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Abstract
Complex regional pain syndrome (CRPS) is a debilitat-
ing pathology characterised by intense chronic pain as-
sociated with vasomotor, sensory and motor dysfunc-
tion of the affected limb. Although the pathophysiology 

of CRPS is not fully understood, it is recognised that 
inflammatory processes and autonomic dysfunction are 
involved. These processes are associated with peripher-
al and central sensitisation as well as changes in brain 
structure and function, and are reflected in the clini-
cal presentation of CRPS. CRPS management requires 
an interdisciplinary team and requires the therapeutic 
approach to be individualised. With regard to pharma-
cological treatment, bisphosphonates, corticosteroids, 
ketamine and anticonvulsants have been demonstrated 
to be effective for CRPS management. Psychotherapy, 
including cognitive-behavioural therapy, has produced 
promising results but more studies are needed to con-
firm its efficacy. Among rehabilitation interventions, 
there is evidence of the efficacy of physiotherapy and 
occupational therapy in diminishing CRPS symptoms 
and achieving a higher level of functioning. In this re-
gard, the rehabilitation modality that seems the most 
promising according to the actual literature is graded 
motor imagery, which can help to reverse the maladap-
tive neuroplasticity occurring in CRPS.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Complex regional pain syndrome (CRPS) in-
volves a complex pathophysiology including sensory, 
motor and autonomic disturbances that causes func-
tional disability and reduced quality of life. The man-
agement of CRPS remains challenging for health care 
professionals. This review provides a summary of the 
recent literature on CRPS pathophysiology and man-
agement. The potential mechanisms of effective inter-
ventions are also discussed.
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INTRODUCTION
Initially known as causalgia, complex regional pain syn-
drome (CRPS) was reported for the first time in 1865 
during the American Civil War in soldiers who were af-
fected by neurologic injuries[1]. In the early 20th century, 
CRPS was known as Sudeck’s atrophy, after the German 
surgeon Sudeck[2], who observed similar clinical features 
among patients who suffered from orthopaedic injuries 
without neurologic disorders. Later, CRPS was described 
as reflex sympathetic dystrophy because it was believed to 
be caused by an overactive sympathetic nervous system 
(SNS). The progressive advancement of  the knowledge 
on CRPS pathophysiology led to several additional termi-
nology changes over the years, during which CRPS was 
referred to as algodystrophy, algoneurodystrophy, neuro-
dystrophy or shoulder-hand syndrome (because of  distal 
symptoms expanding proximally)[3]. The current term, 
CRPS, was adopted in 1994 by the International Associa-
tion for the Study of  Pain (IASP)[4].

CRPS is a pathological condition characterised by 
chronic pain for which the duration and intensity are 
disproportional relative to the trigger event, which is 
frequently a trauma to the upper or lower limb[5]. This 
painful disorder includes sensory, autonomic and mo-
tor disturbances[6], which cause functional disability and 
a reduced quality of  life[7-9]. The literature reports two 
types of  CRPS, depending on whether it is associated 
with nerve damage or not; CRPS-1: no nerve damage, 
formerly known as reflex sympathetic dystrophy, and 
CRPS-2: with nerve damage, formerly known as causal-
gia[4,10]. However, it should be noted that there is no evi-
dence supporting that the physiopathology, the therapeu-
tic response, or the clinical presentation differ between 
both types of  CRPS[11]. Accordingly, a bone fracture 
or a surgery often causes damage to small nerve fibres, 
but most CRPS diagnosed after a fracture are classified 
as CRPS-1[12,13]. Nevertheless, the distinction between 
CRPS-1 and CRPS-2 will be made in this review, when 
possible, in accordance with the IASP guidelines[4]. Be-
cause our understanding of  CRPS pathophysiology and 
the therapeutic approaches to treat CRPS have changed 
considerably over the past few years, this review will sum-
marise the available literature on the pathophysiology, di-
agnostic criteria and the evidence-based approach to treat 
CRPS.

DIAGNOSIS AND PATHOPHYSIOLOGY
Diagnostic criteria
The diagnosis of  CRPS is based on the clinical examina-
tion with the observation of  physical signs and symp-
toms. To date, there is no biomarker or “gold standard” 
to confirm CRPS[14-16]. The first diagnostic criteria for 
CRPS were established by the IASP in 1994. Table 1 

describes these criteria, which are referred to as the Or-
lando criteria. Although their sensitivity was high (98%), 
their specificity was poor (36%), resulting in a fairly small 
number of  correct diagnoses[17].

More recently, a modified version of  these criteria 
has been proposed to achieve a better specificity and 
to improve the efficacy of  CRPS diagnosis, by adding 
more features of  CRPS. Table 2 describes the Budapest 
Criteria, which have been validated[18]. The use of  dif-
ferent criteria across studies leads to variable results and 
makes the between-study comparisons difficult[9]. The 
Budapest criteria are used for both CRPS-1 and CRPS-2. 
The method used to distinguish CRPS-1 from CRPS-2 
is the absence (CRPS-1) or the presence (CRPS-2) of  
nerve damage. To date however, there is no standardised 
procedure to detect the presence or absence of  nerve 
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  Criteria 1 The presence of an initiating noxious event or a cause 
of immobilisation

  Criteria 2 Continuing pain, allodynia, or hyperalgesia with which 
the pain is disproportionate to any inciting event

  Criteria 3 Evidence at some time of oedema, changes in skin 
blood flow, or abnormal sudomotor activity in the 
region of pain (can be sign or symptom)

  Criteria 4 This diagnosis is excluded by the existence of other 
conditions that would otherwise account for the degree 
of pain and dysfunction

Table 1  Orlando (International Association for the Study of 
Pain) criteria for complex regional pain syndrome

Table adapted from Merksey et al[158].

  Criteria 1 Continuing pain, which is disproportionate to any 
inciting event

  Criteria 2 Must report at least one symptom in three of the four 
following categories:
Sensory: reports of hyperesthesia and/or allodynia
Vasomotor: reports of temperature asymmetry and/or 
skin colour changes and/or skin colour asymmetry
Sudomotor/oedema: reports of oedema and/or 
sweating changes and/or sweating asymmetry
Motor/trophic: reports of decreased range of motion 
and/or motor dysfunction (weakness, tremor, 
dystonia) and/or trophic changes (hair, nail, skin)

  Criteria 3 Must display at least one sign at time of evaluation in 
two or more of the following categories:
Sensory: evidence of hyperalgesia (to pinprick) 
and/or allodynia (to light touch and/or deep somatic 
pressure and/or joint movement)
Vasomotor: evidence of temperature asymmetry and/
or skin colour changes and/or asymmetry
Sudomotor/oedema: evidence of oedema and/or 
sweating changes and/or sweating asymmetry
Motor/trophic: evidence of decreased range of motion 
and/or motor dysfunction (weakness, tremor, 
dystonia) and/or trophic changes (hair, nail, skin)

  Criteria 4 There is no other diagnostic that better explains the 
signs and symptoms

Table 2  Budapest clinical diagnostic criteria for complex 
regional pain syndrome

Table adapted from Harden et al[18].



damage[4,19]. Thus, the distinction relies on clinical judg-
ment that may be supported by diagnostic examinations 
such as electromyography with nerve conduction tests or 
surgical exploration.

EPIDEMIOLOGY
Although epidemiological studies on CRPS are scarce 
and limited, this is not surprising given that CRPS is re-
ported to be a relatively rare disease. According to a pop-
ulation-based study conducted in the Olmsted County of  
Minnesota, the incidence of  CRPS-1 has been estimated 
to be 5.46 cases/100000 per year in the United States[20]. 
The results from another study conducted more recently 
in the Netherlands estimated the incidence of  CRPS to 
be approximately 26.2 cases/100000 per year[21]. This 
discrepancy has been attributed to differences in popula-
tion characteristics, such as ethnicity and socio-economic 
factors, as well as methodological differences (inclusion 
criteria based on the retrospective use of  the IASP crite-
ria only[20] vs the use of  the IASP criteria or the opinion 
of  a general practitioner[21]). In addition, the authors of  
the study conducted on the Netherlands population did 
not clearly state if  they included only CRPS-1 or both 
types of  CRPS patients, which may also contribute to the 
higher incidence reported in that study. The prevalence 
of  CRPS-1 has been estimated to be 20.57 cases/100000 
in the United States[20] and the number of  new cases per 
year is expected to range between 20000 and 80000[12]. To 
date, no other large population-based study is available. 
Nevertheless, it is generally accepted that CRPS-1 is more 
common than CRPS-2[20].

Previous studies suggest the existence of  risk factors 
for developing CRPS. In terms of  demographic charac-
teristics of  the most commonly affected patients, women 
are two to three times more likely to develop CRPS than 
men and most CRPS cases among women occur after 
menopause[21]. Accordingly, some authors have suggested 
that hormonal factors may be involved in the pathophysi-
ology of  the disease[21,22]. Women with menstrual cycle-
related problems and osteoporosis would be more likely 
to develop CRPS after a trauma[23]. However, results of  a 
population-based case-control study including 53 CRPS 
patients and 58 controls did not find any association 
between the development of  CRPS and oestrogen expo-
sure, but this finding may be related to the low statistical 
power of  the study[24]. Although it can affect people of  
all ages, CRPS is more likely to develop between 40 and 
60 years old[25] with a mean age of  53 years old at the 
time of  the diagnosis[26]. This finding is consistent with 
the prevalence of  chronic pain in general, which peaks 
in middle age[27,28]. Suffering from migraine is also con-
sidered a risk factor to developing CRPS, in accordance 
with the similar physiopathological processes between the 
conditions, such as neurogenic inflammation[29].

The development of  CRPS follows a minor injury to 
the upper limb twice as frequently compared with a lower 
limb injury[20,21,30]. The most common triggering event is 
a distal radius fracture including Colles fracture[20,21,31]. A 

recent prospective multicentre cohort study conducted 
on 596 patients estimated the incidence of  CRPS-1 after 
a distal radius fracture to be approximately 14%[9]. Based 
on the Budapest CRPS criteria[18], the general incidence 
rate for developing CRPS-1 after a fracture would be 7%[9]. 
However, depending on the diagnostic criteria and the 
CRPS features (CRPS-1 vs CRPS-2, upper limb vs lower 
limb, surgical complications, association with another 
diagnosis, etc.), the incidence rate of  CRPS after a frac-
ture ranges from 0.9% to 51%, regardless of  the loca-
tion[9,22,32-39]. Immobilisation of  the hand or the upper ex-
tremity after any trauma is considered an important risk 
factor for the development of  CRPS[12,40]. To a lesser ex-
tent, other types of  injury may also be a trigger event for 
developing CRPS. CRPS can occur after a central lesion 
such as stroke or can develop spontaneously in a small 
proportion of  cases (less than 5%)[10,20,21,30,41]. It has been 
suggested that psychological factors may constitute risk 
factors for the development of  CRPS[42-45], but this theory 
is no longer supported[12,23,46,47]. For instance, a group of  
authors conducted a multicentre prospective study in-
cluding 596 patients with an upper limb fracture, in which 
they examined the relationship between the development 
of  CRPS-1 and several psychological factors, such as ago-
raphobia, depression, somatisation, interpersonal sensitiv-
ity and insomnia. The study revealed that none of  these 
factors was significantly associated with the development 
of  CRPS[46]. The lack of  association between psychologi-
cal factors and CRPS is also corroborated by the results 
of  a systematic review including 31 articles[45] and also by 
previous prospective studies[48-50] and a large retrospective 
case-control study including 186 CRPS patients and 697 
controls matched for age, sex and trauma[23]. Thus, the 
psychological symptoms reported by CRPS patients are 
thought to be a consequence of  disability and chronic 
pain itself, rather than being a predisposing factor[36,46,48,49]. 
Otherwise, some authors suggest a genetic predisposition 
to developing CRPS[51], but larger studies are required 
to establish clearer patterns of  inheritance. Finally, the 
severity of  the triggering event is not considered as a risk 
factor in the development of  CRPS[10,12].

PATHOPHYSIOLOGY
Although the pathophysiology of  CRPS is not completely 
understood at this time, it is generally accepted that it 
involves several mechanisms[11], including an alteration 
of  the central nervous system (CNS)[25,31]. According to 
the authors of  a recent review, physiological reactions 
to the initiating injury would lead to disturbances of  in-
flammatory processes and autonomic function[12]. These 
pathological processes would, in turn, lead to maladaptive 
neuroplasticity[12], such as peripheral and central sensitisa-
tion. Each of  these processes may appear concurrently or 
sequentially and is related to specific signs and symptoms 
observable during the evolution of  the disease, which will 
be described below. There is also some evidence that the 
relative contribution of  each mechanism to CRPS differs 
from one patient to another and also differs at different 
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endothelial function, and reduces acetylcholine-induced 
vasodilatation[68]. These alterations have been suggested 
to lead to hypoxemia and acidosis, which may produce 
free radicals and oxidative stress[69]. A previous study pro-
posed that free radicals are the result of  mitochondrial 
dysfunction in the respiratory chain[25]. Accordingly, free 
radicals have been detected in the saliva and the serum of  
the affected limb in CRPS-1 patients[70], as well as in two 
animal models of  CRPS[71,72]. Furthermore, a multicentre 
randomised controlled trial (RCT) demonstrated the pro-
tective effect of  vitamin C, a well-known antioxidant, on 
the development of  CRPS after a wrist fracture treated 
with a plaster cast[73] or by surgery[74]. Therefore, oxidative 
stress may be involved in the pathophysiology of  CRPS, 
but it is still not clear if  it is a cause or a consequence of  
the disease[25]. More prospective studies are needed to 
better understand the potential role of  oxidative stress 
in the pathophysiology of  CRPS, but it may constitute a 
biomarker of  and a therapeutic target for CRPS.

Plasticity of the peripheral and CNS
Changes in the peripheral and CNS: Peripheral sen-
sitisation is thought to play a role in CRPS pathophysi-
ology[75]. It is a form of  neuroplasticity relying on the 
capacity of  neurons to change their function, chemical 
profile or structure in response to a specific situation[76]. 
Peripheral sensitisation results in a continuous release 
of  catecholamines by the nociceptive fibres of  the af-
fected area[77] and brings sustained nociceptive input to 
the spinal cord. This causes activity-dependant changes 
in the spinal cord and central sensitisation, resulting in 
enhanced central responsiveness to nociceptive inputs[76]. 
This enhanced nociceptive transmission may induce a 
pain sensation that outlasts the initiating input or that re-
quires lower level of  peripheral drive to maintain it[76].

Altered cortical representation of  the affected limb: 
In CRPS, motor and sensory deficits that are not limited 
to the area of  injury have been suggested to be related 
to maladaptive neuroplasticity in the brain. For instance, 
the representation of  the affected hand in the primary 
somatosensory cortex is significantly shrunk and shifted 
toward the lip compared with the unaffected hand[78-81]. 
These changes in the hand primary somatosensory cor-
tex representation are correlated with the amount of  
pain[81] and mechanical hyperalgesia in CRPS[79]. With re-
habilitation, the cortical organisation is progressively re-
established and correlates with the decrease in pain and 
the diminishing extent of  mechanical hyperalgesia[80]. The 
results of  a follow-up study revealed a reversal of  cortical 
reorganisation in agreement with clinical improvement 
at least 1 year after therapy[80]. Thus, chronic CRPS pain 
seems to correlate well with the cortical representation 
of  the affected limb, which may contribute to the persis-
tence of  pain[80,81].

It has also been reported that the representation of  
the affected and unaffected hand muscles is asymmetrical 
in the motor cortex of  patients with CRPS-1[82]. In that 
study, the cortical representation (size, motor evoked po-

time points in the course of  the disease[52].

Inflammatory component 
Relatively recent theories suggest that the pathophysiol-
ogy of  CRPS is linked to disturbances of  neurogenic 
inflammatory processes[12,53], including higher plasma 
levels of  bradykinin[54], increased systemic levels of  neu-
ropeptides[41,55], such as calcitonin gene-related peptides, 
and the release of  pro-inflammatory cytokines such as 
tumour necrosis factor-α[56] or interleukin-6[57]. It has 
also been found that patients with chronic pain may have 
lower endogenous anti-inflammatory activity[58]. Accord-
ingly, a recent meta-analysis conducted on 15 studies re-
vealed that CRPS is associated with a predominantly pro-
inflammatory state, with different inflammatory profiles 
in the acute vs the chronic stage of  the disease[53]. These 
findings are consistent with the vasodilation, oedema, 
increased sweating[41,55] and the hyperalgesia observed 
in the acute stage of  CRPS[41,59]. These findings are also 
in agreement with a recent systematic review showing 
that corticosteroids improve the signs and symptoms of  
CRPS-1[60]. Proinflammmatory cytokines and neuropep-
tides may also be involved in peripheral sensitisation[11,57]. 
Therefore, there is clear evidence that disturbances in 
neurogenic inflammatory processes are implicated in the 
pathophysiology of  CRPS.

Involvement of the SNS
In addition to the inflammatory processes, alteration of  
the SNS has been proposed to contribute to the patho-
physiology of  CRPS. To explain the autonomic features, 
such as a cool and bluish limb, it was thought that CRPS 
was caused by a reflex vasoconstriction, reflecting post-
traumatic SNS hyperactivity[5,61]. However, this hypothesis 
is no longer supported, in spite of  the involvement of  
the SNS in CRPS[62,63]. It is now recognised that SNS ac-
tivity is reduced in the first stages of  the disease, which 
manifests as decreased reflex vasoconstriction in the 
affected area[64,65]. This symptom is associated with the 
vasodilatation of  the peripheral vessels and may explain 
the warming of  the affected region[11]. Changes in the 
pattern of  clinical features as CRPS evolves from an 
acute to a chronic state may be related to circulating 
catecholamines[11]. As an adaptive mechanism, the SNS 
hypoactivity seems to progressively increase the sensitiv-
ity of  peripheral adrenergic receptors to circulating cate-
cholamines that are released in response to psychological 
stress or pain itself[11]. This phenomenon may contribute 
to the exaggerated vasoconstriction in later stages of  
the disease[11,66]. Thus, the affected limb changes from a 
warm, swollen and reddish state to become cold and blu-
ish[64]. It is also known that a chronic dysregulation of  the 
SNS may lead to sympathetically maintained pain in 10% 
of  CRPS patients[4].

Contribution of  the oxidative stress in the pathophysi-
ology of  CRPS: Long-term sympathetic disturbances re-
sult in the redistribution of  blood flow in micro-circulatory 
vessels. This process impairs their nourishment[67], the 
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tentials, and calculated volumes) was significantly larger 
for the unaffected hand than for the affected hand and 
this asymmetry was not found in the control group of  
healthy subjects. An fMRI study also demonstrated sub-
spatial adaptive changes in the CNS of  CRPS patients by 
investigating cerebral activation during a finger tapping 
task[83]. The authors found significantly larger brain ac-
tivations compared with healthy controls and also com-
pared with the unaffected side of  the CRPS patients. This 
finding may be explained by defective inhibitory mecha-
nisms in the motor cortex that were previously demon-
strated[84-86]. Besides, a transcranial magnetic stimulation 
study found a hyperactivity of  the contralateral motor 
cortex in CRPS patients[84]. The authors hypothesised that 
this hyperexcitability may be linked to an adaptive process 
related to the decreased mobility of  the affected limb and 
not necessarily to the painful sensations[84], but further 
studies are still required to fully understand this phenom-
enon[6]. Alterations of  the premotor cortex have also 
been observed in a study including eight chronic CRPS-1 
patients with dystonia (mean duration of  disease of  11 
years)[87]. Their results revealed that less cerebral activa-
tion was present in both the ipsi- and contralateral hemi-
spheres when imagining movements, compared with the 
activation patterns of  age-matched healthy controls[87].

Results of  a recent imaging study including voxel-
based morphometry and DTI analyses revealed gray mat-
ter atrophy in the right hemisphere, especially in the right 
insula, right ventromedial prefrontal cortex (VMPFC), 
and right nucleus accumbens in 28 CRPS patients[88]. In-
terestingly, gray matter atrophy in the VMPFC correlated 
with the interaction between pain intensity and duration 
in CRPS patients, while right anterior insula gray matter 
atrophy correlated with pain duration[88]. In addition, the 
gray matter atrophy in the right anterior insula was as-
sociated with reduced autonomic responses[89], consistent 
with the autonomic dysregulation in CRPS and the role 
of  the insula in autonomic regulation[88]. Furthermore, 
the gray matter atrophy observed in the VMPFC was 
associated with poor performance in an emotional deci-
sion-making task[88,90], congruent with the clinical features 
of  CRPS.

In summary, the literature exposes evidence about the 
pathophysiology of  CRPS, but several questions on the 
mechanisms of  the disease remain, especially in relation 
to the specific role of  oxidative stress[25] and the pat-
terns of  cortical reorganisation during the onset and the 
course of  the disease[6]. Further studies are also required 
to better understand the links between physiopathologi-
cal processes and clinical features, to improve treatment 
modalities offered to CRPS patients.

CLINICAL PICTURE
Physical features
Nearly 100% of  patients with CRPS report hyperalgesia, 
that is, an increased pain sensation to a normally painful 
stimulus[91]. Allodynia, or a painful sensation elicited by 
a stimulus that usually does not elicit pain, is also com-

mon, affecting one third of  patients with CRPS[91]. These 
sensory disturbances are not limited to a single peripheral 
nerve territory but rather follow a glove distribution[16], 
and may be linked with the sensitisation processes im-
plied in the CRPS pathophysiology described above. 
It is recognised that CRPS patients may have impaired 
processing of  proprioceptive or tactile input, but higher 
multisensory integration systems seem unaffected[92]. 
Accordingly, the results of  a recent study conducted on 
24 CRPS patients and 24 controls revealed that CRPS 
patients had an intact perception of  illusory ownership, 
which suggests unaffected functions of  multisensory cor-
tical areas[92].

Autonomic disturbances resulting in distal oedema are 
present in 81% of  patients[91]. Skin changes in colour and 
temperature are also common symptoms of  CRPS[91]. 
Disorders of  sweating can also be noted[31] in 55% of  pa-
tients, with hyperhidrosis being more frequent than hypo-
hidrosis[93]. Finally, trophic changes such as the increased 
growth of  hair and nails of  the affected limb are some 
of  the physical symptoms related to CRPS[91], in addi-
tion to bone demineralisation[94]. All of  these autonomic 
disturbances are related to the dysregulation of  the SNS 
described above. Principal physical features induced by 
CRPS, such as oedema, skin colour changes and muscle 
atrophy, are illustrated in Figure 1.

In terms of  motor function, 77% of  patients present 
with weakness of  the affected limb and 45% have exag-
gerated deep tendon reflexes[91]. A recent kinematic study 
including 80 CRPS patients also suggests that voluntary 
motor control may be impaired, causing bradykinesia and 
akinesia in both the affected and the unaffected upper 
limb[95].

Psychological features
The psychological factor most reportedly associated with 
CRPS is the fear of  pain[96]. In accordance with the fear-
avoidance model of  chronic pain[97], the fear of  pain 
may have a significant impact on global functioning. For 
instance, CRPS patients avoid certain activities fearing 
that they will trigger pain. This avoidance contributes to 
isolation and higher levels of  anxiety[98]. In addition, a 
large proportion of  CRPS patients present symptoms of  
depression, such as mood or sleep disturbances, as the 
prevalence of  depression in CRPS is estimated to range 
from 31% to 96%[45]. Psychological factors, such as anxi-
ety, stress or inconsistent emotional states may have an 
impact on catecholamines neurotransmission and may 
play a role in the pathophysiology of  CRPS, including the 
dysregulation of  the SNS and sensitisation[11,98,99]. Psycho-
logical stress also seems to be related to the development 
or maintenance of  CRPS-1[45], which may results in re-
peated sympathetic activation and locally altered catechol-
amine responsiveness[45,98,99].

In summary, stress or anxiety may have an impact in 
the maintenance of  CRPS in relation with their influence 
on catecholamine activity[99]. However, as mentioned pre-
viously, other psychological factors such as depression or 
somatisation seem to be consequences of  the disability 
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and chronic pain itself, rather than being predisposing 
factors[36,46,48,49].

Cognitive and perceptual features
Recent studies revealed cognitive impairments in CRPS 
patients. In a neuropsychological study including 137 
CRPS patients, significant neuropsychological deficits 
were present in 65% of  patients, presenting with impair-
ments in executive functions[100]. Among the perceptual 
features, patients with CRPS may suffer from physical 
and spatial hemineglect[16,101,102] as a result of  a disturbed 
body schema induced by the changes in the cortical rep-
resentation of  the affected limb[101,103-106]. Indeed, CRPS 
patients perceive their affected limb as bigger than it re-
ally is[106] by more than 8%[107] and have difficulty recog-
nising their own limb[108] and estimating its position[104]. 
Moseley et al[102] found that when they receive concurrent 
vibrotactile stimulations at 140% of  their tactile threshold 
to both limbs without the contribution of  vision, CRPS 
patients tend to neglect stimulations of  the affected limb. 
This finding suggests a complex alteration of  the repre-
sentation of  the bodily space. A recent study including 
a group of  20 CRPS patients and two age- and gender-
matched control groups (healthy volunteers and patients 
with chronic pain other than CRPS) revealed that CRPS 
patients show a slower reaction time in response to a vi-
sual stimulus presented in the visual field corresponding 
to the side of  the affected limb[101]. In that study, CRPS 
patients also had a significantly lower score in the clock-
drawing test than the healthy controls, which is also con-
sistent with spatial hemineglect.

In summary, CRPS can affect many aspects of  daily 
life. It may have a devastating effect on the quality of  life 
and productivity. A large proportion of  patients (81%) 
have to quit their jobs at the peak of  the disease and only 
27% can return to a productive life after the crisis[109]. 

This decrease in productivity generates significant costs 
for the society. Therefore, it is important to deal quickly 
and appropriately with CRPS. The next section will pres-
ent the main treatment modalities currently used with this 
population.

CRPS MANAGEMENT
In this section, the most common treatments for CRPS 
will be presented. However, it should be emphasised that 
CRPS is a complex pathology, including both central and 
peripheral abnormalities, and it is sometimes associated 
with psychosocial components. Therefore, CRPS should 
be treated using an interdisciplinary approach[19].

Pharmacology
Similar to other chronic pain syndromes, pharmaco-
logical treatments are widely used for the treatment of  
CRPS. However, drug therapy works best if  prescribed in 
combination with other management modalities, such as 
rehabilitation[19]. Various types of  drugs such as opioids, 
calcitonin, bisphosphonates and antidepressants or an-
ticonvulsants may be taken orally[31,94,110]. Essentially, the 
strategies and drug combinations are the same as for neu-
ropathic pain management. The goal in using pharma-
cological agents is to act on the pathophysiological pro-
cesses generating pain, i.e., inflammation or sympathetic 
dysfunction[31]. However, scientific evidence supporting 
pharmacotherapy in CRPS remains limited[94,110].

Opioids: According to the results of  a study conducted 
on 102 CRPS patients, 21% of  CRPS patients are treated 
with opioids[111] and this type of  drug is mostly used in 
the early stages of  the disease[111]. However, only one pla-
cebo-controlled RCT studied the use of  oral sustained-
release morphine in CRPS-1 patients who were previ-
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Figure 1  Clinical signs of complex regional 
pain syndrome. A: Oedema and colouration 
changes around the metacarpophalangeal 
joints of a 42-year-old woman with bilateral 
upper limb complex regional pain syndrome 
(CRPS) in the acute phase (around six 
months); B: Thenar muscle atrophy and slick 
skin aspect of a 22-year-old woman with left 
upper limb CRPS for a duration of 3 yr; C: 
Significant knee oedema in a 46-year-old 
woman with right lower limb CRPS lasting 
2 yr; D: Blue coloured left lower limb CRPS 
in the cold phase (3 yr) of a 23-year-old 
woman.
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ously treated with spinal cord stimulation (n = 43)[112]. No 
significant effect on pain reduction has been found with 
the use of  morphine compared with placebo[112]. Ad-
ditionally, the morphine group reported 20 side-effects 
a day compared with 2 a day for the placebo group[112]. 
Accordingly, authors of  the evidence-based guidelines 
in CRPS treatments stated that there is insufficient evi-
dence regarding the efficacy of  opioids in reducing CRPS 
pain[110]. To our knowledge, no study has been conducted 
on opioids other than morphine for the treatment of  
CRPS. Even if  opioids are well-known to inhibit noci-
ceptive processes in the CNS, addiction may potentially 
develop in a small subset of  patients[113]. Because of  their 
serious adverse effects, opioids should be prescribed with 
caution in the treatment of  CRPS[113].

Calcitonin: Calcitonin is of  great interest in the treatment 
of  CRPS for its analgesic properties, by producing the 
release of  β-endorphins, and for its action in preventing 
bone resorption[50]. In spite of  these promising theoreti-
cal effects, however, results of  recent systematic reviews 
demonstrated conflicting evidence of  calcitonin’s efficacy 
in the treatment of  CRPS-1[110] or in the treatment of  
both types of  CRPS[94], according to the outcomes of  
pain reduction, functional outcome, clinical features or 
bone mineralisation. The authors of  a systematic review 
based on 41 articles related to CRPS treatment stated that 
to date, the beneficial effects of  calcitonin on CRPS pa-
tients have not been demonstrated[94]; further studies are 
required to establish a clear recommendation regarding 
the use of  calcitonin in CRPS management.

Bisphosphonates: Bisphosphonates are effective in reduc-
ing the signs of  inflammation associated with CRPS[94,110]. 
In three placebo-controlled studies, bisphosphonates 
were significantly more effective than placebo for upper 
limb CRPS-1 patients (n = 20, n = 39 and n = 32) in de-
creasing inflammation signs, including pain and oedema, 
and improving mobility[114-116]. These positive effects have 
been found among both early and long-standing CRPS 
patients[117]. However, despite this significant beneficial 
effect on CRPS inflammation signs, evidence is lacking 
about the optimum dosage, frequency and duration of  
treatment[110].

Antidepressants: There are published reports that sup-
port the use of  tricyclic antidepressants for the man-
agement of  neuropathic pain[113,118-120]. Their analgesic 
effects are presumably due, in part, to their action on 
serotonergic and noradrenergic descending inhibitory 
pathways[113,120]. Tricyclic antidepressants are reported 
to be part of  pharmacotherapy for 19% of  CRPS pa-
tients[111]. There is also some evidence that serotonin and 
noradrenaline reuptake inhibitors, but not selective sero-
tonin reuptake inhibitors, are efficient in the treatment of  
chronic pain[113,120]. However, based on systematic reviews 
on CRPS management, no study has yet examined the ef-
ficacy of  antidepressants for the treatment of  CRPS spe-

cifically[110,113]. Therefore, there is currently no evidence 
of  the efficacy of  antidepressants for the treatment of  
CRPS.

Corticosteroids: There are a few trials that studied the 
benefits of  corticosteroids in CRPS management and 
the results of  these studies are clinically positive with 
regard to pain, oedema and sweating[94,110,121-123]. Most of  
these studies were conducted with patients presenting 
an acute CRPS with inflammation signs and it is actu-
ally unknown if  corticosteroids offer similar benefits for 
chronic CRPS, when pro-inflammatory cytokines are at 
a lower level[19,124]. However, because of  their potentially 
severe adverse effects, corticosteroids should not be 
taken for a long period of  time[113] and appear to be rarely 
prescribed in clinical practice[111]. Further studies should 
be conducted to establish guidelines on the duration and 
dosage before corticosteroids can safely be prescribed for 
CRPS[110,113].

Anticonvulsants: Anticonvulsants, such as gabapen-
tin, are one of  the most effective and most commonly 
prescribed pain medication for neuropathic pain in 
general[125,126], and are also prescribed for CRPS[113]. It is 
reported that 12% of  CRPS patients are treated with an-
ticonvulsivants[111]. The benefits of  gabapentin for CRPS 
has been studied in two RCTs[127,128]. There is evidence 
that gabapentin has a small to moderate effect in reduc-
ing CRPS pain eight weeks after the beginning of  the 
treatment[127]. However, patients taking gabapentin feel 
more side effects, such as fatigue, sleepiness or dizziness, 
than patients taking a placebo[128]. Another anticonvulsiv-
ant, carbamazepine, has been studied in a RCT of  CRPS 
patients and it has been found to significantly diminish 
pain compared to placebo[112]. Even if  other types of  
anticonvulsivants, such as pregabalin, seem to have some 
effects on pain, no other type of  anticonvulsants has 
been studied for the treatment of  CRPS[19]. Even if  ben-
eficial effects have been demonstrated for pain reduction 
in CRPS patients, the pros and cons should be weighed 
when adding anticonvulsivants to the CRPS treatment 
plan because of  the potential adverse side effects and the 
unknown long-term effects[110].

Muscle relaxants: Muscle relaxants, such as baclofen, 
is used by 3% of  CRPS patients[111] and may be helpful 
for the treatment of  CRPS[129]. However, because of  the 
small samples (less than 10 patients) included in studies 
conducted on the efficacy of  muscle relaxants for CRPS, 
authors of  recent evidence-based guidelines on CRPS 
management report that the evidence is insufficient to 
claim their efficacy[110].

Ketamine: Even if  large and well-designed RCTs need 
to be conducted, the intravenous administration of  ket-
amine in sub-anaesthetic doses significantly reduces pain 
among CRPS patients, as revealed by both prospective 
and retrospective studies[75,110]. As an NMDA receptor 
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antagonist, ketamine is of  particular interest because of  
its potential ability to reverse central sensitisation[75]. Al-
though a promising effect has been demonstrated, larger 
studies are required to validate the routine use of  ket-
amine in CRPS[75,112,113].

Topical agents: Topical medications, such as lidocaine 
patches, are used by 79% of  CRPS patients[31,111]. In this 
drug category, dimethylsulphoxide cream seems to be 
more efficient in reducing CRPS symptoms in the early 
stages while inflammatory signs are present[75,130]. When 
symptoms of  cold temperature or bluish skin are present, 
N-acetylcysteine has been found to be the most effective, 
based on a randomised double-blind study including 146 
CRPS patients[131]. The efficacy of  these two types of  
drugs that are free radical scavengers support the involve-
ment of  oxidative stress in the pathophysiology of  CRPS.

Local and regional sympathetic blockade: Local sym-
pathetic blockade (e.g., with lidocaine or guanethidine) 
such as stellate ganglion blockade or lumbar sympathetic 
blockade are widely reported in the literature[31,94] and aim 
to modify the activity of  the SNS locally. The therapeu-
tic response to sympathetic blockade is inconsistent and 
may only be more effective than placebo at reducing the 
duration but not the magnitude of  pain[94,132]. A Cochrane 
review also indicate that there is low quality evidence that 
local anaesthetic sympathetic blockade is not effective at 
reducing pain in CRPS[133]. Intravenous regional blockade 
using a wide variety of  pharmacological agents has also 
been described for the treatment of  pain in CRPS[133]. 
According to this Cochrane review, there is very low to 
moderate evidence that intravenous regional blockade 
with atropine, droperidol and guanethidine is not effective 
to reduce pain in CRPS, while there is very low evidence 
that ketanserine and bretylium plus lidocaine may be ef-
fective. Because sympathetic blockade is a relatively inva-
sive modality, it is suggested that it should be used when 
other modalities do not bring positive changes in the pa-
tient’s condition[19]. In addition, it should be stressed that 
these interventions may have positive effects for a limited 
number of  patients only, because it is known that pain 
in CRPS is sympathetically maintained for about 10% 
of  patients[4]. The other 90% patients, with sympatheti-
cally independent pain, should benefit from other types 
of  treatment. Because there is no standardised method 
to determine if  CRPS pain is sympathetically maintained 
or sympathetically independent[113], sympathetic blockade 
remains a controversial modality.

In summary, among the pharmacological treatments 
for CRPS, strong evidence is available for bisphospho-
nates[94,110,114,116], corticosteroids[94,110,120,123], ketamine in-
jections[75,110] and anticonvulsants[127], but further studies 
are required to establish the guidelines for well-validated 
routine administration. There is actually insufficient 
or conflicting evidence to recommend the use of  opi-
oids[110,112,113], calcitonin[94,110] or antidepressants[110,113]. 
Because of  the limited proportion of  patients who may 
benefit from sympathetic blockade, this intervention also 

remains controversial[94,110].

Other medical treatments 
Most surgical treatments reported in the literature refer 
to sympathectomy or more recently, intracranial neuro-
stimulation[31], and represent the most invasive treatment 
modalities to be used as a last resort because of  the quite 
minimal evidence for their efficacy[110,134]. Surgical treat-
ments will not be discussed in more detail because they 
have been reviewed elsewhere[135].

Recently, repetitive transcranial magnetic stimulation 
(rTMS) was shown as a potential therapeutic option for 
CRPS, when used in combination with pharmacotherapy 
and physiotherapy[136]. The results of  a double-blind, 
placebo-controlled randomised trial conducted with 23 
patients with upper limb CRPS-1 revealed a significant re-
duction of  pain and improvement of  the emotional state 
with 10 daily sessions of  rTMS applied on the primary 
motor cortex[136]. However, these beneficial effects did 
not continue after the treatment period ended[136]. Similar 
results had previously been found in a study conducted 
on 10 CRPS patients[137].

Psychotherapy
The rationale of  psychological interventions for CRPS 
management derives from the recognised benefits of  
these approaches in management of  other chronic pain 
syndromes[19]. In addition, psychological and behavioural 
factors are thought to interact with pathological process-
es involved in the physiopathology of  CRPS, including 
changes in catecholamine levels, as discussed earlier[11,19,99]. 

Randomised control trials on psychological interven-
tions for CRPS are scarce. In most studies, the experi-
mental design only allows limited conclusions[11]. The 
available clinical studies show some benefits in the treat-
ment of  CRPS using cognitive-behavioural therapy[98,138], 
operant conditioning, pain management techniques, re-
laxation training[31] with biofeedback[19] and family educa-
tion[98]. Regarding other chronic pain syndromes, one goal 
of  psychotherapy is to develop abilities to control pain, 
to play an active role in pain management and rehabilita-
tion[98]. Psychotherapy can also have a beneficial effect on 
comorbidities related to CRPS, such as depression. Au-
thors of  recent clinical guidelines in CRPS management 
recommend that education about the condition should be 
a low cost psychological approach to be used for all acute 
and chronic CRPS[19]. Specifically, information about neg-
ative effects of  disuse, the importance of  reactivation and 
the importance for the patient to take an active part in 
CRPS management should be provided to the patient and 
its family[19]. Because some cases of  CRPS may resolve 
spontaneously, individualised psychotherapy is mostly 
recommended for chronic CRPS and should begin 6-8 
wk after the onset of  the disease[98]. These psychotherapy 
sessions should focus on empowerment, which is defined 
as the ability to gain control over the condition, diminish 
catastrophic thoughts and reactivate the affected limb[19]. 
An in vivo graded exposure approach, which consists of  
gradually exposing patients to situations that they think 
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may trigger pain (associated with the fear avoidance theo-
ries[97]) seems to have promising results in diminishing 
pain intensity and the fear of  pain, as well as improving 
global functioning[139]. However, results from this study 
need to be replicated with a larger sample (only eight 
female CRPS-1 patients were included) to determine the 
efficacy of  this approach. Noteworthy, the implication 
of  family members is found to be important in the reha-
bilitation process in order to maintain good patterns of  
thoughts and reactivation of  the affected family member 
at home[19].

In line with the interdisciplinary approach for CRPS 
management, psychotherapy should be considered 
among the possible treatment modalities, although the 
evidence remains mixed regarding the benefits of  these 
approaches and further controlled studies are required to 
confirm their efficacy[98]. However, because psychologi-
cal approaches are effective for other chronic pain syn-
dromes, it is plausible that they are also useful for CRPS 
management, according to authors of  recent clinical 
guidelines in CRPS management[11].

Rehabilitation
Functional restoration is found to be the key objective 
of  rehabilitation for CRPS patients, according to authors 
of  a recent systematic review[19]. The principle of  func-
tional restoration is to obtain a gradual progression of  
the movement, beginning with an activation of  pre-sen-
sorimotor cortices, followed by very gentle active move-
ments and eventually, gradual weight bearing[19]. Although 
rehabilitation is typically part of  the CRPS management, 
RCTs to assess rehabilitation strategies are lacking be-
cause of  the various clinical presentations and evolution 
of  CRPS, necessitating the development of  personalised 
intervention.

Occupational therapy: Occupational therapists (OTs) 
are recognised to be ideal therapeutic leaders in func-
tional restoration processes because they are trained 
with biopsychosocial principles and work primarily with 
functional assessments and treatments[19,140,141]. Emerging 
research has made OT interventions to work towards 
earlier stages of  movements, using graded motor imagery 
(GMI)[19]. The use of  GMI[105,142-144] has attracted the at-
tention of  researchers in recent years (a video illustrating 
GMI is presented at the following web address: http://
www.youtube.com/watch?v=hMBA15Hu35M and the 
steps are fully described in a 2011 article[145]) because 
theses modalities may have an effect on cortical reorgani-
sation, which seems to be involved in CRPS. Only a few 
studies have been conducted   on the use of  GMI in the 
treatment of  CRPS[105,142,143,146,147] but strong evidence of  
effectiveness has been demonstrated[117]. In general, the 
use of  GMI would reduce pain, normalise autonomic 
signs, improve lateralisation and improve functioning in 
both the short- and long-term. GMI may also be helpful 
in normalising movements for CRPS patients[19]. FMRI 
studies support the cortical activation sequence induced 
by GMI in healthy subjects, but no such studies have 

been conducted with CRPS patients[148]. Further studies 
with larger samples are required to generalise the effect 
of  GMI to the entire population of  CRPS patients[145,148]. 

Following GMI, the objectives are to minimise oe-
dema, normalise sensation, promote normal position-
ing/decrease muscle guarding and increase functional use 
of  the affected limb in order to promote independence 
in all areas, such as work, leisure and personal cares[149]. 
OT using various modalities, such as desensitisation[150] or 
sensory discrimination training, splinting[19] and adapting 
activities, is also effective in decreasing functional limita-
tions and improving activity levels[140,141]. Stress loading, 
including the two phases of  scrubbing and carrying, is 
also a technique used by OTs in order to initiate active 
motion and compression of  the affected joints[151]. How-
ever, most of  the studies that focused on OT interven-
tions did not standardise the treatment modalities, which 
makes the replication of  the results difficult.

Physical therapy: Physical therapy (PT) plays an impor-
tant role in CRPS management by increasing the range 
of  motion, flexibility and strength by gentle progressive 
exercise programs[19]. The use of  physiotherapy is docu-
mented in the literature[110,140,152], but the efficacy of  the 
interventions remains mixed. Used alone or in combi-
nation, treatment modalities such as heat/cold therapy, 
electrotherapy, manual therapy, exercises or simulation of  
occupations have been described[31,138]. It is also common 
that some aspects of  psychotherapy, such as pain man-
agement techniques or relaxation techniques, are included 
in rehabilitation[153]. A recent meta-analysis suggests that 
physiotherapy has a beneficial effect on pain reduction, 
oedema, mobility and skin temperature and would be ef-
fective in acute and chronic CRPS[110,154].

It is generally accepted that PT interventions must be 
executed within the limits of  pain tolerance[155]. A rela-
tively new and controversial rehabilitation approach for 
CRPS treatment is the “pain exposure” treatment[152,156,157]. 
Groups of  researchers found that rehabilitation therapy 
focused on functional improvement based on rehabilita-
tion time having regular PT interventions while avoiding 
pain (i.e., following rehabilitation objectives while not 
considering pain severity as a guideline) could permit the 
safe improvement of  the function of  the affected arm, 
reduce pain, improve walking speed and improve muscle 
strength[152,156,157]. Because of  the ethical implication of  
this type of  therapy and the rationale that is still not well 
described, there is actually no evidence supporting the ef-
ficacy of  this rehabilitation modality in CRPS treatment.

In summary, most modalities (e.g., manual therapy, 
electrotherapy, desensitisation, activity modification and 
adaptation, etc.) used in PT and OT, except for the “pain 
exposure treatment”, have been demonstrated to be ef-
fective in diminishing CRPS symptoms and improving 
the level of  functioning and should play an important 
part in CRPS management. Although rigorous studies 
using standardised rehabilitation modalities are required 
to raise the level of  evidence of  rehabilitation strategies, 
GMI is a very promising avenue.
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CONCLUSION
This review aimed at gathering evidence regarding the 
pathophysiology, clinical features and interventions in the 
management of  CRPS. Even if  future studies are neces-
sary to achieve a better understanding of  the disease, 
the literature supports the involvement of  neurogenic 
inflammatory processes, autonomic dysfunction and mal-
adaptive neuroplasticity, such as peripheral and central 
sensitisation, in CRPS pathophysiology. The potential 
involvement of  oxidative stress in the pathophysiology 
of  CRPS also opens the door to a secondary prevention 
treatment in prescribing vitamin C to people with a hand 
trauma. CRPS has a negative impact in physical, psycho-
logical, cognitive and perceptual aspects and that a mul-
tidisciplinary approach is required to treat these patients. 
Among the pharmacological approaches, little evidence 
supports the use of  several drugs, except for bisphospho-
nates, corticosteroids, ketamine or anticonvulsants that 
have demonstrated positive effects on CRPS symptoms. 
With regard to rehabilitation, positive effects have been 
found in diminishing the patients’ signs and symptoms 
and improving global functioning, but evidence remains 
mixed because of  a lack of  standardised procedures. 
However, GMI seems to be the most promising treat-
ment for CRPS.

REFERENCES
1 Mitchell SW, Morehouse GR, Keen WW. Gunshot wounds 

and other injuries of nerves. 1864. Clin Orthop Relat Res 2007; 
458: 35-39 [PMID: 17473596 DOI: 10.1097/BLO.0b013e31803
df02c]

2 Sudeck P. Über die akute Knochenatrophie nach Entzündun-
gen und Verletzungen in den Extremitäten und ihre klinisch-
en Erscheinungen. Fortschr Röntgenstr 1901; 5: 227–293

3 Bruehl S, Chung, OY. Complex regional pain syndrome. In 
Aminoff MJ, Daroff RB. Encyclopedia of Neurological Sci-
ences. San Diego: Academic Press, 2003: 749-754

4 Wilson PR, Stanton-Hicks M, Harden RN. CRPS: Current 
Diagnosis and Therapy. Seattle: IASP Press, 2005: 328

5 Roberts WJ. A hypothesis on the physiological basis for 
causalgia and related pains. Pain 1986; 24: 297-311 [PMID: 
3515292 DOI: 10.1016/0304-3959(86)90116-8]

6 Kirveskari E, Vartiainen NV, Gockel M, Forss N. Motor 
cortex dysfunction in complex regional pain syndrome. Clin 
Neurophysiol 2010; 121: 1085-1091 [PMID: 20185362 DOI: 
10.1016/j.clinph.2010.01.032]

7 Galer BS, Henderson J, Perander J, Jensen MP. Course of 
symptoms and quality of life measurement in Complex Re-
gional Pain Syndrome: a pilot survey. J Pain Symptom Manag 
2000; 20: 286-292 [PMID: 11027911 DOI: 10.1016/S0885-3924
(00)00183-4]

8 Geertzen JH, Dijkstra PU, Groothoff JW, ten Duis HJ, Eisma 
WH. Reflex sympathetic dystrophy of the upper extremity--a 
5.5-year follow-up. Part II. Social life events, general health 
and changes in occupation. Acta Orthop Scand Suppl 1998; 
279: 19-23 [PMID: 9614811]

9 Beerthuizen A, Stronks DL, Van’t Spijker A, Yaksh A, Han-
raets BM, Klein J, Huygen FJ. Demographic and medical 
parameters in the development of complex regional pain 
syndrome type 1 (CRPS1): prospective study on 596 patients 
with a fracture. Pain 2012; 153: 1187-1192 [PMID: 22386473 
DOI: 10.1016/j.pain.2012.01.026]

10 Stanton-Hicks M, Jänig W, Hassenbusch S, Haddox JD, Boas 

R, Wilson P. Reflex sympathetic dystrophy: changing con-
cepts and taxonomy. Pain 1995; 63: 127-133 [PMID: 8577483 
DOI: 10.1016/0304-3959(95)00110-E]

11 Bruehl S. An update on the pathophysiology of complex 
regional pain syndrome. Anesthesiology 2010; 113: 713-725 
[PMID: 20693883 DOI: 10.1097/ALN.0b013e3181e3db38]

12 Marinus J, Moseley GL, Birklein F, Baron R, Maihöfner C, 
Kingery WS, van Hilten JJ. Clinical features and pathophysi-
ology of complex regional pain syndrome. Lancet Neurol 
2011; 10: 637-648 [PMID: 21683929 DOI: 10.1016/S1474-4422(
11)70106-5]

13 Oaklander AL, Rissmiller JG, Gelman LB, Zheng L, Chang 
Y, Gott R. Evidence of focal small-fiber axonal degeneration 
in complex regional pain syndrome-I (reflex sympathetic 
dystrophy). Pain 2006; 120: 235-243 [PMID: 16427737 DOI: 
10.1016/j.pain.2005.09.036]

14 Bruehl S, Harden RN, Galer BS, Saltz S, Bertram M, Back-
onja M, Gayles R, Rudin N, Bhugra MK, Stanton-Hicks M. 
External validation of IASP diagnostic criteria for Complex 
Regional Pain Syndrome and proposed research diagnostic 
criteria. International Association for the Study of Pain. Pain 
1999; 81: 147-154 [PMID: 10353502 DOI: 10.1016/S0304-3959(
99)00011-1]

15 de Boer RD, Marinus J, van Hilten JJ, Huygen FJ, van Eijs 
F, van Kleef M, Bauer MC, van Gestel M, Zuurmond WW, 
Perez RS. Distribution of signs and symptoms of complex 
regional pain syndrome type I in patients meeting the diag-
nostic criteria of the International Association for the Study 
of Pain. Eur J Pain 2011; 15: 830.e1-830.e8 [PMID: 21334934 
DOI: 10.1016/j.ejpain.2011.01.012]

16 Maihöfner C, Seifert F, Markovic K. Complex regional pain 
syndromes: new pathophysiological concepts and thera-
pies. Eur J Neurol 2010; 17: 649-660 [PMID: 20180838 DOI: 
10.1111/j.1468-1331.2010.02947.x]

17 Stanton-Hicks MD, Burton AW, Bruehl SP, Carr DB, Hard-
en RN, Hassenbusch SJ, Lubenow TR, Oakley JC, Racz GB, 
Raj PP, Rauck RL, Rezai AR. An updated interdisciplinary 
clinical pathway for CRPS: report of an expert panel. Pain 
Pract 2002; 2: 1-16 [PMID: 17134466]

18 Harden RN, Bruehl S, Perez RS, Birklein F, Marinus J, Mai-
hofner C, Lubenow T, Buvanendran A, Mackey S, Graciosa 
J, Mogilevski M, Ramsden C, Chont M, Vatine JJ. Validation 
of proposed diagnostic criteria (the “Budapest Criteria”) for 
Complex Regional Pain Syndrome. Pain 2010; 150: 268-274 
[PMID: 20493633 DOI: 10.1046/j.1533-2500.2002.02009.x]

19 Harden RN, Oaklander AL, Burton AW, Perez RS, Rich-
ardson K, Swan M, Barthel J, Costa B, Graciosa JR, Bruehl S. 
Complex regional pain syndrome: practical diagnostic and 
treatment guidelines, 4th edition. Pain Med 2013; 14: 180-229 
[PMID: 23331950 DOI: 10.1111/pme.12033]

20 Sandroni P, Benrud-Larson LM, McClelland RL, Low PA. 
Complex regional pain syndrome type I: incidence and 
prevalence in Olmsted county, a population-based study. 
Pain 2003; 103: 199-207 [PMID: 12749974 DOI: 10.1016/S0304
-3959(03)00065-4]

21 de Mos M, de Bruijn AG, Huygen FJ, Dieleman JP, Stricker 
BH, Sturkenboom MC. The incidence of complex regional 
pain syndrome: a population-based study. Pain 2007; 129: 
12-20 [PMID: 17084977 DOI: 10.1016/j.pain.2006.09.008]

22 Zollinger PE, Tuinebreijer WE, Kreis RW, Breederveld RS. 
Effect of vitamin C on frequency of reflex sympathetic dys-
trophy in wrist fractures: a randomised trial. Lancet 1999; 
354: 2025-2028 [PMID: 10636366 DOI: 10.1016/S0140-6736(99)
03059-7]

23 de Mos M, Huygen FJ, Dieleman JP, Koopman JS, Stricker 
BH, Sturkenboom MC. Medical history and the onset of 
complex regional pain syndrome (CRPS). Pain 2008; 139: 
458-466 [PMID: 18760877 DOI: 10.1016/j.pain.2008.07.002]

24 de Mos M, Huygen FJ, Stricker BH, Dieleman JP, Sturken-
boom MC. Estrogens and the risk of complex regional pain 

Lecours A et al . Complex regional pain syndrome



56 March 27, 2014|Volume 3|Issue 1|WJA|www.wjgnet.com

syndrome (CRPS). Pharmacoepidemiol Drug Saf 2009; 18: 44-52 
[PMID: 19111016 DOI: 10.1002/pds.1683]

25 Taha R, Blaise GA. Update on the pathogenesis of com-
plex regional pain syndrome: role of oxidative stress. Can 
J Anaesth 2012; 59: 875-881 [PMID: 22798149 DOI: 10.1007/
s12630-012-9748-y]

26 Harden RN, Bruehl SP. Diagnosis of complex regional pain 
syndrome: signs, symptoms, and new empirically derived 
diagnostic criteria. Clin J Pain 2006; 22: 415-419 [PMID: 
16772794 DOI: 10.1097/01.ajp.0000194279.36261.3e]

27 Andersson HI, Ejlertsson G, Leden I, Rosenberg C. Chronic 
pain in a geographically defined general population: studies 
of differences in age, gender, social class, and pain localiza-
tion. Clin J Pain 1993; 9: 174-182 [PMID: 8219517 DOI: 10.109
7/00002508-199309000-00004]

28 Tsang A, Von Korff M, Lee S, Alonso J, Karam E, Angermey-
er MC, Borges GL, Bromet EJ, Demytteneare K, de Girolamo 
G, de Graaf R, Gureje O, Lepine JP, Haro JM, Levinson D, 
Oakley Browne MA, Posada-Villa J, Seedat S, Watanabe M. 
Common chronic pain conditions in developed and develop-
ing countries: gender and age differences and comorbidity 
with depression-anxiety disorders. J Pain 2008; 9: 883-891 
[PMID: 18602869 DOI: 10.1016/j.jpain.2008.05.005]

29 Peterlin BL, Rosso AL, Nair S, Young WB, Schwartzman RJ. 
Migraine may be a risk factor for the development of com-
plex regional pain syndrome. Cephalalgia 2010; 30: 214-223 
[PMID: 19614690 DOI: 10.1111/j.1468-2982.2009.01916.x]

30 Allen G, Galer BS, Schwartz L. Epidemiology of complex 
regional pain syndrome: a retrospective chart review of 
134 patients. Pain 1999; 80: 539-544 [PMID: 10342415 DOI: 
10.1016/S0304-3959(98)00246-2]

31 O’Connel lNE, Wand Benedict M, McAuley J, Marston L, 
Moseley GL. Interventions for treating pain and disability 
in adults with complex regional pain syndrome. Cochrane 
Database Syst Rev 2013; 4: CD009416 [PMID: 23633371 DOI: 
10.1002/14651858.CD009416]

32 Atkins RM, Duckworth T, Kanis JA. Algodystrophy follow-
ing Colles‘ fracture. J Hand Surg Br 1989; 14: 161-164 [PMID: 
2746114]

33 Atkins RM, Duckworth T, Kanis JA. Features of algodys-
trophy after Colles‘ fracture. J Bone Joint Surg Br 1990; 72: 
105-110 [PMID: 2298766]

34 Bickerstaff DR, Kanis JA. Algodystrophy: an under-
recognized complication of minor trauma. Br J Rheumatol 
1994; 33: 240-248 [PMID: 8156286 DOI: 10.1093/rheumatol-
ogy/33.3.240]

35 Demir SE, Ozaras N, Karamehmetoğlu SS, Karacan I, Ay-
tekin E. Risk factors for complex regional pain syndrome in 
patients with traumatic extremity injury. Ulus Travma Acil 
Cerrahi Derg 2010; 16: 144-148 [PMID: 20517769]

36 Dijkstra PU, Groothoff JW, ten Duis HJ, Geertzen JH. Inci-
dence of complex regional pain syndrome type I after frac-
tures of the distal radius. Eur J Pain 2003; 7: 457-462 [PMID: 
12935798 DOI: 10.1016/S1090-3801(03)00015-6]

37 Field J, Atkins RM. Algodystrophy is an early complication 
of Colles’ fracture. What are the implications? J Hand Surg Br 
1997; 22: 178-182 [PMID: 9149982]

38 Hove LM. Nerve entrapment and reflex sympathetic dystro-
phy after fractures of the distal radius. Scand J Plast Reconstr 
Surg Hand Surg 1995; 29: 53-58 [PMID: 7597391 DOI: 10.3109
/02844319509048424]

39 Sarangi PP, Ward AJ, Smith EJ, Staddon GE, Atkins RM. 
Algodystrophy and osteoporosis after tibial fractures. J Bone 
Joint Surg Br 1993; 75: 450-452 [PMID: 8496220]

40 Terkelsen AJ, Bach FW, Jensen TS. Experimental forearm 
immobilization in humans induces cold and mechanical hy-
peralgesia. Anesthesiology 2008; 109: 297-307 [PMID: 18648239 
DOI: 10.1097/ALN.0b013e31817f4c9d]

41 Birklein F, Schmelz M, Schifter S, Weber M. The impor-
tant role of neuropeptides in complex regional pain syn-

drome. Neurology 2001; 57: 2179-2184 [PMID: 11756594 DOI: 
10.1212/WNL.57.12.2179]

42 Van Houdenhove B, Vasquez G, Onghena P, Stans L, 
Vandeput C, Vermaut G, Vervaeke G, Igodt P, Vertommen H. 
Etiopathogenesis of reflex sympathetic dystrophy: a review 
and biopsychosocial hypothesis. Clin J Pain 1992; 8: 300-306 
[PMID: 1493341 DOI: 10.1097/00002508-199212000-00004]

43 Bruehl S, Carlson CR. Predisposing psychological factors in 
the development of reflex sympathetic dystrophy. A review 
of the empirical evidence. Clin J Pain 1992; 8: 287-299 [PMID: 
1493340 DOI: 10.1097/00002508-199212000-00003]

44 Rauïs AL. Psychological aspects. A series of 104 posttrau-
matic cases of reflex sympathetic dystrophy. Acta Orthop Belg 
1999; 65: 86-90 [PMID: 10217007]

45 Beerthuizen A, van ‘t Spijker A, Huygen FJ, Klein J, de Wit R. 
Is there an association between psychological factors and the 
Complex Regional Pain Syndrome type 1 (CRPS1) in adults? 
A systematic review. Pain 2009; 145: 52-59 [PMID: 19573987 
DOI: 10.1016/j.pain.2009.05.003]

46 Beerthuizen A, Stronks DL, Huygen FJ, Passchier J, Klein J, 
Spijker AV. The association between psychological factors 
and the development of complex regional pain syndrome 
type 1 (CRPS1)--a prospective multicenter study. Eur J 
Pain 2011; 15: 971-975 [PMID: 21459637 DOI: 10.1016/j.
ejpain.2011.02.008]

47 van der Laan L, van Spaendonck K, Horstink MW, Goris 
RJ. The Symptom Checklist-90 Revised questionnaire: no 
psychological profiles in complex regional pain syndrome-
dystonia. J Pain Symptom Manage 1999; 17: 357-362 [PMID: 
10355214 DOI: 10.1016/S0885-3924(99)00009-3]

48 Puchalski P, Zyluk A. Complex regional pain syndrome type 
1 after fractures of the distal radius: a prospective study of the 
role of psychological factors. J Hand Surg Br 2005; 30: 574-580 
[PMID: 16126313]

49 Field J, Gardner FV. Psychological distress associated with 
algodystrophy. J Hand Surg Br 1997; 22: 100-101 [PMID: 
9061539]

50 Bickerstaff DR, Kanis JA. The use of nasal calcitonin in the 
treatment of post-traumatic algodystrophy. Br J Rheumatol 
1991; 30: 291-294 [PMID: 1863827 DOI: 10.1093/rheumatol-
ogy/30.4.291]

51 de Rooij AM, de Mos M, Sturkenboom MC, Marinus J, van 
den Maagdenberg AM, van Hilten JJ. Familial occurrence of 
complex regional pain syndrome. Eur J Pain 2009; 13: 171-177 
[PMID: 18514555 DOI: 10.1016/j.ejpain.2008.04.004]

52 Bruehl S, Harden RN, Galer BS, Saltz S, Backonja M, Stan-
ton-Hicks M. Complex regional pain syndrome: are there 
distinct subtypes and sequential stages of the syndrome? 
Pain 2002; 95: 119-124 [PMID: 11790474 DOI: 10.1016/S0304-
3959(01)00387-6]

53 Parkitny L, McAuley JH, Di Pietro F, Stanton TR, O’Connell 
NE, Marinus J, van Hilten JJ, Moseley GL. Inflammation in 
complex regional pain syndrome: a systematic review and 
meta-analysis. Neurology 2013; 80: 106-117 [PMID: 23267031 
DOI: 10.1212/WNL.0b013e31827b1aa1]

54 Schinkel C, Gaertner A, Zaspel J, Zedler S, Faist E, Schuer-
mann M. Inflammatory mediators are altered in the 
acute phase of posttraumatic complex regional pain syn-
drome. Clin J Pain 2004; 22: 235-239 [PMID: 16514322 DOI: 
10.1097/01.ajp.0000169669.70523.f0]

55 Schlereth T, Dittmar JO, Seewald B, Birklein F. Peripheral 
amplification of sweating--a role for calcitonin gene-related 
peptide. J Physiol 2006; 576: 823-832 [PMID: 16931551 DOI: 
10.1113/jphysiol.2006.116111]

56 Huygen FJ, De Bruijn AG, De Bruin MT, Groeneweg JG, 
Klein J, Zijlstra FJ. Evidence for local inflammation in com-
plex regional pain syndrome type 1. Mediators Inflamm 2002; 
11: 47-51 [PMID: 11930962 DOI: 10.1080/09629350210307]

57 Li W, Shi X, Wang L, Guo T, Wei T, Cheng K, Rice K, 
Kingery W, Clark J. Epidermal adrenergic signaling contrib-

Lecours A et al . Complex regional pain syndrome



57 March 27, 2014|Volume 3|Issue 1|WJA|www.wjgnet.com

utes to inflammation and pain sensitization in a rat model of 
complex regional pain syndrome. Pain 2013; 154: 1224-1236 
[PMID: 23718987 DOI: 10.1016/j.pain.2013.03.033]

58 Uçeyler N, Valenza R, Stock M, Schedel R, Sprotte G, Som-
mer C. Reduced levels of antiinflammatory cytokines in 
patients with chronic widespread pain. Arthritis Rheum 2006; 
54: 2656-2664 [PMID: 16871547 DOI: 10.1002/art.22026]

59 Birklein F, Schmelz M. Neuropeptides, neurogenic inflam-
mation and complex regional pain syndrome (CRPS). Neu-
rosci Lett 2008; 437: 199-202 [PMID: 18423863 DOI: 10.1016/
j.neulet.2008.03.081]

60 Fischer SG, Zuurmond WW, Birklein F, Loer SA, Perez RS. 
Anti-inflammatory treatment of Complex Regional Pain 
Syndrome. Pain 2010; 151: 251-256 [PMID: 20692766 DOI: 
10.1016/j.pain.2010.07.020]

61 Leriche R. De la causalgie, envisagee comme une nevrite du 
sympathique et de son traitement par la denudation et l’ex-
cision des plexus nerveus periarteriels. Presse Med 1916; 24: 
178-180

62 Schürmann M, Gradl G, Zaspel J, Kayser M, Löhr P, An-
dress HJ. Peripheral sympathetic function as a predictor of 
complex regional pain syndrome type I (CRPS I) in patients 
with radial fracture. Auton Neurosci 2000; 86: 127-134 [PMID: 
11269918 DOI: 10.1016/S1566-0702(00)00250-2]

63 Vogel T, Gradl G, Ockert B, Pellengahr CS, Schürmann M. 
Sympathetic dysfunction in long-term complex regional pain 
syndrome. Clin J Pain 2010; 26: 128-131 [PMID: 20090439 
DOI: 10.1097/AJP.0b013e3181b5effc]

64 Birklein F, Riedl B, Neundörfer B, Handwerker HO. Sym-
pathetic vasoconstrictor reflex pattern in patients with com-
plex regional pain syndrome. Pain 1998; 75: 93-100 [PMID: 
9539678 DOI: 10.1016/S0304-3959(97)00209-1]

65 Baron R, Schattschneider J, Binder A, Siebrecht D, Wasner G. 
Relation between sympathetic vasoconstrictor activity and 
pain and hyperalgesia in complex regional pain syndromes: 
a case-control study. Lancet 2002; 359: 1655-1660 [PMID: 
12020526 DOI: 10.1016/S0140-6736(02)08589-6]

66 Chémali KR, Gorodeski R, Chelimsky TC. Alpha-adrenergic 
supersensitivity of the sudomotor nerve in complex re-
gional pain syndrome. Ann Neurol 2001; 49: 453-459 [PMID: 
11310622 DOI: 10.1002/ana.94]

67 Kurvers HA, Jacobs MJ, Beuk RJ, Van den Wildenberg FA, 
Kitslaar PJ, Slaaf DW, Reneman RS. Reflex sympathetic dys-
trophy: evolution of microcirculatory disturbances in time. 
Pain 1995; 60: 333-340 [PMID: 7596630 DOI: 10.1016/0304-39
59(94)00133-Y]

68 Schattschneider J, Hartung K, Stengel M, Ludwig J, Binder 
A, Wasner G, Baron R. Endothelial dysfunction in cold type 
complex regional pain syndrome. Neurology 2006; 67: 673-675 
[PMID: 16924021 DOI: 10.1212/01.wnl.0000229931.40631.31]

69 van der Laan L, ter Laak HJ, Gabreëls-Festen A, Gabreëls 
F, Goris RJ. Complex regional pain syndrome type I (RSD): 
pathology of skeletal muscle and peripheral nerve. Neurology 
1998; 51: 20-25 [PMID: 9674773 DOI: 10.1212/WNL.51.1.20]

70 Eisenberg E, Shtahl S, Geller R, Reznick AZ, Sharf O, Ravbi-
novich M, Erenreich A, Nagler RM. Serum and salivary 
oxidative analysis in Complex Regional Pain Syndrome. 
Pain 2008; 138: 226-232 [PMID: 18539395 DOI: 10.1016/
j.pain.2008.04.019]

71 Coderre TJ, Bennett GJ. Objectifying CRPS-I. Pain 2008; 138: 
3-4 [PMID: 18584964 DOI: 10.1016/j.pain.2008.06.006]

72 Coderre TJ, Xanthos DN, Francis L, Bennett GJ. Chronic 
post-ischemia pain (CPIP): a novel animal model of complex 
regional pain syndrome-type I (CRPS-I; reflex sympathetic 
dystrophy) produced by prolonged hindpaw ischemia and 
reperfusion in the rat. Pain 2004; 112: 94-105 [PMID: 15494189 
DOI: 10.1016/j.pain.2004.08.001]

73 Zollinger PE, Tuinebreijer WE, Breederveld RS, Kreis RW. 
Can vitamin C prevent complex regional pain syndrome 
in patients with wrist fractures? A randomized, controlled, 

multicenter dose-response study. J Bone Joint Surg Am 2007; 
89: 1424-1431 [PMID: 17606778 DOI: 10.2106/JBJS.F.01147]

74 Cazeneuve JF, Leborgne JM, Kermad K, Hassan Y. [Vitamin 
C and prevention of reflex sympathetic dystrophy following 
surgical management of distal radius fractures]. Acta Orthop 
Belg 2002; 68: 481-484 [PMID: 12584978]

75 Azari P, Lindsay DR, Briones D, Clarke C, Buchheit T, Pyati 
S. Efficacy and safety of ketamine in patients with complex 
regional pain syndrome: a systematic review. CNS Drugs 
2012; 26: 215-228 [PMID: 22136149 DOI: 10.2165/11595200-00
0000000-00000]

76 Woolf CJ, Salter MW. Neuronal plasticity: increasing the 
gain in pain. Science 2000; 288: 1765-1769 [PMID: 10846153 
DOI: 10.1126/science.288.5472.1765]

77 Cheng JK, Ji RR. Intracellular signaling in primary sen-
sory neurons and persistent pain. Neurochem Res 2008; 33: 
1970-1978 [PMID: 18427980 DOI: 10.1007/s11064-008-9711-z]

78 Pleger B, Tegenthoff M, Ragert P, Förster AF, Dinse HR, 
Schwenkreis P, Nicolas V, Maier C. Sensorimotor retuning 
[corrected] in complex regional pain syndrome parallels pain 
reduction. Ann Neurol 2005; 57: 425-429 [PMID: 15732114 
DOI: 10.1002/ana.20394]

79 Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. 
Patterns of cortical reorganization in complex regional pain 
syndrome. Neurology 2003; 61: 1707-1715 [PMID: 14694034 
DOI: 10.1212/01.WNL.0000098939.02752.8E]

80 Maihöfner C, Handwerker HO, Neundörfer B, Birklein F. 
Cortical reorganization during recovery from complex re-
gional pain syndrome. Neurology 2004; 63: 693-701 [PMID: 
15326245 DOI: 10.1212/01.WNL.0000134661.46658.B0]

81 Pleger B, Tegenthoff M, Schwenkreis P, Janssen F, Ragert P, 
Dinse HR, Völker B, Zenz M, Maier C. Mean sustained pain 
levels are linked to hemispherical side-to-side differences 
of primary somatosensory cortex in the complex regional 
pain syndrome I. Exp Brain Res 2004; 155: 115-119 [PMID: 
15064892 DOI: 10.1007/s00221-003-1738-4]

82 Krause P, Förderreuther S, Straube A. TMS motor cortical 
brain mapping in patients with complex regional pain syn-
drome type I. Clin Neurophysiol 2006; 117: 169-176 [PMID: 
16326140 DOI: 10.1016/j.clinph.2005.09.012]

83 Maihöfner C, Baron R, DeCol R, Binder A, Birklein F, Deus-
chl G, Handwerker HO, Schattschneider J. The motor system 
shows adaptive changes in complex regional pain syndrome. 
Brain 2007; 130: 2671-2687 [PMID: 17575278 DOI: 10.1093/
brain/awm131]

84 Eisenberg E, Chistyakov AV, Yudashkin M, Kaplan B, Haf-
ner H, Feinsod M. Evidence for cortical hyperexcitability of 
the affected limb representation area in CRPS: a psychophys-
ical and transcranial magnetic stimulation study. Pain 2005; 
113: 99-105 [PMID: 15621369 DOI: 10.1016/j.pain.2004.09.030]

85 Schwenkreis P, Maier C, Tegenthoff M. Motor cortex disinhi-
bition in complex regional pain syndrome (CRPS)-a unilateral 
or bilateral phenomenon? Pain 2005; 115: 219-20; author reply 
220-1 [PMID: 15836993 DOI: 10.1016/j.pain.2005.02.030]

86 Schwenkreis P, Janssen F, Rommel O, Pleger B, Völker B, 
Hosbach I, Dertwinkel R, Maier C, Tegenthoff M. Bilateral 
motor cortex disinhibition in complex regional pain syn-
drome (CRPS) type I of the hand. Neurology 2003; 61: 515-519 
[PMID: 12939426 DOI: 10.1212/WNL.61.4.515]

87 Gieteling EW, van Rijn MA, de Jong BM, Hoogduin JM, 
Renken R, van Hilten JJ, Leenders KL. Cerebral activa-
tion during motor imagery in complex regional pain syn-
drome type 1 with dystonia. Pain 2008; 134: 302-309 [PMID: 
17561345 DOI: 10.1016/j.pain.2007.04.029]

88 Geha PY, Baliki MN, Harden RN, Bauer WR, Parrish TB, 
Apkarian AV. The brain in chronic CRPS pain: abnormal 
gray-white matter interactions in emotional and autonomic 
regions. Neuron 2008; 60: 570-581 [PMID: 19038215 DOI: 
10.1016/j.neuron.2008.08.022]

89 Critchley HD, Good CD, Ashburner J, Frackowiak RS, 

Lecours A et al . Complex regional pain syndrome



58 March 27, 2014|Volume 3|Issue 1|WJA|www.wjgnet.com

Mathias CJ, Dolan RJ. Changes in cerebral morphology con-
sequent to peripheral autonomic denervation. Neuroimage 
2003; 18: 908-916 [PMID: 12725766 DOI: 10.1016/S1053-8119
(03)00011-9]

90 Apkarian AV, Sosa Y, Krauss BR, Thomas PS, Fredrickson 
BE, Levy RE, Harden RN, Chialvo DR. Chronic pain pa-
tients are impaired on an emotional decision-making task. 
Pain 2004; 108: 129-136 [PMID: 15109516 DOI: 10.1016/j.
pain.2003.12.015]

91 Birklein F. Complex regional pain syndrome. J Neurol 2005; 
252: 131-138 [PMID: 15729516 DOI: 10.1007/s00415-005-0737
-8]

92 Reinersmann A, Landwehrt J, Krumova EK, Peterburs J, 
Ocklenburg S, Güntürkün O, Maier C. The rubber hand il-
lusion in complex regional pain syndrome: preserved abil-
ity to integrate a rubber hand indicates intact multisensory 
integration. Pain 2013; 154: 1519-1527 [PMID: 23706626 DOI: 
10.1016/j.pain.2013.03.039]

93 Birklein F, Sittl R, Spitzer A, Claus D, Neundörfer B, Hand-
werker HO. Sudomotor function in sympathetic reflex dys-
trophy. Pain 1997; 69: 49-54 [PMID: 9060012 DOI: 10.1016/S0
304-3959(96)03242-3]

94 Tran de QH, Duong S, Bertini P, Finlayson RJ. Treatment 
of complex regional pain syndrome: a review of the evi-
dence. Can J Anaesth 2010; 57: 149-166 [PMID: 20054678 DOI: 
10.1007/s12630-009-9237-0]

95 Schilder JC, Schouten AC, Perez RS, Huygen FJ, Dahan 
A, Noldus LP, van Hilten JJ, Marinus J. Motor control in 
complex regional pain syndrome: a kinematic analysis. 
Pain 2012; 153: 805-812 [PMID: 22336720 DOI: 10.1016/j.
pain.2011.12.018]

96 de Jong JR, Vlaeyen JW, de Gelder JM, Patijn J. Pain-related 
fear, perceived harmfulness of activities, and functional 
limitations in complex regional pain syndrome type I. J 
Pain 2011; 12: 1209-1218 [PMID: 22033012 DOI: 10.1016/
j.jpain.2011.06.010]

97 Crombez G, Eccleston C, Van Damme S, Vlaeyen JW, Karoly 
P. Fear-avoidance model of chronic pain: the next genera-
tion. Clin J Pain 2012; 28: 475-483 [PMID: 22673479 DOI: 
10.1097/AJP.0b013e3182385392]

98 Bruehl S, Chung OY. Psychological and behavioral aspects 
of complex regional pain syndrome management. Clin J 
Pain 2006; 22: 430-437 [PMID: 16772797 DOI: 10.1097/01.
ajp.0000194282.82002.79]

99 Harden RN, Rudin NJ, Bruehl S, Kee W, Parikh DK, Kooch 
J, Duc T, Gracely RH. Increased systemic catecholamines 
in complex regional pain syndrome and relationship to 
psychological factors: a pilot study. Anesth Analg 2004; 99: 
1478-185; table of contents [PMID: 15502052 DOI: 10.1213/01.
ANE.0000132549.25154.ED]

100 Libon DJ, Schwartzman RJ, Eppig J, Wambach D, Brahin E, 
Peterlin BL, Alexander G, Kalanuria A. Neuropsychological 
deficits associated with Complex Regional Pain Syndrome. J 
Int Neuropsychol Soc 2010; 16: 566-573 [PMID: 20298641 DOI: 
10.1017/s1355617710000214]

101 Kolb L, Lang C, Seifert F, Maihöfner C. Cognitive correlates 
of “neglect-like syndrome” in patients with complex region-
al pain syndrome. Pain 2012; 153: 1063-1073 [PMID: 22424691 
DOI: 10.1016/j.pain.2012.02.014]

102 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: 3142-3151 [PMID: 19752177 DOI: 10.1093/
brain/awp224]

103 Bultitude JH, Rafal RD. Derangement of body representa-
tion in complex regional pain syndrome: report of a case 
treated with mirror and prisms. Exp Brain Res 2010; 204: 
409-418 [PMID: 19967390 DOI: 10.1007/s00221-009-2107-8]

104 Lewis JS, Kersten P, McPherson KM, Taylor GJ, Harris N, 
McCabe CS, Blake DR. Wherever is my arm? Impaired upper 

limb position accuracy in complex regional pain syndrome. 
Pain 2010; 149: 463-469 [PMID: 20385441 DOI: 10.1016/
j.pain.2010.02.007]

105 Moseley GL. Graded motor imagery is effective for long-
standing complex regional pain syndrome: a randomised 
controlled trial. Pain 2004; 108: 192-198 [PMID: 15109523]

106 Moseley GL. Distorted body image in complex regional pain 
syndrome. Neurology 2005; 65: 773 [PMID: 16157921 DOI: 
10.1212/01.wnl.0000174515.07205.11]

107 Peltz E, Seifert F, Lanz S, Müller R, Maihöfner C. Impaired 
hand size estimation in CRPS. J Pain 2011; 12: 1095-1101 
[PMID: 21741321 DOI: 10.1016/j.jpain.2011.05.001]

108 Moseley GL. Why do people with complex regional pain 
syndrome take longer to recognize their affected hand? Neu-
rology 2004; 62: 2182-2186 [PMID: 15210879 DOI: 10.1212/01.
WNL.0000130156.05828.43]

109 Schwartzman RJ, Erwin KL, Alexander GM. The natural 
history of complex regional pain syndrome. Clin J Pain 2009; 
25: 273-280 [PMID: 19590474 DOI: 10.1097/AJP.0b013e31818
ecea5]

110 Perez RS, Zollinger PE, Dijkstra PU, Thomassen-Hilgersom 
IL, Zuurmond WW, Rosenbrand KC, Geertzen JH. Evi-
dence based guidelines for complex regional pain syndrome 
type 1. BMC Neurol 2010; 10: 20 [PMID: 20356382 DOI: 
10.1186/1471-2377-10-20]

111 DE Mos M, Huygen FJ, VAN DER Hoeven-Borgman M, 
Dieleman JP, Stricker BH, Sturkenboom MC. Referral and 
treatment patterns for complex regional pain syndrome in 
the Netherlands. Acta Anaesthesiol Scand 2009; 53: 816-825 
[PMID: 19388890 DOI: 10.1111/j.1399-6576.2009.01927.x]

112 Harke H, Gretenkort P, Ladleif HU, Rahman S, Harke O. The 
response of neuropathic pain and pain in complex regional 
pain syndrome I to carbamazepine and sustained-release 
morphine in patients pretreated with spinal cord stimula-
tion: a double-blinded randomized study. Anesth Analg 2001; 
92: 488-495 [PMID: 11159256 DOI: 10.1213/00000539-2001020
00-00039]

113 Mackey S, Feinberg S. Pharmacologic therapies for complex 
regional pain syndrome. Curr Pain Headache Rep 2007; 11: 
38-43 [PMID: 17214920 DOI: 10.1007/s11916-007-0020-z]

114 Adami S, Fossaluzza V, Gatti D, Fracassi E, Braga V. 
Bisphosphonate therapy of reflex sympathetic dystrophy 
syndrome. Ann Rheum Dis 1997; 56: 201-204 [PMID: 9135227 
DOI: 10.1136/ard.56.3.201]

115 Varenna M, Zucchi F, Ghiringhelli D, Binelli L, Bevilacqua M, 
Bettica P, Sinigaglia L. Intravenous clodronate in the treat-
ment of reflex sympathetic dystrophy syndrome. A random-
ized, double blind, placebo controlled study. J Rheumatol 
2000; 27: 1477-1483 [PMID: 10852274]

116 Manicourt DH, Brasseur JP, Boutsen Y, Depreseux G, Devo-
gelaer JP. Role of alendronate in therapy for posttraumatic 
complex regional pain syndrome type I of the lower extrem-
ity. Arthritis Rheum 2004; 50: 3690-3697 [PMID: 15529370 
DOI: 10.1002/art.20591]

117 Cossins L, Okell RW, Cameron H, Simpson B, Poole HM, 
Goebel A. Treatment of complex regional pain syndrome in 
adults: a systematic review of randomized controlled trials 
published from June 2000 to February 2012. Eur J Pain 2013; 
17: 158-173 [PMID: 23042687 DOI: 10.1002/j.1532-2149.2012.0
0217.x]

118 Sindrup SH, Otto M, Finnerup NB, Jensen TS. Antidepres-
sants in the treatment of neuropathic pain. Basic Clin Pharma-
col Toxicol 2005; 96: 399-409 [PMID: 15910402]

119 An update on the drug treatment of neuropathic pain. Part 
1: antidepressants. Drug Ther Bull 2012; 50: 114-117 [PMID: 
23065751 DOI: 10.1136/dtb.2012.10.0133]

120 Verdu B, Decosterd I, Buclin T, Stiefel F, Berney A. Antide-
pressants for the treatment of chronic pain. Drugs 2008; 68: 
2611-2632 [PMID: 19093703 DOI: 10.2165/0003495-200868180
-00007]

Lecours A et al . Complex regional pain syndrome



59 March 27, 2014|Volume 3|Issue 1|WJA|www.wjgnet.com

121 Christensen K, Jensen EM, Noer I. The reflex dystrophy syn-
drome response to treatment with systemic corticosteroids. 
Acta Chir Scand 1982; 148: 653-655 [PMID: 6763435]

122 Braus DF, Krauss JK, Strobel J. The shoulder-hand syndrome 
after stroke: a prospective clinical trial. Ann Neurol 1994; 36: 
728-733 [PMID: 7526774 DOI: 10.1002/ana.410360507]

123 Kalita J, Vajpayee A, Misra UK. Comparison of prednisolone 
with piroxicam in complex regional pain syndrome follow-
ing stroke: a randomized controlled trial. QJM 2006; 99: 89-95 
[PMID: 16428335 DOI: 10.1093/qjmed/hcl004]

124 Wesseldijk F, Huygen FJ, Heijmans-Antonissen C, Niehof 
SP, Zijlstra FJ. Six years follow-up of the levels of TNF-alpha 
and IL-6 in patients with complex regional pain syndrome 
type 1. Mediators Inflamm 2008; 2008: 469439 [PMID: 18596918 
DOI: 10.1155/2008/469439]

125 Zhang L, Rainka M, Freeman R, Harden RN, Bell CF, Chen 
C, Graff O, Harding K, Hunter S, Kavanagh S, Laurijssens B, 
Schwartzbach C, Warren S, McClung C. A randomized, dou-
ble-blind, placebo-controlled trial to assess the efficacy and 
safety of gabapentin enacarbil in subjects with neuropathic 
pain associated with postherpetic neuralgia (PXN110748). 
J Pain 2013; 14: 590-603 [PMID: 23602345 DOI: 10.1016/j.
jpain.2013.01.768]

126 Yelland MJ, Poulos CJ, Pillans PI, Bashford GM, Nikles 
CJ, Sturtevant JM, Vine N, Del Mar CB, Schluter PJ, Tan M, 
Chan J, Mackenzie F, Brown R. N-of-1 randomized trials 
to assess the efficacy of gabapentin for chronic neuropathic 
pain. Pain Med 2009; 10: 754-761 [PMID: 19453961 DOI: 
10.1111/j.1526-4637.2009.00615.x]

127 Serpell MG. Gabapentin in neuropathic pain syndromes: 
a randomised, double-blind, placebo-controlled trial. Pain 
2002; 99: 557-566 [PMID: 12406532 DOI: 10.1016/S0304-3959
(02)00255-5]

128 van de Vusse AC, Stomp-van den Berg SG, Kessels AH, Weber 
WE. Randomised controlled trial of gabapentin in Complex 
Regional Pain Syndrome type 1 [ISRCTN84121379]. BMC Neu-
rol 2004; 4: 13 [PMID: 15453912 DOI: 10.1186/1471-2377-4-13]

129 Schwartzman RJ, Kerrigan J. The movement disorder of re-
flex sympathetic dystrophy. Neurology 1990; 40: 57-61 [PMID: 
2296383 DOI: 10.1212/WNL.40.1.57]

130 Zuurmond WW, Langendijk PN, Bezemer PD, Brink HE, 
de Lange JJ, van loenen AC. Treatment of acute reflex sym-
pathetic dystrophy with DMSO 50% in a fatty cream. Acta 
Anaesthesiol Scand 1996; 40: 364-367 [PMID: 8721469 DOI: 
10.1111/j.1399-6576.1996.tb04446.x]

131 Perez RS, Zuurmond WW, Bezemer PD, Kuik DJ, van 
Loenen AC, de Lange JJ, Zuidhof AJ. The treatment of com-
plex regional pain syndrome type I with free radical scaven-
gers: a randomized controlled study. Pain 2003; 102: 297-307 
[PMID: 12670672 DOI: 10.1016/S0304-3959(02)00414-1]

132 Price DD, Long S, Wilsey B, Rafii A. Analysis of peak mag-
nitude and duration of analgesia produced by local anesthet-
ics injected into sympathetic ganglia of complex regional 
pain syndrome patients. Clin J Pain 1998; 14: 216-226 [PMID: 
9758071 DOI: 10.1097/00002508-199809000-00008]

133 O’Connell NE, Wand BM, McAuley J, Marston L, Mose-
ley GL. Interventions for treating pain and disability in 
adults with complex regional pain syndrome. Cochrane 
Database Syst Rev 2013; 4: CD009416 [PMID: 23633371 DOI: 
10.1002/14651858.CD009416.pub2]

134 Straube S, Derry S, Moore RA, McQuay HJ. Cervico-thoracic 
or lumbar sympathectomy for neuropathic pain and complex 
regional pain syndrome. Cochrane Database Syst Rev 2010; 
(7): CD002918 [PMID: 20614432 DOI: 10.1002/14651858.
CD002918.pub2]

135 Mailis-Gagnon A, Furlan AD, Sandoval JA, Taylor RS. Spinal 
cord stimulation for chronic pain. Cochrane Database Syst Rev 
2004; (3): CD003783 [PMID: 15266501 DOI: 10.1002/14651858.
CD003783.pub2]

136 Picarelli H, Teixeira MJ, de Andrade DC, Myczkowski ML, 

Luvisotto TB, Yeng LT, Fonoff ET, Pridmore S, Marcolin MA. 
Repetitive transcranial magnetic stimulation is efficacious as 
an add-on to pharmacological therapy in complex regional 
pain syndrome (CRPS) type I. J Pain 2010; 11: 1203-1210 
[PMID: 20430702 DOI: 10.1016/j.jpain.2010.02.006]

137 Pleger B, Janssen F, Schwenkreis P, Völker B, Maier C, 
Tegenthoff M. Repetitive transcranial magnetic stimulation 
of the motor cortex attenuates pain perception in complex 
regional pain syndrome type I. Neurosci Lett 2004; 356: 87-90 
[PMID: 14746870 DOI: 10.1016/j.neulet.2003.11.037]

138 Veizi IE, Chelimsky TC, Janata JW. Complex [corrected] 
regional pain syndrome: what specialized rehabilitation 
services do patients require? Curr Pain Headache Rep 2012; 16: 
139-146 [PMID: 22415615 DOI: 10.1007/s11916-012-0253-3]

139 de Jong JR, Vlaeyen JW, Onghena P, Cuypers C, den Hol-
lander M, Ruijgrok J. Reduction of pain-related fear in com-
plex regional pain syndrome type I: the application of grad-
ed exposure in vivo. Pain 2005; 116: 264-275 [PMID: 15964686 
DOI: 10.1016/j.pain.2005.04.019]

140 Oerlemans HM, Oostendorp RA, de Boo T, van der Laan L, 
Severens JL, Goris JA. Adjuvant physical therapy versus oc-
cupational therapy in patients with reflex sympathetic dys-
trophy/complex regional pain syndrome type I. Arch Phys 
Med Rehabil 2000; 81: 49-56 [PMID: 10638876]

141 Oerlemans HM, Oostendorp RA, de Boo T, Goris RJ. Pain 
and reduced mobility in complex regional pain syndrome I: 
outcome of a prospective randomised controlled clinical trial 
of adjuvant physical therapy versus occupational therapy. 
Pain 1999; 83: 77-83 [PMID: 10506674 DOI: 10.1016/S0304-39
59(99)00080-9]

142 Moseley GL. Is successful rehabilitation of complex regional 
pain syndrome due to sustained attention to the affected 
limb? A randomised clinical trial. Pain 2005; 114: 54-61 
[PMID: 15733631 DOI: 10.1016/j.pain.2004.11.024]

143 McCabe CS, Haigh RC, Ring EF, Halligan PW, Wall PD, 
Blake DR. A controlled pilot study of the utility of mirror 
visual feedback in the treatment of complex regional pain 
syndrome (type 1). Rheumatology (Oxford) 2003; 42: 97-101 
[PMID: 12509620 DOI: 10.1093/rheumatology/keg041]

144 Moseley GL, Zalucki N, Birklein F, Marinus J, van Hilten JJ, 
Luomajoki H. Thinking about movement hurts: the effect of 
motor imagery on pain and swelling in people with chronic 
arm pain. Arthritis Rheum 2008; 59: 623-631 [PMID: 18438892 
DOI: 10.1002/art.23580]

145 Priganc VW, Stralka SW. Graded motor imagery. J Hand 
Ther 2011; 24: 164-169 [DOI: 10.1016/j.jht.2010.11.002]

146 Johnson S, Hall J, Barnett S, Draper M, Derbyshire G, 
Haynes L, Rooney C, Cameron H, Moseley GL, de C Wil-
liams AC, McCabe C, Goebel A. Using graded motor imag-
ery for complex regional pain syndrome in clinical practice: 
failure to improve pain. Eur J Pain 2012; 16: 550-561 [PMID: 
22337591 DOI: 10.1002/j.1532-2149.2011.00064.x]

147 Moseley GL. Graded motor imagery for pathologic pain: a 
randomized controlled trial. Neurology 2006; 67: 2129-2134 
[PMID: 17082465 DOI: 10.1212/01.wnl.0000249112.56935.32]

148 Bowering KJ, O’Connell NE, Tabor A, Catley MJ, Leake HB, 
Moseley GL, Stanton TR. The effects of graded motor imag-
ery and its components on chronic pain: a systematic review 
and meta-analysis. J Pain 2013; 14: 3-13 [PMID: 23158879 
DOI: 10.1016/j.jpain.2012.09.007]

149 Swan ME. Treating CRPS: a Guide for Therapy. Milford, CT: 
RSDSA Press, 2004

150 Lewis J, Coales K, Hall J, McCabe C. ‘Now you see it, now 
you do not’: sensory–motor re-education in complexregional 
pain syndrome. Hand Ther 2011; 16: 29-38 [DOI: 10.1258/
ht.2011.011005]

151 Watson HK, Carlson L. Treatment of reflex sympathetic 
dystrophy of the hand with an active “stress loading” pro-
gram. J Hand Surg Am 1987; 12: 779-785 [PMID: 3655243 DOI: 
10.1016/S0363-5023(87)80069-2]

Lecours A et al . Complex regional pain syndrome



60 March 27, 2014|Volume 3|Issue 1|WJA|www.wjgnet.com

152 van de Meent H, Oerlemans M, Bruggeman A, Klomp F, 
van Dongen R, Oostendorp R, Frölke JP. Safety of “pain ex-
posure” physical therapy in patients with complex regional 
pain syndrome type 1. Pain 2011; 152: 1431-1438 [PMID: 
21474244 DOI: 10.1016/j.pain.2011.02.032]

153 Daly AE, Bialocerkowski AE. Does evidence support phys-
iotherapy management of adult Complex Regional Pain Syn-
drome Type One? A systematic review. Eur J Pain 2009; 13: 
339-353 [PMID: 18619873 DOI: 10.1016/j.ejpain.2008.05.003]

154 Zečević Luković T, Ristić B, Jovanović Z, Rančić N, Ignjatović 
Ristić D, Cuković S. Complex regional pain syndrome type I 
in the upper extremity - how efficient physical therapy and 
rehabilitation are. Med Glas (Zenica) 2012; 9: 334-340 [PMID: 
22926373]

155 Birklein F, Handwerker HO. Complex regional pain syn-
drome: how to resolve the complexity? Pain 2001; 94: 1-6 
[PMID: 11576739 DOI: 10.1016/S0304-3959(01)00393-1]

156 Ek JW, van Gijn JC, Samwel H, van Egmond J, Klomp FP, 
van Dongen RT. Pain exposure physical therapy may be a 
safe and effective treatment for longstanding complex re-
gional pain syndrome type 1: a case series. Clin Rehabil 2009; 
23: 1059-1066 [PMID: 19906762 DOI: 10.1177/0269215509339
875]

157 Barnhoorn KJ, Oostendorp RA, van Dongen RT, Klomp FP, 
Samwel H, van der Wilt GJ, Adang E, Groenewoud H, van 
de Meent H, Frölke JP. The effectiveness and cost evaluation 
of pain exposure physical therapy and conventional therapy 
in patients with complex regional pain syndrome type 1. 
Rationale and design of a randomized controlled trial. BMC 
Musculoskelet Disord 2012; 13: 58 [PMID: 22515496 DOI: 
10.1186/1471-2474-13-58]

158 Merksey H, Bogduk N. Classification of chronic pain. De-
scriptions of chronic pain syndromes and definitions of pain 
terms. 2nd ed. Seattle: IASP Press, 1994

P- Reviewers: Corey WH, Demir, SE, Kazuo H    
S- Editor: Song XX    L- Editor: A    E- Editor: Liu SQ

Lecours A et al . Complex regional pain syndrome



Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, 

Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

                                    © 2014 Baishideng Publishing Group Co., Limited. All rights reserved.


	WJA-3-46
	封底

