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Abstract

Background. Many patients with complex regional
pain syndrome (CRPS) report some foreignness of
the affected limb, which is referred to as “neglect-
like symptoms” (NLS). Despite similarities of the
NLS reports to symptoms of body image distur-
bances in mental disorders, no study has been con-
ducted to examine such associations.

Methods. We investigated 50 patients with CRPS
and 45 pain control patients (N =27, chronic limb
pain; N =18, migraine headache). NLS, anxiety, de-
pression, depersonalization, and somatization were
assessed using validated questionnaires.

Results. Seventy-two percent of the CRPS patients
reported at least one NLS vs 29.6% and 33.3% in the
two patient control groups. In limb pain controls,
NLS correlated with pain intensity. In CRPS pa-
tients, NLS correlated with anxiety (rho=0.658,
P<0.001), somatization (rho =0.616, P<0.001), de-
personalization (rho=0.634, P<0.001), and pain
catastrophizing (rho =0.456, P<0.01), but not with
intensity of pain, duration of pain, or pain disability.

Conclusions. In CRPS patients, NLS could be a re-
sult of somatization, depression, anxiety, and de-
personalization, but probably not of pain. Whether
these associations are causative must be clarified
in longitudinal psychological studies.

Key Words. CRPS; Pain Disorder; Psychology;
Neglect

Introduction

Complex regional pain syndrome (CRPS) is character-
ized by severe pain and autonomic, sensory, and motor
symptoms. In CRPS patients, so-called “neglect-like
symptoms” (NLS) are common [1]. NLS include atten-
tion focused on the limb, limb detachments, involuntary
movements and motor control, and “dead” feelings
about the limb [2]. A large study compared NLS in
CRPS patients to a matched pain control group and re-
vealed that the NLS were occurring in both groups, but
the incidence rate and the severity was about one-third
higher in the CRPS group [3]. The biological cause and
the descriptors of NLS are different from neglect in the
neurological sense, which is prevalent, for example, in
right-sided stroke [4]. In general, the incidence and se-
verity of NLS in CRPS increases with longer disease du-
ration [4].

© 2016 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com 764

202 1dy 61 U0 1saNB Aq G2 /¥26Z/¥9./¥/8L/91IME/BUPIPaWUIEd/WOD N0 dlWapEedE//:SdRY Wolj papeojumoq


Deleted Text: ,
Deleted Text: -
Deleted Text: (
Deleted Text: )
Deleted Text:  to
Deleted Text: (
Deleted Text: )
Deleted Text: 1/3
Deleted Text: (
Deleted Text: )
Deleted Text:  e.g.
Deleted Text:  &hx2013; 
Deleted Text: (
Deleted Text: ). 
Deleted Text: (
Deleted Text: ).
http://www.oxfordjournals.org/

Reorganization of the central nervous system in CRPS
is considered to be one cause of NLS [5]. In a whole
series of papers, several groups (including our own)
found that shrinkage of the primary somatosensory cor-
tex supplying the affected limb [6], exaggerated brain
responses to brushing (allodynia), reduction of laser-
evoked potentials as surrogates for sensory loss, and
indications for impairment of motor control of CRPS
limbs (for review, see [7]). However, it is still not shown
that these findings cause NLS. Rather, they could also
be the consequences of CRPS itself (maladaptive learn-
ing and related brain plasticity) [8]. New results indicate
that the driving force behind maladaptive learning may
be altered corticolimbic circuit response in fear percep-
tion, which is driven or maintained by pain-related fear,
as demonstrated by functional MRI [9].

Recent data revealed that CRPS patients had a mis-
match between the sensation of the affected limb and
how it looked. Hostile feelings about the affected limb
were frequently reported, as were different degrees of
detachment of the affected limb from the rest of the
body [10]. Such descriptions are strongly reminiscent of
narratives about body perception disturbances in per-
sons with depersonalization. Depersonalization is a
common phenomenon, referring to experiences of emo-
tional detachment and disembodiment [11]. The lifetime
prevalence of transient symptoms of depersonalization
without indicating a disease is high in the general popu-
lation. However, severe depersonalization occurs fre-
quently in patients with anxiety and depressive disorders
[12], but also in somatic conditions such as vertigo [13],
migraine [14], and epilepsy [15]. Interestingly, a small
study reported that 21% of chronic pain patients en-
dorsed clinically significant depersonalization [16], and a
large epidemiologic survey found a substantial associa-
tion between depersonalization and chronic pain (odds
ratio = ~3) [17].

The aim of the present study was therefore to analyze
whether NLS in CRPS might be related to deperson-
alization, but also to pain, disability, and other psy-
chological symptoms like depression, anxiety, and
somatization. These complex behaviors might be part of
cognitive dysfunction in CRPS like in other chronic pain
disorders. Adequate controls should indicate a specific-
ity of our findings for CRPS.

Methods

The study was approved by the ethics committee of the
State Board of Physicians of Rhineland-Palatinate
(Germany). All participants provided their written in-
formed consent.

Patients and Controls

The sample consisted of 50 patients with CRPS and 45
patients with other pain syndromes (27 limb pain
syndromes of non-CRPS origin and 18 migraine head-
ache patients [migraine without aura according to the
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international headache society definition] without limb
pain). Patients were recruited from the pain clinic of the
Department of Neurology of the University Medical
Center Mainz. CRPS was diagnosed according to the
current IASP criteria for scientific studies [18]. CRPS af-
flicted the following body parts: right arm/hand, 38%
(N=19); left arm/hand, 38% (N=19); right leg/foot,
14% (N=7); left leg/foot, 10% (N =5). The vast majority
of the patients had CRPS-I (94%, N =47). Seventy-eight
percent (N =39) had primarily warm CRPS. Further clini-
cal characteristics are shown in Table 1.

Questionnaires

Neglect-like symptoms (NLS) were assessed by the
questionnaire from Frettloh et al. [3]. Frettloh et al. modi-
fied the original instrument of Galer and Jensen [2] by
using a six-point Likert scale (range: 1 =never to 6=al-
ways) to record the severity of five symptoms [3]. The
NLS total score is the arithmetic mean of the five items.

The pain disability index (PDI) was applied to measure
the impairment by pain with regard to seven essential
everyday activities, for example, family and home re-
sponsibilities, activities partly or directly related to work,
and frequency and quality of sex life [19]. Scores may
range from O (no impairment) to 70 (complete disability
in all life activities).

Patients rated the intensity of their pain “right now” and
their average pain intensity over the previous four weeks
on a numerical rating scale (NRS; range: 0 =no pain to
10 = worst imaginable pain).

Patients’ cognitive coping with pain was assessed with
the Pain-Related Self Statements Scale (PRSS) [20,21].
The PRSS consists of two subscales: Catastrophizing,
which includes statements such as “...cannot stand
pain,” “...pain drives me crazy,” and “...need medica-
tion”; whereas the Coping subscale covers thoughts
such as “...can help myself,” “...will soon be better,”
and “...must relax” [20,21]. Statements are rated on a
six-point scale from O (=almost never) to 5 (= almost al-
ways). Higher mean scores represent more frequent oc-
currence of the pain-related attitude.

Depression, anxiety, and somatoform symptoms were
measured with the corresponding modules of the
Patient Health Questionnaire (PHQ). The depression
module, PHQ-9, assesses the severity of depression.
The nine items on the scale represent the diagnostic cri-
teria of major depression. The items are rated on a four-
point Likert scale for the previous two weeks (0 =not at
all, 1=several days, 2=more than half the days,
3=nearly every day). A PHQ-9 sum score of10 or
higher was defined as significant for depression [22].
Anxiety was assessed with the generalized anxiety dis-
order module (GAD-7). The response format is the
same as that in the PHQ-9. A sum score of 10 or higher
is regarded as the threshold for clinical significant anxi-
ety [23]. Somatoform symptoms were assessed with the
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Table 1 Sample characteristics stratified for CRPS patients vs patient controls

CRPS Limb pain Migraine headache U-test CRPS
(N = 50) (N=27) (N =18) vs limb pain
Age, y, mean = SD 51.4 =147 55.6 = 11.3 51.3 + 20.8 ns ns
Sex, women, % (N) 74 (37) 55.6 (15) 61.1 (11) ns ns
Years of school, mean = SD 104 = 1.6 105 = 1.7 11.3 1.8 ns ns
Living in a partnership, % (N) 78 (39) 92.6 (25) 77.8 (14) ns ns
NRS pain, average 4 wks, 57 *18 51+23 45+ 21 ns ns
mean * SD
NRS Pain, right now, 49 =23 43 = 3.1 1.9+ 2.1 P < 0.0001 ns
mean * SD
Number of body parts affected 1.8 13 22+ 1.6 1.4 = 0.98 ns ns
with pain, mean + SD
Duration since onset of pain, 272 + 262 1989 =+ 3080 4746 * 5173 P < 0.0001 P < 0.0001
d, mean = SD
Pain Disability Index (PDI), 38.0 = 13.1 25.7 = 14.9 24.7 = 17.8 P = 0.001 P = 0.001
mean * SD
PRSS: Cognition, mean = SD 2.9 + 0.85 2.6 = 0.92 29 £ 0.9 ns ns
PRSS: Catastrophizing, 2112 1.9+13 26 *+1.6 ns ns
mean * SD

Data are presented as mean = standard deviation or percentage (numbers); Kruskal-Wallis test for continuous variables, Chi-
square test for categorical variables. Bold print denotes significant differences. Post hoc Mann-Whitney U-tests were performed
to compare CRPS and limb pain controls. Migraine is an episodic disease. Therefore, “pain right now” and “duration since onset
of pain,” which are indicated in italic letters for migraine patients, cannot be compared with the values of CRPS or limb pain.
Bonferroni threshold would be P = 0.004. CRPS = complex regional pain syndrome; ns = not significant.

PHQ-15. The PHQ-15 measures somatic symptoms
that account for more than 90% of symptoms seen in
primary care. Patients rate how much they have been
bothered by each somatic symptom during the past
month on a three-point Likert scale, from O (= not at all)
to 2 (= bothered a lot) [23]. A recent study demon-
strated that patients scoring 9 or higher were most likely
to suffer from a somatoform disorder [24]. Based on
this report and previous studies, we set 10 as the cut
point for clinically significant somatization.

Social anxiety was assessed with the three-item Mini-
Social Phobia Inventory (Mini-SPIN). Using a cutoff score
of 6 or greater, the Mini-SPIN demonstrated a sensitivity
of 88.7% and a specificity of 90.0% for the identification
of social anxiety disorder [25].

Symptoms of depersonalization were measured with the
Cambridge Depersonalization Scale (CDS) [11]. The
CDS consists of 29 items and measures frequency and
duration of depersonalization over the last six months.
Scores range from 0 to 290. Scores above 65 were de-
termined to be clinically significant depersonalization in
the German validation study [26].

Statistical Analysis

Data are presented as means = standard deviation, or
percentages (%) and numbers (N). As not all variables
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satisfied a normal distribution, nonparametric proce-
dures were applied. The Kruskal-Wallis test was used to
test for different distributions of continuous variables be-
tween the three groups, and the Mann-Whitney U-test
for a post hoc comparison between the groups.
Spearman rank order correlation coefficients were cal-
culated for analyzing relationships between NLS with
clinical variables (pain intensity, pain disability, duration
of pain, symptoms of mental disorders, and PRSS).
Correlations were calculated separately for the three
groups of pain patients. A two-sided significance thresh-
old of «=0.05 was defined a priori. Categorical vari-
ables were compared by the chi-square test. As our
analysis was explorative, no correction for multiple com-
parisons was applied in general. However, the majority
of comparisons withheld Bonferroni correction, as indi-
cated in the different legends.

Results
Demographic and Pain Characteristics

CRPS patients were comparable with both control
groups regarding gender, age, education, social status,
general pain coping strategies (PRSS cognition and
Catastrophizing), and average pain during the last four
weeks, indicating that the control groups are valid. The
Kruskal-Wallis test revealed a difference between
groups regarding “pain right now.” However, post hoc
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Table 2 Occurrence of neglect-like symptoms: Differences between CRPS patients and (a) both groups

of patient controls and (b) only the limb pain patients

CRPS Limb pain Migraine headache CRPS vs
(N=50) (N=27) (N=18) limb pain
NLS scale, severity, mean = SD 24 +1.2 1.9+ 1.4 1.3+ 05 P <0.0001 P <0.005
Iltem 1: If | didn’t focus my attention on 52 (26) 22.2 (6) 16.7 (3) P <0.0001 P<0.02
my painful limb, it would lie still like
dead weight, % (N)
ltem 2: My painful limb feels as though it 72 (36) 22.2 (6) 16.7 (3) P < 0.0001 P < 0.0001
is not part of the rest of my body, %
(N)
ltem3: | need to focus all of my attention 64 (32) 33.3 (9) 22.2 (4) P = 0.002 P < 0.02
on my painful limb to make it move the
way | want it to, % (N)
ltem 4: My painful limb sometimes 30 (15) 18.5 (5) 5.6 (1) Ns ns
moves involuntarily, without my control,
% (N)
Iltem 5: My painful limb feels dead to me, 36 (18) 37 (10) (0) P <002 ns

% (N)

Data are presented as mean * standard deviation or percentage (number); Kruskal-Wallis test, Mann-Whitney U-test compared
only CRPS with limb pain of non-CRPS origin. Significant differences are indicated in bold. Bonferroni threshold would be P =
0.008. CRPS = complex regional pain syndrome; ns = not significant.

test demonstrates that this relates to the difference be-
tween migraine and both limb pain groups. This is obvi-
ously explained because migraine is an episodic pain
disorder. As compared with the control pain groups,
pain duration was shorter but PDI scores were higher in
the CRPS group. For details, see Table 1.

Neglect-Like Symptoms

Severity of NLS score was increased in the CRPS group
compared with both control groups, in particular the
limb pain group (P < 0.004). ltems 1 (“...it would lie still,
like dead weight”), 2 (“...is not part of the rest of my
body”), and 3 (“...I need to focus my attention...to
make it move”) of the NLS were more prevalent in the
CRPS group as compared with the limb pain controls.
Unexpectedly, some migraine patients indicated NLS as
well (Table 2). A nerve lesion could influence the body
perception and the feeling of ownership of one limb.
Moreover, body perception and NLS might be different
for arms and legs [3]. Therefore, we reanalyzed our data
for CRPS | only (N =47) and for right and left arms and
legs separately. Thirty-five of 47 patients had CRPS-I of
the upper extremities. The NLS severity scores did not
differ between upper (2.4 *1.1) and lower extremity
CRPS (2.4 =+ 1.1, ns) or between right (N=24, 2.2
1.1) and left (N =23, 2.6 £ 1, ns).

Symptoms of Mental Disorders

CRPS patients and patient controls did not differ with re-
spect to depression, generalized anxiety, social anxiety,

and somatization severity. However, severity of deper-
sonalization was significantly higher in the CRPS group.
For details, see Table 3.

Rank-order correlation analyses of severity of NLS, total
score and clinical variables were calculated indepen-
dently for the three pain groups. In the CRPS group, no
associations of NLS were found with severity of pain,
duration of pain, or pain disability. However, in particular
the features of mental distress and pain catastrophizing
strongly correlated with the NLS. Of particular interest
might be generalized anxiety, depersonalization, and so-
matization, which had the highest correlation coeffi-
cients. In contrast, in the group of limb pain patients,
only the severity of pain correlated with NLS. In the mi-
graine group, which would be expected to express no
NLS at all, generalized anxiety correlated with NLS
scores (see Table 4). The scatter plots for the correla-
tions of NLS with severity of depersonalization and pain
are depicted in Figure 1 for CRPS and limb pain
patients.

Discussion

The results of our study are threefold: 1) a confirmation
that NLS are more prevalent in CRPS when compared
with non-CRPS chronic limb pain; 2) that these NLS
were correlated to psychological factors like anxiety,
somatization, and depersonalization in CRPS, while
NLS only relate to pain intensity in non-CRPS limb
pain; 3) with the exception of pain disability and
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Table 3 Differences in mental distress between the groups

CRPS patients Limb pain patients Migraine headache

Test CRPS vs

(N=50) (N=27) (N=18) Test limb pain
Depression severity (PHQ-9) 92 54 7.6 =538 7.7 £ 56 ns ns
GAD severity (GAD-7) 6.7 = 4.7 5.0 + 47 5.6 =+ 3.7 ns ns
Social Anxiety severity (Mini- 3.0+ 26 26 =27 26 £ 20 ns ns

SPIN)
Somatization severity (PHQ-15) 10.7 £ 45
Depersonalization severity 32.9 = 33.1
(CDS)

8.7 x40
16.8 = 19.9

8.6 + 4.8 ns ns
21.4 + 33.9 P = 0.011 P < 0.01

Data are presented as mean *+ standard deviation or percentage (number); Kruskal-Wallis test for continuous variables, Mann-
Whitney U-test for comparison of CRPS and limb pain. Significant differences are indicated in bold. Bonferroni threshold would
be P = 0.01. CRPS = complex regional pain syndrome; ns = not significant.

Table 4 Correlation of pain indices and symptoms of mental disorders with the severity of neglect-like

symptoms

CRPS patients Limb pain patients Migraine headache

(N=50) (N=27) (N=18)
Current pain severity 0.178 0.492** —0.021
Duration of pain —0.078 0.039 —0.158
Pain Disability Index (PDI) 0.260 0.091 0.419
Depression (PHQ-9) 0.481* —0.022 0.442
Generalized anxiety (GAD-7) 0.658*** —0.145 0.614*
Social anxiety (Mini-SPIN) 0.412* 0.057 0.454
Somatization (PHQ-15) 0.616*** 0.179 0.335
Depersonalization (CDS) 0.634*** 0.317 0.317
PRSS: Cognition 0.068 0.113 0.013
PRSS: Catastrophizing 0.456** -0.148 0.079

Spearman-rho correlation coefficients. Significant correlations are indicated in bold numbers. Migraine patients do not have limb
pain and should not have NLS, the correlation coefficient is indicated in italic numbers. Bonferroni threshold would be P = 0.005.

**P < 0.01.
***P<0.001.

CRPS = complex regional pain syndrome; NLS = neglect-like symptoms; PRSS = Pain-Related Self-Statements Scale.

depersonalization, CRPS patients were indistinguish-
able from limb pain patients of non-CRPS origin.

NLS and Depersonalization Symptoms
Are Prevalent in CRPS

There are several investigations that have already shown
that NLS are prevalent in CRPS and that their incidence
and strength is higher when compared with limb pain of
other origin or healthy controls [1-3,27]. In the CRPS
group, the most prevalent NLS feeling was detachment
of the affected limb from the body (“...not part of the
rest of the body”), a symptom that very rarely occurred
in the controls. According to previous studies [28,29],
CRPS patients did not differ from pain controls in most
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of the psychological parameters that were assessed in
our study, including depression, anxiety, or somatiza-
tion. Only depersonalization scores were significantly in-
creased. It is of particular interest because detachment
of the affected limb from the body as indicated by the
NLS descriptors might be a symptom of depersonaliza-
tion, or vice versa. The distortion of the body scheme is
a hallmark of CRPS symptomatology. This has been
demonstrated in a whole series of experiments [30,31].
It has been hypothesized that this body scheme distor-
tion, which might be responsible for the NLS (albeit
differentiated investigations are missing), is caused by
a dysfunction of the parietal cortex as a part of CRPS
pathophysiology [32]. Interestingly, FDG-PET and struc-
tural MRI studies revealed that depersonalization
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Figure 1 Scatter plot of the Spearman rank order correlations of NLS with depersonalization and pain intensity.
(A) and (B) show scatter plots of the CRPS group (N=50), (C) and (D) scatter plots of limb pain patients (N =27);
(A) rho = 0.634, P < 0.0001 CDS vs NLS; (D) rho = 0.492, P < 0.01 for current pain intensity vs NLS. CDS =
severity of depersonalization; NLS = severity of neglect-like symptoms.

symptoms were correlated with neuronal activity and
structural changes of the parietal cortex, this particular
brain area that is responsible for encoding an intact
body schema [33]. This suggests that a shared brain
mechanism might underlie NLS and depersonalization
symptoms in CRPS, which might be highly correlated
rather than being different symptoms.

Another difference between CRPS and non-CRPS limb
pain is the high pain disability (PDI) despite similar pain
severity. We did not go into details in our study, but it
seems obvious that CRPS, which is by definition a dis-
ease of pain plus loss of function must lead to higher
disability than pain disorders without loss of function. In
addition, passive pain coping strategies in CRPS amplify
disability in daily living [34].

NLS Were Correlated to Mental Parameters
but Not to Pain Severity in CRPS

We found strong correlations of the severity of NLS with
symptoms of common mental disorders in CRPS pa-
tients. These correlations had large effect sizes. In con-
trast to previous studies, we did not find associations of
NLS with pain intensity [3,35] or of a clinical measure of
body perception disturbances and pain duration [35].
The major difference between those studies and the
current investigation is that we included CRPS patients
whose condition lasted about one year, while previous
studies investigated chronic CRPS patients whose pain

lasted between mean one and a half and four years
(maximum 10 years) [3,35]. The impact of pain on body
perception disturbance increases with the persistence
of CRPS [35], which could explain the lacking correla-
tion between pain and NLS in our study of CRPS pa-
tients with shorter duration. In contrast, the limb pain
controls, who have been in pain for about five years,
behave like expected. However, as psychological dis-
tress usually increases or at least remains stable during
long-standing pain [36,37], it seems unlikely that the re-
maining correlations disappear in long-time CRPS.

In contrast to the controls, NLS in CRPS correlated with
generalized anxiety, social anxiety, depression, somati-
zation, and depersonalization. These findings support
that, more than pain, mental distress contributes to the
development of NLS in early CRPS patients. The stron-
gest associations were found for symptoms like
depersonalization, which was linked to catastrophizing,
misinterpretation of perceptions, and subsequent avoid-
ance [38-42]. Recent experiments with healthy persons
revealed that pain catastrophizing predicted depersonal-
ization [43] and, in turn, depersonalization led to in-
creased pain [44]. These associations constitute a
vicious circle that might be functional in CRPS.
However, the psychological symptoms are treatable,
and theoretically early psychological intervention could
prevent chronic CRPS.

In migraine patients, in whom NLS would be not ex-
pected at all, anxiety also correlated with NLS scores.
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The concept of a “defensive peripersonal space,” the
size of which is related to anxiety, may help to explain
why anxiety could be related to NLS. According to the
“defensive peripersonal space” concept, the magnitude
of perceived danger that a stimulus represents is deter-
mined by the distance between the stimulus and the
body [45]. Detachment from the affected limb (deper-
sonalization expressed as NLS) might constitute a kind
of safety behavior.

Limitations

The paper has limitations that must be mentioned be-
fore interpreting the results because our cross-sectional
approach cannot determine causality. A longitudinal in-
vestigation would have been necessary.

Firstly, we cannot prove if mental distress causes NLS
or vice versa—only the fact that the peripersonal pro-
tection space in healthy subjects depends on trait anxi-
ety [45] and that the anxiety in our patients is not pain
specific but generally supports the first assumption.
Secondly, our data are questionnaire based. We report
symptoms and not mental disorders as this would re-
quire validation by expert interviews. Nevertheless, the
applied questionnaires are reliable and have shown to
be valid in previous studies. Thirdly, the questions of
the NLS and five of the 29 items of the CDS are se-
mantically overlapping. Therefore, the association of de-
personalization with NLS in our study might be trivial
and might indicate that both questionnaires address
the same symptoms or even ask the same questions.
This seems obvious because the wording of the scales
overlaps in the most prevalent item of the NLS scale
(NLS item 2: “...as though it is not part of the rest of
my body”) with corresponding items from the
Cambridge Depersonalization Scale (e.g., “...parts of
my body feel as if they didn’t belong to me.... My
hands or my feet have become larger or smaller; | have
to touch myself to make sure that | have a body or a
real existence”) [11]. Alternatively, the similarity between
NLS and depersonalization comes from common bio-
logical mechanisms, most likely from dysfunction of the
parietal cortex. The finding that migraine patients report
NLS despite not having limb pain and depersonaliza-
tion, but having high general anxiety, supports a com-
mon biological mechanism. Fourthly, the sample sizes
of the two comparison groups were small, which ham-
pers drawing firm conclusions. Despite highly significant
results, a replication in a second sample is needed.
Furthermore, we included mainly patients with upper
limb CRPS I. The findings in CRPS Il and lower limbs
might be different, although the original study about
NLS [2] found no difference in NLS in upper and lower
limb CRPS.

In conclusion, the present findings suggest that psycho-
logical symptoms play a role in the development of NLS
in CRPS, possibly more than previously recognized.
Regarding psychology, CRPS differs little from other
chronic pain disorders. This does not at all mean that
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CRPS is a mental disease. The psychological behavior
of CRPS patients might be the consequence of CRPS,
i.e., of the neuroplastic changes in CRPS brains.
Further imaging studies have to cover symptoms of so-
called mental disorders (depression, anxiety, somatiza-
tion, and depersonalization) and related dysfunctional
coping behavior (e.g., catastrophizing) as covariates or
causal factors. Treatment approaches in CRPS may
profit not only from targeting pain and loss of function of
the CRPS limb but also from a targeted treatment of
psychological symptoms.

Acknowledgments

Parts of this study have been presented as a poster at the
annual meeting of the American Psychosomatic Society,
March 2013, in Miami. This publication is part of the doc-
toral thesis of Andreas Wermke. We thank Dr. Darragh
O’Neill from the University Medical Center of the
Johannes-Gutenberg University for his help in language
editing.

References

1 Reinersmann A, Landwehrt J, Krumova EK, et al.
Impaired spatial body representation in complex re-
gional pain syndrome type 1 (CRPS I). Pain 2012;
153:2174-81.

2 Galer BS, Jensen M. Neglect-like symptoms in
complex regional pain syndrome: Results of a self-
administered survey. J Pain Symptom Manage
1999;18:213-7.

3 Frettldh J, Hippe M, Maier C. Severity and specific-
ity of neglect-like symptoms in patients with com-
plex regional pain syndrome (CRPS) compared to
chronic limb pain of other origins. Pain 2006;
124:184-9.

4 Forderreuther S, Sailer U, Straube A. Impaired self-
perception of the hand in complex regional pain
syndrome (CRPS). Pain 2004;110:756-61.

5 Reinersmann A, Landwehrt J, Krumova EK, et al.
The rubber hand illusion in complex regional pain
syndrome: Preserved ability to integrate a rubber
hand indicates intact multisensory integration. Pain
20183;154:1519-27.

6 Vartiainen NV, Kirveskari E, Forss N. Central
processing of tactile and nociceptive stimuli in com-
plex regional pain syndrome. Clin Neurophysiol
2008;119:2380-8.

7 Birklein F, Schlereth T. Complex regional pain
syndrome-significant progress in understanding.
Pain 2015;156(Suppl 1):594-103.

20z Iudy 61 U0 1senB Aq G/ /¥262/¥9./v/8L/aRIHE/aUDIpSWUIR/WOY"dNO" OIS PEDE//:SAY WO} PAPEOIUMOC


Deleted Text: ,
Deleted Text: size 
Deleted Text: (
Deleted Text: ). 
Deleted Text:  which
Deleted Text: . O
Deleted Text: (
Deleted Text: ) 
Deleted Text:  5/
Deleted Text:  
Deleted Text: ;
Deleted Text:  
Deleted Text: m
Deleted Text: (
Deleted Text: ). 
Deleted Text: (
Deleted Text: ) 
Deleted Text: s
Deleted Text: for
Deleted Text:  the

10

11

12

13

14

15

16

17

18

19

20

Di Pietro F, Stanton TR, Moseley GL, Lotze M,
McAuley JH. Interhemispheric somatosensory differ-
ences in chronic pain reflect abnormality of the
healthy side. Hum Brain Mapp 2015;36:508-18.

Simons LE, Erpelding N, Hernandez JM, et al. Fear
and reward circuit alterations in pediatric CRPS.
Front Hum Neurosci 2015;9:703.

Lewis JS, Kersten P, McCabe CS, McPherson KM,
Blake DR. Body perception disturbance: A contribu-
tion to pain in complex regional pain syndrome
(CRPS). Pain 2007;133:111-9.

Sierra M, Berrios GE. The  Cambridge
Depersonalization Scale: A new instrument for the
measurement of depersonalization. Psychiatry Res
2000;93:153-64.

Hunter EC, Sierra M, David AS. The epidemiology of
depersonalisation and derealisation. A systematic
review. Soc Psychiatry Psychiatr Epidemiol 2004;
39:9-18.

Tschan R, Wiltink J, Adler J, Beutel ME, Michal M.
Depersonalization experiences are strongly associ-
ated with dizziness and vertigo symptoms leading to
increased health care consumption in the German

general population. J Nerv Ment Dis 2013;
201:629-35.
Cahill CM, Murphy KC. Migraine and depersonaliza-

tion disorder. Cephalalgia 2004;24:686-7.

Medford N. Dissociative symptoms and epilepsy.
Epilepsy Behav 2014;30:10-3.

Michal M, Beutel ME,
Depersonalization, mindfulness, and
trauma. J Nerv Ment Dis 2007;195:693-6.

Jordan J, et al
childhood

Aderibigbe YA, Bloch RM, Walker WR. Prevalence
of depersonalization and derealization experiences in
a rural population. Soc Psychiatry Psychiatr
Epidemiol 2001;36:63-9.

Harden RN, Bruehl S, Perez RS, et al. Validation of
proposed diagnostic criteria (the “Budapest Criteria”)
for Complex Regional Pain Syndrome. Pain 2010;
150:268-74.

Tait RC, Chibnall JT, Krause S. The pain disability
index: Psychometric properties. Pain  1990;40:
171-82.

Flor H, Behle DJ, Birbaumer N. Assessment of pain-
related cognitions in chronic pain patients. Behav
Res Ther 1993;31:63-73.

21

22

23

24

25

26

27

28

29

30

31

Association of NLS in CRPS

Wood BM, Nicholas MK, Blyth F, Asghari A,
Gibson S. Catastrophizing mediates the relation-
ship between pain intensity and depressed
mood in older adults with persistent pain. J Pain
2013;14:149-57.

Lowe B, Unutzer J, Callahan CM, Perkins AJ,
Kroenke K. Monitoring depression treatment out-
comes with the patient health questionnaire-9. Med
Care 2004;42:1194-201.

Kroenke K, Spitzer RL, Wiliams JB, Lowe B. The
patient health questionnaire somatic, anxiety, and
depressive symptom scales: A systematic review.
Gen Hosp Psychiatry 2010;32:345-59.

de Vroege L, Hoedeman R, Nuyen J, Siitsma K, van
der Feltz-Cornelis CM. Validation of the PHQ-15 for
somatoform disorder in the occupational health care
setting. J Occup Rehabil 2012;22:51-8.

Connor KM, Kobak KA, Churchill LE, Katzelnick D,
Davidson JR. Mini-SPIN: A brief screening assess-
ment for generalized social anxiety disorder.
Depress Anxiety 2001;14:137-40.

Michal M, Sann U, Niebecker M, et al. The
measurement of the depersonalisation-derealisation-

syndrome  with  the  German  version  of
the Cambridge Depersonalisation Scale (CDS).
Psychother Psychosom Med Psychol 2004;
54:367-74.

Kolb L, Lang C, Seifert F, Maihofner C. Cognitive
correlates of “neglect-like syndrome” in patients with
complex regional pain syndrome. Pain 2012;153:
1063-73.

Beerthuizen A, van 't Spijker A, Huygen FJ, Klein J,
de Wit R. Is there an association between psycho-
logical factors and the Complex Regional Pain
Syndrome type 1 (CRPS1) in adults? A systematic
review. Pain 2009;145:52-9.

Monti DA, Herring CL, Schwartzman RJ, Marchese
M. Personality assessment of patients with complex
regional pain syndrome type |. Clin J Pain 1998;
14:295-302.

Moseley GL, Gallace A, Spence C. Space-based,
but not arm-based, shift in tactile processing in
complex regional pain syndrome and its relationship
to cooling of the affected limb. Brain 2009;
132:3142-51.

Moseley GL, Gallace A, lannetti GD. Spatially de-

fined modulation of skin temperature and hand own-
ership of both hands in patients with unilateral

771

20z Iudy 61 U0 1senB Aq G/ /¥262/¥9./v/8L/aRIHE/aUDIpSWUIR/WOY"dNO" OIS PEDE//:SAY WO} PAPEOIUMOC



Michal et al.

32

33

34

35

36

37

38

772

complex regional Brain 2012;

135:3676-86.

pain syndrome.

Cohen H, McCabe C, Harris N, et al. Clinical evi-
dence of parietal cortex dysfunction and correlation
with extent of allodynia in CRPS type 1. Eur J Pain
2013;17:527-38.

Simeon D, Guralnik O, Hazlett EA, et al. Feeling un-
real: A PET study of depersonalization disorder. Am
J Psychiatry 2000;157:1782-8.

Marinus J, Perez RS, van Eijs F, et al. The role of
pain coping and kinesiophobia in patients with com-
plex regional pain syndrome type 1 of the legs. Clin
J Pain 2013;29:563-9.

Lewis JS, Schweinhardt P. Perceptions of the pain-
ful body: The relationship between body perception
disturbance, pain and tactile discrimination in com-
plex regional pain syndrome. Eur J Pain 2012;
16:1320-30.

Boersma K, Linton SJ. How does persistent pain de-
velop? An analysis of the relationship between psy-
chological variables, pain and function across stages
of chronicity. Behav Res Ther 2005;43:1495-507.

Denison E, Asenlof P, Lindberg P. Self-efficacy, fear
avoidance, and pain intensity as predictors of disabil-
ity in subacute and chronic musculoskeletal pain pa-
tients in primary health care. Pain 2004;111:245-52.

Hunter EC, Salkovskis PM, David AS. Attributions,
appraisals and attention for symptoms in deperson-
alisation disorder. Behav Res Ther 2014;53:20-9.

39

40

41

42

43

44

45

Lopez-Martinez AE, Ramirez-Maestre C, Esteve R.
An examination of the structural link between post-
traumatic stress symptoms and chronic pain in the
framework of fear-avoidance models. Eur J Pain
2014;18:1129-38.

Olatunji BO, Moretz MW, Zlomke KR. Linking cogni-
tive avoidance and GAD symptoms: The mediating
role of fear of emotion. Behav Res Ther 2010;
48:435-41.

Steinbrecher N, Hiller W. Course and prediction of
somatoform disorder and medically unexplained
symptoms in primary care. Gen Hosp Psychiatry
2011;33:318-26.

Hunter EC, Phillips ML, Chalder T, Sierra M, David
AS. Depersonalisation disorder: A cognitive-
behavioural conceptualisation. Behav Res Ther
2003;41:1451-67.

Gomez-Perez L, Lopez-Martinez AE, Asmundson
GJ. Predictors of trait dissociation and peritraumatic
dissociation induced via cold pressor. Psychiatry
Res 2013;210:274-80.

Horowitz JD, Telch MJ. Dissociation and pain per-
ception: An experimental investigation. J Trauma
Stress 2007;20:597-609.

Sambo CF, lannetti GD. Better safe than sorry? The
safety margin surrounding the body is increased by
anxiety. J Neurosci 2013;33:14225-30.

20z Iudy 61 U0 1senB Aq G/ /¥262/¥9./v/8L/aRIHE/aUDIpSWUIR/WOY"dNO" OIS PEDE//:SAY WO} PAPEOIUMOC



	pnw214-TF1
	pnw214-TF2
	pnw214-TF3
	pnw214-TF4
	pnw214-TF6
	pnw214-TF7
	pnw214-TF8

