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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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