Therefore, 
the 2 groups were joined together and further analyzed as one group. First, data of 
the total group will be presented (n=48), followed by a longitudinal analysis of the 
subgroup of participants who had already participated in the previous study (n=17) 
[14]. In most participants (n=20, 41%) trauma was the inciting event for developing 
CRPS-I, followed by some form of surgery (n=16, 34%; Table 2). Forty-three 
participants (90%) underwent a lower limb amputation. Thirty-five participants (81%) 

Amputation 
request 
turned 
down (n) 

T0 
year 

T0 
(n) 

T1 (2009) 
reasons not 
to 
participate 

T1 
(n) 

T2 (2016) 
reasons not to 
participate 

T2 
(n) 

T2# (2009 + 
2016) 
reasons not to 
participate 

T2# 
(n) 

- 2000 1 1 1 1 

- 2001 1 1 no contact 
(n=1) 

0 no contact (n=1) 0 

- 2002 1 1 
 

1 1 

- 2003 4 4 4 reported sick* 3 

- 2004 6 6 deceased (n=2) 4 deceased (n=2) 4 

- 2005 3 refused (n=1) 2 3 refused (n=1) 2 

- 2006 1 1 1 1 

- 2007 2 2 2 2 
- 2008 4 < 18 (n=1) 3 4 <18 (n=1) 3 

- 2009 3 3 

2 2010 2 deceased (n=1) 1 

2 2011 3 3 

2 2012 10 no contact 
(n=1) 

9 

2 2013 6 
 

6 

2 2014 1 1 

6 2015 5 5 

16 total 53 21 48 17 
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with a lower limb amputation were fitted with a prosthesis (Table 3). Eleven participants 
did not use the prosthesis anymore at follow-up because of pain or fitting problems. 
Nineteen participants (40%) with a lower limb amputation used the prosthesis for 8 
hours or more daily. Two participants with an upper limb amputation (1 transhumeral 
and 1 transradial amputation) were fitted with a prosthesis and both used the prosthesis 
4 to 8 hours daily. 
 
Table 2  Characteristics of participants amputated because of long-standing therapy-resistant CRPS-I (n=48). 
Participant characteristics n (%) 
Age at time of diagnosis (years) 33.5 (20.3 to 40.0) ¥ 
Age at time of amputation (years) 41.0 (28.5 to 46.0) ¥ 
Interval between amputation and study (years) 5.5 (3.0 to 11.0) ¥ 
Female 40 (83) 
Inciting event of CRPS-I 
  Trauma 
  Surgery 
  Unknown/spontaneous   
  Arthroscopy 
  Overuse injury 
  Cast immobilization for tendonitis in the foot 
  Needle stick injury 

 
20 (42) 
10 (21) 
8 (17) 
6 (13) 
2 (4) 
1 (2) 
1 (2) 

Main reason for amputation # 

  Severe or unbearable pain 
  Non-functional limb 
  Contractures 
  Wounds/infections 

 
48 (100) 
48 (100) 
36 (75) 
15 (31) 

Level of amputation 
  Transhumeral 
  Transradial 
  Transfemoral 
  Knee disarticulation 
  Transtibial 

 
3 (6) 
2 (4) 

9 (19) 
18 (38) 
16 (33) 

Percentages might not add up to 100% due to rounding off. 
¥ Median (IQR). 
# Multiple reasons are possible 
 
Recurrence of CRPS-I was reported by 22 participants (46%; 95% Confidence 
Interval (CI) 33 to 60). The diagnosis was confirmed by physical examination in 4 of 
47 participants (9%; 95% CI: 3 to 20) after applying the Budapest criteria. One 
participant refused a physical examination. In the worst case scenario regarding 
recurrence of CRPS-I, 27 of 53 participants (51%; 95% CI: 38 to 64) would have 
self-reported recurrence and 10 of 53 participants (19%; 95% CI: 11 to 31) would 
have recurrence using the Budapest criteria. In the best case scenario regarding 
recurrence of CRPS-I, 22 of 53 participants (42%; 95% CI: 29 to 55) would have 
self-reported recurrence and 4 of 53 participants (8%; 95% CI: 3 to 18) would have 
recurrence using the Budapest criteria. 
Self-reported residual limb recurrence of CRPS-I developed within 3.5 years (range 0 
to 3.3 years), in 13 participants and self-reported recurrence elsewhere developed 
within 5 years in 4 of 6 participants (range 1.0 to 11.0 years; total n<22 due to 
missing values). Seven participants (15%) underwent a re-amputation because of 
recurrence of CRPS-I, of which 6 participants were re-amputated without consulting 
us. These re-amputations mostly took place in other hospitals. One participant had 
already undergone an amputation before the re-amputation in our center because of 
recurrence of CRPS-I in the same limb. Of these 7 participants, 2 (29%) still had 
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complaints and reported recurrence of CRPS-I elsewhere. Nine participants (19%) 
underwent re-surgery in the residual limb for other reasons than CRPS-I (e.g., 
adherent scars or bone spurs).  

Table 3 Post amputation results (n=48). 
Characteristics n (%) 
Fitted with a prosthesis 
 Upper extremity 
 Yes 

   No 
 Lower extremity 

 Yes 
 No 
 Yes, but not using prosthesis anymore 
 Missing ¥ 

2 (4) 
3 (6) 

24 (50) 
6 (13) 

11 (23) 
2 (4) 

Period wearing a prosthesis 
 Upper limb amputation 

 Daily 8 hours or more 
 Daily 4 to 8 hours 
 Daily fewer than 4 hours 
 Few days a week 
 Never / not applicable 
 Missing ¥ 

0 (0) 
2 (4) 
0 (0) 
0 (0) 
3 (6) 
0 (0) 

 Lower limb amputation 
 Daily: 8 hours or more 
 Daily: 4 to 8 hours 
 Daily: fewer than 4 hours 
 Few days a week 
 Never / not applicable 
 Missing ¥ 

K-level (n=43)27 

K0
K1
K2
K3
K4
Not using prosthesis anymore
Missing¥

19 (40) 
5 (10) 
0 (0) 
0 (0) 

17 (35) 
2 (4) 

1 (2) 
2 (5) 

8 (19) 
9 (21) 
4 (9) 

17 (40) 
2 (5) 

Recurrence of CRPS-I reported by patient 
 In residual limb 
 Elsewhere 
 In residual limb and elsewhere 
 No recurrence 

 7 (15) 
 5 (10) 
10 (21) 
26 (54) 

Recurrence of CRPS-I in residual limb according to Bruehl criteria 
 In residual limb 
 Elsewhere 
 In residual limb and elsewhere 
 Missing # 

 4 (8) 
 2 (4) 
 2 (4) 
 1 (2) 

Recurrence of CRPS-I in residual limb according to Budapest criteria 
 In residual limb 
 Elsewhere 
 In residual limb and elsewhere 
 Missing # 

  1 (2) 
  3 (6) 
  0 (0) 
  1 (2) 

Median (IQR) symptom free period (years) of residual limb in case of recurrence 
of CRPS-I reported by patient (n=13) 

0.5 (0.0 to 1.5) 

Median (IQR) symptom free period (years) elsewhere in case of recurrence of 
CRPS-I reported by patient (n=6) 

2.3 (1.0 to 7.6) 

Number of patients with re-amputation because of CRPS-IΩ 

 Affected limb 
  Different limb 

 1 (2) 
 6 (13) 

Number of patients with re-operation in residual limb because of other reasons*  9 (19) 
Percentages might not add up to 100% due to rounding off.
¥ Missing because question was not filled in.
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π K-level rating system is used to indicate a lower limb amputee’s potential to use a prosthetic device. K0=not 
possible to walk or make transfer, K1=able to make transfers, walk on an even surface with steady pace, 
K2=walk on an uneven surface, climbing stairs, K3=can handle all obstacles, walks with variable speed, K4=
functions at top level in work and daily life. 
# Missing because patient declined physical examination.  
Ω Two re-amputations were performed in our center (both knee disarticulations, one in the other limb, one 
after a previous transtibial amputation). One patient with an initial transradial amputation underwent a bilateral 
transtibial amputation. 
* Extirpation of neuroma (n=3), prosthesis fitting problems (n=2), correction of abnormal residual limb position
due to dystonia (n=1), pain due to protrusive femur (n=1) or impaired mobility and pain due to hypermobility
of the patella (n=2). More than half of the patients underwent more than one procedure for these problems.

Perceived changes after amputation 
Thirty-seven participants (77%) reported an important improvement in mobility 
(95% CI: 63 to 87, Table 4). An important reduction of pain was reported by 35 
participants (73%; 95% CI: 59 to 83).  
In the worst case scenario for mobility, 70% (95% CI: 56 to 80) of the participants 
would score an important improvement and for pain this would apply for 66% (95% 
CI: 53 to 77) of the participants. In the best case scenario for mobility, 79% (95% 
CI: 67 to 88) of the participants would score an important improvement and for pain 
this would apply for 75% (95% CI: 62 to 85) of the participants. 

Table 4 Perceived changes after amputation (n=48). 
Important 
improvement 
n(%) 

Slight 
improvement 
n(%) 

No change 

n(%) 

Slight 
deterioration 
n(%) 

Important 
deterioration 
n(%) 

Mobility 37 (77) 7 (15) 2 (4) 0 (0) 2 (4) 
Overall change 35 (73) 5 (10) 2 (4) 1 (2) 5 (10) 
Pain 35 (73) 2 (4) 3 (6) 2 (4) 6 (13) 
Pain medication 25 (52) 5 (10) 9 (19) 2 (4) 7 (15) 
Sleep 22 (46) 4 (8) 12 (25) 2 (4) 8 (17) 
Hobbies 19 (40) 5 (10) 15 (31) 3 (6) 6 (13) 
Washing/dressing 17 (35) 10 (21) 16 (33) 1 (2) 4 (8) 
Sports 17 (35) 4 (8) 20 (42) 1 (2) 6 (13) 
Household activities 16 (33) 10 (21) 12 (25) 4 (8) 6 (13) 
Mood 13 (27) 5 (10) 25 (52) 1 (2) 4 (8) 
Work 13 (27) 5 (10) 23 (48) 2 (4) 5 (10) 
Self-confidence 13 (27) 3 (6) 21 (44) 4 (8) 7 (15) 
Using a toilet 12 (25) 9 (19) 22 (46) 2 (4) 3 (6) 
Social contacts 12 (25) 8 (17) 21 (44) 1 (2) 6 (13) 
Appearance 11 (23) 7 (15) 21 (44) 4 (8) 5 (10) 
Intimacy 8 (17) 4 (8) 23 (48) 4 (8) 9 (19) 
Worrying 7 (15) 6 (13) 27 (56) 5 (10) 3 (6) 
Feeling understood 6 (13) 7 (15) 27 (56) 3 (6) 5 (10) 
Negative attention 4 (8) 5 (10) 30 (63) 4 (8) 5 (10) 

The distribution of the perceived changes were all significantly different from the hypothesized distribution (Chi-
Square test, p ≤ 0.05). Percentages do not add up to 100% due to rounding off. 

Post amputation, 45 participants (94%) reported 1 or more important improvements 
(ranging from 1 to 15 important improvements per participant; IQR: 3.0 to 8.8), and 
20 participants (42%) reported 1 or more important deteriorations (ranging from 1 
to 11 important deteriorations per participant; IQR: 0.0 to 3.0). Deterioration was 
reported most often for the items intimacy (n=13, 27%), self-confidence (n=11, 
23%), household activities, and sleep (both n=10, 21%).  
Experienced intensity and burden of residual limb pain and phantom pain are shown 
in Table 5. 
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Table 5 Experienced intensity and burden of residual limb pain and phantom pain. 
Little Annoying Alarming Terrible Unbearable 

Intensity, n (%) 
-Residual limb pain (n=23/43)* 3 (13) 5 (22) 8 (35) 6 (26) 1 (4) 
-Phantom pain (n=23/42)* 5 (22) 9 (39) 5 (22) 4 (17) 0 (0) 
Burden, n (%) None Little Moderate Much Very much 
-Residual limb pain (n=23/43)* 3 (13) 4 (17) 8 (35) 5 (22) 3 (13) 
-Phantom pain (n=22/42)* 6 (27) 5 (23) 6 (27) 3 (14) 2 (9) 

* The numbers between brackets after indicate the number of participants experiencing residual limb pain or
phantom pain, respectively, as well as the number of valid observations. n<48 due to missing values.

Results of WHOQOL-BREF, SCL-90-R, CD-RISC and HADS, compared with norm data 
and control groups are shown in Table 6. 

Table 6 Results of WHOQOL-BREF, SCL-90-R, CD-RISC and HADS, compared with reference and control 
groups.
Questionnaire Current 

study 
population 

Dutch 
norm 
values31-

33

Other control 
groups 

Study 
population 
versus Dutch 
norm values 

Study population 
versus other 
control groups 

Rehabilitation 
outpatients34 

Rehabilitation 
outpatients34  

WHOQOL-BREF# 
Domains 
-Physical
-Psychological
-Social
-Environment

Mean 
(SD) 

12.7 
(3.4) 
14.8 
(3.0) 
14.3 
(3.3) 
14.8 
(2.7) 

Mean 
(SD) 

15.2 
(2.6) 
14.4 
(2.0) 
15.4 
(2.9) 
15.8 
(2.0) 

Mean (SD) 

11.0 (2.7) 
13.6 (2.4) 
14.8 (3.4) 
14.2 (2.2) 

Difference 
(95%CI) 
-2.5 (-3.5 to -
1.4)*
-0.4 (-0.5 to -
1.3)
-1.1 (-2.1 to -
0.2)*
-1.0 (-1.8 to -
0.2)*

Difference 
(95% CI) 
1.7 (0.7 to 2.8)* 
1.2 (0.3 to 2.1)* 
-0.5 (-1.5 to 0.4)
0.6 (-0.2 to 1.4)

Chronic pain 
patients31 

Chronic pain 
patients31 

SCL-90-R total 
score# 

142.3 
(48.9) 

118.3 
(32.4) 

148.6 (45.5) 24.0 (9.6 to 
38.3)* 

-6.3 (-20.7 to 8.0)

Rehabilitation 
outpatients34 

Rehabilitation 
outpatients34 

CD-RISC# 73.1 (15.7) - 63.2(14.1) 9.9 (5.3 to 14.5)* 
Patients with 
phantom limb 
pain35 

Patients with  
phantom limb 
pain35

HADS-A# 

HADS-D 
3.7 (3.5) 
3.2 (4.0) 

5.1 (3.6) 
3.4 (3.3) 

8.0 (3.9) 
(5.5) 

-1.4(-2.4to-.4)*
-0.2(-1.3 to1.0)

-4.3(-5.2 to -3.3)*
-4.5(-5.5 to -3.3)*

One-sample t-test was used, * P ≤ 0.05, 95% CI = 95% Confidence Interval, - no data available, # n=47 
because 1 participant declined to fill out the questionnaires 

Prior to the amputation, a subgroup consisting of the last 31 participants included in 
the study was asked to score how much pain was experienced on a NRS scale 
ranging from 0 (no pain) to 10 (worst pain imaginary). The same question was 
repeated during the interview (median 4.0 years after the amputation; IQR: 2.0 to 
5.0 years). In this subgroup of 31 participants, a significant decrease in pain of 3.5 
points (SD 3.3) was found. 
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Satisfaction with decision for amputation 
Out of the 48 participants in this study, 47 (98%) would again choose an amputation 
under the same circumstances. One participant would not choose amputation again. 
In her case, a life-threatening infection was the primary reason for a lower limb 
amputation. 
Longitudinal follow-up 
Longitudinal analysis of the 17 participants who had already participated in the 
previous study showed no significant differences regarding interview outcomes 
(interview items in accordance with Table 4, participation ,decision-making process, 
and self-reported recurrence; data not shown, available on request), median scores 
of the WHOQOL-BREF, and median total score on the SCL-90-R. 
 
Table 7 Changes over time in questionnaires outcomes in patients who underwent an amputation for CRPS-I 
(n=17). 
Questionnaire Outcomes previous study14 Current evaluation  
WHOQOL-BREF (n=16) Median (IQR) Median (IQR) p 
Physical domain 
Psychological domain 
Social domain 
Environment domain 

13.7 (10.9 to 15.9) 
14.7 (14.0 to 16.5) 
14.7 (12.3 to 18.7) 
14.5 (11.3 to 16.3) 

13.1 (13.1 to 16.1) 
15.3 (13.7 to 16.7) 
15.3 (10.3 to 17.1) 
15.0 (13.5 to 16.9) 

0.990 
0.850 
0.234 
0.062 

SCL-90-R (n=16) 
Psychoneuroticism score 

 
127.5 (104.8 to 157.3) 

 
129.0 (112.3 – 162.5) 

 
0.403 

TAPES-R Distribution of answer options     Distribution of answer options  
  Experienced burden of: ¥ N L Mo Mu VM N L Mo Mu VM  
Phantom sensations 4 4 5 3 1 8 7 1 0 1 0.040* 
Residual limb pain (n=13) 3 1 5 1 3 9 2 1 1 0 0.001* 
Phantom pain (n=12) 1 3 4 2 2 8 3 1 0 0 0.001* 
  Fitted with a 
 a prosthesis 
    Period wearing a 
prosthesis # 

n = 12 
 

n = 11 1.000 
 
0.672 >8 

11 
4-8 
0 

<4 
0 

Fd 
0 

N 
1 

>
8 
8 

4-8 
1 

<4 
0 

Fd 
0 

N 
2 

Wilcoxon Signed Ranks test was used. *p ≤ 0.05 was considered significant. n<17 due to missing values. 
¥ N: none, L:  little, Mo: moderate, Mu: much, VM: very much. 
# >8:  daily 8 hours or more, 4-8: daily 4 to 8 hours, <4:  daily fewer than 4 hours, Fd: a few days in a week, 
N: never. 
 
In this study, the experienced burden of phantom sensations, residual limb pain, and 
phantom pain was significantly less compared with results from the previous study 
[14]. Post-hoc analysis of the intensity of residual limb and phantom pain showed 
that 2 participants still experienced alarming to terrible residual limb pain, and 2 
participants still experienced alarming phantom pain. No participants still 
experienced unbearable residual limb or phantom pain. No significant difference was 
found regarding prosthesis use. Fewer participants seemed to wear their prosthesis 
(9 participants in current study versus 11 participants in the previous study); 
however, this difference was not significant. 
 
Discussion 
 
Approximately 75% of the participants perceived important improvements in mobility 
and pain after the amputation. Self-reported recurrence of the CRPS-I occurred in 
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approximately 50% of the participants, but was confirmed in only 9% of the 
participants after applying the Budapest criteria. The improvement in mobility while 
performing specific activities (e.g., using a toilet, performing hobbies/sports, or 
participating at work) could not be generalized to all activities. General symptoms 
such as worrying, mood, and negative attention did not change for the most part. 
Forty-two percent of participants reported 1 or more important deteriorations. 
Analysis of deterioration related to specific activities showed it occurred in fewer than 
30% of participants. The above reported results are relevant because treatment 
options for therapy-resistant CRPS-I are scarce, and patients suffer immensely [13].  
Pain reduction was the main goal of most participants, and 35 participants (73%) did 
experience an important improvement regarding pain. The extent of improvement in 
pain found in this study appears to contrast with another study on amputation in 
CRPS-I patients, in which only 11 participants (32%) experienced pain relief [11]. 
This difference may be partly explained by the fact that our study assessed 
improvement instead of relief. The average decrease in pain, measured in a 
subgroup of the last 31 participants who underwent amputation, was 3.5 points (SD 
3.3) on the NRS scale. This difference is comparable with the 3.2 point difference 
between amputee and non-amputee patients with CRPS-I found in another study and 
is clinically relevant [16].  
The second goal mentioned by participants was an increase in mobility. Thirty-seven 
participants (77%) reported an important increase in mobility. When asked for 
specific activities that require mobility, fewer participants experienced improvement 
and more experienced deterioration. For some activities, the discrepancy between 
general improvement in mobility and perceived deterioration of one specific activity 
is explainable. For example, participants mentioned disappointments due to 
difficulties donning and doffing their prosthesis in the restroom, but they still 
experienced a general improvement in mobility because they could walk with a 
prosthesis. Furthermore, wheelchair mobility may be experienced as improved 
because participants’ fear of bumping the affected limb decreased or disappeared 
altogether. Improved wheelchair mobility may also explain the discrepancy between 
improvement in general mobility and the relatively low number of participants using 
a prosthesis. The discrepancies between general improvement in mobility and 
deterioration of mobility related to work, hobbies, and sports are more difficult to 
explain. Poor social acceptance of disabled persons in work and leisure activities 
might explain part of the discrepancies. 
A striking deterioration was seen for the items self-confidence (n=11, 23%) and 
intimacy (n=13, 27%) post amputation. Negative effects of an amputation on social 
function and intimacy have been reported previously [36, 37]. These effects might 
be linked to perceived appearance. Deterioration of appearance in relation to the 
reported deterioration of intimacy was analyzed in a post-hoc analysis. Only 4 of the 
13 participants (31%) who reported deterioration of intimacy also reported 
deterioration of appearance.  
Although quality of life did not meet Dutch norm standards, it did exceed standards 
for rehabilitation outpatients. The difference with the Dutch norm standards is only of 
clinical importance for the physical domain and can be explained by the amputation 
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and by the fact that after recovery from CRPS-1 residual symptoms may still be 
present [38].  
Twenty-two participants (46%) reported some kind of recurrence (pain, in 
combination with sensory, and/or sympathetic ,and/or motor, and/or trophic 
changes). This finding is in contrast with the 35 participants (73%) who reported an 
important improvement in pain. Based on the physical examination, the physician 
found recurrence of CRPS-I in 4 participants (9%) after applying the Budapest 
criteria. The CRPS-I diagnosis was not warranted in most cases because the fourth 
criterion (‘there is no other diagnosis that better explains the patient’s signs and 
symptoms’) was not met. Reported and objectified symptoms could be explained by 
another condition, for example, a neuroma. Furthermore, in many cases not enough 
symptoms were present during the physical examination to meet all 4 of the 
Budapest criteria.  
In a systematic review, recurrence of CRPS-I was reported in 34 of 65 participants 
(52%); however, the criteria used for the diagnosis of recurrence were not reported 
in the source studies [12]. The outcomes reported in this review are in line with our 
results for self-reported recurrence. Although our results regarding established 
recurrence may seem reassuring, drop out could have biased the study’s outcomes. 
In the worst case scenario, the total number of recurrences (Budapest criteria) would 
be 10 out of 53 participants (19%). Forty-seven participants (98%) would choose an 
amputation again under the same circumstances. This outcome is very positive, but 
it could be influenced by cognitive dissonance. The theory of cognitive dissonance 
predicts that in case of an irrevocable choice, people try to minimize regret [39]. An 
amputation cannot be reversed; therefore, instead of regretting this decision, it feels 
better to think it was the best choice.  
The low mean scores on the depression and anxiety scale after amputation are 
remarkable. Another study found that especially anxiety and pain-related fear were 
associated with poor outcomes in CRPS-I patients [40]. Anxiety and pain-related fear 
tended to decrease after 1 year in that study (by that time most patients had fewer 
symptoms than at the start of the CRPS-I). It is possible that the amputation was a 
relief or that patients who were motivated to undergo the amputation had lower 
scores on depression and anxiety prior to the amputation.  
Most self-reported recurrences developed in the first 5 years. In 2 participants CRPS-
I recurred elsewhere in the body after the first 5 years.  
The average age of the participants in this study was lower than the age of the 
average CRPS-I patient in the Netherlands as reported by De Mos et al. [41]. They 
reported the highest incidence in females aged 61 to 70 years and found that the 
upper extremity was more often affected than the lower extremity [41]. This age 
difference could be related to the severity of CRPS-I. In our study, only patients with 
long-standing, therapy-resistant CRPS-I who were motivated to undergo an 
amputation were seen, whereas the other study is a cohort of all CRPS-I patients 
recorded in a general practice research database over a 9-year period. In a 
systematic review of 26 papers describing 107 patients who underwent an 
amputation for long-standing therapy-resistant CRPS-I, a mean age of 40.3 years 
was found (based on part of the studies). Additionally, lower limb amputations were 
reported twice as often as upper limb amputations [12]. Our participants are better 
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comparable with those included in this review [12] than with the patients with CRPS-
I recorded in a general practice research database.  
In the longitudinal analysis (n=17), no significant differences were found regarding 
prosthesis use; this remained stable over 7 years. A slight but significant 
improvement was found in residual limb and phantom pain. The improvement in 
phantom pain has been reported in other research as well [42] 
Study strengths 
A strength of the current study was the relatively large number of participants. 
Compared with the previous study in 2012, twice as many participants were 
included. Furthermore, a longitudinal follow-up of a subgroup of 17 participants who 
had already participated in the previous study in 2012 could be performed [14]. 
Follow-up time increased for this subgroup, which meant that insight could be gained 
into the stability of long-term outcomes after amputation for long-standing therapy-
resistant CRPS-I 
Study limitations 
This study lacked a control group of patients with longstanding therapy resistant 
CRPS-I who did not undergo an amputation. Nevertheless, it was possible to 
compare our data with norm values. 
Only patients with an amputation were included. Therefore, no insight into quality of 
life and functioning of patients who were refused an amputation could be gained. We 
realize that our participants form an unusual and small subgroup of patients. Also, 
during the period this study was conducted, the diagnostic criteria for CRPS-I 
changed, making interpretation of diagnosis and recurrence difficult. We therefore 
decided to apply the most recent criteria to determine recurrence, although even 
these criteria (the Budapest criteria) are under scrutiny. Some critics claim that 
CRPS-I is not a disease, that overlap exists with other diseases, and that the validity 
of the criteria is not sufficient and not tested thoroughly [43-45]. 
Furthermore, the follow-up time was relatively long for many participants, which 
could have resulted in recall bias when assessing the situation prior to the 
amputation. Most participants reported improvement or no changes, which may 
reflect that they felt they ‘had to’ report positive outcomes to justify the amputation. 
Although the success rate of 75% is notable, it is not proven that an amputation 
caused the positive change, nor is it clear why the situation of some participants 
deteriorated after the amputation. 
Conclusion 
Approximately 75% of the participants in this study experienced a clinically relevant 
improvement in mobility and a reduction of pain. The average pain reduction, based 
on the subgroup of 31 participants, was 3.5 points on a 0-10 scale. Some 
participants experienced residual symptoms of the CRPS-I and impediments because 
of the amputation. Therefore, it is important to extensively screen patients to assess 
whether their post-amputation expectations and goals are realistic. For patients with 
long-standing, therapy resistant CRPS-I, amputation should be considered as a 
treatment option because it can increase mobility and reduce pain, which positively 
affects the quality of patients ‘lives. 
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Abstract 

Deciding for an amputation in case of complex regional pain syndrome type I ( 
CRPS-I) is controversial. Evidence for favorable or adverse effects of an amputation 
is weak. We therefore follow a careful and well-structured decision making process. 
After referral of the patient with the request to amputate the affected limb, it is 
checked if the diagnosis CRPS-I is correct, duration of complaints is more than 1 
year, all treatments described in the Dutch guidelines have been tried and if 
consequences of an amputation have been well considered by the patient. Thereafter 
the patient is assessed by a multidisciplinary team (psychologist, physical therapist, 
anesthesiologist-pain specialist, physiatrist and vascular surgeon). During a 
multidisciplinary meeting professionals summarize their assessment. Pros and cons 
of an amputation are discussed, taking into account level of amputation and 
expectations about post amputation functioning of patient and team. Based on 
assessments and discussion a consensus based decision is formulated and the 
patient is informed. If it is decided that an amputation is to be performed, the 
amputation will follow shortly. If it is decided not to amputate, the decision is 
extensively explained to the patient.  
Incidence of patients suffering from therapy resistant CRPS-I referred for amputation 
is low and because referred patients are strongly in favor of an amputation, a 
randomized controlled trial will be difficult to perform. Hence level of evidence in 
favor or against an amputation will remain low. We therefore report our decision 
making process to facilitate discussion about this difficult and delicate matter.  

Introduction 

Amputation in case of longstanding therapy resistant complex regional pain 
syndrome type-I (CRPS-I) is controversial. In a systematic review outcomes of an 
amputation in case of longstanding therapy resistant CRPS-I were summarized and 
discussed (1). That review included 26 case studies and case series (together 107 
patients) published between 1948 and 2009. Recurrence of CRPS-I, reported for 61 
of the 107 patients, occurred in 31 patients. Fitting of a prosthesis, reported for 49 
of 107 patients, resulted in 36 patients receiving a prosthesis but only 14 using it. 
Satisfaction was reported for 51 of 107 patients but it was unclear if satisfaction 
referred to pain reduction, increase of functional ability or prevention of infections. 
That review concluded that, overall outcome reporting was inconsistent and 
incomplete and given the available evidence, it is not possible to strongly advice 
against or in favor of amputation in case of longstanding therapy resistant CRPS-I 
(1).  
In a series of clinical papers we reported on amputation of the affected limb in case 
of longstanding therapy resistant CRPS-I (2-4). The clinical outcomes after 
amputation for longstanding therapy resistant CRPS-I in our center appeared to be 
favorable; 95% (20/21) of patients reported improvements in their lives in general, 
10 of 15 lower limb amputees (67%) used a prosthesis at least 8 hours per day, 19 
patients (90%) reported pain reduction, 17 (81%) reported an increase in mobility 
and 14 and 12 respectively reported improvements in sleep and mood. Overall 86% 
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(18/21) patients would choose an amputation again (2). Three amputees even 
became Paralympic athletes. However, 4 patients experienced deterioration in using 
the toilet and 6 felt less understood by their peers (2). The research group of Midbari 
found that patients with CRPS-I who underwent an amputation of the affected limb 
experience less pain and a better health status assessed by means of the SF36 
compared to patients with CRPS-I without an amputation (5). Additionally, CRPS-I 
patients with an amputation used less medication than those without an amputation 
(5).  
Our series of papers caught attention of patients and professionals and resulted in an 
increased inflow of requests for an amputation in case of longstanding therapy 
resistant CRPS-I. 
When submitting our manuscripts to journals many reviewers commented on it. 
Below you will find: “Reviewer comments” published in the PhD thesis of Bodde and 
our unpublished thoughts (6). “I do not think the authors have understood the 
pathophysiology of CRPS-I”. Who does? “Amputations for CRPS-I are serious 
disabling interventions that can be avoided with current treatment strategies”. Which 
strategies did you have in mind and do you have evidence for your statement? “It is 
really astonishing how many amputations were performed during the recruitment 
period for that study since data tautoo amputation is very scarce in literature”. Didn’t 
you read our systematic review including 26 studies describing 107 patients? “In the 
US this surgery is rarely if ever considered an option”. We think we have an 
alternative if everything else fails! “The decision to amputate in these cases can be 
agonizing for surgeon as well as the patient”. At last somebody who understands 
patients and clinicians, a rare breed. Interestingly, Midbari and Eisenberg recently 
reported in a letter to the editor quite similar experiences when submitting their 
study about amputation and CRPS-I (7).  
Within our hospital amputation in case of longstanding therapy resistant CRPS-I was 
frowned upon and some anesthesiologists refused collaboration to these practices 
and did not want to provide anesthesia for surgery. Therefore we had to find a 
dedicated anesthesiologist. Child physicians accused us of mall practice when a child 
( 15 years of age) with longstanding therapy resistant CRPS-I had a trans-tibial 
amputation. She now is a Paralympic athlete.  
The increased inflow of new patients, the limited evidence available, the sometimes 
disappointing results, the comments of reviewers and responses within our hospital 
made us re-evaluate the decision making process. Aim of this paper is to present the 
current status of our decision making process for amputation in longstanding therapy 
resistant CRPS-I and to stimulate discussion about this topic.  

Hypothesis 
Deciding for an elective amputation in case of CRPS-1 needs deliberation by an 
expert team of different specialists and a well-informed  patient. Discussion between 
specialists and weighing all arguments will facilitate the decision making process 
resulting in an acceptable outcome. 
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Procedures 

Screening before multidisciplinary consultation (Figure 1) 
When a patient is referred for assessment of an amputation in case of longstanding 
therapy resistant CRPS-I the physiatrist needs all correspondence from the referring 
physician. If this information is not present the information is requested. If all 
information is present a consultation is planned. During consultation the physiatrist 
takes the medical history including, education, level of activities, ADL, participation 
(professionally, as a partner, parent, and recreational, including sports), lifestyle 
(smoking, alcohol and drugs consumption) and current use of medication. Smoking  
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should be assessed and discussed since it increases the risk for reamputation and 
wound complications in lower limb surgery and lower limb amputations (8-10). 
Further compliance to secondary preventative measures such as cessation of 
smoking, a healthy diet, and > 80% compliance to drug prescription reduces cardio-
vascular events and mortality after lower limb amputations (11). Regular alcohol 
consumption is also considered during the decision making process since it is a risk 
factor for major complications after below knee amputation (12). The physiatrist 
discusses sexuality, the wish for amputation and tries to exclude Body Integrity 
Identity Disorder (BIID), auto- mutilation, etc. During physical examination signs for 
self-induced lesions are looked for since in some patients with CRPS-I these lesions 
are present and explain part of the symptoms (13). Additionally it is determined 
whether an amputation is medically necessary for instance in case of life threatening 
infection or gangrene. If so the vascular surgeon is consulted and an amputation is 
planned without further multidisciplinary consultation. If an amputation is medically 
not immediately necessary, the diagnosis CRPS-I is confirmed or refuted based on 
history, documents and examination following current criteria (Budapest), because in 
some patients the diagnosis was established a long time ago on diagnostic criteria no 
longer applicable (14). If the diagnosis CRPS-I is not confirmed the patient is 
referred back for additional diagnostic procedures and treatment. If the diagnosis is 
confirmed, it is checked whether duration of symptoms are present for less than 1 
year. If so the patient is referred back because within the first year after the 
diagnosis is made many patients (partly) recover; pain, swelling, range of motion 
and disability improve (15). If symptoms are present for more than 1 year it is 
assessed whether all treatments described in Dutch multidisciplinary guidelines have 
been tried (AppendixS1). These guidelines were developed based on best available 
evidence.(16). If not the patient is referred back for treatment according these 
guidelines. If all treatments have been tried without success it is assessed whether 
the patient is well informed about all possible outcomes of an amputation, positive as 
well as negative outcomes. If the patient is poorly informed and has not considered 
thoroughly the impact of an amputation functionally, psychologically and socially, the 
patient is referred back to acquire further information and further consideration. If 
the patient is well informed and impact of the amputation has been well considered a 
multidisciplinary consultation is planned and the patient is asked to write a medical 
history from a personal perspective and a motivation for the amputation. This 
expectation is based on general principles of prosthetic rehabilitation and data from 
our earlier evaluations of patients who received an amputation for a longstanding 
therapy resistant CRPS-I (2, 3). If patients are better informed prior to amputation 
they can have more realistic expectations about living with an amputation and if 
preamputation expectations are met after the amputation patients are more satisfied 
with outcomes (17). 
Multidisciplinary consultation (Figure 2) 
During the multidisciplinary consultation the involved professionals are rehabilitation 
psychologist, physical therapist, anaesthesiologist-pain specialist, vascular surgeon, 
orthopaedic surgeon (if the patient has an orthopaedic history), and physiatrist. All 
professionals assess the patient on the same day for reasons of efficiency. The 
assessment includes psycho-social, physical and medical aspects. 
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Rehabilitation psychologist 
Psychological factors associated with CRPS are pain, depression, anxiety, fear, 
catastrophizing, stressful life events, resilience and body perception disturbance (15, 
18-20). The associations however are not conclusive and are not pointing in a
specific direction of a personality disorder or a specific psychopathology (21-24). To
assess these factors the patient receives prior to the interview questionnaires at
home and is requested to fill them in: for resilience the Connor-Davidson Resilience
Scale (CD-RISC), for quality of life the World Health Organization Quality of Life
Questionnaire (WHOQOL-BREF), for psychosocial distress the symptom check list
(SCL-90-R), for depression the Back depression inventory (BDI-II) and for anxiety
the anxiety scale of the hospital
Fig. 1. Flow chart of the decision making process prior to the multidisciplinary
consultation for amputation because of CRPS–I anxiety and depression scale (HADS-
A)(25-29). Additionally a questionnaire for pain related fear (TAMPA) and pain
catastrophizing scale (PCS) is filled in (30, 31). The rehabilitation psychologist
assesses in a structured interview the motivation of the patient for an amputation,
whether outcome expectations are realistic, and whether the patient is aware of
change in body image and of the pros and cons of an amputation. An inventory of
finances, housing, work, education, social support, coping, life style, household and
activities is made. A screening is performed for cognitive problems and psychiatric
disorders such as depression, anxiety, posttraumatic stress syndrome, BIID, auto
mutilation and conversion disorders. The psychologist assesses lawsuits, currently or
in the past, treatment for any mental problem, addiction, and outstanding or
disrupting life events or adversity (for instance severe disease of death of a
significant other, physical, mental or sexual abuse, molest, etc.). The results of the
questionnaires together with the written motivation of the patient is discussed and
used to assess the process of decision making of the patient. Was the decision
discussed with significant others and friends, are outcome expectations realistic, is
there a goal to achieve and how is the awareness of the complications? During this
interview it is also assessed, if the patient is well prepared for an amputation, and
resilient enough. What were patients reactions in the past on adversity? Are the
circumstances (financial, housing, social support, life style, cognition) satisfactory? Is
the CRPS connected to a lawsuit or a mental illness (BIID, auto-mutilation)?
Physical therapist
The physical therapist assesses body mass index (BMI), core stability, one leg balance,
range of motion of hips and knees, muscle strength of large muscle groups of arms and
legs, use of walking aids and independence of transfers. If the patient wishes an
amputation but does not wish to walk with a prosthesis the assessment is limited to BMI,
core stability, and one leg balance test. Although BMI is not a predictor for walking ability
following lower limb amputation it should be taken into account in the decision making
process (32, 33). A high BMI has shown to be a risk factor for wound complications and
poorer survival in lower limb amputations (8, 34). Additionally weight is taken into
account because a larger weight and a larger waist circumference is associated with less
distance on the 6 minute walking test (35). An overly low BMI (< 15), is also considered
since it is a risk factor for post amputation mortality in below knee amputation for critical
ischemia limbs (8, 35). Results of the one leg balance test are compared to the
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normative values found previously (36). One leg balance is predictor for success in 
prosthetic ambulation and prosthetic use (33). A too high or too low BMI may be relative 
contra indications for an amputation. Sometimes a too low BMI is the result of 
longstanding inactivity and patients do not have enough muscles and supporting tissue to 
wear a prosthesis. An amputation may, however, be considered when after a dietary 
intervention combined with exercises BMI has increased up to 18 in case of a low BMI 
and muscle strength is adequate after physical therapy. In case of a too high BMI, an 
amputation is considered if BMI has been reduced to below 25. Also a relative contra- 
indication for an amputation is the lack of muscle control proximal to the proposed level 
of amputation or insufficient muscle control of arms or trunk. If after a training program 
muscle control is adequate an amputation can be performed. 
Anesthesiologist-pain specialist  
The anesthesiologist-pain specialist assesses pain nature, severity and 
characteristics, sensory disturbances, to confirm CRPS-I and to exclude other pain 
problems. Further impact of pain is assessed, as well as medication use and previous 
treatments. Special attention is paid to the patient having had reasonably all pain 
treatments including invasive interventions in an adequate way, according to the 
(revised) Dutch Guideline Type 1 Complex Regional Pain Syndrome (16). The 
anesthesiologist discusses the patients expectations with respect to pain and 
functional gain in case an amputation will be executed. He informs the patient if 
expectations are not realistic. The post-operative phantom pain and stump pain 
incidence and potential CRPS-recurrence are brought up to help the patient consider 
pros and cons. If the patients’ general condition gives rise to increased surgery 
related anesthesiological risks, the anesthesiologist discusses these also.  
Vascular surgeon and physiatrist  
The vascular surgeon and the physiatrist see the patient together. They again ask the 
patient to explain the wish for an amputation and perform a physical examination aimed 
at macroscopic appearance of the leg in terms of deformity and discrete signs of CRPS-I, 
including the most proximal level of these signs and symptoms. Pulses are verified at the 
levels of common femoral, popliteal, dorsal pedal and posterior tibial arteries. Other signs 
of diminished vascularization are checked as well, by e.g. capillary refill. When, after 
physical examination, there is suspicion of peripheral artery occlusive disease, additional 
duplex ultrasound is planned. When hemodynamically significant stenoses are found in 
the iliaco-femoro-popliteal tract additional contrast enhanced computerized tomography 
scanning is performed and subsequent invasive treatment is considered. Treatment may 
include PTA/stenting or bypass surgery and reasons for treatment may include the relief 
of symptoms accompanying symptoms caused by CRPS-1 or to assure an appropriate 
wound healing after amputation.  
Both vascular surgeon and physiatrist then propose the level of amputation. To prevent 
recurrence of CRPS level of amputation is chosen proximal of the area of allodynia (only 
based on clinical experience). Additionally functionality after the amputation is taken into 
account when deciding level of amputation. If the patient does not want to walk after the 
amputation the proposed level is based on optimal wheelchair mobility or on optimal 
nursing care. If the patient wants to walk after the amputation the proposed level is 
based on optimal functionality with a prosthesis. Further they re-evaluate the medication 
and discuss the pros and cons of an amputation. Also the risks and possible 
complications of an amputation are discussed. The rehabilitation process is explained.  
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Multidisciplinary meeting 
During the multidisciplinary meeting each professional summarizes his/her 
assessment and reports his/her opinion about the pros and cons of an amputation for 
this particular patient, the level of amputation and the expectations of the level of 
functioning after an amputation. These assessments are compared with wishes and 
expectations of the patient described in the letter of motivation. Based on the 
acquired information and discussion, a consensus based decision is formulated and 
the patient is informed by the physiatrist and the surgeon on the same day about the 
decision. If it is decided that an amputation is to be performed the patient is put on a 
waiting list for the procedure and generally an amputation is performed within two 
months after the multidisciplinary meeting. If no amputation is advised reasons will 
be extensively explained to the patient. Depending on the outcomes of the 
multidisciplinary meeting, further diagnostics and or additional (pain) treatments 
may be proposed. The referring physician is informed about the outcomes of the 
multidisciplinary consultations and the decision.  

Considerations 

Patients suffering from longstanding therapy resistant CRPS-I generally request an 
amputation because of severe spontaneous pain often including allodynia, not 
controllable by means of treatment (medication, invasive pain procedures or other 
treatments according to the guidelines (16). Pain prevents them in performing 
activities of daily life and personal care and participating in society (recreationally, 
professionally, as a partner or parent). The affected limb is often completely a-
functional and referred to as “that leg” instead of “my leg”. The affected limb is no 
longer included in their body scheme. Patients cannot stand the pain anymore and 
want to become active again and want to participate in society. They want to “get rid 
of that limb”. 
Patients are referred to the department of Rehabilitation Medicine of the University 
Medical Center Groningen (UMCG) for amputation because relevant health care 
professionals elsewhere in the Netherlands are not amenable for amputation 
requests or miss expertise. Since 2000 amputations for this reason are performed in 
our center and due to ongoing research an expert center emerged. 
Amputation of a limb is an irreversible and drastic measure, and it may have large 
consequences, negative as well as positive, for person and peers involved. CRPS-I 
may not be solved by an amputation, it may reoccur more proximally in the stump or 
in another extremity (1). Because CRPS-I is associated with central nervous system 
alterations (37, 38) an amputation may not result in the expected / desired pain 
reduction or functional gain. However, despite central nervous system alterations our 
amputation results were quite favorable. A reduction in pain following amputation 
was reported by 19 patients and for 18 of them it was a major reduction. But 18 
patients reported residual limb pain and 18 experienced phantom limb pain which 
impeded them much to very much in 6 respectively 7 patients. Despite residual limb 
pain and phantom pain 18 out of 21 patients would chose an amputation again (2). 
However, recently, a case-report documented a patient who had undergone an 
amputation because of CRPS-I but who now advocates against amputation (39). 



125 

Taking the above in to account the decision to amputate in case of longstanding 
therapy resistant CRPS-I is difficult. By weighing all pros and cons carefully by 
professionals and patient in an expert center the chance of making decision which is 
beneficial for the patient is increased. Overlap in topics of assessments of the 
professionals involved exists to be sure that consistent information is acquired during 
the whole decision making procedure.  
Reasons not to amputate are psychiatric disorders such as BIID, conversion or auto-
mutilation, addiction of the patient to medication, alcohol or drugs, a previous 
amputation because of CRPS-I, patient expectations are unrealistically high, 
professionals do not expect functional or quality of life improvement due to an 
amputation. After the discussion the patient is informed. Most referred patients 
themselves already decided that they wanted an amputation. Their decision is more 
or less made independently from peers or health care professionals (17). If the 
decision of the team differs (no amputation) from what they want (amputation), the 
decision is extensively discussed and explained. Sometimes patients are (very) 
disappointed and they visit another hospital to request for an amputation.  
Overall level of evidence for effects of treatments of CRPS-I is low. Level of evidence 
for effects of amputation in case of therapy resistant CRPS-I is even lower. 
Additionally, because patients referred for amputation are strongly motivated to 
undergo that amputation it is difficult to a randomized controlled trial. Hence level of 
evidence in favor or against an amputation will remain low. Predicting poor or 
successful outcomes after amputation in case of therapy resistant CRPS-I accurately, 
is currently not possible.  
We described and presented the multidisciplinary decision making process as 
prevailing in our university center in detail, with respect to amputation in therapy 
resistant CRPS-I patients. Our experience is based on a period of 24 years with 
patients that are referred from whole the country (the Netherlands). In this way we 
hope to contribute into an open discussion about this difficult and delicate matter. 
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Chapter 9 

General discussion 
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Background 
 
The aim of this thesis was to explore psychological aspects in rehabilitation. In the 
introduction Engel’s biopsychosocial model was presented (chapter 1). This model 
adds psychological and social influences to the biomedical model and gives room for 
the fact that body and brain influence each other. But integration of that model in 
medical research seems hard since research into effects of psychological 
interventions in medical research is scarce. As a psychologist it was frustrating to 
realize that in general psychological influences on restrictions or other consequences 
of diseases or trauma were hardly studied, nevertheless it motivated me to find 
answers on the questions posed in the introduction.  
  
Chapters 
 
-QOL study- 
Rehabilitation outpatients scored lower on all World Health Organisation Quality Of 
Life-abbreviated version (WHOQOL-bref) domains compared to Dutch population, 
thereby confirming the model of Engel 1 (chapter 2) but the differences on the 
psychological and social domain were small. The impact of chronic pain on Quality of 
Life (QOL) in patients was found to be higher compared to patients with 
musculoskeletal problems. For these two patient groups outcomes can be used as 
norm scores. The advantage of the WHOQOL-bref is that it provides a comprehensive 
overview of the adaption of the patient to their disease or trauma because all 
domains are assessed.  
-Cognitive dysfunction study- 
Rehabilitation patients, without brain damage, had higher scores on the Cognitive 
Failure Questionnaire compared to the Dutch population (chapter 3). High stress 
coping ability (resilience) was protecting against cognitive failure, while there was a 
mediating effect of anxiety and depression. The hypothesised association between 
cognition and surgery or pain, found in other studies, was not confirmed in our 
study.2,3  
-Prosthesis satisfaction review- 
The systematic review into prosthesis satisfaction (chapter 4) showed that 
satisfaction with a prosthesis was associated with many factors which could be 
grouped in 5 domains i.e. appearance, properties, fit, and use of the prosthesis, as 
well as aspects of the residual limb. Significance of the associations was related to 
gender, liner use, etiology and level of amputation. However, questionnaires 
assessing satisfaction use different operationalization’s of satisfaction. In addition  
without providing a clear definition of satisfaction in the user guides, comparisons 
between study results are difficult. 
-Resilience in CRPS-I study- 
The mean resilience scores and mean scores on all domains of the WHOQOL-bref of 
patients who were amputated because of longstanding therapy resistant CRPS-I were 
higher than those patients with chronic pain (chapter 5). These results suggest that 
patients with resilience are capable of adapting to their new (post amputation) 
situation and improving their QOL.  
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-Association with outcome study-
Poor social support or lower score on resilience were associated with poor outcomes
of an amputation in case of longstanding therapy resistant CRPS-I (chapter 6). These
finding were somewhat disappointing because we expected associations with more
psychological factors. The factors found to be associated with the outcome seem to
be general factors, not specific for longstanding therapy resistant CRPS-I.
-Outcome study-
More than 75% of patients who were amputated because of longstanding therapy
resistant CRPS-I reported an improvement in mobility and or a reduction in pain
(chapter 7). Recurrence of CRPS-I occurred in the residual limb of 1 participant and
in another limb of 3 participants. Despite these good result most patients still had
pain and problems with their mobility. The outcomes were stable over time. These
outcomes enable us to inform patients who consider an amputation for longstanding
therapy resistant CRPS-I.
-Decision paper-
Because amputation in case of longstanding therapy resistant CPRS-I is controversial
we described the decision making process in detail (chapter 8). We aimed to be
transparent for patients and professionals. It forced us to reflect critically upon the
decision making process and give others an opportunity to engage in a discussion
about this process.

General reflection 

Before the case, presented in the introduction, is discussed again in the light of our 
findings I will start with some more general assumptions. The result of the QOL 
study showed, that all domains of QOL are affected by physical problems, showing 
that the biomedical model is too restricted. This is in no way a new insight, it is only 
a confirmation of what was suggested more than 40 years ago by Engel. He noticed 
that the physician-patient relationship was deteriorating despite medical technical 
developments and innovations. The human side of illness and patient care had not 
developed. Additionally knowledge about the human behaviour had not been 
integrated: a missed chance to a more effective patient care and health 
maintenance.4 Also, in the biomedical model is no room for the fact that patients 
want to be heard, understood and respected, and want to be involved in decision 
making.5-7 These needs of patients is a development of the last decades, encouraged 
by health care providers.8 
The restrictions of the biomedical model are based on Christian orthodoxy, leaving 
the connection with the soul, morale, mind and behavior out of this model.4 
Nowadays we are aware of different body-brain connections in the human body e.g.: 
the hypothalamic-pituitary-adrenal axis, the autonomic nervous system, the immune 
system and the gut-brain axis,9-13 that confirm the connection between body and 
brain. 
This thesis is predominantly about psychological aspects of rehabilitation. It may 
seem that it undermines the idea of everything being interconnected by focusing on 
one domain. We had to select and sometimes the focus became narrow and for that 
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reason other aspects were ignored. In the cognitive dysfunction study for instance, 
we did not investigate the physical (dys)function. 
In the prosthesis satisfaction review (chapter 4) a wide search strategy was applied 
to find studies investigating not only psychological domain but also the physical and 
the social domain. However with that broad search strategy other difficulties 
surfaced. A lot of different factors were associated with prosthesis satisfaction, 
despite the restriction of including only patients with a trans-tibial amputation. 
Comparison of the importance of the different factors was almost impossible due to 
different outcome measures (questionnaires) and study designs. In the end we just 
summarized all factors to get a grasp.  
Another difficulty in the prosthesis satisfaction review was how factors were 
operationalized. Different questionnaires applied different operationalizations which 
were poorly documented. Some questionnaires did not have a user guide making it 
even more difficult to interpret results of the different questionnaires. 
The last four chapters are about patients with longstanding therapy resistant  
CRPS-I. We encountered other difficulties in those studies. The first one was the 
definition of CRPS-I, which has changed a few times over the last 15 years.14 Those 
changes are highly relevant when including patients in studies, determining 
prevalence, determining recurrence rate and when comparing outcomes of different 
studies.15 But even the latest definition is under scrutiny. Some critics even state 
that it is not a disease at all or report overlap with other diseases and that the 
validity of the criteria is not sufficient and not tested thoroughly.16,17 
A second difficulty is: how long is the diagnosis of CRPS-I valid? Most diseases have 
a dynamic character which is not often taken into account. For instance a person 
fractured a leg, becomes depressed and 10 years later developed CRPS-I which 
proved to be therapy resistant CRPS-I. When assessing the patient for an 
amputation the fracture has healed and the depression has resolved. Should we 
consider one of those as a factor potentially influencing the outcome of the 
amputation? Is the fact that the leg has fractured a sign of vulnerability? Or is the 
fact that the fracture has healed a sign of strength? For depression the same 
considerations can be made. Is depression a sign of vulnerability? Or is the fact that 
the patient left the depression behind a sign of strength? In general when 
documenting a patient’s history all diagnoses are summarized but not if and how 
they were handled, and how the patient coped with those diagnoses. What is the 
value of the diagnoses 10 years after the event? I have no answers to these 
questions although I personally think that most of the time the way a patient handles 
adversity is telling me more than what kind of adversity it actually was. 
The third difficulty is the goal of an amputation and interpretation of the outcome. 
There may be different goals a patients aims for when requesting an amputation e.g. 
decrease in pain, increase in mobility and or decrease infection risk. It is challenging 
to weigh these different goals. Is one goal more important than the other and what if 
a participant achieves only one of the three goals, can it be rated as an improvement 
or not? And if one goal is only reached for 33%, for example the pain (on a 0-10 
scale) decreased from 9 to 6, how should it be rated? In my opinion even the partial 
realization of a goal, especially if the result improve function or QOL, is a positive 
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outcome. For example the decrease in pain counteracts insomnia and provides a 
better QOL.18 
The fourth difficulty is a possible selection bias in our studies. Many patients with 
CRPS-I experience a decrease of the symptoms within 6-13 months after the 
onset.19 A small group of patients progress to a longstanding therapy resistant CRPS-
I. The CRPS-I patients in our studies have longstanding therapy resistant CRPS-I and 
differ from the other CRPS-I patients, seen by the family physician with regard to 
age and location of the CPRS-I.20 The participants in the outcome study are younger 
and the lower limb is mostly affected. Actually our participants have more in 
common with samples in other studies with longstanding therapy resistant CRPS-I.21 
Younger participants and more lower limb amputations could both influence the 
outcome in a positive way. Younger people have more rehabilitation possibilities and 
the use of a lower limb prosthesis is more straightforward compared to the use of 
upper limb prosthesis.  
Despite these difficulties the studies revealed new insights. For me it was surprising 
that childhood adversity and disturbing life events were not associated with a poor 
outcome. The relationship between adverse childhood experiences and poorer health 
across the life course is well established.22-24 Additionally early adversity predisposes 
to chronic pain.25 Further childhood adversity can affect the brain itself, reducing 
stress coping mechanism.26,27 In CRPS-I patients stressful life events are more 
common, suggesting that it could be a risk factor for CRPS-I.28 But is stress or 
childhood adversity influencing the outcome of an amputation in case of longstanding 
therapy resistant CRPS-I? We did not find such an association in the outcome study. 
It is possible that adversity is boosting resilience reducing the effects of adversity on 
outcome. Mechanism and model behind this possibility have repeatedly been 
investigated.29-31 Resilience research started after the realization that childhood 
adversity was handled by many children in a sufficient way and the researchers 
wondered why.32,33 They named the competence to handle childhood adversity: 
resilience. Later questionnaires were developed to measure resilience. We used the 
Conner Davidson resilience scale (CD-RISC) developed in 2003.34 This questionnaire 
is based on different sources, for example Kobasa’s work with the construct of 
hardiness.35 A last remark about resilience is that although it can grow under 
influence of adversity the growth is not unlimited.36 
All the difficulties and ideas concerning patients with longstanding therapy resistant 
CRPS-I come together in the decision making process “to amputate or not” and led 
to the studies of this thesis. Another way to handle as a researcher the amputation 
dilemma is to describe the procedure in detail and share it with others and invite 
them to a discussion. The process of describing the procedure forces team members 
to think critically about the rationale behind each step. It necessitates discussion 
between team members and because the team is multidisciplinary a wide view is 
required.  
Strength and weaknesses: 
The QOL study was performed in a consecutive sample of more than 500 patients 
and only 11% of those was excluded, making the outcomes robust. The sampling 
was performed in only one facility and all patients had been referred to the 
psychologist, reducing external validity. In the cognition study different factors were 
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explored in a regression model in a consecutive sample of 274 patients. However the 
study was limited because only one (subjective) instrument was used to measure 
cognition. 
The outcome study included 48 participants with an amputation because of 
longstanding therapy resistant CRPS-I. Although the absolute sample size was small 
it is one of the larger samples regarding this group described in literature and part of 
the participants (n=17) participate in a follow up study. Limitation of that study was 
the lack of a control, group. However norm data found in chapter 2 helped with the 
interpretation of the outcomes.  

---------------------------------------------------------------------------------- 
Back to the case presented in the introduction of this thesis.(page 11) 
Can the results of this thesis be applied in daily practice. 
“Is the proposed amputation for this CRPS-I patient, a 45 year old man, the 
right decision?” was one of the referrals 15 years ago. At the time my mind 
just wondered in many different directions, not noticing that a vital part of the 
question was missing. The right decision for what? Are we talking about 
outcome? And is that the outcome the physician has in mind or the outcome 
the patient is aiming for? Within rehabilitation the International Classification 
of Functioning, Disability and Health (ICF), is used 37. The ICF model 
measures on 3 different levels: body structure and function e.g. edema, pain, 
muscle weakness; activity e.g. standing, transfers; participation e.g. work, 
sports. Which level are we talking about and is one of those levels more 
important than the other? In the outcome study different outcomes were 
assessed but in daily practice of the decision making process two outcomes 
are currently considered crucial i.e. decrease of pain and increase in mobility. 
Associated with these two crucial outcomes are social support and resilience. 
Patients who experience strong social support and who are resilient have a 
better chance on a good outcome after the amputation. Although the results 
were statistically significant in the “Association with outcome study” the model 
was not perfect.  
Another way of looking at the referral of the rehabilitation physician is to 
evaluate the thinking process of the patients. Is the patient able to think 
clearly? Beside the cognitive side of thinking, the thinking process was 
discussed in the team and two crucial factors were acknowledged. Has the 
patient weighed the consequences of an amputation (pro and con’s) 
thoroughly and has the patient discussed an amputation it with family or close 
friends? The last step in the decision making process is to compare outcome 
expectations of team and patient. The team discusses expectations and then 
compares it with the those of the patient. If the patient has a much more 
optimistic outcome expectation compared with that of the team, the request 
for an amputation is turned down.  
Conclusion is that currently, if we have to decide if an amputation might be a 
treatment for the patient, a decision protocol is available and gives me the 
tools to make a decision from the psychological point of view. 
------------------------------------------------------------------------- 
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Future research 
The results presented in this research are a small step forward, but future research 
regarding the following topics is needed.  
In order to improve the explained variation, presented in the association with 
outcome study, other psychological factors such as fear of movement, that were 
identified in other recent studies should be further explored.38 
In evaluating long term outcome fixed evaluation times should be applied, for 
instance a measurement at 1, 2 and 5 years after amputation.  
Patients who wanted an amputation but the team decided against it should be 
included in a follow-up study to explore outcomes in this group of patients. 

General conclusions 

Resilience, cognition, social support, anxiety, depression and pain are associated 
with outcome (QOL) of rehabilitation outpatients. Integration of psychology in 
(rehabilitation) medicine will not only enrich the diagnostic opportunities but also 
increase the therapeutic options. The dare of Engel of 40 years ago is still the same, 
all medical specialists increase their skills but quality of collaborations has not 
increased. Hence we all need to widen our view.  
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Summary 
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The aim of this thesis was to explore psychological aspects in rehabilitation. The 
influence of psychological and social factors within medicine was introduced in 1978 
by Engel’s biopsychosocial model. This model adds psychological and social 
influences to the biomedical model and gives room for the fact that body and brain 
influence each other. But research into effects of psychological interventions in 
medical research is scarce. As a psychologist in rehabilitation I realized that in 
general psychological influences on restrictions or other consequences of adversity, 
such as diseases or trauma, were hardly studied. The reason I ran into many 
questions in daily practice. This lack of information motivated me to find answers on 
at least some of these questions. The thesis presents five studies, a review and an 
opinion paper,  seven chapters as result of my quest. For every chapter the research 
question, methods, results, conclusions, future research will be presented. 

Quality of Life study, chapter 2 

Question: What are the scores of rehabilitation outpatients on Quality of Life (QOL) 
and what is the influence of diagnosis and patient characteristics on those scores. 
Methods: 542 outpatients, referred to a rehabilitation psychologist. Referral 
diagnoses were “musculoskeletal”, “chronic pain”, “neurological” and 
“miscellaneous”. Comparisons between groups were made for each of the four 
domains of the World Health Organization Quality of Life questionnaire abbreviated 
version (WHOQOL-BREF), scoring range 4-20. Results: In rehabilitation outpatients, 
scores on all WHOQOL-BREF domains were significantly lower than those of the 
general Dutch population. The differences between the rehabilitation outpatients and 
the general Dutch population on the psychological and social domain were small. 
Patients with chronic pain were found to exhibit a significantly lower QOL in all four 
domains when compared to the group of patients with musculoskeletal problems. 
Conclusions: The (negative) influence of chronic pain was stronger compared to 
musculoskeletal problems in all domains. Limitations: Only patients that were 
referred by the rehabilitation specialist to the rehabilitation psychologist were 
included. Future research: To explore the reason for the difference in QOL between 
different groups. 

Cognitive dysfunction study, chapter 3 

Question: What is the magnitude of cognitive dysfunction in rehabilitation 
outpatients and is cognitive dysfunction associated with patient characteristics, 
diagnosis, surgery, pain, anxiety, stress and depression? Methods: Cognitive 
functioning was assessed in 274 rehabilitation outpatients using the cognitive failure 
questionnaire and compared with the general Dutch population. Associations of 
gender, age, diagnosis, recent surgery, pain and stress coping ability with cognitive 
function were explored. Mediation of depression and anxiety was explored. Results: 
On average rehabilitation outpatients reported more problems compared to the 
general Dutch population, but the difference was small. High stress coping ability 
was protecting against cognitive failure, while there was a mediating effect of anxiety 
and depression. Conclusions: Patients with more depression or anxiety had more 
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cognitive problems. High resilience lowered this effect. The expected association with 
surgery or pain, found in other studies, was not confirmed in this study. One 
explanation of this difference in outcomes was, that in previous studies stress coping 
ability, depression and anxiety were not included in the analyses. Limitations: Only 
one (subjective) instrument  was used to measure cognition. Future research: How 
to adapt rehabilitation programs to different levels of cognitive dysfunctions.  

Prosthesis satisfaction review study, chapter 4 

Question: Which factors influence patient satisfaction with a transtibial prosthesis 
and how is that measured. Methods: A literature search was performed in PubMed, 
Embase, PsycInfo, CINAHL, Cochrane, and Web of Knowledge databases up to 
Febuary 2018 to identify relevant studies. Results: Patient satisfaction was 
influenced by many different factors. Significance of the factors was related to 
gender, etiology, liner use, and level of amputation. Questionnaires assessed 
different aspects of satisfaction. 
Conclusions: Patient satisfaction was influenced by many factors in different 
domains: Appearance, properties, fit, and use of the prosthesis, as well as aspects of 
the residual limb. Relevance of certain factors seems to be related to specific 
amputee patient groups, none of the questionnaires covers all factors.  
Limitations: This review is limited to transtibial amputee patients, 12 studies, with an 
atypical population (predominately traumatic amputees).  
Future research: Prosthesis satisfaction should be systematically evaluated by means 
of an assessment of all known factors influencing satisfaction.  

Resilience in Complex Regional Pain Syndrome Type I (CRPS-I) 
study, chapter 5 

Question: What is the association between resilience and post amputation outcomes, 
i.e. quality of life, pain, recurrence of CRPS-I and psychological distress? Methods: 
Twenty-six patients with an amputation related to CRPS-I filled in the Connor-
Davidson Resilience Scale (CD-RISC), WHOQOL-Bref and the Symptom Checklist-90 
Revised (SCL-90-R). An interview was conducted and a physical examination 
performed. Results were compared with reference groups from literature and a 
control group from the outpatient rehabilitation clinic of our medical center. Results: 
Resilience correlated significantly with all domains of the WHOQOL-Bref and 
negatively with all domains of the SCL-90-R. Conclusions: Compared with a control 
group, patients with an amputation because of CRPS-I had higher scores on 
resilience and QOL. Limitations: The cross sectional design and the small group limit 
the conclusions. Future research: The prognostic value of resilience in this patient 
group.
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Association with outcome study, chapter 6 

Question: Which psychosocial factors prior to amputation are associated with poor 
outcomes of amputation for longstanding therapy resistant CRPS-I? Methods: 
Between May 2008 and August 2015, 31 patients with longstanding therapy 
resistant CRPS-I were amputated. Before the amputation 11 psychological factors 
were assessed. In 2016, participants had a structured interview by telephone and 
filled out questionnaires to assess their outcome. In case of a perceived recurrence 
of CRPS-I a physician visited the patient to examine the symptoms. Associations 
between psychological factors and poor outcomes were analysed. Results: Four of 
the 11 predictors were associated with poor outcomes. The change in the worst pain 
experienced was associated with poor social support and pain before amputation. 
Resilience scores of participants who perceived an important improvement in 
mobility were higher compared to those who did not perceive an important 
improvement in mobility. Being involved in a lawsuit (Before the amputation) was 
associated with a recurrence in the residual limb (Bruehl criteria) and a psychiatric 
history was associated with a recurrence somewhere else. Conclusions: Poor 
outcomes of amputation in case of longstanding therapy resistant CRPS-I were 
partly predicted by psychological factors. Participants with adversity in childhood or 
stressful lives had the same outcome as patients without it. Limitations: The small 
sample and the lack of a control group and the many independent variables limit the 
conclusions. Future research: Include other variables like fear of movement or injury 
and pain related fear in studies and a control group to compare the results. 

Outcome study, chapter 7 

Question: What is the long-term outcome of amputation in patients with 
longstanding and therapy-resistant CRPS-I, regarding QOL, pain, recurrence of 
CRPS-I, use of a prosthesis and functioning in daily life? Methods: From May 2000 to 
September 2015, 53 patients underwent an amputation of a limb affected by long-
standing, therapy-resistant CRPS-I at our institute. Forty-eight patients (40 women) 
participated in this study. Median age at time of diagnosis was 33.5 years 
(interquartile range (IQR), 20.3 to 40.0 years) and median interval between 
amputation and this study was 5.5 years (IQR, 3.0 to 11.0 years). Participants 
completed 5 questionnaires, a semi-structured interview was conducted and, if 
indicated, a physical examination was performed. For a subgroup (n=17) a 
longitudinal follow-up was performed since data was available from a previous 
study. Results: From the 48 participants, 44 reported an improvement in mobility, 
40 an improvement in overall change and 37 a reduction in pain. Decrease in use of 
pain medication was reported by 30 participants. Recurrence of CRPS-I occurred in 
the residual limb of 1 participant and in another limb of 3 participants. Conclusions: 
Most improvement was reported for mobility, overall change and pain. Recurrence of 
CRPS-I was 8%. Limitations: A control group was missing and the questions used 
were subjective and assessed over a long time period, leaving room for errors, poor 
memory (recall bias) and cognitive dissonance. Future research: Prospective 
research with objective mobility measurements, preferably with a control group, is 
recommended.  
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Decision Paper, chapter 8 

This position paper describes the decision making process of amputation in case of 
longstanding therapy resistant CRPS-I as is currently being done in the 
multidisciplinary team. This elective amputation is controversial and it is difficult to 
predict the outcome e.g. decrease in pain, increase in mobility and recurrence of the 
CRPS-I. This lack of prediction of the outcome led to research, however its quality till 
now is limited, due to small groups and a missing control group. By describing the 
decision making process, the team members became more aware of their 
considerations and decisions. They act more transparent and are open for discussion 
with colleagues and patients. This discussion can also help to design better future 
research.  

Conclusion 

Associations between psychological factors and rehabilitation were found. In this 
thesis resilience, cognition, social support, anxiety, depression and pain are 
associated with outcome (QOL) of rehabilitation outpatients. Integration of 
psychology in (rehabilitation) medicine will not only enrich the diagnostic 
opportunities but also increase the therapeutic options. The dare of Engel of 40 years 
ago is still the same, all medical specialists increase their skills but quality of 
collaborations has not increased. Hence we all need to widen our view.  
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Samenvatting 
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Introductie 

Binnen de geneeskunde spelen psychologische aspecten een rol. Deze aanname werd 
al in 1978 door Engel beschreven, vlak voordat ik in de revalidatie ging werken. 
Engel merkte op dat artsen op het gebied van lichamelijke afwijkingen steeds meer 
kennis kregen en hun technische handelen vooruit ging, maar dat de tevredenheid 
van patiënten achterbleef. Hij stelde voor het medische model uit te breiden naar het 
biopsychosociale model. Hij dacht dat aandacht voor psychologische en sociale 
factoren naast de biologische wel die verbetering in tevredenheid zou kunnen 
brengen die hij miste.  
In dit proefschrift is gekeken naar de invloeden van psychologische factoren binnen 
de revalidatie.  
In de revalidatiezorg hebben patiënten meestal met tegenslag als ziekte, ongeluk of 
aangeboren afwijking te maken. De daaruit voortvloeiende beperkingen in het 
dagelijks functioneren vereisen acceptatie en aanpassing om een zo optimaal 
mogelijk bestaan te leiden, een bestaan met een voor diegene bevredigende 
kwaliteit van leven. Er is weinig onderzoek gedaan naar de invloed van 
psychologische factoren op die gevolgen van bovengenoemde tegenslagen. De 5 
onderzoeken beschreven in dit proefschrift zijn voortgekomen uit vragen waar ik in 
de praktijk tegen aan liep. Deze onderzoeken zijn aangevuld met een systematische 
literatuur review om te weten wat er bekend is over factoren die tevredenheid van 
patiënten met een beenprothese kunnen beïnvloeden. Ook is een procedure artikel 
toegevoegd om de werkwijze van het team dat besluiten neemt over amputaties die 
medisch gezien niet (altijd) noodzakelijk zijn, wereldkundig te maken en ter 
discussie te stellen. 
Hieronder zijn deze 7 hoofdstukken kort beschreven. 

Kwaliteit van leven, hoofdstuk 2 
Als patiënten behandeld worden is het uiteindelijk de vraag of ze er beter van 
worden, maar wat is “beter worden” eigenlijk; daar zijn verschillende meningen 
over. Kwaliteit van leven metingen geven informatie hoe patiënten hun kwaliteit van 
leven beoordelen. Het resultaat van de behandeling reflecteert zich in kwaliteit van 
leven en er is algemene consensus dat met kwaliteit van leven metingen het 
resultaat van de behandeling is te evalueren. De kwaliteit van leven metingen maken 
het ook mogelijk (groepen) mensen met elkaar te vergelijken. De meting 
beantwoordt niet direct de vraag of iemand “beter” is geworden maar het meet het 
indirect. Dit onderzoek beschrijft 542 patiënten van de polikliniek revalidatie van het 
UMCG die vragen over hun kwaliteit van leven beantwoorden. Kwaliteit van leven 
wordt ingedeeld in 4 domeinen: het fysieke domein, het psychologische domein, het 
sociale domein en de omgeving. Het bleek dat mensen met verschillende lichamelijke 
(fysieke) problemen lager scoorden op het fysieke domein maar ook lager op het 
psychologische domein dan mensen zonder lichamelijke problemen. Chronische 
pijnpatiënten scoorden op het psychologische domein lager dan andere 
revalidatiepatiënten. 
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Cognitieve disfunctie, hoofdstuk 3  
Patiënten, van de polikliniek revalidatie van het UMCG, klagen over cognitieve 
stoornissen zoals een slecht functionerend geheugen of moeite hebben met 
concentreren. Dit onderzoek heeft geanalyseerd hoeveel patiënten een cognitieve 
stoornis ervaren en welke factoren van invloed zijn op deze ervaren cognitieve 
stoornis. De factoren die zijn onderzocht zijn: eigenschappen van patiënten, de 
diagnose, een doorgemaakte operatie, pijn, angst, depressie of stress. Het 
onderzoek omvatte 274 patiënten die werden verwezen naar de revalidatie 
psycholoog. Het bleek dat in deze verwezen revalidatiepatiënten meer ervaren 
cognitieve stoornissen voorkwamen dan in de algemene Nederlandse bevolking. Het 
bleek dat angstige of depressieve patiënten meer cognitieve stoornissen ervoeren 
dan patiënten die dat niet waren. Het effect van angstige of depressieve patiënten op 
ervaren cognitieve stoornissen was kleiner bij patiënten die een hoge veerkracht 
hadden (goed kunnen omgaan met stressvolle situaties). Pijn of een operatie had 
geen effect op de ervaren cognitieve stoornissen. 
 
Tevredenheid met een prothese, hoofdstuk 4  
De tevredenheid met een onderbeenprothese hangt van vele factoren af maar een 
overzicht van alle factoren bestaat niet omdat meestal één of slechts enkele 
aspecten worden onderzocht. In een systematische literatuurreview is 
geïnventariseerd welke factoren in het verleden onderzocht zijn in relatie tot en 
tevredenheid met een onderbeenprothese. Daarnaast werd geanalyseerd hoe deze 
factoren werden gemeten. De gevonden factoren konden worden verdeeld in 5 
domeinen: het uiterlijk van de prothese, de eigenschappen, de pasvorm, het gebruik 
en de invloed van de prothese op de stomp. Het bleek dat de gebruikte vragenlijsten 
nooit alle factoren in kaart brachten en dat sommige factoren voor de ene groep 
belangrijker waren dan voor de andere groep patiënten. Bijvoorbeeld mannen 
hechten vaker belang aan functie van de prothese en vrouwen vaker aan het uiterlijk 
van de prothese. Jonge mensen vonden het vaker belangrijk dat met de prothese 
gesport kon worden terwijl ouderen het dagelijks gebruik belangrijk vonden. 
 
Veerkracht in complex regionaal pijn syndroom-I (CRPS-I), hoofdstuk 5  
In de volgende drie hoofdstukken wordt gekeken naar het resultaat van een 
amputatie bij chronische therapie resistente CRPS-I. Dat is een syndroom waarbij 
een persoon onverklaarbare ernstige pijn in een lichaamsdeel ervaart (vaak hand of 
voet) maar ook worden andere verschijnselen ervaren zoals zwelling, veranderde 
haargroei, zweten of steenkoud zijn van dat lichaamsdeel. Door een amputatie kan 
de ernst van de verschijnselen worden beïnvloed. 
Bij 26 patiënten die werden geamputeerd met als doel afname van klachten van 
CRPS-I, is onderzocht of er een verband was tussen veerkracht en kwaliteit van 
leven. Het bleek dat de mate van veerkracht een positief verband had met kwaliteit 
van leven. Patiënten die hoog scoorden op veerkracht hadden tenminste een jaar na 
de amputatie een betere kwaliteit van leven en minder stress verschijnselen.  
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Psychologische factoren die het resultaat van een amputatie voor CRPS-I 
beïnvloeden, Hoofdstuk 6  
Bij 31 patiënten werden, voor de amputatie van de door CRPS-I getroffen ledemaat, 
11 psychologische factoren gemeten en ten minste een jaar na de amputatie werden 
ze bevraagd op pijn, mobiliteit en terugkeer van de CRPS-I. Vier van de 11 factoren 
bleken een verband te hebben met het resultaat van de amputatie. Bij twee factoren 
was er sprake van een duidelijk verband. Bij patiënten die veel sociale steun 
ontvingen was de afname van pijn sterker dan bij mensen die minder steun 
ontvingen. Bij mensen met een bovengemiddelde veerkracht was het gemak 
waarmee men zich verplaatst in de omgeving (mobiliteit) sterker vooruit gegaan dan 
bij mensen met een beneden gemiddelde veerkracht. In tegenstelling tot wat 
verwacht was bleek dat patiënten die veel tegenslag hadden gehad niet een slechter 
resultaat van de amputatie hadden dan patiënten met minder tegenslag. 

Resultaat van een amputatie bij CRPS-I, hoofdstuk 7  
Bij 48 patiënten is het resultaat van een amputatie vanwege CRPS-I, tenminste één 
jaar na de amputatie, geëvalueerd. In 2016 zijn alle patiënten die in Groningen zijn 
geamputeerd vanwege een CRPS-I geïnterviewd en werden vragenlijsten afgenomen. 
Dit onderzoek was 7 jaar eerder ook al eens uitgevoerd maar nu kon worden 
onderzocht wat de lange termijn uitkomsten van deze groep patiënten was.  
Van de 48 patiënten vertelden 44 dat ze mobieler waren geworden. Dit laatste lijkt 
misschien raar na een amputatie, maar de meeste patienten hadden zoveel pijn dat 
ze niet veel meer konden doen. Bovendien waren ze zo bang dat iemand anders 
tegen ze aan zou lopen (gaf nog meer pijn) dat ze liever binnenshuis bleven. Vier en 
dertig patiënten rapporteerden een afname van pijn. Er waren 4 patiënten die 
opnieuw CRPS-I hadden gekregen. Algemene conclusie was dat in drie kwart van de 
patiënten de klachten (pijn en beperkte mogelijkheden zich te verplaatsen) waren 
afgenomen. 

Beslissen tot een amputatie bij CRPS-I, hoofdstuk 8  
Een beslissing nemen om te amputeren vanwege therapie resistente CRPS-I is en 
blijft een moeilijke procedure. Deze beslissing wordt genomen in een team van 
specialisten uit verschillende disciplines. Het betreft een revalidatiearts, een 
(vaat)chirurg, een anesthesist, een fysiotherapeut en een psycholoog. Het 
beschrijven van de procedure waarbij iedere specialist werd uitgenodigd de 
denkbeelden van dat specialisme te beschrijven leverde veel discussies op en meer 
inzicht in elkaars denken. Als gevolg daarvan werden aanpassingen in de procedure 
doorgevoerd. Het een en ander leidde tot een meer transparante procedure 
gebaseerd op kennis en kunde van meerdere disciplines. Besluiten die met de patiënt 
worden gedeeld kunnen nu beter onderbouwd worden. Door het publiceren van deze 
procedure kunnen andere specialisten buiten het team, die het lang niet altijd eens 
zijn met amputatie, ook mee denken en discussiëren. 
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Conclusie 

Veerkracht, cognitie, sociale ondersteuning, angst, depressie en pijn zijn 
geassocieerd met resultaten (kwaliteit van leven) van behandeling van 
revalidatiepatiënten. Psychologisch onderzoek levert andere diagnostische gegevens 
en daarmee andere aangrijpingspunten voor de behandeling van de 
revalidatiepatiënt dan de medische benadering.  
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Zoals sommigen weten, is mijn schrijven net even erger dan mijn zingen: het klopt 
gewoon niet. Als ik het alleen had moeten doen, dan was dit boekje er nooit 
gekomen. Het fijne aan promoveren is, dat je door je promotors en vele anderen 
wordt geholpen. Hierdoor heeft het schrijven van dit proefschrift mij veel gebracht. 
Zo kreeg ik opeens tijd voor onderzoek dat al lang geleden was ingezet, voor het 
lezen van vakliteratuur, voor het verzamelen van data en vooral om onbeantwoorde 
vragen in mijn werkveld richting te geven, te toetsen en af te ronden. Ik heb deze 
periode ervaren als een, waarin de gunfactor een grote rol speelde en daar bedank ik 
iedereen hartelijk voor. Misschien hebben sommigen van jullie zich tussen de regels 
door al herkend, anderen hebben wellicht onbewust een rol gespeeld. 
Een paar mensen bedank ik in het bijzonder. Dat zijn logischerwijs mijn promotores 
Pieter Dijkstra en Jan Geertzen en om te beginnen met Hanneke. 
Zoals jij mij bijstond in het begin (gunfactor) en tegen het eind (maak het maar af ) 
van mijn promotie onderzoek, zo zijn ook de eerste en de laatste bladzijde natuurlijk 
aan jou gewijd. Toen ik met het idee van promoveren kwam, toen wilde jij wel taken 
van mij overnemen. Ondanks de tegenslagen die je keer op keer te verwerken 
kreeg, bleef je mij die ruimte geven. Ook heb je mij, met je gevoel voor taal, op 
kritische momenten steeds weer vlot getrokken. Bovendien maakte je de prachtige 
cover. Dank voor alles Han. We prijzen ons gelukkig dat we al bijna 45 jaar samen 
zijn, ik hoop van harte dat ons nog wat jaren gegund zijn. 
Pieter, met jou heb ik het meeste te maken gehad tijdens dit traject. Jij kwam met 
het idee en ik zei geen nee. Ik heb deze periode ervaren als een fijne samenwerking, 
een samenwerking die zich kenmerkte door jouw begeleiding van mij. Als ik uit koers 
dreigde te raken of raakte, loodste jij me weer richting haven; wat anders te 
verwachten van een zeiler. Steeds weer kwam je, met vers lood in de schoenen, met 
tips voor de richting. Je gaf me inzicht in wat er in een onderzoek moest staan en 
wat weggelaten kon worden. Werd dit me te ingewikkeld, dan deed je het nog een 
keer voor en gaf me vervolgens het roer weer in handen. En daarnaast hadden we 
dierbare gesprekken, konden we echt gek doen, gaven we elkaar een dikke knuffel, 
kwam je met cadeaus, hielp je met de bouw van de kas, liet je mij een zeearend 
zien, en alles altijd met dezelfde aanstekelijke energie. Dank Pieter, veel dank. 
Veel steun heb ik aan jou gehad Jan. Ik deelde je optimisme over de snelheid van 
het promoveertraject. Ik dacht dat een promotie, net zoals het verbouwen van een 
huis, het spitten van de tuin, het schrijven van een hoofdstuk, of het voorbereiden 
van een lezing, sneller zou gaan. Misschien is dat ook zo, als niet alles parallel was 
gepland deze jaren. Ik heb me vaak verbaasd over de snelheid, waarmee je met 
correcties en adviezen terugkwam. Ik ben blij dat we naast de promotie ook 
vergaderden in Utrecht of in Engeland, een hoofdstuk voor een boek schreven, 
samenwerkten rond de CRPS-I patiënten en allerlei andere krenten uit de pap wisten 
te halen. De manier, waarop jij voor patiënten opkomt en de samenwerking met 
andere professionals opzoekt, waardeer ik ontzettend. Hartelijk bedankt voor dit 
alles. 
Dan wil ik graag Chantal (niet haar echte naam) en al die andere patiënten, die mij 
steeds weer voor raadsels stelden, bedanken. De patiëntenzorg vormde de basis 
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waar mijn onderzoek en onderwijs uit voortkwamen, wetende dat de praktijk vaak 
net weer anders is dan de theorie. Net wanneer ik dacht dat je voor fantoomgevoel 
een amputatie moet hebben gehad, ontmoette ik iemand met een verlamde arm die 
slap langs het lichaam hing. Hij ervaarde als fantoomgevoel een arm met de 
elleboog gebogen. De veerkracht en inventiviteit die patiënten tijdens de 
behandeling lieten zien motiveerden mij om bijna 40 jaar met veel plezier in de 
revalidatie te werken. Dank voor al die verhalen en levenslessen.

En dan zijn er diegenen, die hebben geholpen bij het verhelderen en verwoorden 
van mijn gedachten: Nyckle, Hanneke, Maerian, Sacha, Sonja en zij, die een 
bijdrage hebben geleverd aan een artikel: Irene, Bram, Vera, Marjon, Marlies, 
Jelmer, Edwin, Clark, André, Frank en Hilde. De leden van de leescommissie 
beoordeelden in de slotfase de thesis. Op steun voor de praktische zaken kon ik op 
Leonie, Sietke, Sietske en Truus rekenen. En Inge, Mitzy, Petra, Dorien, Miranda, 
Berend, Hanneke, Marga, Grytsje en andere collega’s ondersteunden mij door iets te 
regelden, een kaartje te sturen of een schouderklop te geven. Allen bedankt! 
Tot slot ben ik dankbaar dat mijn lieve kinderen mij op deze dag begeleiden. Bram 
en Irene, zo verschillend, beiden met dezelfde uitwerking: gezelschap waar je bij wilt 
horen en waar je blij en optimistisch van wordt. Dank dat jullie er (deze dag) zijn, 
samen met Freek en Sacha en natuurlijk Vic.  
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