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Absract    

Objective: Phantom Limb Pain (PLP) and Complex Regional Pain Syndrome (CRPS) are associated with partial 

or complete loss of sensorimotor input from the affected limb and changes in somatosensory cortices. Several 

interventions are aimed at reversing these neuroplastic maladaptations. The aim of this review was to investigate 

the effects of these interventions on pain and motor function. 

Methods: Electronic databases were systematically searched. Relevant articles were assessed for methodological 

quality by the Downs & Black checklist (D&B). A Best Evidence Synthesis (BES) was conducted to determine 

the level of evidence for the effects of an intervention.  

Results: 31 studies were included from the literature search. Methodological quality ranged from 7 to 25 points 

on the D&B checklist. The BES demonstrated limited evidence for reducing pain and improving motor function 

in PLP by Graded Motor Imagery (GMI) and indicative findings by Mirror Visual Feedback. Sensory Training 

showed only indicative findings for pain reduction. In CRPS, strong evidence was found for pain reduction and 

limited evidence for the reduction of motor function by GMI. Limited evidence was found for short term pain 

reduction by rTMS and indicative findings for the reduction of pain by Sensorimotor Training. 

Conclusion: Most evidence is found for the effects on decreasing pain. Evidence for the effects on motor func-

tion is still very limited. However, GMI showed promising results for decreasing pain and improving motor 

function. Because of the limited evidence, more high quality studies are needed to demonstrate the real effec-

tiveness of these interventions.   

 

Samenvatting 

Doel: Fantoompijn (PLP) en Complex Regionaal Pijn Syndroom (CRPS) gaan gepaard met deels of volledig 

verlies van sensomotorische input vanuit de aangedane extremiteit en veranderingen in de sensomotorische cor-

tex. Er bestaan meerdere interventies die gericht zijn op het tegengaan van deze neuroplastische veranderingen. 

In deze review zijn de effecten van interventies die neuroplastische veranderingen tegengaan onderzocht. 

Methode: Elektronische databases zijn systematisch doorzocht. Relevante artikelen zijn gescoord op methodolo-

gische kwaliteit aan de hand van de Downs & Black (D&B) scorelijst. Vervolgens is er een Best Evidence Syn-

these (BES) toegepast om de mate van bewijs van een interventie te bepalen. 

Resultaten: 31 artikelen werden geïncludeerd. De methodologische kwaliteit varieerde van 7 tot 25 punten op de 

D&B lijst. De BES liet beperkt bewijs zien voor pijnvermindering en verbetering van motorische functies in PLP 

bij Graded Motor Imagery (GMI) en aanwijzingen voor Mirror Visual Feedback. Er waren alleen aanwijzingen 

voor pijnvermindering bij Sensory Training. Voor CRPS werd er sterk bewijs gevonden voor pijnvermindering 

en beperkt bewijs voor het verbeteren van motorische functie door GMI. Beperkt bewijs werd er gevonden voor 

korte pijnvermindering bij rTMS en pijnvermindering bij Sensomotorische training bij CRPS. 

Conclusie:  Het meeste bewijs werd gevonden voor pijnvermindering. Bewijs voor de verbetering van motori-

sche functies is erg beperkt. GMI laat veelbelovende resultaten zien voor pijnverminderingen en het verbeteren 

van motorische functies. Meer studies van hoge methodologische kwaliteit zijn echter nodig om duidelijker de 

effecten te kunnen bepalen van interventies gericht op het tegengaan van neuroplastische veranderingen. 

 

Keywords: CRPS, Phantom Limb pain, neuroplasticity ,intervention 
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Introduction 

 

Phantom Limb Pain (PLP) and Complex Regional Pain Syndrome (CRPS) are pathologic pain 

syndromes with great resemblances in pathophysiology and clinical symptoms.
1, 2

  PLP is 

experienced in about 60-80% of the amputees and is often accompanied with motor symptoms 

like clenching cramps in the phantom limb.
3, 4

  CRPS I is a painful disorder which includes 

several sensory disturbances like allodynia and hyperalgesia that frequently develops after 

trauma.
6
 CRPS II is diagnosed when similar symptoms can be traced to an identifiable nerve 

injury.
6
 In addition to pain, about 25% of the CRPS population experiences motor distur-

bances like tremor and dystonic cramped postures of the affected limb. 
5, 6

 It is thought that 

maladaptive neuroplasticity may play an important role in the emergence of PLP and CRPS. 

Maladaptive neuroplasticity is defined as the capacity of neurons and neural networks to 

change their connections and behavior in response to new information, sensory stimulation, 

development, damage or dysfunction
7
 Symptoms in both PLP and CRPS are associated with 

partial or complete loss of sensorimotor input from the affected limb and changes in somato-

sensory pathways. 
1
 Several studies with CRPS patients showed a smaller representation in 

the somatosensory cortices of the affected hand compared to the unaffected hand or controls.
8-

12
 In studies with PLP patients it is shown that plastic changes occurred in the somatosensory 

cortices that formerly received information from the amputated limb.
13-16

  

 

Successful treatment of PLP and CRPS remains challenging despite numerous surgical, 

pharmacological and physical methods.
17-20

 Conventional, mostly pharmacological, treat-

ments for PLP and CRPS are mainly aimed at the reduction of pain, improving function and 

quality of life.
19, 20

 Although improved over the last few decades, conventional therapies still 

have unsatisfactory effects on symptom reduction.
19

  Since the proposal of maladaptive neu-

roplasticity as an underlying mechanism of PLP and CRPS, several interventions aimed at 

reversing the neuroplastic maladaptations are used instead of treating symptoms alone. 
21, 22

  

Interventions such as Mirror Visual Feedback (MVF), Sensorimotor Training (SMT), and 

Graded Motor Imagery (GMI) are used to decrease pain and motor dysfunctions by undoing 

sensorimotor discrepancies between the somatosensory cortices and the affected limbs.
23-25

 

Although promising, the effects of these interventions on pain and motor function are still 

unclear. McCabe et al. 
26

 for example showed that MVF reduced pain in early CRPS patients 

while chronic CRPS patients showed no changes. In a study with PLP patients using MVF, 
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some patient were able to voluntary move their phantom limb while others showed no 

changes in motor function.
23

  

  

Interventions aimed at reversing maladaptive neuroplasticity are a relative new approach in 

the treatment of PLP and CRPS. In order to further develop and improve these interventions, 

it is necessary to create a viewpoint of current evidence for their effects.  Therefore the main 

goal of this review is to systematically investigate the effects of noninvasive interventions 

aimed at reversing maladaptive neuroplasticity on pain and motor function in CRPS and PLP. 

 

Methods 

Search strategy 

Potentially relevant studies were indentified through computerized and manual searches. The 

Electronic databases Pubmed, EMBASE, The Cochrane library, PsychInfo and Web of 

Science have been systematically searched up to November 2009. The following MesH and 

key terms were used in the search strategy: phantom limb, phantom limb pain, CRPS, com-

plex regional pain syndrome, Sudeck’s dystrophy, reflex sympathic dystrophy (population), 

sensory training, sensorimotor training, sensory motor retuning, proprioceptive training, im-

mobilization, constraint-induced movement, mirror therapy, mirror visual feedback, biofeed-

back, Transcutaneous Electric Nerve Stimulation, TENS and transcranial magnetic stimula-

tion (intervention). Articles were included when (1) participants were diagnosed with PLP or 

CRPS, (2) participants were  treated with a non-invasive intervention aimed at reversing ma-

ladaptive neuroplasticity, (3) if at least one of the study outcomes focuses on pain or motor 

function, (4) the study was published in English, German, or Dutch and (5) if the study was 

Controlled (RCT, CCT), non-controlled (pre-experimental), or non- randomized (quasi-

experimental). Motor function was defined as the ability to use and control muscles and 

movements which includes range of motion, muscle strength, coordination, flexibility and 

muscle endurance. Selection of retrieved articles was first based on title and abstract, after 

which the full-text articles were screened for eligibility. After that, the references of retrieved 

articles were examined to identify additional relevant articles that met the inclusion criteria. 
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Methodological quality  

Three independent reviewers (JvdD, KH, LvdG) assessed the methodological quality of each 

study using the Downs & Black checklist (D&B) (Appendix 1).
27

 Articles concerning PLP 

were assessed by JvdD and KH, and articles concerning CRPS were assessed by JvdD and 

LvdG. The D&B list provides 27 items to measure study quality, split into four sections: ‘re-

porting’ (10 items); ‘external validity’ (three items); ‘internal validity – bias’(seven items); 

and ‘internal validity – confounding (selection bias)’ (seven items). The Downs and Black 

instrument is recommended for assessing the quality of randomized and non-randomized stu-

dies and has a maximum score of 32 points.
28

 Scores of >20 are considered good, 11 to 20 

moderate, and <11 poor. Points for a particular criterion were only awarded if the article ex-

plicitly reports the criterion.  After the assessment, the Cohens Kappa was determined as an 

estimate of agreement between the assessors. In case of disagreement, consensus was sought, 

but when disagreement was persisting, LvdG made the final decision for KH and vice versa. 

 Data analysis 

The included studies were clustered by type of disorder and type of intervention. The data of 

the studies was extracted with the Cochrane Renal Group data extraction form. A quantitative 

analysis (meta-analysis) was considered if the data was comparable regarding outcome meas-

ures, patient characteristics and interventions. When studies were not comparable regarding 

the above mentioned criteria or in the absence of point measures (means and estimates of va-

riability), a qualitative analysis was performed in the form of a Best Evidence Synthesis 

(BES). The BES was performed according to Steultjens et al.
29

 taking into account the design 

of the studies, the methodological quality assessed with the D&B checklist, the type of out-

come measures and the statistical significance of the findings. The BES according to Steult-

jens (Table 1.)  is based upon the one proposed by Van Tulder et al.
30

 and was modified to 

assess other study designs besides RCT’s and CCT’s. After analysis, clusters of type of inter-

vention were categorized into five levels of evidence: strong evidence, moderate evidence, 

limited evidence, indicative findings and no or insufficient evidence. 
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Table 1. Best-evidence synthesis according to Steultjens. 

 

Strong evidence Provided by consistent, statistically significant findings in outcome 

measures in at least two high-quality RCTs 
 

Moderate evidence Provided by consistent, statistically significant findings in outcome 

measures in at least one high-quality RCT and at least one low-quality 

RCT or high-quality CCT. 
Limited evidence Provided by statistically significant findings in outcome measures in at 

least one high-quality RCT 
 

or 

 

Provided by consistent, statistically significant findings in outcome 

measures in at least two high-quality CCTs (in the absence of high-

quality RCTs). 
 

Indicative findings Provided by statistically significant findings in outcome and/or process 

measures in at least one high-quality CCT or low-quality RCT (in the 

absence of high-quality RCTs) 
 

or 

 

Provided by consistent, statistically significant findings in outcome 

and/or process measures in at least two ODs with sufficient quality (in 

the absence of RCTs and 
CCTs). 

No or insufficient  evidence   In the case that results of eligible studies do not meet the criteria for one 

of the above stated levels of evidence. 
 

or 

 

In the case of conflicting (statistically significant positive and statistically 

significant negative) results among RCTs and CCTs. 

 

or 

 

In the case of no eligible studies 

 

If the number of studies showing evidence is less than 50% of the total number of studies found within the same category of 

methodological quality and study design.n (RCTs, CCTs or ODs), no evidence is stated. RCT, randomized controlled trial; 

CCT, controlled clinical trial; OD, design.n other than controlled. 

 

 

Results 

Search strategy 

The initial search strategy resulted in 476 studies after removal of duplicates. After selection 

based on title and abstract a total of 31 studies were obtained of which the full text articles 

were read. Two articles 
31, 32

 were excluded because the inclusion criteria were not met and 

three articles 
33-35

 were included after a manual screening of references. Eighteen articles were 

obtained concerning the treatment of PLP
23, 25, 33, 34, 36-49

 and 13 articles were obtained con-

cerning the treatment of CRPS.
11, 25, 35, 50-59

 (Figure 1) One article was included for both PLP 

and CRPS.
25

 Characteristics of included studies for PLP are shown in table 2 and characteris-

tics of included studies for CRPS are shown in table 3. 
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 Methodological quality 

The methodological of all the included studies ranged from 7 to 25 points on de D&B check-

list (table 2). As an estimate of agreement, the Cohens Kappa between the three assessors was 

determined. With a Kappa score of 0,71 between JvdD and KH and  a score of 0,78 between 

JvdD and LvdG, there was a  good level of agreement.   

 PLP 

Biofeedback 

Four studies examined the effects of biofeedback on PLP.
33, 36, 38, 60

 A total of 27 subjects (5 

Upper Limb (UL), 22 Lower Limb amputees (LL)) participated in these studies. Two studies 

were  single subject case reports,
36, 38 

one study was a clinical trial with 16 subjects and one a 

pilot study with nine participants.
33, 45

 Methodological quality varied from 10 points to 19 

points on the D&B checklist (table 2). Belleggia et al.
37

 and Harden et al.
38

 used a combina-

tion of electromyography (EMG) and thermal biofeedback of the stump.
 
Both studies showed 

a significant decrease in VAS scores and Belleggia et al.
37

 reported a disappearance of cramp-

ing pain.  Sherman et al.
33

 described the effects of EMG feedback and progressive muscle 

relaxation training on pain and anxiety. Visual Analogue Scale (VAS) and anxiety scores de-

creased significant. Dougherty et.
36

 al didn’t used statistical tests to calculate differences be-

fore and after the intervention. However, as a result they reported 2-4 hour pain free periods a 

Fig 1.Flow diagram.   
One study is included for both PLP and CRPS. (Moseley et al 2006) 

Included after reference tracking: 

3 
 

PLP   : Sherman 1979  
33 

          : Brodie 2003
34 

CRPS: Moseley 2004
35 

  

Results initial search:          

476  

 

Selected on title and abstract: 

30 

Included after reading full text:   

PLP: 18             CRPS: 13 

 

Excluded after reading full text:  

2   
 

PLP     : Marconi 2007 
31

, wrong outcomes    
CRPS  : Cacchio 2009 

32
,wrong population 
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day and the ability to voluntary relax the stump and phantom limb without EMG feedback.  

None of the studies used a control group.  

TENS 

Five studies examined the effects of TENS on PLP. 
39, 40, 42, 43, 61

 A total of 102 amputees were 

treated with TENS (96 LL, 6 UL). One study was a RCT 
40

, one study a placebo controlled 

trial 
61

, two studies were non-randomized clinical trials 
39, 42

 and one study was a case report. 

43
  Methodological quality varied from 10 points to 20 points on the D&B checklist. In the 

RCT of Finsen et al. 
40

, 51 patients who needed amputation of their lower limb because of 

ischemic changes, were randomly  in three groups. The first group received sham TENS and 

Chlorpromazine against PLP. The second group received sham TENS only and the third 

group received active TENS stimulation. There were significant fewer re-amputations and 

more rapid stump healing in the group that received active TENS. There were no significant 

differences in the analgesic requirements or prevalence of PLP during the first four weeks and 

after one year between the placebo and active TENS groups. Katz et al. 
61

 studied the effects 

of TENS on pain and psychological measures in 28 amputees. Subjects were divided in three 

groups. The first group consisted 11 PLP patients, the second group had eight patients with 

non painful Phantom Limb Sensation (PLS) and the third group with seven amputees had PLP 

nor PLS. Al subjects received 1 session with active auricular TENS stimulation and one ses-

sion with a placebo stimulation. Low frequency TENS applied to the outer ear produced a 

small but significant short term reduction in the intensity of PLP and non painful limb sensa-

tion compared to the placebo stimulation. Winnem et al. 
39

 applied high frequency TENS to 

the stump two times a day for 15 minutes over a period of five days in 11 LL amputees. If the 

patient did not improve after this treatment, the method was applied stimulating the opposite 

limb segmental to the area of pain, first at high frequency and then at low frequency.  Two 

patients had a complete disappearance of their PLP, five patients experienced a definite reduc-

tion in pain and four patients did not experienced any change.  Kawamura et al. 
42

 used low 

frequency TENS in eight lower limb and two upper limb amputees. TENS stimulation was 

applied three times a day for 30 minutes over a period of nine weeks, on the contra lateral 

limb segmental to the site where the patients experienced PLP. Average VAS scores de-

creased from 5.5 to 2.5 directly after TENS stimulation, which was significant.  Pain duration 

also reduced significant from an average of 14 hours a day to 4.6 hours a day.  In a case report 

Guiffrida et al. 
43

 described the effects of contra lateral TENS stimulation on PLP and PLS in 

one UL and one LL amputee. Both patients showed an improvement in their PLP and PLS 

that was maintained in their one year follow-up. 
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rTMs 

One study examined the effects of rTMS on PLP. Irlbacher et al. 
44

 used a crossover RCT 

design in 14 PLP patients (7 UL, 7 LL) and 13 patients with central nervous pain.
44

 Methodo-

logical quality of this study was moderate as it scored 19 out of 32 points. The effects of 1 and 

5 Hz rTMS were compared with placebo stimulation. A significant reduction of pain imme-

diately after stimulation was observed but there was no significant difference between the real 

and placebo stimulation.   

Sensory Training 

One RCT investigated the effects of sensory training on cortical reorganization and PLP in 10 

upper limb amputees.
45

 The methodological quality of this study was moderate as it scored 14 

points on the D&B checklist. Flor et al. 
45

 randomized the subjects in a control or intervention 

group. The intervention group received daily feedback-guided sensory training for two weeks, 

in which they had to discriminate the frequency or location of high intensity non-painful elec-

tric stimuli, applied in a random fashion through eight electrodes. The control group received 

standard care. Compared to the control group, the intervention group had significant reduc-

tions in PLP. The intervention group also showed significant improvements in cortical reor-

ganization that was associated with improved sensory discrimination ability. 

 
GMI 

One RCT in 37 CRPS I, five plexus brachial lesion and nine PLP patients (distribution of UL 

and LL amputees was not described) investigated the effects of Graded Motor Imagery (GMI) 

on pain and function. 
25

 This study scored 25 points on the D&B checklist which makes it of 

good methodological quality. Subjects were randomly allocated to motor imagery, consisting 

of two weeks of limb laterality recognition, two of weeks imagined movements, and two 

weeks of mirror movements, or to six weeks of physical therapy and ongoing medical care. 

Function (which included cramping and symptoms of motor disorders of the phantom limb) 

was measured with a NRS and pain with a VAS. There was a significant increase in function 

and a significant reduction in pain in the GMI group. There were no differences between the 

patient groups 
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MVF 

Six studies investigated the effects of MVF on PLP. 
34, 47-49, 62, 63

 A total of 59 PLP patients 

participated in these studies. The distribution of LL and UL amputees is not clear because in 

two studies didn’t described the types of amputation. 
47, 49

 Two studies were RCT’s 
34, 63

, two 

studies were a case series 
49, 62

, one was a case report 
48

 and one other study was a prospective 

pilot study.
47

  Methodological quality varied from 8 points to 20 points on the D&B checklist. 

Four studies examined the effects of MVF on pain. 
47-49, 63

 The RCT of Chan et al. 
63

 and the 

prospective pilot study of Sumitani et al. 
47

 showed a significant decrease in pain ratings after 

mirror therapy compared to the control group. Both studies used covered mirrors as a control. 

In the case report of Darnall et al.
48

 the subject had 20 minutes MVF a day for a month with a 

decrease in VAS from 4 to 0. Improvement sustained for four months. The case series of 

Hanling et al. 
49

, investigated the effects of pre-amputation MVF on PLP. Four subjects prac-

ticed daily with MVF for 30 minutes over a period of two weeks prior to amputation. A 

month after the amputation,  one patient had no PLP, one patient had mild and rare episodes 

of PLP, another patient had mild and brief episodes of PLP and the last patient had brief and 

moderate PLP. However, there was no control group to compare the effects in this study. Two 

studies 
34, 62

 examined the effects of MVF on motor control of the phantom limb. Ramachan-

dran et al. 
62

 studied the ability to voluntary move the phantom limb and the duration of spasm 

free periods. After training with MVF 6 out of10 patients were able to voluntary move their 

phantom limb and 4 out of 5 patients with clenching spasms were able to unclench their phan-

tom limb. Brodie et al. 
34

 investigated the number of movement responses in the phantom 

limb after 10 minutes of MVF practicing 10 different movements and compared these with a 

control group using a covered mirror. MVF had significant more movement responses than 

the control group.
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Table 2. Study characteristics PLP  
 Author/year Design Participants  Intervention Control Outcome measures Results D&B  

Biofeedback Sherman 1979 
33  Clinical Trial 16 PLP pts with LL 

amputation and 

stump cramps 

EMG feedback and pro-

gressive muscle relaxa-

tion training 

 - Pain: VAS  

Anxiety: STAI-T 
Sign. improvement in anxiety 

(P=.001)  

Sign. improvement in VAS     

( P=0.001) 

 19 

  Dougherty 1980 
36 Case report 1 PLP pt left LL 

amputation with 

painful stump 

cramps 

 2 sessions EMG assisted 

stump muscle relaxation 

and 5 days home-based 

practice 2 hrs a day 

 - Muscle tension 

EMG levels 

Pain 

2-4 hour pain free periods a 

day  and voluntary relaxation 

without EMG for 5 weeks 

after treatment 

 10  

  Belleggia 2001 
37 Case report 1 PLP pt right  UL 

amputation 

6 sessions EMG biofeed-

back +  6 sessions ther-

mal biofeedback 

 - Pain: VAS,  Muscle tension: 

EMG levels  

Temperature: ˚C 

Sign. temp difference  

(P=0.001)  

Sign. difference in EMG    

(P=0 .001)  

VAS decreased from 7 to 0, 

cramping pain disappeared 

 10  

  

Harden 2005 
38 Pilot Study 9  PLP pts, 4 UL 

amputees, 5  LL 

amputees 

7 sessions thermal / EMG 

biofeedback 

 - Pain: VAS, MPQ Mood: 

Beck depression inventory, 

STAI-T 

Decrease in VAS score 

(P=0.01)   

No sign. decrease in MPQ 

(P=0 .05) 

 16  

TENS Winnem 1982 
39 Clinical Trial 11 LL amputees 

with PLP 

2x a day 15 min 100 or 2 

Hz TENS for 5 days on 

stump or contralateral 

side 

 - Pain: analgesia consumption 2 pts: disappearance of PLP.  

5 pts: definite decrease in 

pain. 

4pts: no effect.  

Improved pts decreased 

analgesia consumption by 

50% 

 10 

  Finsen 1988 
40 RCT 51 BK or TK ampu-

tees due to ischemic 

changes 

2x a day 30 min 100 Hz 

TENS for 2 wks post-

operative  

Sham TENS + 

Chlorpromazine or 

Sham TENS only 

Pain: analgesic require-

ments. Prevalence of PLP 

Prevalence PLP: after 4 wks 

TENS group sign. less PLP. 

After 1 yr no differences 

between TENS and Sham 

Tens groups. 

Analgesic aquirements: No 

sign. differences between 

groups 

 15 

PLP= Phantom Limb Pain, UL =Upper Limb, LL =Lower Limb, EMG =Electromyography,  VAS =Visual Analogue Scale, MPQ =McGill Pain Questionnaire, STAI-T =State Trait Anxiety Inventory  
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Table 2. Continued  
 Author/year Design Participants  Intervention Control Outcome measures Results D&B  

TENS Katz 1991 
41 Placebo Con-

trolled trial 

28 LL and UL ampu-

tees, 11 with PLP, 9 

with PLS an 8 with 

no-PL 

30 min 4 hz 100us 

TENS  

30 min placebo 

stimulation  

Pain: MPQ  

Psychological measures: EPI, 

BDI, STAI-S, STAI-T, WRQ, 

MRS and SRS 

Sign. reduction of PLS during TENS 

(P >0.01 MPQ) 

Sign. lower post test for TENS           

(P <0.01).  

No differences in Psychological meas-

ures 

 20 

 Kawamura 1997 
42 

Clinical Trial 8 LL  and 2 UL 

amputees time since 

amputation 4 dys-18 

months 

3x a day 30 min TENS 

of 20 Hz for 9 wks on 

contralateral limb 

 - Pain: VAS Sign. reduction of VAS score 

(P=0.001) 

 Sign. reduction of pain duration 

(P=0.01) 
 16 

  Giuffrida 2009 
43 Case Report 1 UL amputee, 1 LL 

amputee with 1 yrs 

PLP 

3 months TENS 80 Hz 

each time pain oc-

curred with a max of 

60 min 

 - PLP, PLS, SP with MPQ, VAS, 

Groningen questionnaire, No of 

coping strategies and prostheses 

usage  

PLP:  Pt 1: VAS decrease 7 to 3.  

          Pt 2: decrease 10 to 4.  

SP:    Pt 1: VAS 5 to 3. 

          Pt 2: 6 to 3. 

PLS:  Pt 1: 4,5 to 2.  

          Pt 2: 6,5 to 1,5  

No change in prosthesis use.  

No of coping strategies decreased from 

5 to 4 in pt 1 

 13 

rTMS Irlbacher 2006 
44 RCT, crossover  14 PLP pts (7 UL 

and 7 LL amputees)  

13 central pain pts  

5 day therapyblock 

with 500 stimuli rTMS 

1 HZ or 5 HZ. 

2 Hz Placebo 

stimulation 

Pain: VAS Sign. pain reduction directly after 

stimulation (P=.02 )  

No sign. difference between stimula-

tion and placebo (P=.09)  

No sign. difference between PLP and 

CP (P=.4) 

19 

Sensory 

Training 
Flor 2001 

45 RCT 10 UL amputees with 

PLP 

5 pts had 2 wks daily 

90 min feedback 

guided sensory training 

5 pts had normal 

care 
Cortical reorganization: distance 

between lip locations on both 

hemispheres. 

 PLP: Yale multidimensional 

pain inventory  

Sign. decrease between pre-test and 

follow-up (P=0.002).  

Cortical reorganization: decrease in lip 

distance on hemispheres between pre-

test and follow-up (P=0.05) 

 14 

 GMI Moseley 2006 
25 RCT 51 pts 37 CRPS I, 5 

plexus brachialis 

lesion 9 amputees 

25 had  6 wks GMI 

program 

26 pts had 6 wks 

standard medical 

and physical thera-

py care 

Function: NRS 

Pain : VAS 

Sign. increase in function (P=0.001). 

Sign. decrease in pain (P=0.001) be-

tween pre-assessment and 6 month 

follow-up 

 25 

PLP =Phantom Limb Pain, PLS = Phantom Limb Sensation, SP =Stump Pain,  UL =Upper Limb, LL = Lower Limb, VAS =Visual Analogue Scale, MPQ =McGill Pain MPQ =McGill Pain Questionnaire, STAI-T, STAI-S =State 

Trait Anxiety Inventory, EPI =Eysinck Personality Index,  BDI =Beck depression Index,  WRQ = Wesley Rigidity Scale, MRS = Mood Rating Scale, SRS =Sleeping Rating Scale  
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Table 2. Continued  
 Author/year Design Participants  Intervention Control Outcome measures Results D&B 

score MVF Ramachandran 

1996 
23 

Case Series 10 UL amputees with 

PLP unable to move 

phantom limb volunta-

ry 

MVF  4 healthy control 

subjects 

Ability to voluntary move 

phantom limb, duration of 

spasm free period 

6/10 pt were able to voluntary move 

phantom limb.  

4/5 pt with clenching spams were able 

to unclench phantom limb.  

No changes in control subjects 
 13 

  

Brodie 2003 
34 RCT 21 LL amputees MVF 10 min, 10 

movements 

10 min, 10 move-

ments with ob-

scured mirror 

Motor control: No of 

movement responses 

MVF had sign. more movement res-

ponses (P<0.01) 
 19 

  Chan 2007 
64 RCT 22 LL amputees with 

PLP 

MVF, 15 min daily for 

4 wks 

Covered mirror, 

Mental visualiza-

tion 15 min daily 

for 4 wks 

Pain: VAS MVF sign. improvement in VAS com-

pared to covered mirror (P=0.04) and 

Mental visualization (P=0.002)  16 

 Sumitani 2008 
47 Pilot study 22 pts: 11 PLP, 2 

partial spinal cord 

lesion, 7 brachial 

plexus lesion, 2 trau-

matic peripheral nerve 

lesion 

MVF10 min daily. 

Mean duration 20.4 

wks, SD 23.8 wks 

 - Pain: NRS 

Number of pain descriptive 

items: superficial pain ( 

stinging, hot, cold etc), 

description deep pain 

(Clenching, pressure etc) 

Sign. decrease mean NRS (P=0.002). 

Sign. decrease of pain descriptive items 

(P=0.005) 

 20 

  Darnall 2009 
48 Case Report 1 pt LL amputation MVF, 20 min daily 

+daily progressive 

relaxation therapy 

 - Pain: VAS VAS decreased from 4/10 to 0/10 

 8 

  Hanling 2009 
49 Case Series 4 pt 6-17 months of 

chronic pain and who 

need amputation be-

cause of war trauma 

2 wks daily 0 min 

sessions MVF pre-

amputations 

 - Pain :VAS Pt 1: mild stump pain, no PLP. 

Pt 2: VAS 4/10 stump pain, mild and 

rare episodes of PLP.  

Pt 3: VAS 4/10 stump pain Mild and 

brief episodes of PLP. 

Pt 4: VAS 4/10 stump pain, brief and 

moderate  PLP 

 9 

PLP =Phantom Limb Pain, UL =Upper Limb, LL = Lower Limb,VAS =Visual Analogue Scale, MVF =Mirror Visual Feedback, NRS =Numeric Rating Scale 
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 CRPS 

Biofeedback 

One case report studied the effects of biofeedback on pain in a single CRPS I patient. The 

methodological quality of this study was poor as it scored 10 points on the D&B checklist 

(table 3). Blanchard described the use of temperature biofeedback in a patient with upper limb 

CRPS and loss of voluntary hand movement. 
50

 After 18 sessions, pain ratings decreased from 

three to zero on the Epstein and Able headache scale. This improvement maintained one year 

after initial treatment. An improved flexibility in the patient’s fingers which he could now 

fully extend voluntary was also noted.  

 

TENS 

Four studies described the effects of TENS on CRPS.
51-54

 A total of 13 subjects participated in 

these studies of which 12 were children (3.5-18 yrs). Three studies were case reports and one 

study was a series of cases. All of them were descriptive and none of them used quantitative 

measures for pain and motor function. Methodological quality varied from 7 points to 14 

points on the D&B checklist. Stilz et al. 
51

 described in a case report the use of TENS applied 

to the sciatic nerve in a six year old girl with lower limb CRPS II after sciatic nerve trauma. In 

this study 90 Hz TENS was used three times a day for 30 minutes. After two weeks the girl 

was fully able to walk without pain. She was still pain free at the one month follow-up. Rich-

lin et al.
52

 used 40 Hz TENS three times a day for 30 minutes in a 3.5 year old boy for two 

weeks. Besides the CRPS II the 3.5 year old boy wasn’t able to voluntary move his foot and 

had a contracture of his hamstrings. After the intervention with TENS, the boy had no more 

pain and was able to walk without devices. He was also was able to voluntary move his foot 

and leg. Kesler et al.
54

 used combined TENS and regular physiotherapy in 10 children diag-

nosed with CRPS (nine girls, one boy 8-18 yrs old). Four children were affected in their upper 

limb and six in their lower limb. TENS was applied four times a day for an hour at a level of 

comfort. At follow up, which ranged from six months to six years (median 10.5 months), sev-

en children were pain free and 2 children had a decrease in pain. One child showed no 

changes in pain.  Bodenheim et al described the effects of 100 Hz TENS  for one hour  three 

times a week for four months in a 43 year old male who suffered CRPS after a fracture in his 

right tibia. 
53

 The subject wasn’t able to bear weight on his foot and besides the pain, there 

was no AROM of his right ankle. After one month of TENS the subject had a full range of 

motion of his ankle and no more pain 
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rTMS 

One RCT  investigated the effects of rTMS on pain in 10 patients with unilateral CRPS I of 

the hand.
55

  The methodological quality of this study was good as it scored 24 points on the 

D&B checklist. In this study patients were randomly assignedto a placebo group (Sham 

rTMS) or an intervention group (10Hz rTMS).On the next day the groups were reversed.  

Mean VAS scores for pain significant decreased after rTMS stimulation compared to the con-

trol group with a maximum pain reduction 15 minutes after stimulation. After 45 minutes a 

re-intensification of pain occurred with the return of VAS scores to pre-stimulation levels. 

SMT 

Two studies investigated the effects of SMT on CRPS I.
11, 56

 A total of 17 subjects with upper 

limb CRPS participated in these studies. Both studies were not randomized clinical trials and 

only the study of Gay et al. 
56

 was controlled. The study of  Pleger et al. 
11

 scored 18  points 

and the study Gay et al. 
56

 scored 20 Points on de D&B checklist. Pleger et al. 
11

  used pain-

adapted sensorimotor treatment protocols in 6 subjects consisting of proprioceptive training, 

sensory tasks, motor tasks, and splint wearing for one to six months to determine their effects 

on pain, 2-point discrimination and cortical changes. The intensity was 3 to 4 times a day for 

15 to 30 minutes. Pain ratings were scored on the NRS. Functional Magnetic Resonance Im-

agery (fMRI) was used to compare cortical changes of the index finger on the somatosensory 

cortex before and after treatment with the healthy hemisphere. After intervention pain ratings 

on a NRS decreased significant. This study also showed significant changes in cortical reor-

ganization of the representation of the index finger which was accompanied with a restoration 

of 2-point discrimination. Gay et al. 
56

 used vibratory stimulation by proprioceptive feedback 

to determine the effects on ROM and pain in 11 subjects. All subjects received 10 weeks of 

conventional therapy of which seven subjects received 20 minutes vibratory stimulation for 

five days a week on the affected side. The four remaining subjects served as controls. There 

was a significant difference in ROM between the control group and intervention group in fa-

vor of the intervention group. VAS scores for pain decreased significant in the intervention 

group but not in the control group. 
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GMI 

Two studies by Moseley et al.
25, 35

 examined the effects of GMI in CRPS I. A total of 50 

CRPS I patients participated in these studies. Both studies were RCT’s of which one  had a 

crossover design.
35

 The methodological quality was good because both studies scored 25 

points on the D&B checklist.  In the study of 2004, Moseley used a six week GMI program to 

determine its effects on pain and swelling with a 12 week follow up. After 12 weeks the con-

trol group was crossed over to GMI. The pain and swelling decreased significant after the 

GMI intervention and the treatment effect was replicated in the crossed-over control group. 

The significant reduction in pain and swelling remained on the 12 week follow up.  The re-

sults of the study by Moseley at al 2006 
25

 are described  in Graded Motor Imagery in PLP.  

MVF 

Three studies examined the effects of MVF on CRPS with a total of 11 CRPS I and two 

CRPS II patients. 
26, 58, 59

 Two studies were pilot studies and one study used a series of cases 

as design. Methodological quality varied from 11 points to 20 points on the D&B checklist. In 

a controlled pilot study, McCabe et al. 
26

 used MVF as a treatment in eight patients with 

CRPS I. Patients had six weeks of unlimited MVF training with a maximum of 10 minutes 

each time and one control session with a covered mirror. The control session showed no 

changes in analgesic effect, but three patients with early CRPS (< 8 weeks) reported a reduc-

tion in their pain VAS during and after visual feedback. Two subjects with intermediate dis-

ease duration (5 months-1 year) reported that MVF eased their movement-related stiffness 

and after six weeks they also showed a reduction in VAS scores. Three patients with chronic 

CRPS (>1 year) showed no changes. Tichelaar et al.
58

 also showed a reduction in VAS scores 

in three CRPS I patients after 4-6 wks of MVF. This study showed an increase in muscle 

strength and Active Range of Motion (AROM) of the affected arm as well. Selles et al. 
59

 per-

formed a case series with two CRPS II patients in the upper limb. Both patients received three 

times a day 15 minutes MVF for three weeks. VAS scores decreased in each patient directly 

and 10 minutes after MVF before pain levels returned to original levels. During the 5 month 

follow-up, the second patient still uses MVF daily and had lower VAS scores than prior to the 

study. No changes in pain levels were reported for the first patient at follow-up.  
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Table 3. Study characteristics CRPS 
 Author/year Design Participants  Intervention Control Outcome measures Results D&B  

Bbiofeedback Blanchard 1979 
50 

Case Report 30 yr old male with 

RSD in UL caused 

by traumatic ampu-

tation in contrala-

teral arm 

18 sessions of 30 min 

temperature feedback 

 - Pain: PRS 0= no pain, 5 in-

tense incapacitating pain.  

Temperature 

Consistently increase in temperature of 

1.2 to 2.6 ˚C with feedback and 1 to 

1.5 ˚C without feedback.  

Pain decreased from 3 to 0  10 

TENS Stilz 1977 
51 Case report 6 yr old girl with 

RSD in right LL 

after sciatic nerve 

damage 

TENS 90 Hz 2.5 mA, 50 

Hz 3.5 mA for 2 weeks 

 - Pain  

Ability to walk 

No pain  

Full ability to walk without device.  

No pain after 1 month follow-up 
 7 

  Richlin 1978 
52 Case report 3.5 yr old boy with 

RSD in right LL 

after sciatic nerve 

damage 

TENS 40 Hz 30 min 3x a 

day  

 - Pain 

Ability to walk 

No pain and full ability to walk after 2 

days 

 No pain after 1 month follow-up 

 10 

  Bodenheim 1983 
53 

Case report 43 yr old male with 

RSD after fracture 

of right LL 

TENS 20 Hz 1 hour 3x a 

week  

 - Pain 

Bone density 

ROM of ankle 

No pain 

Increase in bone stock 

Full ROM of ankle 
 8 

  Kesler 1988 
54 Case series 10 children (9 

girls,1 boy) with 

RSD  

TENS 1 hour 4x a day. 

Physical therapy  

 - Pain 7 pts no pain after 2 months 

2 pts decrease in pain 

1 pt no effects 
 14 

PLP =Phantom Limb Pain, UL =Upper Limb, LL = Lower Limb, RSD= Reflex Sympathic Dystrophy or CRPS, MVF =Mirror Visual Feedback, PRS =Pain Rating Scale, ROM = Range Of Motion. 
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Table 3. Continued  
 Author/year Design Participants  Intervention Control Outcome measures Results D&B  

rTMS Pleger 2004 
55 Randomized 

Placebo Con-

trolled Trial 

10 right handed  

pts with unilateral 

CRPS I of the hand 

10 rTMS application of 

10 Hz each 1.2 sec at 

110% of motor treshold 

Sham rTMS 0.5 

Hz 

Pain: VAS Sign. decrease mean VAS of rTMS 

compared to controls (P<0.05)  

Max pain reduction at 15 min after 

stimulation.  

Re-intensification of pain after 45 

min. 

 24 

SMT Pleger 2005 
11 Clinical Trial 6 pts unilateral 

CRPS of the hand  

1-6 months sensorimo-

tor therapy 3 to 4 days a 

week 15 to 30 min 

 - Pain: NRS 

cortical changes SI, SII: BOLD 

levels fMRI, 2point discrimia-

tion tresholds 

Sign. decrease in pain (P=0.04) 

Sign. improved 2 point discrimina-

tion. (P=0.02) 

Sign.improved BOLD                     

(SI P=0.02, SII P=0.04) 

 18 

 Gay 2007 
56 CCT 11 CRPS I of 

unilateral hand and 

wrist 

7 pts 10 wks standard 

care 5 days a week + 20 

min vibration a day 

4 pts 10 wks 

standard care 5 

days a week 

Pain: VAS 

ROM of hand and wrist 

Sign. improvement in mean wrist ext/ 

flx for vibration group (P<0.05) 

Sign. decrease in VAS in vibration 

group (P<0.05)  

No sign. pain decrease in controls 

(P=0.56)  

Median duration pain relief sign. 

higher in vibration (P<0.05) 

20 

GMI Moseley 2004 
35 RCT, crossover 13 pts CPRS I in 

UL  
7 pts had 6 wks GMI 

program 

 

6 pts had standard 

care 

 

Pain: NPS  

Swelling: circumference digit 1 

to 3 

 

Sign. reduction NPS (P>0.01)  

Sign. reduction in swelling (P>0.01) 

 25 

 Moseley 2006 
25 RCT 51 pt 37 CRPS I, 5 

plexus brachialis 

lesion 9 amputees 

25 pts had  6 wks GMI 

program 

26 pts had 6 wks 

standard medical 

and physical 

therapy care 

Pain: VAS 

Function: NRS  

 

Sign. increase in function (P=0.001). 

Sign. decrease in pain (P=0.001) 

between pre-assessment and 6 month 

follow-up 

 25 

rTMS = repetitative Transcranial Magnetic Stimulation, SMT = Senorimotor Training GMI =Graded Motor ImageryUL =Upper Limb, LL = Lower Limb, VAS =Visual Analogue Scale, NRS =Numeric Rating Scale, BOLD = 

Blood Oxygen Level Dependent, NPS =Neuropathic Pain Scale, pts =patients 
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Table 3. Continued  
 Author/year Design.n Participants  Intervention Control Outcome measures Results D&B  

MVF McCabe 2003 
57 Controlled 

Pilot Study 

8 pts with CRPS I, 3 

pts < 8wks, 2 pts 5 

months -1 yr, 3 pts > 2 

yrs 

6 wks MVF training 

unlimited for max 10 

min each time 

1 session with non-

reflecting surface  

Pain: VAS 

Vasomotor changes: 

Infrared thermography 

VAS reduction to 0 and temperature 

reduction(from mean difference of 

1.9 degrees to 0.5 degrees in early 

CRPS (<8wks)  

No changes in Chronic CRPS 

(>1yr)and control stages 

 20 

  Tichelaar 2007 
58 Pilot Study 3 pts with CRPS I, 2 

LL, 1 UL  

Pt 1: 30 months CRPS 

Pt 2 : 8 months CRPS 

Pt 3: 9 yrs CRPS 

Cognitive Behavioral 

Therapy  

4-6 wks of MVF,  3x a 

day 5 min.  

 - Pain: VAS  

ROM: goniometer  

Muscle strength: hand 

held dynamo meter 

newton. Allodynia and 

Hyperalgesia: Von Frey 

monofilaments  

Pt 1: Decrease in VAS 43 37    
        Increase in  ROM 0 37              
        degrees plnt flx  

        Increase in strength plnt flx    

         2359 

        Increase in strength drsl flx        
         23 39  
Pt 2: Decrease in VAS 6353  
Pt 3: No changes 

 

15  

  Selles 2008 
59 Case Series 2 pts with CRPS II Pt 1: 3 wks MVF 3-5x a 

day for 15 min.  

Pt 2: 3 Months MVF 3-

5x a day for 15 min with 

5 month follow-up. 

 - Pain: VAS (0-100) Pt 1: Decrease VAS 70 20 up to  
        10 min after MVF  

Pt 2: Decrease VAS in rest 3010.    
        Decrease in VAS max pain  

        6020 after 5 months 
 11 

RSD =Reflex Sympathic Dystrophy or CRPS, UL =Upper Limb, LL = Lower Limb, VAS =Visual Analogue Scale, MVF =Mirror Visual Feedback,  ROM = Range Of Motion  

 Plnt Flx = Plantar Flexion, Drsl Flx = Dorsal Flexion, pts = Patients 
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Best Evidence Synthesis 

 

The included studies showed a great variability in outcome measures, patient characteristics 

and interventions. Therefore it was not possible to perform a quantitative analysis. A BES was 

performed to analyze the data (table 4). 

PLP 

The BES showed limited evidence for reducing pain and improving motor function in PLP by 

GMI. There were indicative findings for reducing pain and improving motor function in PLP 

by MVF and there were indicative findings of reducing pain in PLP by Sensory Training. 

Other interventions showed no or insufficient evidence to reduce pain or improve motor func-

tion in PLP.   

CRPS 

According to the BES, strong evidence was found for pain reduction and limited evidence was 

found for the improvement of motor function by GMI. Limited evidence was found for short 

term pain reduction by rTMS. There were indicative findings for the reduction of pain by 

Sensorimotor training. Other interventions showed no or insufficient evidence to reduce pain 

or improve motor function in CRPS. 

Table 4. Results Best Evidence Synthesis Methodological 

quality (D&B) 

Design.n + 

references 

PLP:   

Biofeedback 

 

There is no evidence found for improving motor function by biofeedback. 
 

 

There is insufficient evidence found for reducing pain by biofeedback. 
 

 

- 

 

 

 

10 to 19 points 

 

No eligible 

studies 

 

 

OD 
33, 36, 38, 60 

TENS 
 

There is no evidence found for improving motor function by TENS 
 

 

There is insufficient evidence found for reducing pain by TENS 
 

 

 

- 

 

 

13 to 20 points 

 

 

No eligible 

studies 

RCT 
40 

CCT 
61 

OD 
39, 42 

rTMS 

 

There is no evidence found for improving motor function by rTMS. 
 

There is no evidence found for reducing pain by rTMS. 
 

 

- 

 

19 points 

 

No eligible 

studies 

RCT 
44 

Sensory Training 

 

There is no evidence found for improving motor function by Sensory Training. 
 

There are indicative findings for reducing pain by Sensory Training. 

 

 

- 

 

14 points 

 

 

No eligible 

studies         

RCT 
45 
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Table 4. continued Methodological 

Quality (D&B) 
Design.n + 

reference 
Graded Motor Imagery 
 

There is limited evidence found for improving motor function by Graded Motor Imagery 
 

There is limited evidence found for reducing pain by Graded Motor Imagery 
 

 

 

25 points 

 

25 points 

 

 

 

RCT 
25 

 

RCT 
25 

MVF 

 

There are indicative findings for improving motor function by MVF 
 

There are indicative findings for reducing pain by MVF 

 

 

13 to 19 points 

 

8 to 20 points 

 

 

RCT 
44 

OD 
36 

RCT 
34, 63 

OD 
47-49, 63 

CRPS:   

Biofeedback 
 

There is insufficient evidence found for improving motor function by biofeedback. 
 

There is insufficient evidence found for reducing pain by biofeedback. 
 

 

 

10 points 

 

10 points 

 

 

OD 
50 

 

OD 
50 

TENS 
 

There is insufficient  evidence found for improving motor function by TENS 
 

There is insufficient evidence found for reducing pain by TENS 
 

 

 

7 to 10 points 

 

7 to 14 points 

 

 

OD 
51-53 

 

OD 
51-54 

rTMS 
 

There is no evidence found for improving motor function by rTMS 
 

There is limited evidence found for short term reduction of pain by rTMS. 
 

 

 

- 

 

24 points 

 

 

No eligible 

studies 

RCT 
55 

SensoriMotor Training 

 

There is inufficient evidence found for improving motor function by Sensorimotor Train-

ing. 
 

There are indicative findings for reducing pain by Sensorimotor Training 

 

 

18 points 

 

 

18 to 20 points 

 

 

 

OD 
11 

 

 

CCT 
56 

OD 
11 

Graded Motor Imagery 
 

There is limited evidence found for improving motor function by Graded Motor Imagery 
 

There is strong evidence found for reducing pain by Graded Motor Imagery 
 

 

 

25 points 

 

25 points 

 

 

 

RCT 
25 

 

RCT 
25,35 

MVF 

 

There is insufficient  evidence found for improving motor function MVF 
 

There is insufficient evidence found for reducing pain by MVF. 
 

 

 

15 points 

 

11to 20 points 

 

 

OD 
58 

 

CCT 
26 

OD 
59 
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Discussion 

By systematically searching relevant literature, an attempt was made to determine the effects 

of noninvasive interventions aimed at reversing maladaptive neuroplasticity on pain and mo-

tor function in CRPS and PLP. The BES shows that most evidence is found for decreasing 

pain and improving motor function by GMI in both PLP and CRPS. CRPS and PLP are con-

sidered pathological pain syndromes and are thought to be dominated by altered cortical me-

chanisms. 
1, 2, 14 

One of the theories is that pain and motor symptoms are evoked by incongru-

ence between motor commands and sensory feedback in the motor and somatosensory cortic-

es. Several studies have demonstrated shrinkages in the somatosensory cortices of the affected 

limb in PLP and CRPS patients. 
27, 29, 8, 65, 9 

These cortical reorganizations are correlated with 

pain experience.
9, 14, 55

  Motor impairments in PLP and CRPS patients are correlated with in-

creased activation and reorganization of the  motor cortices, intraparietal sulcus and posterior 

parietal cortex.
66

 The motor cortices and posterior parietal cortex play an important role in 

planning and executing coordinative movements. The intraparietal sulcus serves as an impor-

tant interface between perceptive and motor systems for controlling movements.
67

  

The exact mechanism behind the commencement of incongruence’s between motor com-

mands and sensory feedback remains unclear. However, there are TMS findings showing that 

noxious input can modify motor cortex excitability and therefore cause a decreased intracor-

tical inhibition of motor cortices.
8, 68

 This could mean that continuous sensory stimulation 

caused by damage through trauma or overuse may create a sensorimotor overflow in the cor-

tices which possibly results in excessive and inappropriate muscle activation.
69

  

Another study suggest that deafferention due to disuse after trauma or amputation of the af-

fected limb causes a mismatch between motor commands and the expected visual or propri-

oceptive feedback which may be perceived as pain.
70

 GMI seems to affect these mechanisms. 

Although the affected limb will not actually move in GMI, imaging movements of the af-

fected hand may restore the mismatch between motor commands and the expected sensory 

feedback. 
35 

 

Another intervention that’s worth mentioning is MVF. Although there are only indicative 

findings in MVF for reducing pain and improving motor function in PLP, it is besides GMI 

the only intervention that showed some effects on motor function. In CRPS there was, accord-

ing the BES, insufficient evidence for its effects on reducing pain and improving motor func-

tion. However, it must be considered that GMI is a preceding part of the MVF protocol used 

by Moseley et al.
25

 which had effects in both CRPS and PLP patients. It must also be consi-

dered that all the MVF studies in CRPS showed positive effects in reducing pain and improv-
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ing motor function.  It is therefore reasonable to assume that MVF might have good effects on 

motor function and reducing pain in future high quality studies. Like GMI, it is thought that 

MVF affects the discrepancies between motor commands and sensory feedback of the af-

fected limb and somatosensory cortices.
62

  By moving the affected limb behind a mirror while 

viewing the unaffected limb moving in the mirror, the brain will think it’s the affected hand 

that is moving normally. In this way MVF activates somatosensory cortices by reconciling 

motor commands and sensory feedback.
62

 Interestingly, MVF alone does not show any effects 

in chronic CRPS but only in early CRPS.
26

 GMI however shows effects in both chronic and 

early CRPS. MVF in chronic CRPS is associated with intolerable pain during movement of 

the affected limb. Like stated above, in GMI the affected limb does not actually move while 

cortical networks that that initiate movement are being activated. This normalizes the incon-

gruence’s between motor commands and sensory feedback without causing any pain because 

of actual movement.  

 

Evidence for the other interventions in this review was limited or insufficient due to poor me-

thodological quality. With the exception of some high quality RCT’s, many studies in this 

review were not randomized, had small numbers of participants, were not blinded and often 

had no control group. Moreover, in many studies the subjects underwent several, confounding 

interventions like drug therapy besides the investigated intervention. There was also a great 

variety in types of interventions, treatment intensity and frequency which, together with con-

founding therapies and low methodological quality, complicated the determination of actual 

intervention effects. Many studies also reported positive effects for their intervention which 

can be due to publication bias or an overestimation of intervention effects by the lack of ob-

jective outcome measures. Most evidence in this review was found for the effects on decreas-

ing pain, mainly in CRPS. There were two high quality studies that investigated the effects on 

pain in CRPS 
25, 35 

and only one high quality study in PLP 
25

 which probably caused this dif-

ference.
 
The insufficient evidence for motor function that was found is probably caused by the 

lack of eligible studies that investigated the effects on motor function. Pain is often the main 

complain in PLP and CRPS patients. Therefore more studies aim at the reduction of pain in-

stead of improving motor function. 

 

Despite the limited or insufficient evidence for most interventions in this review, it is antic-

ipated that the level of evidence will increase over the next few decades. The evidence for 

maladaptive neuroplasticity in several pathological pain and motor syndromes like CRPS, 

PLP and dystonia already has become stronger. Many new interventions will follow the prin-

ciple of maladaptive neuroplasticity to reverse it. It is clear that it is only the beginning of a 
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great variety in new and promising interventions. Therefore, future studies with good metho-

dological quality and large numbers should be done to learn more about the underlying me-

chanisms and improve the existing interventions. One way to do this is to investigate whether 

certain interventions are suitable for different conditions with comparable pathophysiology. 

This review for example shows that interventions aimed at reversing maladaptive neuroplas-

ticity can be effective in both PLP and CRPS. A recent review by Delnooz et al.
71

 showed that 

ST and SMT can be effective in dystonia as well. However, that review didn’t find any stu-

dies that investigated the effects of GMI and MVF in dystonia. Given the comparable cortical 

changes and clinical symptoms of PLP, CRPS and dystonia and the promising effects in PLP 

and CRPS, it might be worthwhile to investigate their effects in dystonia as well.
4-6, 62

 For 

now it seems that GMI can be a worthy addition to conventional therapies in the treatment of 

PLP and CRPS.  

Conclusion 

This review attempted to create an overview of current evidence for the effects of interven-

tions aimed at reversing maladaptive neuroplasticity on pain and motor function in PLP and 

CRPS. It can be concluded that current evidence is still limited. Most evidence is found for 

the effects on decreasing pain, mainly in CRPS. Evidence for the effects on motor function is 

still insufficient and future research on motor function should be more emphasized in both 

PLP and CRPS. SMT and MVF but especially GMI show promising results for decreasing 

pain and improving motor function. These can be cheap and effective interventions in addi-

tion to conventional therapies. However, more studies of high methodological quality that 

show similar effects should be done to demonstrate the real effectiveness of these interven-

tions.   
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Abstract 

Background: Complex Regional Pain Syndrome (CRPS) related dystonia is associated with 

changes in the somatosensory cortices and incongruence between afferent input from the af-

fected limbs and motor commands, causing pain and motor disturbances. One strategy to alter 

the incongruence between motor commands and sensory feedback is Mirror Visual Feedback 

(MVF). The primary aim of this pilot study was to investigate the influences of Graded Motor 

Imagery (GMI) and MVF on motor function and pain in CRPS related dystonia. Secondary 

aims were to investigate the feasibility of a MVF intervention in these patients and the suita-

bility of several outcome measures. 

Methods: Five patients underwent a six week training protocol consisting of two weeks GMI 

training, four weeks MVF training and daily home exercises. Measurements were performed 

after each training phase and at follow-up, six weeks after finishing the MVF training. 

Results: The outcomes indicated a general decrease in motor function after two weeks of 

GMI, an improvement after four weeks of MVF training compared to baseline, and a wash out 

at follow-up. Changes were mostly seen in AROM and finger tap movements, especially in 

the three patients who had some function in their affected limb at baseline. Pain did not de-

crease in any of the patients.  

Conclusion: The GMI and MVF protocol was feasible to treat patients with CRPS related 

dystonia. Patients who are less affected by dystonia are probably more susceptible for MVF 

treatment. Effectiveness might be improved by lengthening the intervention period, specifica-

tion of the training to more functional, daily life tasks and combining it with medical treat-

ment to reduce dystonic postures like botulinum toxin. The possible effects were best meas-

ured with AROM, velocity of finger tap movements. However, these results should be inter-

preted with caution because it was a small, unblinded study with only five cases that had a 

great variation in severity of CRPS and dystonia. 

 

Keywords: CRPS, Dystonia, Graded Motor Imagery, Mirror Visual Feedback 
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Introduction 

Complex Regional Pain Syndrome (CRPS), previously known as posttraumatic dystrophy, 

Sudecks dystrophy or reflex sympathetic dystrophy, is a pain disorder with a broad variety of 

other symptoms, such as sensory, sudomotor and vasomotor disturbances, trophic changes of 

the affected limb and impaired motor function.(1) About 25 percent of the patients with CRPS 

may also suffer from movement disorders (MD’s), like tremor, myoclonus and dystonic 

cramped postures.(2) CRPS symptoms mostly develop after  trauma, for example fractures or 

surgery, but in 5-10 percent of the cases, no precipitating factor can be found.(3) The esti-

mated overall incidence rate of CRPS in the Netherlands is 26.2 per 100,000 persons a year 

and females are affected at least three times more often than males.(4)  

Currently, one of the pathophysiological concepts of CRPS is the involvement of neuroplastic 

changes in the central nervous system.(5-7) Persisting pain in CRPS is associated with altered 

afferent input from the affected limb and changes in somatosensory pathways.(6;7) Several 

studies have demonstrated shrinkages in the somatosensory cortices of the affected limb 

which are correlated with pain experience.(8;9) Other studies found that motor impairments in 

CRPS are correlated with disinhibition and reorganization of the motor cortices.(10;11) It was 

hypothesized that pain and motor symptoms in CRPS are caused by incongruence between 

motor commands and sensory feedback in the motor and somatosensory cortices. (8;12) The 

exact mechanisms behind this incongruence are not clear yet. Results of a study by Rama-

chandran et al.(13) suggest that deafferentiation due to disuse after trauma and a persisting 

inflammatory reaction of the affected limb, causes a mismatch between motor commands and 

the expected visual or proprioceptive feedback which may be perceived as pain. Two studies 

using Transcranial Magnetic Stimulation (TMS) and magnetoencephalography showed that 

noxious input can modify motor cortex excitability.(9;14) This could mean that continuous 

sensory stimulation caused by damage through trauma, overuse or a persisting inflammatory 

reaction may create a sensorimotor overflow in the cortices which possibly results in exces-

sive and inappropriate muscle activation.(15) 

One strategy to alter the incongruence between motor commands and sensory feedback is 

Mirror Visual Feedback (MVF).(16-19) By activating the cortical networks that serve the af-

fected limb, symptomatic and functional improvements can be attained. McCabe et al.(16) 

reported pain reduction in early CRPS patients (<8 wks) after applying MVF. Moseley 

(17;18) used a combination of Graded Motor Imagery (GMI) and MVF to reduce pain and 

improve motor function in early CRPS, chronic CRPS patients and amputees with Phantom 

Limb Pain (PLP). CRPS and PLP are both considered pathological pain syndromes with re-

markable resemblances in pathophysiology and clinical symptoms like pain, motor distur-
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bances and cortical reorganization of the sensorimotor cortices.(6;20;21) In addition to pain, 

many PLP patients report clenching spasms and cramped postures of their phantom limb. Be-

sides Moseley, other studies also successfully used MVF in the treatment against PLP and 

related motor impairments.(22-24) Patients in these studies with clenching spasms of their 

phantom limb where relearned to unclench and voluntary move the amputated body part. In 

numerous cases these effects were lasting after several weeks of MVF. Like PLP patients, 

CRPS patients show similar motor impairments like cramped, dystonic postures of their af-

fected limb.(2) The comparable pathophysiology and motor impairments in both PLP and 

CRPS related dystonia suggest that MVF alone or combined with GMI might be effective to 

improve motor impairments in CRPS related dystonia. So far, this has never been studied and 

therefore the main goals of this pilot study were to investigate the influences of GMI and 

MVF on motor function and pain in CRPS related dystonia, to investigate the feasibility of a 

MVF intervention in a small group of patients and the suitability of several outcome meas-

ures.  

Methods 

 
Participants 

The aim was to recruit 10 adult patients with CRPS type I and intermittent or continuous  ton-

ic dystonia in one upper limb from the neurology department of the Leiden University Medi-

cal Center.  It was chosen to investigate patients with an affected upper limb because training 

equipment and protocols for upper limbs were already available.(17;18)  Participants were 

informed by a physiotherapist (JvdD) and received written information about the study. Par-

ticipants were included when their affected limb fulfilled the criteria of the International As-

sociation of the Studies for Pain (IASP) (25;26), had at least a 2 points score on the upper 

limb item of the Burke Fahn Marsden scale (BFM) (27) and their contralateral arm was unaf-

fected.  Furthermore, patients had to be familiar with written and spoken Dutch language and 

were not allowed to have their medication changed or to follow other treatments during the 

course of the study (three months). Other exclusion criteria were recent use (<12 wks) of Ke-

tamine, Magnesium Sulfate or Botuline Toxin treatments, implantation of medication pump, 

lesions of the central nervous system or psychiatric history. The study was approved by the 

local ethics committee of the University of Leiden and written informed consent was obtained 

from all study participants. 

 

Intervention 
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Subjects participated in a six week GMI and MVF protocol consisting of two weeks GMI 

training and four weeks MVF training, based on the protocol that was used by Moseley et al. 

(17;18) During the first week of GMI, subjects had to perform a limb laterality recognition 

task. From a picture database (Recognise, Neuro Orthopaedic Institute, Adelaide, Australia), 

photographs of hands in different positions and angles were shown. Subjects were then asked 

to push a left or right button according to whether the picture showed a left or a right hand. 

During the second week of GMI, subjects had to perform imagined movements. Again images 

of hands from a picture database were shown and this time the subjects were asked to imagine 

adopting the posture with the affected hand as shown in the pictures, with a smooth move-

ment. During the MVF training, patients were seated behind a table with a mirror positioned 

in front of the subject (Figure 1). Patients had to conceal their affected hand behind the mirror 

while looking at the reflection of their unaffected hand. Subjects were then asked to slowly 

and smoothly conduct a series of exercises with both hands while looking in the mirror. At the 

start of the protocol gross motor tasks like flexion and extension of the wrist were performed. 

During the four weeks of MVF, difficulty of the exercises gradually increased to more refined 

motor tasks. All exercises, in all phases of the protocol were performed at home five times a 

day, practicing 10 minutes each time. Subjects were contacted by the researcher once a week 

by telephone to ask whether they suffered from any inconveniences and to encourage people 

to carry on with the study. 

 

 

 

 

 

 

 

 

Outcome measures 

All outcomes were collected at baseline, after two weeks, after six weeks and at follow-up 

after 12 weeks by a blinded independent assessor. Primary outcomes were motor function 

(Active Range Of Motion, grip force, bradykinesia, functional disability and severity of dys-

tonia) and pain.  

 

Primary outcomes 

 

Active Range Of Motion (AROM) 

Fig.1 Position of the subject behind the mirror 
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AROM of the wrist and fingers was assessed with an inclinometer and a goniometer. Goni-

ometry has proven to be reliable for measuring the AROM.(28;29) Total AROM of the meta-

carpal (MCP) and proximal inter phalangeal (PIP) joints for the thumb, index finger and mean 

total AROM of the middle finger, ring finger and pink were calculated. Furthermore a sum 

score of the middle finger, ring finger and pink was determined, as these three fingers are 

usually equally affected in CRPS related upper limb dystonia.(30) The minimal clinically im-

portant difference for the wrist joint was six degrees and for the MCP and PIP joints five de-

grees.(31)  

 

Grip force 

Grip force of the hand was assessed with a CITEC dynamometer (C.I.T. Technics, Centre for 

Innovative Technics, Haren, The Netherlands) according to the ASHT Clinical Assessment 

recommendations.(32) The CITEC meter has proven to be a reliable instrument to measure 

grip force.(33) Patients had to improve a minimum of 24 Newton for a clinical relevant out-

come. (33)  

 

Bradykinesia 

Bradykinesia was determined by recording finger tap movements of the hand. A hand was 

placed underneath a camera (Basler A601fc, Basler AG, Ahrensburg, Germany) with a blue 

sticker on the index finger and a green sticker on the thumb. The subject was then asked to 

perform finger tap movements as fast as possible during 30 seconds. The finger tap move-

ments were tracked with special computer software (EthoVision Color-Pro 3.0, Noldus In-

formation Technology, Wageningen, the Netherlands) and subsequently analyzed on velocity, 

amplitude (range of finger spreading) and frequency with custom-made scripts in Matlab 7.5 

(The MathWorks Inc., Natick, MA, USA).  

 

Functional disability 

Functional disability was measured by determining the changes in arm/hand function with the 

Radboud Skills Questionnaire for the upper extremities (RASQ).(23) The RASQ is a disease 

specific questionnaire for CRPS with 45 items assessing the ability to perform skills with the 

hands in daily life tasks on a five point Likert- scale. Total scores range from 1 to 5 (total 

score of the 45 items divided by 45) where lower scores indicate better abilities to perform 

daily life tasks. The RASQ is a reliable and validated instrument to assess arm function in 

CRPS and related disorders.(34)  

 

Severity of dystonia 
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The severity of dystonia was assessed with the Burke Fahn Marsden Scale (BFM). The BFM 

is a widely used and reliable tool for the assessment of the severity of dystonia.(27) The pro-

voking factor and the severity factor for different regions (eyes, mouth, upper limbs, lower 

limbs and trunk) are scored on a 4 point Likert- scale. Higher scores indicate a greater severity 

of dystonia. The MVF intervention only focused on rehabilitation of the upper limbs, there-

fore only the scores of the upper limb item were calculated and used for analysis. 

The minimum clinically important difference of the total BFM score is 4.8 points which is a 

four percent difference on the total score of 120 points.(27) The total score of the upper limb 

item is 16 points. With a four percent minimum clinically important difference, patients had 

to change at least one point on the BFM upper limb item. 

Pain 

To determine the changes in pain, each subject was asked to rate their pain on a 11 point Nu-

meric Rating Scale (NRS) on each measurement. A score of 0 means no pain and a score of 

10 means the worst pain imaginable. The NRS is a reliable and validated tool for the assess-

ment of pain.(35) A minimal decrease of 2 points was considered clinically relevant.(35) 

Subjective change 

Patients were asked to indicate any improvement or worsening in motor function, disability or 

pain due to the MVF protocol at each visit in the hospital. 

 

Secondary outcomes  

 

Movement imagery 

Movement imagery is the mental rehearsal of visual and kinesthetic properties of movements, 

and was assessed with the Vividness of Movement Imagery Questionnaire (VMIQ). The 

VMIQ contains 24 items relevant to general movement imagery. Participants were asked to 

imagine each of the 24 items from a ‘watching somebody else’ perspective (external visual 

imagery) and then repeat the 24 items from a ‘doing it yourself’ perspective (internal visual 

imagery). Once the participants have imaged an item, they were asked to rate the degree of 

clearness and vividness of the images using a 5-point Likert- scale, ranging from 1 (perfectly 

clear image) to 5 (no image at all). A lower score indicates greater vividness. VMIQ is a vali-

dated and reliable tool to assess the ability to imagine movements, but has not been tested on 

responsiveness.(36) 

The Neglect-like syndrome 

The Neglect-like syndrome is described as an additional phenomenon of CRPS.(37) The per-

ception of the affected limb as strange and not belonging to the body is typical and characte-

rizes this syndrome.(37) The Neglect-like syndrome was assessed using a Dutch version of 
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the Neuro Behavioral Questionnaire (NBQ). The NBQ is a reliable tool in English and Ger-

man, using a six point Likert- scale to assess the severity and presence of five items characte-

rizing the Neglect-like syndrome.(38) It has a minimum score of six points and a maximum 

score of 30 points, where higher scores indicate a more severe Neglect-like syndrome. The 

Dutch version has not been tested on reliability, validity and responsiveness. 

Statistical analysis 

Descriptive statistics were used to explore the data and to determine possible changes due to 

GMI or MVF. Individual and mean scores were reported for each outcome measure (table 2). 

Descriptive statistics were performed with SPSS 17.0.  

 

Results 

 

Participants 

Seven patients were recruited from the outpatient clinic over the period June 2010- June 2011. 

Two patients were excluded from the trial: one patient started treatment with botulinum toxin 

injections, the other was suspected of having had small cerebral infarctions (Patients 3 and 4). 

A total of three females and two males were included. The age of the participants ranged from 

28 to 57 years and the disease duration ranged from three to six years. Patient characteristics 

are displayed in Table 1.    

 

 

Outcome measures 

 

Primary outcomes 

Active Range Of Motion (AROM) 

The AROM of the wrist of the affected side at baseline ranged from 12 to 120 degrees with a 

mean of 56.8 degrees. After two weeks of GMI, all patients showed a decrease in AROM 

from which the decrease of patients 1, 5, and 7 was clinically relevant. After four weeks of 
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MVF, AROM increased compared to the measurement at two weeks. All patients had a clini-

cal relevant increase except for patient 1, who had a clinical relevant decrease of 10 degrees 

since the second measurement. At follow-up mean AROM decreased compared to the third 

measurement. All patients had a clinical relevant worsening at follow-up except for patient 1 

who had a clinical relevant improvement. Mean values, were (although not clinically relevant) 

still better compared to baseline at follow-up. 

 

Although the individual AROM, mean AROM and AROM between digits were different, 

some general trends over the course of the study can be observed. After two weeks of GMI 

training a clinical relevant decrease of mean AROM was seen for the index finger en digits 3-

5. The thumb had a slight increase which was not clinically relevant. After four weeks of 

MVF training a large improvement of mean AROM in all digits occurred. Mean changes were 

mainly caused by patient 2 who had the largest decrease after GMI training and the largest 

improvement after MVF training and in lesser extent by patient 5 and 6. Patients 1 and 7 who 

both had a fixed type of dystonia only showed minor changes. At follow-up, mean AROM of 

all digits decreased below baseline values. Again this decrease was mainly due to patient 2 

who showed the largest changes. Changes for each individual patient and different digits are 

displayed in table 2. 

 

Grip force  

Baseline outcomes for grip force ranged from 0 to 45 N with a mean of 18 Newton. Mean grip 

force increased after GMI training to 20.8 followed by a clinical relevant reduction to 9.7 N 

after MVF. None of the patients demonstrated clinically relevant differences over the course 

of the study except for patient 2 who showed a large improvement of 25.6 N after GMI and a 

large reduction of 40.7 N after MVF training. At follow-up a small increase in mean grip 

force was seen to 10.9 N. This was again caused by a relative, yet not clinically relevant im-

provement in grip force by patient 2. Patient 1 was not able to produce any grip force during 

the course of the study.  

 

Bradykinesia 

Finger tap velocity ranged from 0.50 to 24.43 cm/sec with a mean of 10.71 cm/sec at baseline. 

After GMI training, mean finger tap velocity decreased to 8.93 cm/sec followed by an in-

crease after MVF training to 10.96 cm/sec. At follow-up a slight decrease was seen to 10.05 

cm/sec. Mean velocity changes were mainly caused by patients 2 and 6 who showed the larg-

est differences.  Frequency followed the same trend as velocity. Baseline frequency ranged 

from 1.11 to 2.12 Hz with a mean of 1.56 Hz. Mean frequency decreased after GMI training 
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to 1.48 Hz, followed by an increase after MVF training to 1.68 Hz. At follow-up a slight de-

crease of mean frequency was seen to 1.58 Hz. Again these changes were mainly caused by 

patients 2 and 6 who showed the largest changes during the course of the study (table 2). Am-

plitudes ranged from 2.00 to 8.05 cm at baseline with a mean of 4.62 cm. The only trend that 

was visible in amplitude was a slight decrease over the course of the study to a mean of 3.94 

cm at follow-up.  

 

Functional disability 

Baseline outcomes ranged from 2.74 to 3.91 points on the RASQ with a mean of 3.49 points. 

After two weeks of GMI training, mean scores increased to 3.89 points, a change of 11 per-

cent, indicating a decreased ability to perform daily life activities. After MFV training mean 

scores decreased to 3.23 points, an improvement of 17 percent compared to GMI training. 

These changes were mainly caused by improved abilities to perform daily life activities of 

patients 2 and 5. At follow-up, mean RASQ scores returned to 3.46 points which is almost the 

same as the baseline level. Most patients deteriorated (higher RASQ scores) in their ability to 

perform daily life activities except for patients 2 and 6 who improved at follow-up.  

 

Pain 

Mean pain scores did not show clinically relevant changes over the course of the study, al-

though patient 2 had a clinically relevant improvement of 2 points after MVF training which 

disappeared at follow-up. At follow-up, patient 6 improved clinically relevant by 2 points on 

the NRS.  

 

Subjective change 

None of the patients indicated any improvement in disability, motor function and pain due to 

the MVF protocol. Patient 7 however, reported an improved ability to move her affected hand 

while looking in the mirror which disappeared when she stopped using the mirror.  

 

Secondary outcomes 

 

Severity of dystonia 

Severity scores at baseline ranged from 12 to 16 points on the BFM upper limb scale for the 

affected hand, with a mean score of 13.6 points. Mean severity remained at 13.6 points after 

GMI training, followed by a decrease to 12.0 points after MVF training. This mean improve-

ment of 1.6 points was caused by patient 2 who showed a clinically relevant improvement of 

8 points after MVF training while none of the other patients changed. At follow-up, mean 
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severity increased again to 13.6 points due to patient 2 who returned to his previous score of 

12 points.  

Movement imagery 

Outcomes for the VMIQ ranged from 48 to 138 points at baseline with a mean of 102 points. 

The mean score decreased to 97 points after GMI training, indicating a better ability to im-

agine movements. Three patients reduced their scores, patient 6 remained constant and patient 

7 had an increased score of 9 points. The mean score further reduced to 87 points after MVF 

training. This reduction was mainly caused by patient 1 and 5 who reduced their scores. A 

slight increase of the mean score to 88 points was shown at follow-up which was caused by 

the increase of patient 1. Compared to baseline, all patients except patients 6 and 7 decreased 

in VMIQ scores.  

 

Neglect-like syndrome 

NBQ scores at baseline ranged 6 to 28 points with a mean of 19.8 points. After GMI training 

mean scores decreased to 18.6 points due to patients 1, 5 and 7 who all decreased by 2 points. 

After MVF training, mean scores reduced further to 18.0 points while patient 5 improved her 

score again by two points. This reduction is probably caused by the missing data of patient 7 

although it was not included in the calculation for the mean score.  

At follow-up three patients scored higher than their baseline value. Mean values therefore 

increased to 23.7 points, 3.9 points above the mean baseline value. 
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Discussion 

The primary aim of this pilot study was to explore the possible influences of a six week GMI 

and MVF training protocol on motor function and pain in patients with CRPS related upper 

limb dystonia. The second and third goal were to explore the feasibility of a six week treat-

ment protocol in this population and the suitability of several outcome measures. 

The outcomes indicated a general decrease in motor function after two weeks of GMI, an im-

provement after four weeks of MVF training compared to baseline and a wash out at follow-

up. Another main finding was that patients with more functional abilities in the affected limb 

had a greater response to the training protocol in terms of motor function. No changes in pain 

scores were reported. 

 

GMI 

It is remarkable that motor function deteriorated after two weeks of GMI training, since GMI 

is supposed to improve motor performance and to learn motor tasks. 

Abundant evidence on the positive effects of GMI practice on learning and performing (new) 

motor tasks has been published for healthy persons and patients who suffered stroke, spinal 

cord injury and Parkinson’s disease.(39-44) However, there is an important difference be-

tween this study and the above mentioned studies. In the above mentioned studies, subjects 

were asked to imagine a specific motor task like grasping an object or extending a toe which 

were also performed during the measurements. GMI tasks in our study existed of identifying 

left and right hands that were shown in different postures on pictures and by adopting these 

postures imaginarily, a procedure that was also used by Moseley et al.(17;18) These tasks 

were not specifically requested for our measurements. Moseley et al. did found improvements 

in motor function after a motor imagery program in CRPS patients. However, his motor im-

agery program consisted of both GMI training and MVF training and he did not differentiate 

between them in his results. It is therefore not clear what the results of GMI training alone 

were in the study of Moseley and colleagues. Training to imagine specific motor tasks that are 

performed during the measurements would possibly have given better results in this study.  
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MVF 

Mean scores for motor function did improve after MVF training. Mean improvements were 

mainly caused by patients 2, 5 and 6 who showed the most change over the course of the 

study. These patients had the ability to move the affected limb and showed better baseline 

outcomes on motor function than patient 1 and 7, who had poor motor function outcomes and 

continuous fixed postures of their affected limbs. Patient 1 and 7 also had higher scores on the 

NBQ and the VMIQ, indicating a more severe alienation of the affected limb and a lesser abil-

ity to imagine movements than patients 2, 5 and 6. Patients with poor functionality, a strong 

feeling of alienation of the affected limb and a lesser ability to imagine movements seem to 

have less or no benefit of MVF treatment. Cases with more severe symptoms might reflect 

more definitive changes in the somatosensory cortex and therefore MVF training might be 

less effective to ‘retrain the brain’ or to alleviate any incongruences between motor com-

mands and sensory feedback.(5) The phenomenon of lesser effects of MVF treatment with a 

more severe alienation of the affected hand was also seen in the study by Tichelaar et al.(19) 

The extent of limb foreignness of the affected hand may therefore be an important prognostic 

factor for the possible outcome of MVF. The more the patient describes their affected limb as 

foreign, a lesser benefit of MVF training may be expected.  

Although patients 2, 5 and 6 showed the most change over the course of the study, it was not 

enough for any subjective improvements or clinical improvements on functional disability. It 

is not clear why subjective or clinical improvements on functional disability did not occur 

during this study. One of the reasons could be the fact that our protocol did not train specific 

tasks for daily life activities. Our protocol mainly trained gross motor functions which are 

reflected in an improvement of wrist AROM after MVF training while only patient 2 and 6 

improved in finer motor tasks like finger tapping. It is suggested that future studies use a pro-

tocol more aimed at the specific training of functional abilities and daily life tasks. Moseley at 

al.(18) did show improvement of functional abilities in patients with chronic CRPS. However, 

the average disease duration of the population in his study was one year while in this study, 

the average duration was over five years suggesting that neural pathways may become more 

established over time and are therefore harder to alter. A six week training protocol was 

probably too short to alter maladaptive neuroplasticity of the patients in this study.   

MVF training did not have any influence on pain scores in this study. In general these results 

are comparable with the study of McCabe et al.(16)  who also did not find any analgesic ef-

fects in patients with chronic (> 1 year) CRPS after applying MVF. These results are not cor-

responding with the RCT’s of Mosely et al.(17;18) who applied a comparable GMI and MVF 

protocol on CRPS patients as used in this study. He found an analgesic effect in chronic 
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CRPS patients of two points on the Neuropathic Pain Scale after six weeks of GMI and MVF 

training. Again, the difference in disease duration might explain the failure of any analgesic 

effect in this study. Another difference was that patients in our study had tonic dystonia be-

sides CRPS. Tonic or fixed dystonia is often associated with pain in the affected body part 

and is found in most patients.(45) Beside the pain caused by CRPS, continuous cramped 

limbs and fixed positions can also be a source of pain. Although most improvement was 

found in motor function, it was not enough for most patients to alleviate cramped postures. 

Only patient 2 showed some remarkable improvements in motor function (especially AROM) 

after MVF treatment while he also had a clinically relevant decrease in pain.  

These data may explain why there was little effect of the MVF protocol on pain. It also sup-

ports the idea that patients with better functionality of the affected limb are more susceptible 

for MVF treatment. A longer intervention period or additional therapies in combination with 

MVF to alleviate cramped postures like botulinum toxin might be more successful to treat 

pain and train motor function.  

The second goal of this study was to evaluate the feasibility of a six week GMI and MVF pro-

tocol in a group of patients with CRPS related upper limb dystonia. The protocol proved to be 

very feasible in this group of patients despite the high intensity. All of the patients were very 

motivated and complied very well with the home based exercises. None of the patients with-

drew from the study. This was comparable to the RCT’s of Moseley et al. who applied a simi-

lar treatment protocol without any drop-outs.(17;18) Although the protocol itself was feasible 

to conduct, it was not feasible to recruit the 10 patients we aimed for. It appeared to be very 

difficult to find patients that met the inclusion criteria because most patients had an extension 

of CRPS and dystonic symptoms to the other limb. The neurology department of the LUMC 

is an expertise centre in the field of CRPS and dystonia where patients from all over the coun-

try are referred to. The population of patients from the LUMC is probably more affected than 

the average population in the Netherlands, limiting the number of eligible patients for this 

study. A multicenter design or the inclusion of patients with one affected lower limb will 

probably enhance the number of patients that meet the inclusion criteria.   

The third goal was to investigate the suitability of several outcome measures. Motor function 

measured with AROM and pain with the NRS (despite the lack of analgesic effects in this 

study) seemed suitable instruments to measure changes in MVF as shown in other literature. 

(16-19) Bradykinesia measured with a finger tap test also seemed suitable as changes were 

seen in finger tap velocity.  

Functional disability measured with the RASQ, grip force with a CITEC meter and severity of 

dystonia with the BFM scale did not seem to be suitable outcome measures. None of the pa-

tients showed many changes on these ourcomes over the course of the study. However it is 
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not clear whether this was caused by the psychometric properties of the instruments or the 

lack of effectiveness of the treatment protocol since this study was an uncontrolled, unblinded 

study with a small population. Because the treatment protocol mostly trained gross motor 

movements, it is not surprising that only little changes occurred on the RASQ and grip force. 

Specific strength training and training on fine motor tasks with MVF could have lead to better 

results. However, a handheld dynamometer might be more sensitive to change, than a CITEC 

meter and could show a good responsiveness in MVF therapy not specifically aimed at 

strength training as shown in the study of Tichelaar et al.(19) 

The BFM scale is not suitable to determine the effects of MVF training on the severity of up-

per limb dystonia because it is originally developed to measure the severity of generalized 

dystonia. The only expected changes occurred on the upper limb item of the scale. However, 

this item might not be sensitive enough to measure small changes in the hand as a result of 

MVF. There are some scales used to evaluate focal arm and hand dystonia in musicians and 

writer’s cramp.(46;47) These scales however, are all 5 point Likert- scales which might not be 

sensitive enough either. Besides that, they are designed to measure task specific types of 

dystonia and are probably not suitable to evaluate the fixed type as encountered in CRPS pa-

tients. Up to now there are no measurement tools that are specifically designed to evaluate the 

severity of fixed dystonia of hands or feet. The NBQ and VMIQ also showed a lack of res-

ponsiveness towards the MVF protocol. Although they did not show many changes during the 

study, they might provide good prognostic measures for the probable beneficial effects of 

MVF treatment. Patients with better scores on the NBQ and VMIQ tended to have a better 

susceptibility for MVF treatment.  

 

Conclusion 

In conclusion, it is feasible to use the combined GMI and MVF protocol to treat patients with 

CRPS related dystonia, but no long term general positive effect of the protocol was recorded. 

One of the main findings of this study is that patients less affected by dystonia are probably 

more susceptible for MVF treatment. Effectiveness of MVF training in chronic CRPS patients 

with dystonia might be improved by lengthening the intervention period, specification of the 

training to more functional, daily life tasks and combining it with medical treatment to reduce 

dystonic postures like botulinum toxin. Future studies with a randomized controlled design 

should be used to investigate these options. The possible effects of MVF are best measured 

with AROM and velocity of finger tap movements. However, these results should be inter-

preted with caution because it was a small, unblinded study with only five cases who showed 
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a great variation in severity of CRPS and dystonia. It is therefore difficult to attribute any 

changes on the outcome measures to the treatment protocol.  
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