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COMPLEX REGIONAL PAIN SYNDROME

In 1864 Silas Weir Mitchell described patients with gunshot wounds who experienced
burning pain and developed a shiny red skin after nerve injury, and named the condi-
tion ‘causalgia’ (Mitchell, 1864). This cluster of symptoms was one of the first descrip-
tions of a disorder which is now named complex regional pain syndrome (CRPS), and
which previously carried the names algodystrophy, Sudeck’s dystrophy and reflex sym-
pathetic dystrophy (Sudeck, 1900; Evans, 1946). CRPS is chronic pain disorder which
can be triggered by a (minor) trauma and is characterized by sensory (allodynia, hypo/
hyperesthesia, hypo/hyperalgesia), autonomic (edema, skin colour and temperature
changes), trophic (skin changes, changes in hair and nail growth) and motor abnormal-
ities. Motor disturbances in CRPS may involve muscle weakness, bradykinesia and diffi-
culties in initiating movements.'> About 25% of patients develop tonic or fixed dystonia,
which is characterized by loss of voluntary muscle control and sustained abnormal pos-
tures that do not return, or with great difficulty, to a neutral position (Figure 1.1)."¢ Other
movement disorders like tremor and myoclonus have also been reported."’ Clinical

features may spread to other limbs over time.®

The diagnosis of CRPS relies on criteria that are based on the presence of signs and
symptoms. In 1993 the first well-validated criteria set was described by Veldman et al.’
The most frequently used criteria were, however, those developed under the auspices
of the International Association for the Study of Pain (Table 1.1),'° until they were recent-
ly replaced by the Budapest criteria, which showed higher specificity and also included
motor features (Table 1.2).1" A distinction is made between CRPS type 1 (without iden-
tified nerve lesion) and type 2 (with identified nerve lesion). This difference has been
criticized, as studies in amputated limbs and skin biopsies of CRPS type 1 patients have

shown degeneration of small C and A& nerve fibers."?

Epidemiology and risk factors
The reported incidence of CRPS ranges from 5.5 to 26.2 per 100,000 person years.'>14
Thereby, woman are 3-4 times more frequently affected than men. Although in most

cases CRPS is triggered by a (minor) trauma, like a fracture, sprain or surgery, '3 sponta-
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neous onset of CRPS is also reported.’ The phenotype of patients with a spontaneous
onset does not differ from cases with a trauma-induced onset. However, spontane-
ous-onset cases had a lower age at onset, which may indicate that genetic factors play a
role in the development of CRPS.'® There are several other indications that genetic pre-
disposition may play a role in CRPS. First, the fact that so many people are faced with a
trauma, while only so few develop CRPS may hint at genetic susceptibility. Second, a few
families with CRPS have been described,'® and siblings of young-onset cases have an
increased risk of developing CRPS." Third, genetic associations have been shown with
the HLA region, which plays an important role in regulating the immune response.8 19
Significant associations were shown with HLA-DQ1, HLA-DR-6 and HLA-DR-13.20-23 How-
ever, these studies were hampered by phenotypic heterogeneity, statistical analysis of
unplanned post-hoc analyses and underpowered studies. These limitations were over-
come in a large case-control study that included 150 CRPS patients with dystonia, in
which it was shown that HLA-B62 and HLA-DQ-8 were significantly associated with the
presence of dystonia.?*

Besides possible genetic susceptibility to CRPS, several other factors have been asso-
ciated with higher risk of developing CRPS, such as the presence or history of asthma,
osteoporosis, migraine and the use of ACE-inhibitors (which enhance an inflammato-
ry response).?> 26 Moreover, there are indications that immobilization of the affected
limb after trauma is a possible risk factor.?”-28 Psychological factors have also been sug-
gested as a potential cause of CRPS symptoms in the absence of an accepted somatic
cause.?” 3% However, two large studies (one of which involved a large group of prospec-
tively studied patients with single fractures) were not able to identify psychological risk

factors for the development of CRPS.?> 3

Pathophysiology

Over the years, extensive research suggests that CRPS is a multifactorial disorder in
which environmental and genetic factors may play role. The clinical heterogeneity seen
in CRPS may be a reflection of different combinations of biological pathways presumed
to be involved in CRPS that include aberrant inflammation, vasomotor dysfunction, and

maladaptive neuroplasticity.>?
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Inflammation

Several signs of CRPS, such as increased temperature, redness and swelling are signs
that resemble a classic inflammatory response to tissue injury, and has led to the hy-
pothesis that aberrant inflammation is involved in the pathophysiology of CRPS. Several
findings corroborate with this idea. The pro-inflammatory cytokines interleukin (IL)-6
and tumor necrosis factor(TNF) alpha were elevated in fluid of experimentally induced
blisters of the affected arm compared to the unaffected arm.3* Moreover, the levels of
IL-1 and TNF alpha remained elevated over a period of 3 years.?

Besides the classic immune response, evidence points to the involvement of neurogen-
ic inflammation in CRPS. The immune response after peripheral trauma may trigger
primary afferent neurons to release neuropeptides as substance P (SP) and calciton-
in-gene-related peptide (CGRP), which in turn mediate an inflammatory reaction by
evoking vasodilatation and protein extravasations.?> Both SP and CGRP were shown to
be increased in CRPS.%%37 A recent systematic review revealed that the pro-inflammato-
ry state in blood, cerebral spinal fluid and blister fluid has different inflammatory pro-
files during the acute (<6 months) and chronic phase (= 6 months) of CRPS.3® Addition-
ally, auto-immunity may play a role in the inflammatory signs and symptoms of CRPS,
which was demonstrated by the findings of auto-antibodies against the muscarinic-2

receptor and b2 adrenergic receptor in CRPS.*

Vasomotor dysfunction

Skin temperature and color asymmetries between the affected and unaffected extrem-
ity mark microvascular disturbances in CRPS. While in the acute stage the affected ex-
tremity is usually warmer, the temperature may turn colder in more advanced stages.?®
Next to the classic inflammatory vasodilatation, there are indications that sympathetic
dysfunction contributes to the vascular dysfunction.*® A study that used whole-body
warming and cooling showed that vasodilatation in the acute phase is due to unilateral
inhibition of the cutaneous sympathetic vasoconstrictor neurons. This is most likely
centrally mediated as there is no evidence of degeneration of sympathetic efferents.*
In later phases of CRPS, vasoconstriction plays a more prominent role,*' presumably

explained by non-neural mechanisms, such as hyperreactivity of the blood vessels to
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catecholamines*? and endothelial dysfunction.** 4 Notably, about 20% of patients re-
ported that their affected limbs were cold from the onset of the CRPS symptoms,*
pointing to differential involvement of mechanisms like vasomotor dysfunction in sub-

groups of patients.

Central nervous system changes

Continuous nociceptive input from the periphery, but also the presence of neuropep-
tides and pain may evoke functional and structural changes throughout the central
nervous system. This can lead to central sensitization in the dorsal horns of the spi-
nal cord, which is associated with the development of hyperalgesia, allodynia, and the
spreading of pain to adjacent non-injured areas.*¢* Moreover, several supraspinal
changes have been shown in CRPS (see for review of cortical changes*) that may con-
tribute to the different sensory and motor signs. For instance, a smaller representation
of the affected hand compared to the unaffected side was shown on the primary soma-
tosensory map, which was associated with pain intensity and pinprick hyperalgesia.>
Besides, reorganization of central motor circuits in CRPS patients was also demonstrat-
ed, with an increased activation of primary motor and supplementary motor cortices
during a finger tapping task.>' In addition, a proportion of patients experience body
perception disturbances®>*> and neglect-like symptoms,>® which also originate at a su-

praspinal level.

DYSTONIA IN CRPS, AN ORGANIC OR FUNCTIONAL SIGN?

Dystonia is defined as a movement disorder characterized by sustained or intermittent
muscle contractions that cause abnormal, often twisting, repetitive movements and/
or postures.®” %8 While patients with isolated dystonia (previously named primary dys-
tonia) often display mobile movements®’, the term fixed dystonia is used to indicate
those cases who exhibit abnormal postures without any mobile component.> % As
there currently is no consensus on the definition of these abnormalities in CRPS, the
terms abnormal postures, fixed and tonic dystonia are used interchangeably through-

out this thesis.
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Dystonia in CRPS is dominated by flexion postures and are most prominently presentin
hands and feet." 6" Once an extremity is affected, there is an increased risk to develop
dystonia in another limb and the hazard increases with the number of affected extrem-
ities, which may point to maladaptive plasticity.?

Interestingly, fixed dystonia may also develop after a peripheral trauma without signs
and symptoms of CRPS. In those cases the movement disorder is believed to result
from a psychogenic or ‘functional’ origin, rather than a primary neurological cause.®
63 In 1988 the first patient series with psychogenic dystonia was described, together
with clues for its identification and criteria for diagnosis. Main clues to identify patients
with psychogenic dystonia were an acute onset, the presence of abnormal postures at
rest, pain, incongruent behavior and a reduction of symptoms with distraction and/or
psychotherapy.®® As the clinical presentation of patients with fixed dystonia with and
without CRPS show considerable overlap, the pathophysiology of this disorder has
been subject of ongoing debate.54%¢ On the one hand, it was suggested that peripheral
trauma could trigger a peripherally induced movement disorder in genetically or oth-
erwise susceptible subjects with a pre-existent or subclinical movement disorder. 67-6°
On the other hand, a functional cause is motivated by the view that current accepted
theories on the pathogenesis of movement disorders have assumed a central origin
of most of them, which could not be identified or supported in patients fixed dystonia.
Second, characteristics related to the onset, progression, phenotype, and associated
sensory problems differ from patients with typical primary dystonia. The third and last
argument favoring the functional hypothesis is that some patients with fixed dystonia
had co-existent psychological problems, a history of psychiatric disease, or other clinical
features that supported the ‘psychogenic’ basis. Neuropsychiatric assessmentin a large
group of fixed dystonia patients (of whom 20% had CRPS and 37% fulfilled the criteria
for psychogenic dystonia), demonstrated associative and somatoform disorders in a
proportion of the group, but not in all patients.>® On the contrary, in a study where psy-
chological factors in CRPS patients with fixed dystonia were investigated, an elevated
general level of psychopathology was shown, but these total scores were significantly
lower than those of patients with conversion disorder or affective disorder.”® Moreover,

the elevated scores were no different from other chronic pain populations described in
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the literature. One variable that was identified in this study involved traumatic early-life
experiences, which were more frequently present in this group and thus may be a pre-

disposing factor to develop the disorder.”®

Where objective physiological markers as nuclear imaging and neurophysiological in-
vestigations have been used to identify functional signs in tremor and myoclonus,”-73
these techniques have so far not been able to reliably discriminate between ‘organic’
and psychogenic dystonia.”* 7> 7677 Taken together, the pathophysiology and the role of
central and peripheral factors in fixed dystonia in CRPS are still poorly understood and

remain an important subject of investigation.

QUANTIFICATION OF ABNORMAL POSTURES

Irrespective of the etiology of the abnormal postures in CRPS, it is important for clinical
and research purposes to reliably quantify this motor abnormality. Currently, there is
no adequate instrument to assess the severity of the abnormal postures, to monitor
the progression of the disorder or to evaluate treatment effects. Abnormal postures
are usually scored with the Burke Fahn Marsden (BFM) scale.”® However, the BFM was
primarily intended for rating abnormal movements in isolated dystonia. Given the dif-
ferences between the mobile and twisting movements in primary dystonia, and the
relatively fixed postures in CRPS, the BFM has several drawbacks.

Firstly, the score of the BFM contains a provoking factor, which depends on the pres-
ence over time. Although this factor does include the response option ‘dystonia present
at rest,, this distinction is not useful as the abnormal postures are (nearly) always pres-
ent. Secondly, the provoking factor is combined with a severity factor which is based
on a rather complex movement, for example ‘grasping an object’ in the evaluation of
the arms, instead of more simple movement like flexion-extension. Moreover, the BFM
does not differentiate between involvement of several joints in the same limb, hence

the maximum score for an arm can be achieved even when only the fingers are affected.

As dystonia in CRPS is particularly characterized by abnormal postures, which are usual-

ly accompanied by restrictions in ROM, a new measurement instrument should focus on
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this aspect. In this respect it is important to note that although the term ‘fixed dystonia’

may imply complete absence of joint mobility, active movement may still be possible." 7®

SENSORY-MOTOR DISTURBANCES

It is well recognized that the presence of pain may influence motor performance, al-
though the mechanisms and physiological consequences of the adaptation of motor
behavior to pain remain poorly understood.®® Experimental pain studies in animal
models show that noxious stimuli are associated with a protective motor response to
nociceptive stimuli,2" while acute pain in human controls has been shown to influence
the recruitment of muscle fibers.8? However, these results cannot be directly extrap-
olated to pain that occurs in the context of a chronic pain condition, which is a more

complex phenomenon of which the effects are more difficult to assess.

Sensory feedback is essential in coordinating movements; information from the skin,
muscle spindles, tendon organs and vision is integrated with motor commands for an
optimal motor performance.® In CRPS, several sensory abnormalities have been re-
ported that may interfere with motor control. These disturbances include thermal and
mechanical hyperalgesia and hypoesthesia,* 4> 8486 aberrant feedback from the Golgi
tendon as determined by computational modeling,®"-8” and the fact that some CRPS pa-
tients need to watch their limb to control movements.28 Moreover, there are indications
that central sensory-motor processing is disturbed.>' 8 However, it is unknown to what

extent sensory dysfunction contributes to motor disturbances in CRPS.

AIMS AND OUTLINE OF THIS THESIS
The general aim of this thesis is to investigate the contribution of sensory dysfunction

to motor deficits in CRPS patients and to improve quantification of motor dysfunction.

To gain more insight in the phenomenology of movement disorders that developed
after a peripheral trauma, we systematically reviewed all reported cases in the litera-
ture in Chapter 2. Additionally, potential mechanisms that may explain the underlying

pathophysiology are discussed.
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To examine the contribution of sensory dysfunction to motor dysfunction in CRPS, pa-
tients with and without abnormal postures underwent comprehensive Quantitative
Sensory Testing (QST) in Chapter 3. The relation between sensory and motor function
is investigated by correlating values of sensory parameters obtained by QST to out-
comes of a kinematic analysis of repetitive finger movements and measures of dys-
tonia severity. In Chapter 4 we examine whether sensory dysfunction is observed in
unaffected body parts of CRPS patients, and whether the extent of dysfunction is sim-
ilar for the various sensory modalities. The potential role of proprioceptive deficits to
motor dysfunction in CRPS is assessed in an isometric force matching task in Chapter
5, where CRPS patients with and without abnormal postures performed the task with
and without visual feedback. Moreover, the characteristics of voluntary force modula-
tion are evaluated. In Chapter 6 the development of the Range of Motion Scale (ROMS),
a new measurement instrument to assess the severity and distribution of the (fixed)
abnormal postures in CRPS, is described. The rating scale is based on the possible ac-
tive range of motion of all joints (arms, legs, trunk and neck). The intra- and inter-rater
reliability and validity of the ROMS are examined. The main findings and conclusions of

this thesis are discussed in Chapter 7, together with suggestions for future research.

Table 1.1: IASP diagnostic criteria

1. the presence of an initiating noxious event, or a cause of immobilization

2. continuing pain, allodynia, of hyperalgesia with which the pain is disproportionate to any
inciting event

3. evidence at some time of oedema, changes in skin blood flow, or abnormal sudomotor
activity in the region of the pain

4. the diagnosis is excluded by the existence of conditions that would otherwise account for

the degree of pain and dysfunction

Note: criteria 2-4 must be satisfied
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Table 1.2: Budapest diagnostic criteria for CRPS (ref harden validation)

1. Continuing pain, which is disproportionate to any inciting event
2. Must report at least one symptom in three (clinical diagnostic criteria) or four (research
diagnostic criteria) of the following categories:
+ Sensory: hyperesthesia or allodynia
* Vasomotor: temperature asymmetry, skin colour changes, or skin colour asymmetry
* Sudomotor or oedema: oedema, sweating changes, or sweating asymmetry
« Motor or trophic: decreased range of motion, motor dysfunction (weakness, tremor, or
dystonia), or trophic changes (hair, nails, or skin)
3. Must display at least one sign at time of diagnosis in two or more of the following catego-
ries:
+ Sensory: hyperalgesia (to pinprick) or allodynia (to light touch, deep somatic pressure, or
joint movement)
+ Vasomotor: temperature asymmetry, skin colour changes or asymmetry
+ Sudomotor or oedema: oedema, sweating changes, or sweating asymmetry
* Motor or trophic: decreased range of motion, or motor dysfunction (weakness, tremor,
or dystonia), or trophic changes (hair, nails, or skin)

4. No other diagnosis better explains the signs and symptomes.

Figure 1.1: Hand and foot of chronic CRPS patients with abnormal postures.
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