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Abstract 

The origin of myoclonus in patients with complex regional pain syndrome (CRPS) is 

unknown. Eight patients with CRPS-related myoclonus were clinically evaluated and 

studied with intermuscular and corticomuscular coherence analysis. Jerks were present at 

rest, aggravated during action and were frequently associated with tremulousness or 

dystonia. Electromyography demonstrated a burst duration ranging from 25-240 ms with 

burst frequencies varying from <1 jerk/s during rest to 20 Hz during action. Coherence 

studies showed increased intermuscular coherence in four patients in the 6-12 Hz band, as 

reported in patients with enhanced physiological tremor. In two patients side-to-side 

coherence was observed, pointing to a central oscillatory drive. Significant coherence 

entrainment was detected in 5 patients. We conclude that the characteristics of 

myoclonus in CRPS are different from other forms of myoclonus. 
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Introduction 

Complex regional pain syndrome (CRPS) may follow trauma and is characterised by 

sensory and autonomic features. Symptoms and signs of the acute phase reflect aberrant 

inflammation.
1,2

 Subsequently, patients may develop chronic pain, allodynia, or 

hyperalgesia, and movement disorders.
3
 In CRPS patients, dystonia is found in 14-30% and 

myoclonus in 11-36%.
4
 

 

The nature of CRPS and its associated movement disorders has been subject of debate. 

Views supporting a role of somatic
3,5,6

 and  psychogenic
7-9

 factors have been reported. 

Currently, for dystonia in CRPS there is compelling evidence implicating disinhibition on 

the spinal and cortical level.
3
 

 

In the present study, eight CRPS patients with myoclonus as a predominant movement 

disorder were clinically characterised and evaluated. Electromyography (EMG) was 

performed and analysed using coherence analysis, including entrainment during tapping. 

Coherence analysis is used for the evaluation of functional coupling between cerebral 

cortex and muscles (corticomuscular coherence) and central circuits linking individual 

muscles (intermuscular coherence).
10

 Abnormal or increased normal oscillatory drives 

have been described in different types of hyperkinetic movements, and are thought to 

indicate involvement of different CNS structures.
10

 

 

Subjects and methods 

 

Subjects 

All CRPS patients with myoclonus of at least one extremity were selected from the CRPS 

database (399 records) of the Leiden University Medical Centre (department of 

Neurology). Thirteen patients had myoclonus as predominant movement disorder. Of 

them, three were lost to follow-up and two refused participation. The remaining eight 

patients (seven women; mean age 41 years, range 35 - 59 years) were investigated (Table 

6.1). CRPS was diagnosed according to the definition of the International Association for 

the Study of Pain: patients must have (i) continuing pain, allodynia or hyperalgesia, in 

which the pain is disproportionate to any inciting event; (ii) evidence at some time of 

oedema, changes in skin blood flow or abnormal sudomotor activity in the region of the 

pain; and (iii) no condition that would otherwise account for the degree of pain and 

dysfunction.
11

 Medication use was stable over a period of a month prior to the 
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investigations. The ethics committee of the Academic Medical Centre of Amsterdam 

approved the study and all participants gave written informed consent. 

 

Clinical evaluation 

Nature, distribution and severity of movement disorders were assessed by two authors 

(A.M. and M.T.) at the day of coherence analysis using items 5-8 of the abnormal 

involuntary movements scale (AIMS),
12

 which rates severity of dyskinesia on a scale of 0-4 

in the upper extremities, lower extremities, trunk, and overall (total score ranging from 0-

16). 

 

Coherence analysis 

Recordings were performed at the Academic Medical Centre Amsterdam. Surface electro-

encephalogram (EEG) and EMG were recorded with silver-silver chloride electrodes. EEG 

electrodes were placed according to the international 10-20 electrode system. Bipolar 

EMG was recorded from three muscles of both the symptomatic extremity and the 

asymptomatic or less symptomatic contralateral arm. A typical montage in the arm was 

first dorsal interosseus (FDI) and wrist extensor (Ext) and flexor (Flex) muscles, and in the 

leg gastrocnemius (GA), vastus medialis (VM) and tibialis anterior (TA) muscles. 

Measurements were performed with BrainlaB (OSG, Rumst, Belgium). Sampling rate was 1 

kHz. Involuntary movements were recorded with uniaxial accelerometry (CPU gauge 9500 

series, Aikoh Engineering, Japan). 

 

Participants were measured in the supine position during: (1) rest; (2) posture: in case of a 

most affected arm, both arms were simultaneously extended; in case of a most affected 

leg only that leg was raised; (3a) force 1: 25 percent of maximal voluntary contraction 

against resistance of the most affected extremity and; (3b) force 2: 25 percent of maximal 

voluntary contraction against resistance of the unaffected or less affected hand; and (4) 

entrainment test: tapping with the unaffected or less affected hand at a metronome-

guided rate during rest and posture of the most affected extremity. The metronome 

frequency was set between 2 and 4 Hz, at a rate different from the patient's involuntary 

movements. Each condition had a total duration of 3 min; conditions (2) to (4) were 

performed in periods of 30-60 s separated by 10 s of rest. 

 

Data were processed off-line using BrainVision Analyzer software (Brain Products GmbH, 

München, Germany). Bipolar derivations were calculated for EEG data. EEG was high-pass 
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filtered at 2 Hz, and EMG at 10 Hz, and a 50 Hz notch filter was applied. Subsequently, 

EMG was rectified thus enhancing the firing rate information of the signal.
13

 Frequency 

analysis was performed using Matlab (The MathWorks Inc., Cambridge, UK) and 

NeuroSpec software (http://www.neurospec.org). Fourier transform of disjoint sections of 

1,024 data points, applying a Hanning window, was used to construct autospectra of EEG 

and EMG. Coherence is an extension of Pearson's correlation coefficient. It measures the 

correlation between autospectra and ranges from 0 (no linear association) to 1 (perfect 

linear association) and is the absolute square of the cross-spectrum normalized by the 

autospectra. Coherence was estimated between EEG and EMG and between EMG and 

EMG in the 2-50 Hz range. Cumulant density estimates (inverse Fourier transform of the 

cross-spectrum) and phase plots (defined as the argument of the cross-spectrum) were 

calculated, providing information on the time delay between two signals (lags and leads). 

Confidence limits were calculated.
14

 Phase plots were visually inspected; phase was 

formally assessed when there was a constant slope over the band of significant coherence 

that extended over at least five data points. Only significant findings (exceeding the 95% 

confidence level) are reported. Coherence entrainment is considered to be present when 

significant intermuscular coherence exists between affected extremity and contralateral 

arm at the tapping frequency together with corresponding peaks in both autospectra.
15

 

 

Results 

 

Results for the individual patients are described below and listed in Table 6.1. The interval 

between onset of CRPS and hyperkinetic movements ranged from 0-10 years. There were 

no particular events preceding the onset of the hyperkinetic movements. In four patients, 

therapy with oral baclofen, diazepam, tiapride or magnesium had led to a reduction of 

severity. At neurological examination, all patients showed hyperkinetic movements at rest 

that increased during action. All patients had combinations of irregular jerks with 

tremulousness or dystonia in the affected extremities as specified below and in Table 6.1. 

Dystonia spread to other extremities in two of them (patient D and E). Myoclonus was 

multifocal in 4 and focal in 4 patients (Table 6.1). AIMS scores are shown in Table 6.2. 

 

 

 

 

Table 6.1 (next pages). Characteristics of the CRPS patients 
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Patient Age, y/ 

gender/ 

CRPS 

duration, 

y 

Initiating 

noxious event 

or cause of 

immobilization 

Distribution 

of CRPS 

Latency 

between 

onset of 

CRPS and 

myoclonus 

 

Distribution 

of jerks 

Tremulous-

ness? 

Dystonia? 

A 54/F/7 L CTS surgery LA 6 months LA > RA; 

dist > prox 

Y Y 

B 45/F/12 L + R hallux 

valgus surgery 

RA, LA, RL + 

LL 

10 years RA > LA Y N 

C 59/M/5 Contusion R 

hand 

RA + RL 1 week RL > RA Y N 

D 35/F/10 Strain/sprain RA, LA, RL + 

LL 

6 years LA N Y 

E 51/F/5 Strain/sprain RA + RL Immediate RA + LA; 

dist > prox 

N Y 

F 48/F/11 Strain/sprain RA + RL 7 years RL Y Y 

G 43/F/14 R wrist 

fracture 

RA + LA 10 years RL Y Y 

H 51/F/8 Spontaneously LA + LL 3 years LA Y Y 

AIMS = abnormal involuntary movements scale; CRPS = complex regional pain syndrome; 

CTS = carpal tunnel syndrome; dist = distal; LA = left arm; LL = left leg; prox = proximal; RA 



                   

M y o c l o n u s  i n  C R P S | 95 

 

 

 
Distribution 

of jerks 

Tremulous-

ness? 

Dystonia? Burst 

duration 

(action), 

ms/ 

frequency, 

Hz 

AIMS 

(items 

5-8) 

Current medication 

LA > RA; dist 

> prox 

Y Y 90-130/4-5 6 Meloxicam, Metoclopramide, 

Distigmine, Bisacodyl, Macrogol 

RA > LA Y N 120-180/ 

5-6 

4 Tiapride, Diazepam, Baclofen, 

Oxycodone, Acetaminophen, 

Furosemide, Magnesium, 

Bisacodyl, Conjugated estrogens 

RL > RA Y N 120-150/6-

8 

3 Propranolol, Magnesium 

LA N Y 30-60/10-

14 

5 Morphine, Amitriptyline, 

Metoclopramide, Naproxen, 

Ketanserin, Pantoprazole 

RA + LA; dist 

> prox 

N Y 70-100/9-

11 

8 Baclofen, Pantoprazole, 

Ethinylestradiol/Levonorgestrel 

RL Y Y 25-75/14-

16 

9 Magnesium, Amlodipine, 

Levothyroxine, Furosemide 

RL Y Y 40-100/8-

11 

8 Acetaminophen, Codeine, 

Naproxen, Amitriptyline 

LA Y Y 25-50/15-

20 

2 Amitriptyline 

= right arm; RL = right leg. 
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EMG recording and coherence studies were feasible in all patients. Five patients (A, C, D, E 

and G) had difficulty to tap rhythmically with their contralateral hand, nevertheless, EMG 

autospectrum peaks of the tapping muscles were at the metronome frequency. It was 

noticed that coherence was predominantly seen in a lower, 6-12 Hz band, and a higher 15-

30 Hz band. Table 6.1 summarises EMG findings and Table 6.2 summarises the maximum 

coherence values per patient for the different channels per condition for these two bands. 

 

 

Table 6.2. Significant intermuscular coherence in 5 patients 

Subject Muscle pairs Intermuscular coherence 

 Frequency band (Hz) Rest Posture Force 1 Force 2 

B FDI R-Ext R 

FDI R-Flex R 

6-12 

6-12 

+ (0.28) 

+ (0.15) 

+ (0.04) 

- 

- 

+ (0.03) 

+ (0.44) 

+ (0.54) 

FDI R-FDI L 

FDI R-Ext L 

Ext R-FDI L 

Ext R-Ext L 

Flex R-FDI L 

6-12 

6-12 

6-12 

6-12 

6-12 

- 

- 

- 

- 

- 

- 

+ (0.02) 

+ (0.05) 

+ (0.06) 

+ (0.10) 

+ (0.05) 

- 

- 

- 

- 

- 

- 

- 

- 

- 

FDI L-Ext L 6-12 - + (0.10) + (0.04) + (0.12) 

E Ext R-Tri R 6-12 - - + (0.04) - 

FDI R-FDI L 

Ext R-FDI L 

Ext R-Ext L 

Tri R-FDI L 

6-12 

15-30 

6-12 

15-30 

- 

- 

- 

- 

- 

- 

- 

- 

+ (0.04) 

- 

+ (0.02) 

- 

- 

+ (0.02) 

- 

+ (0.02) 

Ext L-Tri L 15-30 - - - + (0.02) 

F GA R-VM R 

TA R-VM R 

6-12 

6-12 

- 

- 

+ (0.29) 

+ (0.05) 

NP 

NP 

- 

- 

G GA R-VM R 

TA R-VM R 

6-12 

6-12 

+ (0.20) 

+ (0.10) 

+ (0.18) 

+ (0.29) 

+ (0.17) 

+ (0.10) 

+ (0.11) 

+ (0.04) 

H FDI R-Ext R 

FDI R-Flex R 

15-30 

15-30 

+ (0.05) 

- 

+ (0.04) 

- 

+ (0.02) 

+ (0.03) 

+ (0.04) 

+ (0.03) 

Ext R-Ext L 

Flex R-Flex L 

15-30 

15-30 

+ (0.02) 

+ (0.02) 

- 

- 

- 

- 

- 

- 

FDI L-Ext L 

FDI L-Flex L 

15-30 

15-30 

+ (0.02) 

+ (0.03) 

- 

- 

+ (0.02) 

+ (0.04) 

+ (0.03) 

+ (0.02) 

Force 1 = 25% maximal voluntary contraction of the (most) affected extremity; Force 2 = 

25% maximal voluntary contraction of the contralateral extremity; FDI = first dorsal 

interosseus; Ext = forearm extensor; Flex = forearm flexor; GA = gastrocnemius; VM = 

vastus medialis; TA = tibialis anterior; NP = not possible.  
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Figure 6.1. Raw EMG data from patient A (A), patient D (B) and patient E (C), at rest. ECR = 

extensor carpi radialis, FDI =first dorsal interosseus. 

 

 

Patient A showed jerks, tremulousness and dystonia in both arms, left more than right. 

The raw EMG showed 90-130 ms bursts with frequency 4-5 Hz during action (Figure 6.1A). 

During rest, bursts were present, but less frequently. Intermuscular and corticomuscular 

coherence were not detected. There was no coherence entrainment (Figure 6.2). 

Patient B showed jerks and tremulousness in both arms, right more than left. 

Intermuscular coherence in the 5-10 Hz range was found between muscles of the right 

arm, between muscles of the left arm and between muscles of both arms (Table 6.2). 

Corticomuscular coherence was found around 6 Hz (C3Cz-Ext R and C3Cz-Flex R; posture); 

phase was ambiguous. During tapping with the left hand, the frequency was adopted by 

the right arm. This patient showed coherence entrainment between both forearm 

extensors with a coherence of 0.45 (Figure 6.2). 

Patient C showed jerks and tremulousness in the right leg and, to a lesser extent, in the 

right arm. Intermuscular and corticomuscular coherence were not detected. Left hand 

tapping altered the frequency of the hyperkinetic movements on visual inspection and 

coherence entrainment with magnitude 0.06 was found. 
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Figure 6.2 (continued on next page). Results of coherence entrainment test is shown for 

patients A and B: EMG autospectrum of the affected forearm extensor (Ext) during 

posture of both arms (A) and during posture of the affected arm and tapping with the 

contralateral hand (B), EMG autospectrum of the Ext of the tapping arm (C), coherence 

spectrum between (B) and (C) with 95% confidence limit (D), phase between them with 

95% confidence limits (E) and cumulant density estimate (F). 

 

 

 

Patient D showed jerks in the left arm, increasing during action and less in rest (Figure 

6.1B), and dystonia in both arms. Intermuscular and corticomuscular coherence were not 

detected. Right hand tapping altered the frequency of the hyperkinetic movements on 

visual inspection and coherence entrainment (0.17) was found. 
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Patient E showed jerks and dystonia in both arms. During rest jerks decreased (Figure 

6.1C). Coherence in the 7-11 Hz range was found between muscles of the right arm and 

between muscles of both arms (Table 6.2). Furthermore, intermuscular coherence was 

present in the 15-16 Hz range. Left hand tapping altered the frequency of the hyperkinetic 

movements on visual inspection and coherence entrainment (0.29) was found. 

Patient F showed jerks, tremulousness and dystonia in the right leg. Coherence ranging 

from 9-10 Hz was found between muscles of the right leg (Table 6.2). Corticomuscular 

coherence was found around 9-10 Hz (C3F3-GA R, C3Cz-GA R, C3Cz-TA R, C3F3-VM R and 

C3Cz-VM R; posture); phase was ambiguous. The coherence entrainment test failed 

because of the occurrence of dystonia. 
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Patient G showed jerks, tremulousness and dystonia in the right leg. Coherence between 8 

and 10 Hz was found between muscles of the right leg (Table 6.2). Left hand tapping 

altered the frequency of the hyperkinetic movements on visual inspection and coherence 

entrainment (0.03) was found. 

Patient H showed jerks, tremulousness and dystonia in the left arm. Both intermuscular 

(Table 6.2) and corticomuscular coherence were detected in the 17-23 Hz range. The 

coherence entrainment test failed because of the short and intermittent presence of the 

hyperkinetic movements. 

 

Discussion 

 

CRPS is associated with presence of movement disorders like tremor and dystonia.
3
 

Myoclonus is also frequently mentioned but detailed information is scarce. In the current 

study, we investigated the clinical and electrophysiological characteristics in eight patients 

with CRPS-related myoclonus. 

 

Clinically, the myoclonus in our eight patients was diverse. Jerks were present at rest and 

worsened during action in all patients. Combination with tremulousness was present in 

most of them. Five of our patients developed myoclonus only several years after the onset 

of CRPS, as also described in dystonic features in CRPS patients.
16

 EMG registration 

revealed burst durations ranging from 25 ms-240 ms with a frequency ranging from 4-20 

Hz during action. 

 

Significant intermuscular coherence was detected most often during isometric contraction 

of the affected extremity (posture, force 1; Table 6.2). In patients B, E, F and G, 

intermuscular coherence in the 6-12 Hz band was detected. Furthermore, significant 

corticomuscular coherence in the 6-10 Hz range was present in two of them (B and F) 

during the posture condition. Both these coherence bands are most likely related to the 

hyperkinetic movements recorded in the same muscles, as the accelerometer peak 

frequency was in the same range. In dystonia, an abnormal drive can be detected in the 4-

7 Hz frequency band.
17

 The detected coherence in the current patients did not, however, 

correlate with clinical dystonic features. Moreover, in our dystonia patients, coherence 

was present at another frequency band. 
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Deuschl et al.
18

 performed tremor recordings in 21 CRPS patients and found enhanced 

physiological tremor (EPT) with a mean tremor frequency of 7.2 (SD 0.4) Hz in 12 of them. 

The rhythmic hyperkinetic movements in our CRPS patients share some characteristics 

with EPT. However, two of them also showed side-to-side intermuscular coherence, which 

is uncommon for EPT.
19

 Side-to-side coherence has been reported in three patients with 

bilateral postural and kinetic tremors resembling EPT; in those patients there was no 

known cause for their tremor and there was a significant asymmetry in tremor amplitude 

in two of them.
19

 It was suggested in that study that these unclassified tremors originated 

from brainstem generators. Side-to-side coherence has also been described in three 

patients with persistent mirror movements, possibly originating at the level of 

corticospinal tracts projecting both contra- and ipsilaterally.
20

 A common drive for the 

bilateral involuntary movements in our patients seems likely.  

 

Coherence around 20 Hz was seen in patient E during both force conditions, and in patient 

H during rest and posture. Significant coherence in this band is considered physiological 

during submaximal voluntary contraction.
10

 

 

Coherence entrainment was present in five patients. Entrainment has been suggested as 

clue for psychogenic movement disorders.
21

 However, none of our patients had a 

psychiatric history before the onset of CRPS or otherwise indications of psychogenic 

movement disorders
21

 in line with a previous study on CRPS patients with dystonia.
22

 In 

general, phase and frequency of oscillatory movements are prone to entrainment by 

rhythmic movements occurring elsewhere in the same individual.
23

 Coupling between 

spinal pattern generators has been implicated in interlimb entrainment by movement-

elicited afference.
24

 Therefore, presence of entrainment may reflect a normal 

physiological phenomenon. On the other hand, entrainment may share similarities with 

mirror movements, which are defined as visible involuntary movements of the relaxed 

hand that appear to replicate the timing and type of movement being carried out by the 

voluntary activated hand.
25

 Overflow of central motor drive as occurs in mirroring may 

support the concept of central disinhibition in CRPS and its movement disorders. Further 

studies towards the value of detected entrainment are warranted. 

 

On visual inspection five patients were unable to tap rhythmically with their contralateral 

hand, suggesting a more elaborate impaired voluntary motor control. Ribbers et al.
26

 

performed kinematic analysis on the nonaffected dominant arm in CRPS patients. During a 
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drawing task, CRPS patients showed poorer execution of movement and impairment of 

temporospatial coding, suggesting impairment of central motor processing. 

 

To summarise, myoclonus in CRPS has a distinct clinical presentation. Clinically, jerks are 

associated with tremulousness and dystonia, are present at rest and aggravate during 

action. The current study shows some similarities and differences with other movement 

disorders, highlighting the need for future studies to clarify the mechanism underlying 

motor dysfunction of CRPS. 
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