Sex, quality of life and brain function in complex regional

pain syndrome
Velzen, G.A.]. van

Citation

Velzen, G. A. J. van. (2022, November 16). Sex, quality of life and brain
function in complex regional pain syndrome. Retrieved from
https://hdl.handle.net/1887/3486306

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3486306

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3486306

191dey0)



Is the brain of complex regional pain

syndrome patients truly different?

Gijsbrecht A.J. van Velzen, MD'?; Serge A.R.B. Rombouts, PhD™"*, Mark A. van Buchem,
MD, PhDj"S,johan Marinus, Pth‘z;jacobus J. van Hilten, MD, PhD"?

Department of Neurology, Leiden University Medical Centre, Leiden, The Netherlands;
Knowledge consortium TREND, Leiden, The Netherlands;
Leiden Institute for Brain and Cognition (LIBC)

Institute of Psychology, Leiden University

Department of Radiology, Leiden University Medical Centre, Leiden, The Netherlands

[ S

Published in European Journal of Pain (2016) 20(10) p1-12



ABSTRACT

Background

In recent years, changes in brain structure and function have been studied extensively in
patients with Complex Regional Pain Syndrome (CRPS) following clinical observations of
altered central processing of sensory stimuli and motor control. However, concerning MRI
data, the evidence is complex to interpret due to heterogeneity in statistical methods and

results.

Method

The aim of this study is to determine if CRPS patients exhibit specific, clinically relevant
changes in brain structure and function in rest. We do this by presenting MRI data on
brain structure and function in 19 chronic, female CRPS patients and age and sex matched
healthy controls (HCs). In addition, we analyse and report the data in multiple ways to make
comparison with previous studies possible and to demonstrate the effect of different statisti-

cal methods, in particular concerning the correction for multiple testing.

Results

Using family-wise error (FWE) correction for multiple testing, in our group of CRPS
patients, we find no specific difference in brain structure or function in rest in comparison
to healthy controls. In addition, we argue that previous found MRI results in literature are
inconsistent in terms of localisation, quantity and directionality of the reported changes in

brain structure and function.

Conclusion

Previously published MRI-based evidence for altered brain structure and function in rest

in CRPS patients is not consistent and our data suggests that no such phenomenon exists.
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INTRODUCTION

Complex regional pain syndrome (CRPS) is a severely disabling pain syndrome character-
ized by autonomic, sensory, trophic and motor disturbances of the affected limb. Current
evidence suggests a multifactorial aetiology that includes aberrant inflammation, vasomotor
dysfunction, and neuroplasticity in spinal cord and brain'. Aberrant neuroplasticity in the
brain has been the focus of many studies in the last decade, following clinical observations

. . -48-51 L.
of altered central processing of sensory stimuli” " and abnormalities in motor contro

38-40
b

152—54

Specifically, studies reported cortical sensorimotor reorganization of the affected lim

414
4 44, and

the unaffected limb'**, changes in local grey matter volume throughout the brain
altered activity patterns in rest*'>. However, 2 recent systematic reviews concluded that evi-
dence of aberrant neuroplasticity of the somatosensory and primary motor cortex in CRPS
124,125

is limited and at high risk of bias .In addition: the reported MRI results are inconsistent,
correlations with clinical measures are lacking or inconclusive and the methods - especially

concerning the correction for multiple testing - differ between the studies.

Considering these concerns, the aim of this study is twofold: First, to reproduce previous
MRI findings in literature with current advocated statistical methods in a sample of 19
chronic female CRPS patients. Second, to assess the evidence for specific, clinically relevant
changes in brain structure and function in CRPS by discussing our results and previous
published MRI data in literature. In our patient sample, we first perform an analysis of
local Grey Matter Volume (GMV) by Voxel Based Morphometry (VBM) and white matter
connectivity by Diffusion Tensor Imaging (DTI) on all voxels of the brain. In a secondary
VBM analysis, we focus specifically on the sensorimotor cortex in an attempt to replicate
recent findings in this brain area that is thought to be of high importance in CRPS aetiol-
ogy®. Second, we study resting state functional Magnetic Resonance Imaging measurements
(rstMRI) in the sensorimotor, parietal, right and left executive attentional, salient and default
mode network based on their role in sensory, pain and motor processing and on previous

reports of alterations in CRPS patients®.

Ultimately, transparently presented, statistical sound results of neuroplasticity in CRPS
patients are imperative, since novel therapeutic strategies have been based on these results

(e.g."”""and might well be in the future.
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METHOD

Participants

In order to make the patient sample as homogeneous as possible, only female CRPS patients
followed up at the neurology outpatient clinic of the Leiden University Medical Center
(LUMC) in Leiden, the Netherlands, were asked to participate in this study between May
2011 and March 2013. We chose female CRPS patients because the incidence of CRPS
among females is 3-4 times higher than among men *. All had to fulfil the Budapest clinical
criteria for CRPS in an upper limb. If a patient was interested, a patient information sheet
was sent to her home 2 weeks before the potential entry in the study. Before entering the
study, a neurological examination was performed by the principal investigator (GAJV) and
Budapest Criteria® were checked for inclusion to the study. Participants were excluded if
they suffered from serious neurological illness, were younger than 18 years, male, had known
psychiatric disorders or suffered from any condition other than CRPS that is associated with
pain or functional impairment of an upper extremity. A group of healthy pain free controls,
age and sex matched at group level to the CRPS patients were additionally investigated.
All participants were screened for MRI contraindications before MRI acquisition. The
study protocol was approved by the Medical Ethics Committee of the LUMC, and written

informed consent was obtained from all patients and control subjects.

Demographic data and pain measurements

At home on the day before research-day, patients completed questionnaires evaluating pain
(McGill Pain Questionnaire, MPQ)”" and manual activity of the affected hand (Radboud

)131

skills questionnaire, RSQ) ”'. On the day of examination we collected data on demographic

75
> and

132

variables, pain severity (numeric rating scale, NRS), CRPS (CRPS severity score)
loss of voluntary motor control due to dystonic postures (Burke-Fahn-Marsden scale)
Decreased active range of motion, weakness and slowness of movement of the affected hand

were assessed during neurological examination.

MRI acquisition

For standardization purposes, all scanning sessions were carried out in the early evening. To
prevent hearing loss due to loud scanner noise, participants used earplugs and headphones.
During the rsfMRI protocol, which always followed the Ti-weighted and DTI imaging
scanning protocols, participants were requested - and checked afterwards - to close their eyes,

but not to fall asleep.

Imaging data was acquired on a Philips 3.0 T Achieva MRI scanner using a 32-channel
SENSE head coil (Philips Medical Systems, Best, The Netherlands). Structural T,-weighted

gradient-echo imaging (for VBM analysis) were acquired with the following parameters:
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slices: 140, voxel size: 1.17 x 1.17 x 1.2mm; repetition time (TR): 9.8ms; echo time (TE):
4.6ms; flip angle: 8; in-plane matrix resolution: 256 x 256 slices; field of view: 224. DTI
images were acquired using echo planar imaging in 60 slices with voxel size: 2 x 2 x 2mm;
TR: 6580ms; TE: 71ms; flip angle: 90°; in-plane matrix resolution: 112 x 110; field of view:
224 x 224; b,:800s/mm?; in 32 diffuse directions and one non-diffusion weighted slice for
head registration and head motion correction. RstMRI imaging was done in 38 slices, voxel
size: 2,75 x 2,75 x 2,75mm without a gap; TR: 2200ms; TE: 30ms; flip angle 80°; field of

view: 220; acquisition matrix: 80x79, acquisition time: 7minutes and 30 second.

MRI analysis

We analysed all MRI data twice using the Oxford Centre for Functional Magnetic Reso-
nance Imaging of the Brain (EMRIB) Software Library (FSL) v5.0 (Oxford, UK) ****: one
analysis with mirroring of the hemispheres of patients affected in the left arm to stack all
“affected” hemispheres onto the same, left hemisphere (toolbox: FSLswapdim). This data will
be referred to as “flipped” data. Additionally, the analysis was performed with the original,
non-flipped images to investigate possible asymmetrical differences, in particular in the right
parietal lobe, since this region has been hypothesised to play a role in CRPS symptom

aetiology ™.

Brain volume

Total grey matter volume was calculated using the FSL-tool: “Structural Image Evaluation
using Normalisation of Atrophy”. The results were later used for correlation analysis with
age, disease duration and fractional anisotropy (DTI analysis) and included in fMRI analysis
as a nuisance variable.

137-139

Local GMV analysis was performed using the optimized VBM protocol in FSL-VBM

First, structural images were brain extracted using Brain Extraction Tool (BET)'*

and grey
matter segmented before being affine registered to the Montreal Neurological Institute (MINT)
152 standard space using non-linear registration with FMRIB’s nonlinear Image Registra-
tion Tool'*'. Next, the resulting images were averaged and flipped along the x-axis to create a
left-right symmetric, study-specific grey matter template. Subsequently all native grey matter
images were non-linearly registered to this study-specific template and modulated to correct
for local expansion due to the non-linear component of the spatial transformation. The
modulated grey matter images were then smoothed with an isotropic Gaussian kernel with
a sigma of 4mm. We used permutation based threshold-free cluster-enhancement (TFCE)
for thresholding of significant clusters. This method has the advantage that it preserves the
sensitivity of cluster-based-thresholding (in contrast to voxel-based thresholding which is
more conservative), while there is no need for a predetermined cluster-forming threshold

which is always arbitrary'*. A voxel-wise general linear model (GLM) was applied with
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permutation-based non-parametric testing'”. Results were Family Wise Error controlled
(FWE) for multiple testing across space: p < .05. Age was included as nuisance variable.
Group differences were tested against 5000 random permutations. In a secondary analysis
we focussed specifically on the primary sensorimotor cortex by using a mask of the primary
sensorimotor cortex derived from the MNI152 standard space. Subsequent statistical analyses

were performed only in this area thereby increasing the power of detecting group-differences.

Lastly, in the CRPS group, we studied the effect of pain intensity (NRS) and disease duration
(in months) onGMV.

White matter structural connectivity (D'T1)

Voxel-wise statistical analyses of fractional anisotropy (FA) was carried out using tract-based
spatial statistics (TBSS)'**. FA is a measure of mean diffusivity along white matter tracts

which represents the structural connectivity of those tracts'*.

DTI images were first converted to “Neuroimaging Informatics Technology Initiative” files
using a ExploreDTI v4.8.3 toolbox'**. Next, subject movements and eddy current induced
distortions were corrected with FSL-eddy. Subsequently we extracted the brain'* and fitted
a diffusion tensor at each voxel of the images. The resulting FA data were aligned into
a common space'"'. The individual FA data were concatenated into a mean FA skeleton
representing the centre of all common white matter tracts per group (CRPS and HC). Lastly,
we used permutation-based non-parametric testing with TFCE (FWE p < .05).

In a separate analysis we correlated the individual whole brain FA data to whole brain GMV
to replicate previous results of a disrupted relationship between white matter connectivity
and GMYV in chronic CRPS patients*'.

Resting state functional magnetic resonance imaging (rsfMRI)

For rsfMRI analysis we used the graphical user interface of FSL- Multivariate Exploratory
Linear Optimized Decomposition into Independent Components 3.12. Pre-processing of rs-
fMRI images incorporated motion correction'", brain extraction'*’, spatial smoothing with
a Gaussian kernel of 6-mm full width at half maximum and a high-pass temporal filtering
of 0.01Hz. Images were registered to the high-resolution T;-weighted images (12 degrees of

147,148
2 .

freedom) and subsequently to standard space MNI-15
Probabilistic independent component analysis'*’ was performed using multi-session temporal

concatenation with 25 components pre-set, and independent component map threshold of

0.5 (probability that a voxel belongs to a resting state network and not to background noise).
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From these 25 networks we selected the sensorimotor, parietal, right and left executive
attentional, salient and default mode network for further statistical analysis based on their
role in sensory, pain and motor processing and on previous reports of alterations in CRPS

45,123

patients We then made a mask of these networks (14,5% of total brain volume) and com-

puted functional connectivity of each voxel within the mask with each of the 6 networks.

: 150
Next, we performed dual regression’

. Lastly, we used statistical between-group analysis with
permutation-based non-parametric testing with TFCE (FWE p < .05) to find significant

group differences. A GLM was used with mean GMV and age as nuisance variables.

RESULT'S

Participants

Data are presented as means * standard deviation when not stated differently. Nineteen
female CRPS patients (48.1 + 11.6 years) and 19 female healthy controls of similar age (49.4
+ 14.3 years; age: t(37)=0.31, p=.76) were included in the study. One patient (nr 19) could
not complete the full scanning protocol due to nausea in the MRI scanner; therefore only
structural images are available for this patient. RsfMRI and DTI data of one HC and rsfMRI
data of patient 10 had to be excluded from the analysis due to significant motion artefacts.
Therefore 19 patients and 19 HC’s were included in the VBM analysis, 18 patients and 18
HC’ in the DTT analysis, and 17 patients and 18 controls in the rsfMRI analysis.

Characteristics of the CRPS group can be found in Table 1. All patients had chronic CRPS,

median 6.7 [2-11,75] years and were affected in at least one hand. The pain intensity in the

examined hand was 7.1 £ 1.5 on a scale of 0 to10.
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MRI data

Total and local grey matter volume
Total brain grey matter did not differ between the two groups (CRPS: 752.01 * 46.6 cm3
vs HC:754.77 + 43.1 cm3; t(38)=0.14, p=.89).

Local GMV analysis between CRPS patients and HC’s using the flipped and non-flipped
data did not result in significant FWE corrected differences between the two groups. Table
2 reports clusters with a minimum cluster volume of 45 mm3* with uncorrected p-values
(p<.001) and the corresponding FWE corrected p-values (p<.05). Subsequent analysis of
only the sensorimotor cortex did not result in any significant cluster difference. Including

total grey-matter in the analysis as an additional nuisance variable did not changed the results.

In the patient group, local GMV did not correlate significantly with pain or disease duration
in the flipped and non-flipped data set. Total brain grey matter correlated negatively with age
(CRPS: r=-.556, p=.013; HC: r=-.684, p=.001), but the strength of the correlation did not
differ significantly between the groups (z(38)=0.59, p=.55).

White matter connectivity
No regional difference in FA was found between CRPS patients and HCs (table 3).

Mean whole brain FA of white matter correlated significantly with total GMV in both
groups equally (CRPS: r=.722, p=.001 vs HC: r=.612, p=.007; 2(36)=.55, p=.58)) (Figure
1a&b).

Resting state networks
Table 4 reports in total 10 clusters with one-tailed FWE corrected (per rs-network) differ-
ences between CRPS patients and HCs. Table 5 reports cluster differences with a minimum

cluster size of 150mm?, uncorrected for multiple testing (p<.001)"".

The largest and most significant cluster was found in the non-flipped data in the left poste-
rior cingulate cortex (1232 mm’, p=.006) (Figure 2). In CRPS patients, this cluster showed
positive connectivity with the left executive attentional network (mean z-score: 1.48% 1.05),
while in HCs this connectivity was negative (z=-4.1911.12). No correlation between con-

nectivity scores and pain scores, disease duration or CRPS severity was found.
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CRPS patients
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Figure 1b

(a) Correlation between white matter connectivity and grey matter volume. (b) Correlation between white
matter connectivity and grey matter volume. Interpolate line with 95% confidence interval; CPRS = complex
regional pain syndrome; HCs = healthy controls; WM = white matter
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Figure 2

Difference in functional connectivity between CRPS patients and HCs. Non-flipped data. P=posterior;
A=anterior; S=superior; [=inferior. Centre of “gravity” for this cluster (mm): x=-4.16, y=-23.3, z=44.3: left
hemisphere: posterior cingulate cortex. Activation shown (red-yellow): significant difference in connectivity

between CRPS patients (positive) and HCs (negative) with left executive attentional network portrayed in blue.

Figure 3

Schematic representation of reported alterations in grey matter volume in CRPS patients and uncorrected data this
paper. Red=decreased grey matter volume (GMV), Blue=increased GMV; coordinates (x/y/z) in mm; X=left-to-
right axis; Y =posterior-to-anterior; Z=caudal-to-cranial; 1Ta=Geha et al.*'; 1b=Baliki et al.*; 2=uncorrected data

from this paper; 3=Barad et al.”’; 4a=Pleger et al* flipped data; 4b=Pleger et al, non-flipped data
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DISCUSSION

Contrary to previous studies, in our sample of chronic CRPS patients GMV and white
matter connectivity did not differ with age and gender matched healthy controls. However,
using less stringent correction methods in the VBM analysis, structural alterations were seen
bilaterally in the cerebellum, temporal lobes, occipital fusiform gyrus and right lateral orbi-
tofrontal cortex. We did find differences in functional connectivity networks, although the

statistical and clinical significance of these results need further elaboration.

In the next section we discuss for each analysis the discrepancies between our results and
previous published results in literature in adult CRPS patients with special attention to
consistencies in terms of localisation, quantity and directionality of the previous reported
changes in brain structure and function in rest. In the last section we discus general observa-

tions that apply to all MRI analysis used.

Absence of local grey matter volume differences

Our findings showing no FWE corrected differences in local GMV between CRPS patients
and HCs contrasts with those of two earlier studies in CRPS showing decreased GMV in the
right Anterior Insula (A)*'" and bilateral AI** (see also figure 3). In Geha’s paper, decreased
GMV in the right Al significantly correlated with pain intensity only in young patients,
while in Baliki’s paper a reduction of GMV in the primary sensorimotor and insular cortex
correlated with pain in patients with disease duration > 5 years. Of note, in our sample, GMV

difference in the rAl for both the flipped and non-flipped data was close to zero (p = 1).

A study of Pleger et al* in 20 acute and chronically ill CRPS patients with an affected upper
limb, showed increased GMV in the dorsomedial prefrontal cortex (non-flipped data) and
in M1 contralateral to the affected hand (flipped data). These changes did not correlate with

any clinical feature.

Barad et al* studied a group of 15 right-handed CRPS patients with a wide range in disease
duration, who all were affected in the right hand. They reported reduced GMYV in the dorsal
insula, left orbitofrontal cortex and “several aspects of the cingulate cortex” but increased
GMV bilaterally in the dorsal putamen and right hypothalamus. Both negative and positive
relations between clinical parameters and GMV changes in this study could not be explained
by significant differences in GMV between the groups, and therefore authors concluded that
the observed abnormalities “are not central to CRPS pathology”*. In our patient sample, no

correlations were found for pain intensity and disease duration with local GMV.
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Collectively, in total 5 studies - including the data presented in this study - on local GMV
in CRPS yielded varying or absent GMV changes with no or inconsistent correlations with

clinical features. This question the clinical relevance of these findings.

Absence of white matter connectivity changes

We found no difference in white matter connectivity between CRPS patients and HCs.

Only one other study evaluated DTT in CRPS*' and found a disrupted correlation between
total brain GMV and white matter anisotropy. This finding was suggested to indicate diffuse
reorganisation of white matter tracts, however, the results did not correlate with clinical
parameters. In our data sample, no such dissociation of GMV and white matter anisotropy
was found in any of the groups. Collectively, there is so far no compelling evidence for

changes in white matter connectivity in CRPS patients.

Alterations in resting state networks

We found 10 “significant” clusters of altered resting state networks, all related to executive
attentional networks (Table 4). However, there is a need for caution in interpreting these
results. First, next to the absence of a prior hypothesis regarding the direction of activa-
tion differences (CRPS>HC or HC>CRPS), all FWE corrected results are 1-tailed tested.
Second, the consecutive rs-networks should be considered as multiple tests. Therefore, when
full correction for multiple testing is applied, the a would change from <.05 to <.0041 (i.e.,
.05 / (2 tailed x 6 tests)) (FSL Dual regression user guide. Using this threshold, none of the
results were significantly different between the groups. Third, no correlation with clinical

parameters was found.

Two papers focussed on resting state networks in adult CRPS patients. First - Bolwerk et
al - studied 12 heterogeneous CRPS patients (type 1 and 2) with affected upper and lower
limbs®. They found significant reductions in default mode network (DMN)'>* activation in
CRPS patients and a diffuse increase in connectivity of SIM1 with other brain regions (cin-
gulate cortex, precuneus, thalamus and prefrontal cortex). None of these changes correlated
significantly with pain scores. We could not replicate any of these results. In addition, when
we used a similar cluster size threshold of 150mm® as Bolwerk et al., numerous clusters in
many rs-networks that emerged in FWE uncorrected analysis (uncorrected p-value <.001),

appeared nonsignificant after correction of multiple comparisons.
Baliki et al'® compared 5 resting state networks between healthy controls and 3 pain patients

groups, including CRPS patients. Only the DMN showed significant differences in connec-

tivity between pain patients and healthy controls, most notably decreased connectivity with
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the medial prefrontal cortex and anterior cingulate cortex and increased connectivity with

the precuneus. Unfortunately, no distinctive activation pattern for CRPS patients was found.

Collectively, absence of evidence in our sample, absence of distinctive CRPS associated
changes in connectivity and absence of significant correlations with clinical features let us
conclude that compelling evidence for specific resting state networks changes in CRPS

patients is lacking.

General discussion

We did not find compelling evidence for CRPS specific changes in brain structure and
function in rest. Most striking was the absence of anticipated changes in somatosensory and
limbic areas. Conflicting findings of all studies - including our own uncorrected VBM analy-
sis data - and the absence of consistent clinical correlations questions the clinical relevance
of previous MRI findings of reported altered brain structure and function in rest in CRPS
patients. However, potential issues explaining the lack of results and discrepancies between
the reported data should be considered. First, the lack of results might be the consequence
of an underpowered study design, although the sample size did not differ significantly with
the other papers. In addition, scanning parameters such as voxel sizes and repetition times
differ between the studies and can have influence on the strength of results. Second, sample
characteristics (gender, disease duration, CRPS type, applied diagnostic criteria, symptoms,
and affected limbs) vary across studies. These differences may contribute to some variability
in the magnitude of the results, laterality of findings if different limbs are examined, and
spatial representation differences in primary and secondary sensorimotor cortices when af-
fected upper limbs are compared with affected lower limbs. However, when CRPS would
encompass uniform changes of the brain, at least the directionality of changes (increase or
decrease) would be expected to be consistent between the different data sets as well as clinical

parameters (e.g. pain) that correlate to these changes -which is not the case.

Third, changes in brain structure and function at rest may depend on disease stage, i.e. present
in acute CRPS (<6months), when symptoms are more pronounced, or change during the
course of the disease from nociceptive to emotional circuits'™, decreasing overall group ef-
fects. Although our patients were all chronically ill, their disease durations varied which may
have influenced the detection of a potential disease duration effect. However, the absence

of a correlation between disease duration and MRI data, renders this explanation unlikely.

Fourth, centrally acting drugs could have obscured some changes in brain structure and func-
tion, especially in our patient sample with many very long chronically ill patients. However,
in all cited papers, patients continued their medication and this therefore is an unlikely

explanation for the different findings between studies.
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Fifth, diversity in software packages and analysis options in (ffMRI research, in particular the
methods used to correct for multiple testing, can have an enormous impact on the results,
hampering a reliable comparison of findings between studies'>*'*. We used TFCE to find
cluster differences between CRPS patients and healthy controls and based our conclusions
on FWE controlled results. One could argue that this is too stringent considering our sample
size. However, when we increased the power by limiting the amount of investigated voxels
- by focussing solely on the sensorimotor cortex - during the VBM analysis we could still
not find significant FWE corrected differences between the groups. For all other analyses,
we choose a priori not to focus on one particular brain area since many previous interpreta-
tions of event-related fMRI research was based on uncorrected, albeit conservative p-values,
making the results liable to type 1 errors'”*. Second; the uncorrected clusters we found in the
VBM whole brain analysis did not correspond with the previous results in literature (figure
3). Collectively, this indicates that data of altered GMV in CRPS patients are inconsistent
and questions the evidence for specific and clinically relevant changes in brain structure in

CRPS patients.

Lastly, instead of specific changes in brain structure and function associated with CRPS
symptoms, some evidence suggests that these symptoms are generated by a mismatch be-
tween aberrant afferent signals from the affected limb and the internal state of limb in the

brain>

> The resulting aberrant processing likely involves brain circuits containing many
parts of the brain and probably changes depending on the afferent feedback -or location in

156

space *'- of the affected limb. Under such circumstances local grey matter or white matter

changes are not to be expected, and common resting state networks would not be involved.

Future MRI studies should focus on this aberrant processing of external stimuli, which may

one day result in the elucidation of these complex -and fascinating- symptoms.

CONCLUSION

Absence of evidence is not evidence of absence. We therefore cannot prove that changes in
brain structure and function in rest are absent in CRPS patients. However, current evidence
for altered brain structure and function in rest in CRPS patients is not consistent and in our
data in female patients not present. Caution is required when therapeutic strategies are based

on these presumed changes of the brain.
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