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Introduction 

Introduction 

Dystonia is a syndrome of sustained muscle contractions, frequently causing twisting 

and repetitive movements or abnormal postures (Fahn et al. 1987). It may occur as a 

generalized disorder, or it may remain rather focal, e.g. in the neck (torticollis), the 

eyelids (blepharospasm), the mouth (otomandibular dystonia), or in the arm during 

writing (writer's cramp). In most instances the cause of dystonia is unknown, in which 

case it is referred to as primary or idiopathic dystonia. It is considered a mysterious 

disease (Hallett 1995). In series of patients with idiopathic dystonia up to 50 percent 

had been considered to suffer from a psychogenic disorder (Fahn and Williams 1988; 

Eldridge et al. 1969). Although it is difficult to define what psychogenic means, the 

interpretation has been based on a number of observations and assumptions (Marsden 

1976). The dyskinesias have a bizarre nature. Their appearance frequently occurs only 

on certain characteristic actions, while other motor actions employing the same muscles 

are carried out normally. Relief is induced by certain inexplicable actions. They are 

sensitive to social and mental stress. No anatomical, physiological, or biochemical 

abnormalities were found. The belief was held that such patients show overt psychiatric 

disturbance, and features, e.g., eyelid closure or neck turning, were thought to have a 

psychopathological meaning. However, it was argued that none of these characteristics 

comprises decisive evidence in favor of a psychogenic origin (Marsden 1976). In 

addition, no differences could be found between dystonic patients and control subjects 

in regard to previous psychiatric history and current life adjustment or on psychiatric 

testing (Cockburn 1971; Riklan et al. 1976; Sheehy and Marsdenl982). Electrodiagnostic 

studies in patients with blepharospasm or oromandibular dystonia indicated increased 

motoneuronal excitability in brainstem nuclei, and thus demonstrated a physical, organic 

abnormality (Berardelli et al.1985). Finally, a genetic basis was found for some of the 

primary dystonic syndromes (Ozelius et al. 1997; Bressman et al. 1998). Eventually, a 

psychogenic origin of dystonia was considered to be quiet rare (Fahn and Fddridge 

1976). Still, series of patients with documented psychogenic dystonia have been 

described (Fahn and Williams 1988; Lang 1995; Galvez-Jiménez and Lang 1997), and 

in many patients problems appear to arise as to whether the origin of dystonic 

symptoms is psychogenic or not. 

Although we consider dystonia to be a movement disorder, there are a number of 

phenomena which relate to the sensory system suggesting that dystonia could primarily 
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be a sensory disorder (Hallett 1995). The sensory trick is a well known clinical feature 

in dystonia. Although in the past the beneficial effect of sensory stimuli upon the 

dystonic movements was regarded as indicative of a psychogenic disorder, the sensory 

trick is now7 considered to be a highly specific sign in dystonia suggesting the organic 

nature of the disease (Fahn 1987; Hallett 1995). An example of a sensory trick is the 

gentle finger touch on the skin of the face that in patients with torticollis normalizes 

the head position or in patients with blepharospasm opens the eyes. Contrarily, in 

some patients abnormal sensory input is suggested to trigger dystonia. Various authors 

noted the relationship between trauma to the hand and the onset of writers cramp or 

the onset of neck spasms in torticollis spasmodica after a recent neck injury (Sheehy 

et al. 1988; Jankovic 1994). However, also the relationship between a peripheral trauma 

and the occurrence of disordered movement is debated, and a psychogenic interference 

is suggested also (Wiener and Shulman 1995; Galvez-Jiménez and Lang 1997). 

In movement disorders, some of the underlying spinal mechanisms involved, can 

be elucidated electrophysiologicallv by means of the Hoffmann (H)-reflex of the soleus 

muscle. 

Soleus H-reflex tests are used to examine inhibitory and excitatory mechanisms 

influencing the excitability- of the motoneuronal pool at the spinal level. At the clinical 

neurophysiology unit of the department of neurology at the Academic Medical Center 

soleus H-reflex tests were initiated for the study of movement disorders in spastic 

patients as part of a medical developmental research project into the effects of spinal 

cord stimulation for treatment of spasticity in 1985. In spasticity, soleus H-reflex test 

results indicate an increase of motoneuronal excitability and a decrease of inhibitory 

mechanisms acting upon the transmission of la afferents from muscle spindles upon 

motoneurons (Angel and Hofmann 1963; Matthews 1966; Delwaide 1985; Ongerboer 

de Visser et al. 1989). These mechanisms may relate with clinical signs of the upper 

motoneuron syndrome to some extent (Koelman et al. 1993). 

The availability of a new treatment for dystonia, injections of botulinum toxin in 

the dystonic muscles, shifted the interest of the movement disorder study group towards 

dystonia and the pathophysiological mechanisms involved. Soleus H-reflex test results 

in patients with dystonia demonstrated a spinal excitability state that is distinct from 

the one seen in patients with spasticity or in healthy controls (Sax et al. 1976; Bour et 
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al. 1991). In the upper limb similar alterations were suggested from H-reflex response 

findings observed in patients with spasmodic torticollis and generalized dystonia 

(Panizza et al. 1990). However, how these alterations in H-reflex tests relate to clinical 

features of dystonia is uncertain. Furthermore it is unknown whether the etiology of 

dystonia influences the soleus H-reflex features, and whether they behave differently 

if a strong sensory component is suspected in the generation of dystonic features. In 

addition, it is uncertain whether soleus H-reflex relate to the presence or absence of 

dystonic features within the same patient and whether, in combination with clinical 

features they can be helpful in the discrimination of a psychogenic as opposed to an 

organic origin of dystonia. 

Objectives 

The aims of the studies in this thesis were to explore soleus H-reflex tests and 

neurological features to improve the understanding of pathophysiological mechanisms 

involved in dystonia and to facilitate the diagnosis of dystonic features in patients 

with movement disorders. 

Outlines 

A review is given on relevant anatomical, etiological and pathophysiological features 

of dystonia in chapter 1. Technical and physiological aspects of the soleus H-reflex 

tests, used in the clinical neurophysiological studies, are described in chapter 2. The 

relationship between abnormalities of soleus H-reflex test results and the clinical 

involvement of the limb under study is reported in chapters 3 and 4. In chapter 3 

soleus H-reflex test results in dystonic patients with and without involvement of the 

leg are compared. Chapter 4 presents how soleus H-reflex test results relate to the 

presence and disappearance of dystonic features in patients with dopa-responsive 

dystonia. In chapter 5 studies are presented that investigate whether soleus H-reflex 

test results relate to the origin of dystonic movements. The results of soleus H-reflex 

tests obtained in patients in whom dystonic features were apparently due to peripheral 

trauma, are compared with those in patients with a presumed central origin of dystonic 

symptoms. These results are also compared with those obtained in a group of healthy 

controls, who were asked to mimic the dystonic posture. Chapter 6 shows the results 

of soleus H-reflex tests obtained in patients in whom dystonic features were temporarily 

relieved bv electroacupuncture. In chapters 7,8 and 9 various clinical features in dvstonia 
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patients are described. In chapter 7 a clinical feature helpful in diagnosing patients 

with writer's cramp is presented. In chapters 8 and 9, based on some patient histories, 

some problems are discussed that may occur in the diagnostic procedure of a 

psychogenic dvstonic movement disorder. 
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Dystonia: an overview 





Dystonia: an overview-

G e n e r a l a s p e c t s 

Dystonia is a syndrome characterized by twisting movements or abnormal postures 

(Fahn et al. 1987). Dystonic movements, although sustained at the height of the 

involuntary contraction, do not produce persistent deformity. In contrast, the term 

dystonic posture refers to a sustained twisting deformity that is either permanent or 

lasts for several minutes. Dystonia may be classified clinically according to its 

distribution: focal dystonia, affecting a single body part in isolation; segmental dystonia, 

affecting adjacent body parts or a segment of the body; muldfocal dystonia, involving 

two or more non-contiguous parts of the body; hemidystonia, involving one side and 

generalized dystonia, representing a combination of segmental crural dystonia plus 

involvement of any other area of the body (Berardelli et al. 1998; Fahn 2000). Dystonia 

may be a symptom of a known underlying disorder, but in most instances the cause is 

unknown in which case it is referred to as primary or idiopathic dystonia. Primary 

torsion dystonia can be either sporadic or inherited, and is not associated with cognitive, 

pyramidal, cerebellar, or sensory abnormalities. Etiological classification further 

includes: dystonia plus syndromes, in which dystonia is associated with parkinsonism 

or myoclonus without known degeneration or loss of neurons, such as dopa-responsive 

dystonia; secondary dystonia, such as dystonia due to lesions causing structural brain 

damage, a metabolic disorder, or dopamine D2 receptor blocking agents, and 

heredodegenerative diseases, which typically do not produce pure dystonia and in 

which neuronal degeneration is present (Fahn 2000). Childhood onset dystonias often 

become generalized and there seems to be a caudal-rostral progression depending on 

the age of onset; legs are involved at an earlier age than arms and cranial structures. 

Dvstonic movements can occur at rest or during a certain voluntary motor action 

("action dystonia") (Fahn et al. 1987). One form of action dystonia is the focal task-

specific dystonia present only during specific activity, best exemplified by writer's cramp. 

Sometimes, voluntary motor activity in one part of the body leads to involuntary 

movements, "overflow", in another part of the body. Many patients experience a 

progression from task-specific focal action dystonia to an "overflow" dystonia, and 

finally to dystonic movements present at rest. The intensity of dystonic movements 

can be influenced by various conditions, for example, activities such as walking, running, 

writing, talking and changing position. Dvstonic movements often are more severe 

during emotions, stress and fatigue. On the other hand, dystonic movements can 
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Chapter 1 

sometimes be relieved by rest, self-hypnosis, and various sensory tricks. Much less 

common is the reverse, i.e., for dystonia at rest to be relieved by talking or other active 

movements (Fahn 2000). Dystonic movements usually cease during sleep, but certain 

dystonic postures can persist during various sleep stages. Some patients experience 

large fluctuations of symptoms over the day, without noticeable dvstonia on awakening 

but worsening during the day. An epidemiological study of primary torsion dystonia 

in the population living in Rochester, Minnesota, found the prevalence of generalized 

primary dystonia to be 3.4 perl00,000 population, and focal dystonia 30 per 100,000 

( Nutt et al. 1988). The prevalence of primary dystonia in Europe is at least 15.2 per 

100,000, with a prevalence of focal dystonia of 11.7 per 100,000 (the epidemiology 

study of dystonia in Europe collaborative group 2000) 

Generalized, segmental and focal primary dystonias belong probably to the same 

disorder (Fahn et al. 1987) but are different only in the body distribution. As such one 

may consider focal and segmental dystonia to be a form fruste of generalized dystonias 

as originally suggested by Zeman et al. (1960). Arguments in favor are that both 

idiopathic and hereditary generalized dystonia almost always begin as a focal dystonia. 

In families with dystonia, various members may have generalized, segmental or focal 

dystonia (Waddy et al. 1991; Bressman et al. 2000) 

Until recently the assumption was held by many physicians that movement disorder 

syndromes such as torticollis (dystonia of the neck), blepharospasm (dystonia of the 

eyelids), otomandibular dystonia (dystonia of the mouth and jaw) and writer's cramp 

(dystonia of the arm during writing) were the manifestation of a psychogenic rather 

than an organic disease. Since the publications of Marsden (1976) and Sheehy and 

Marsden (1982), these syndromes have been recognized to represent a focal form of 

dystonia by many physicians. The interest in dystonia of neurologists in dystonia 

increased largely due to the availability of a specific treatment, e.g., botulinum toxin. 

This capability of treatment stimulated investigations after the pathophysiology of 

dystonic movement disorders. 
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Dystonia: an overview 

Anatomical and etiological considerations 

Different factors may relate to the origin of dystonia. Although lesions of basal 

ganglia may induce dystonia, the origin of the lesion is uncertain in most patients and 

may well lie beyond the nervous system. 

Central nervous system 

Torsion dystonia is generally considered to be a disease of the basal ganglia, but 

evidential support is still unconvincing. Disorders which lead to torsion dystonia, such 

as Wilson's and Leigh's disease or carbon monoxide intoxication often are not 

pathologically restricted to the basal ganglia (Fahn et al. 1987). Well documented reports 

of patients with dystonia secondary to focal brain lesions are rare. In a series of 28 

patients with focal dystonia or hemidystonia secondary to a localized lesion, the site 

of the lesion was in the contralateral caudate nucleus, the lentiform nucleus, the 

thalamus, or a combination of these structures (Rothwell and Obeso 1987). The 

dystonic features occurred spontaneously, or in action only, or in a combination of 

both. In patients with torticollis the lesion often was situated in the caudate nucleus 

whereas in most patients with hand or arm dystonia the lesion involved the thalamus. 

In another study done in 22 symptomatic hemidystonia patients basal ganglia pathology 

with relative sparing of the corticospinal tracts was considered to be essential in the 

pathogenesis of secondary dystonia (Pettigrew and Jankovic 1985). In a review of 

240 patients, who had lesions that affected the caudate nucleus, the putamen or the 

globus pallidus, dystonia was the most frequently recorded motor disorder (36%) 

(Bhatia and Marsden 1994). Lesions of the lentiform nucleus most commonly caused 

dystonia (49%), particularly when the putamen was included (63%). In patients with 

lesions of the caudate nucleus dystonia was present in only 9%. In patients who develop 

dystonia secondary to a cerebrovascular lesion, onset of dystonia may be delayed and 

may occur after an interval of one week to 14 years (Marsden et al. 1985). 

In some patients the development of dystonia may originate from anatomical lesions 

outside the basal ganglia. Cervical dystonia may develop in association with 

cerebellopontine angle tumors (Krauss et al. 1997) and has also been reported to be due 

to a frontal meningioma (Soland et al. 1996). Central pontine myelinolysis has been 

associated with development of persistent upper extremity and orolingual dystonia 

(Salerno et al. 1993). Isolated blepharospasm may be associated with a brainstem lesion 
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(Gibb et al. 1988; Aramideh et al. 1996). Some patients with dystonia secondary to a 

cervical spinal cord lesions have been reported (Uncini et al. 1994; Madhusudanan et al. 

1995). 

Peripheral nervous system 

In some patients dystonia coincides with abnormalities in the peripheral nerves, 

nerve roots or the plexus. Foot dystonia has been reported to be the result of lumbar 

canal stenosis, and improved by lumbar laminectomy (Blunt et al. 1996). One patient 

has been documented who showed focal hand dystonia attributed to a thoracic outlet 

syndrome which improved after resection of a rudimentary cervical rib (Quartarone 

et al. 1998). In a study performed by Charness et al. (1996) on 73 musicians with 

occupational hand cramps 28 patients had an ulnar neuropathy. Twenty-four of these 

patients presented with flexion dystonia of the fourth and fifth digits. With surgical or 

nonsurgical treatment ulnar neuropathy recovered in 14 of these patients, of whom 

13 patients showed improvement of dystonic features. Improvement of dystonia did 

not occur in the other patients. Murphy (1989) reported a retrospective study done in 

60 patients with brachialgia due to a right sided ruptured C6 disk. Twenty of these 

patients had writer's cramp, of whom 13 had complete relief of pain and writer's 

cramp after surgery. It was suggested, that weakness of the extensor and flexor carpi 

radial muscles caused the hand to turn outwards and downwards during writing as a 

consequence of relative overactivity of the muscles innervated by the ulnar nerve. 

Peripheral trauma 

The concept of a movement disorder secondary to a peripheral trauma, without 

direct injury to the peripheral nervous system is controversial (Lang 1990; Ecker 1990; 

Wiener and Shulman 1995; Galvez-Jiménez and Lang). To minimize the possibility 

that a peripheral injury and the subsequent dystonic movement disorder are linked 

only by coincidence, a close temporal and anatomic correlation between injury and 

the onset of the movement disorder is mandatory (Jankovic and Van der Linden 

1988; Jankovic 1994). 

Reflex sympathetic dystrophy, recently renamed complex regional pain (CRP) 

syndrome consists of a combination of vasomotor, sudomotor and trophic changes. 

It is usually accompanied by persistent burning pain, allodynia and hyperpathy and 

may occur after peripheral trauma. In addition, some patients develop fixed dystonic 
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postures (Schwartzman and Kerrigan 1990; Bhatia et al. 1993, van Hilten et al. 2000). 

Some, however, show dystonic postures without other signs of the CRP syndrome 

(Schott 1985, 1986; Jankovic and van der Linden 1988; Jankovic 1994). 

Cranial dystonia may follow dental procedures within hours in some patients 

associated with painful paresthesia at the site of dystonia (Sankhla et al. 1998; Schrag 

et al. 1999). Head, neck or shoulder trauma may precede cervical dystonia. Acute-

onset posttraumatic cervical dystonia is characterized by a markedly limited neck 

motion, absence of phasic involuntary movements and a poor response to treatment 

and appears to be clinically a distinct syndrome. It is distinct from delayed post traumatic 

cervical dystonia which is indistinguishable from non-traumatic primary dystonia (Tarsy 

1998). In a case control study a positive association is suggested to exist between local 

body injury and the development of dystonia in the same area of the body (Defazio et 

al. 1998). Predisposition, such as specific central susceptibility to an altered afferent 

input, may probably be required for the movement disorder to occur. In a study done 

in 20 patients with a history of peripherally induced movement disorders possible 

predisposing factors were identified in 65% of them (Jankovic and van der Linden 

1988). It was suggested that these factors include perinatal problems, the use of 

neuroleptics or a familial history of essential tremor or dystonia. 

Repetitive strain 

Many patients with writer's cramp attribute the onset of dystonia to a period of 

intensive writing (Sheehy and Marsden 1982). Musician's cramp has also been linked 

to the long-term use of repetitive movements. Anatomical anomalies such as abnormal 

tendon connections may predispose to the development of musician's cramp (Leijnse 

1997; Wilson et al. 1993). In these patients tendon release may improve the dystonia. 

Byl et al. (1996) trained two monkeys to perform a precise grip. While performing the 

grip the hand was passively opened and closed. The motor performance after five 

months deteriorated, and a movement disorder resembling dystonia occurred (Byl et 

al. 1996). In a later study in one monkey dysfunction of movement occurred already 

after five weeks. In this monkey an anatomical restriction of the flexor profundus 

tendon was present which may have modified the time course for the development 

of the movement dysfunction. Tendon or nerve inflammation are, however, not a 

prerequisite for the occurrence of the movement disorder (Topp and Byl 1999). 
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Environmental factors 

In many patients environmental factors may elicit dystonic movements. For example, 

in patients with blepharospasm bright light or wind may provoke the dystonic eyelid 

activity (Aramideh 1995). Patients with oromandibulair dystonia may be symptom 

free in the presence of other people, but when left alone oromandibulair dystonia 

emerges or vice versa (personal observation). In a patient with laryngeal dystonia the 

absence of background noise provoked the dystonia (Stojanovic et al. 1997). Writer's 

cramp may occur after loss of a relative or during a written examination (Sheehy and 

Marsden 1982; personal observation). One patient developed writer's cramp during 

hospital admission. It disappeared gradually within three weeks after discharge from 

hospital, and it reoccurred during readmission two years later (personal observation). 

Genetic studies 

Association studies indicate that a number of genes are linked with dystonia. 

Mutations in DYT 1, a gene mapped to chromosome 9q34 and transmitted as an 

autosomal-dominant trait with reduced penetrance of 30% to 40%, account for most 

patients with early limb-onset primary dystonia, i.e., occurring at an age younger than 

28 years (Ozelius et al. 1997,1998; Bressman et al. 1998). The mutation concerns the 

gene that encodes torsin A, a protein that by sequence homology is a human member 

of the HSP/Clp family of proteases. These proteins act as stress response proteins 

important in refolding or degradation of denatured proteins. High rates of expression 

of the torsin A gene are found in dopamine containing neurons of the midbrain, 

hippocampus and cerebellum. Gene expression is found in the brains of all patients 

hospitalized more than 24 hours, but in only some of the brains of patients who died 

after cardiac arrest outside the hospital. This finding suggests that this gene is involved 

in stress responses (Penney 1998; Augoodet al. 1998). Unlike early onset dystonia, the 

genetic contribution to late onset primary dystonia, i.e., later than 28 years of age, is 

not established (Bressman et al. 1998). The rates of dystonia in first-degree relatives 

of late-onset probands compromise about 5%, which is significantly lower than the 

rates in first-degree relatives of early onset probands being 15%. However, in an area 

of Northwest Germany most of the patients with an apparently sporadic idiopathic 

focal dystonia inherited the same mutation on chromosome 18p (DYT 7) as was found 

in a large three-generation family with focal dystonia, suggesting an important role 

also for genetic factors in late onset focal dystonia (Leube et al. 1997). However the 
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allelic association with 18p markers seen in this German focal dystonia population 

could not be reproduced by another group (Klein et al. 1998). 

Dopa—responsive dystonia (DRD) is linked to mutation of the gene coding for 

GTP cvclohydrolase involved in the synthesis of tyrosine hydroxylase necessary for 

the production of dopamine. In most patients with DRD the onset of dystonia is in 

the legs from where it leads to generalized dystonia. However, atypical presentations 

of DRD have been described also (Bandmann et al. 1998). 

Pathophysiological aspects 

Although dystonia is considered to be a movement disorder, pathophysiological 

mechanisms may not be confined to the motor or the integrative sensory-motor parts 

of the nervous system. The primary pathophysiology may relate to the central sensory 

or even the peripherally sensory nervous system as well. 

Motor unit 

The motor unit is the final common motor pathway and therefore, different 

pathophysiological studies in dystonia concern the activity in motor units and their 

reflex activation properties. 

The characteristic electromyographic (EMG) abnormalities in dystonia present 

themselves as an inappropriate activity of motor units (Yanagisawa and Goto 1971; 

Rothwell et al. 1983; Cohen and Hallett 1988, van der Kamp et al. 1989). Both agonistic 

and antagonistic muscles may be activated simultaneously, or more or less, in a random 

order giving rise to movements with or without increased muscle tone. In task-specific 

dystonia agonistic and antagonistic muscles are contracting simultaneously, concurrent 

with more distant muscles being normally not involved in the specific action. An 

inability* to activate the appropriate muscle may also be considered to be part of 

dystonia (Berardelli et al. 1998) and further broadens the definition of dystonia. 

Cross-correlation studies of simultaneous recorded EMG activity of extensor and 

flexor carpi radialis muscles during motor tasks in dystonic patients, revealed broad-

peak motor unit synchronization, which did not occur in voluntarily cocontraction. 

However, in patients with task specific focal hand dystonia, such as writer's cramp, 

this motor unit synchronization was absent. This observation suggests that co-
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contraction in some forms of dystonia is neurophysiogically distinct from voluntary 

cocontraction (Farmer et al. 1998). Similar results were seen with frequency analysis 

of EMG activity7 in patients with idiopathic torticollis (Tijssen et al. 2000). In torticollis 

patients EMG activity in the splenius capitis and sternocleidomastoid muscles showed 

a 4-7 Hz drive, while in control subjects mimicking the dystonic posture the dominant 

peak was at 10-12 Hz. The activity of the splenius capitis muscle and of the 

sternocleidomastoid muscle was in phase in the patients, but not in the controls. The 

results are consistent with an abnormal corticoreticular and corticospinal drive in 

dystonic torticollis. 

Stretch reflexes have been investigated in the flexor muscles of the thumb, wrist 

and elbow (Rothwell and Obeso 1987). These reflexes can be elicited during exerting 

a constant background contraction of the appropriate flexor muscle against a small 

force offered by a low inertia electrical motor. At irregular intervals, the force supplied 

by the electrical motor is suddenly increased so as to extend the joint and stretch the 

flexor muscle. The response consists of two main components: a first component 

(Ml) is a short latency response with a latency of about 20 ms which, probably, reflects 

action mediated through the same neuronal pathways as are responsible for the tendon 

jerk. The second component is a so called long latency response (M2) with a latency 

of about 50 ms and a duration of 30-49 ms. In dystonia some authors have found the 

amplitude levels of Ml and M2 components of the stretch reflex to be in the normal 

range. However, when using lower rates of stretch the M2 is prolonged. Furthermore, 

in dystonia the stretch reflex response, normally being rather localized to the agonist 

and synergist muscles, shows a conspicuous overflow of response activity to muscles 

distant from the site of the extended joint and stretched flexor muscles. 

Spinal cord 

The excitability of the motor neuronal pool and the actions of interneuronal 

networks in the spinal cord can be tested bv H-reflex studies. Studies of reciprocal 

inhibition have been performed in forearm muscles. In these experiments the effect 

of a conditioning stimulus to the radial nerve has been investigated upon the size of 

the H-reflex response in the flexor muscles, evoked by median nerve stimulation. 

Three periods of inhibition are seen. The first inhibitory period occurs with a 

conditioning test stimulus interval of 1 to 4 ms. It can also be elicited by cortical 

stimulation. Therefore, the first period of inhibition probably represents postsynaptic 
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inhibition onto spinal motoneurons and hence affects all inputs to these neurons. The 

second period of inhibition is not present after cortical stimulation and may, therefore, 

be due to presynaptic inhibition of flexor la afferent terminals. Reciprocal inhibition 

in the arm is disturbed in patients with generalized dystonia, torticollis, blepharospasm 

and writer's cramp. Attenuation of inhibition is found in all three inhibitory periods in 

all patient groups by Panizza et al. (1990) while the third inhibitory period instead of 

inhibition showed potentiation in spasmodic torticollis and generalized dystonia. 

However, attenuated inhibition in the first inhibitory period in writer's cramp, spasmodic 

torticollis and in symptomatic hemidystonia could not be confirmed (Nakashima et 

al.1989; Deuschl et al.1992). There was a tendency for the second inhibitory period to 

be more abnormal in dystonic writer's cramp than in simple writer's cramp, but this 

difference did not reach significance. Attenuation of reciprocal inhibition may also be 

found in the asymptomatic hand in writer's cramp patients (Chen et al. 1995). 

Brainstem 

The first pathophysiological evidence that blepharospasm and oromandibular 

dystonia are organic diseases caused by an increased excitatory drive upon facial nerve 

motoneurons and bulbar interneurons was given by studies of the blink reflex by 

Berardelli et al. (1985). The blink reflex, elicited by electrical stimulation of the 

supraorbital nerve, consists of two responses in the orbicularis oculi muscle. The first 

(Rl) response occurs at a latency of about 10 ms homolateral to the side of the 

stimulation. The second (R2) response has a latency of about 30 ms and occurs 

bilaterally. In patients with blepharospasm and oromandibular dystonia, the blink reflex 

responses show normal latencies but increased amplitudes and durations. The 

excitability cycle of the recovery of R2 responses elicited after a first conditioning 

shock is enhanced. In addition in these patients, voluntary blinks are preceded by a 

movement related cortical potential, the Bereitschaftspotential, whereas this is not the 

case with involuntary blinks. Abnormalities of the recovery curve of blink-reflex 

responses in patients with blepharospasm relate to a specific type of eye closure 

abnormality (Aramideh et al.1995). Recovery of the second period of the blink reflex 

was enhanced mainly in patients with involuntary discharges only in the orbicularis 

muscle. In contrast, recovery was normal when involuntary eyelid closure was due to 

involuntary levator palpebrae inhibition only. 

In generalized dystonia and torticollis patients the recovery of blink reflex responses 
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was also enhanced. However, in patients with task specific focal dystonia of the arm it 

was normal (Nakashima et al. 1990). As such a disturbance in the blink reflex recovery 

curve may be related to the extent of the site of involvement. Abnormalities of the 

blink reflex recovery are thought to be secondary to a disturbed input from descending 

supra segmental pathways. 

Cortical motor areas 

Transcranial magnetic stimulation allows the evaluation of excitability of 

corticospinal pathways that impinge upon motoneurons by motor evoked potential 

(MEP) characteristics or inhibitory motor action. In focal task specific hand dystonia 

there is no significant difference in motor threshold levels for cortical magnetic 

stimulation between patients and controls, and between both hemispheres as well 

(Ridding et al. 1995; Curra et al. 1996; Ikoma et al. 1996). However, results obtained 

by low-intensity magnetic stimulations in patients with focal hand or arm dystonia 

suggest that the relationship between MEP amplitude measured at rest and during 

voluntary contractions is different from those seen in healthy controls. The amplitude 

increase induced by voluntary contraction is greater in the dystonic group (Mavroudakis 

et al. 1995; Ikoma et al. 1996). These findings contrast with those in Parkinson's disease 

in which the increase of MEP's during facilitation is smaller. The silent period, in 

which sustained muscle contraction is inhibited, can be recorded after the MEP when 

the stimulated subject tries to maintain a tonic contraction during and after the stimulus. 

The silent period increases with increase of magnetic stimulus intensity. It is, probably, 

mediated by spinal mechanisms during its first part, and by supraspinal, probably, cortical 

mechanisms during its second part. In patients with focal hand dystonia the silent period 

reaches its maximal duration at lower stimulus intensity than is needed in healthy control 

subjects. This observation suggests that some patients with focal dystonia saturate more 

rapidly cortical inhibitor)' mechanisms during voluntary motor activity. 

In controls, in a double cortical stimulus paradigm with a submotor threshold 

stimulus preceding a supramaximal stimulus in rest, there is a suppression of the 

MEP after the supramaximal stimuli with short time intervals from 1 to 15 ms between 

the two stimuli. In patients with focal task specific hand dystonia this MEP suppression 

is decreased at these stimulus intervals. There is no difference in suppression obtained 

after stimulation of either the right or left hemisphere. These results suggest deficient 

cortical inhibitory mechanisms in focal dystonia (Ridding 1995). However, during 
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voluntary contraction this short-latency inhibition was similar in patients with dystonia 

and control subjects (Curra et al. 1998). On the other hand, Curra et al. (1998) and 

Rona et al. (1998) found in dystonic patients test responses elicited by stimuli with 

interstimulus intervals of 100 to 150 ms being markedly inhibited in comparison with 

those in controls. From this finding they suggested that the enhanced inhibition seen 

at long interstimulus intervals is related to slowness of movement present in patients 

with dystonia. Chen et al. (1997) found a diminished inhibition elicited by interstimulus 

intervals between 60 and 80 ms in patients with writer's cramp during isometric wrist 

extension. They suggested that less inhibition may relate to the overflow phenomenon 

of muscle activity that characterizes writer's cramp. 

Studies investigating the cortical representation of upper limb muscles of patients 

with writer's cramp with use of transcranial magnetic stimulation show a displacement 

of the maps of corticomotor projections when compared with maps of healthy 

controls (Byrnes et al. 1998). In some patients the maps were distorted in shape with 

extensions of the lateral borders and emergence of almost discrete secondary motor 

areas. After injection of botulinum toxin into affected muscles map topography 

normalized during the period when the optimal effects of the injection were greatest, 

with the maps returning to their original abnormal positions as the favorable effect of 

the injection wore off. These results suggest that there are slowly evolving 

reorganizational changes in the primary motor cortex in writer's cramp patients. 

Movement related cortical potentials (Bereitschaftspotential) in patients with writer's 

cramp in response to a simple, self-paced, brisk index finger abduction movement, 

showed a decrease for the average amplitude of the early part of the negative-slope 

peak, 200-300 ms before the electromyographic onset, restricted to the electrodes 

overlying the contra-lateral and midline central regions (Deuschl et al. 1995). The 

activity recorded during the period of the negative slope peak can be sufficiently 

explained by the bilateral activation of generators in the sensory-motor cortex. This 

result suggests insufficient contralateral motor cortex activation just before the initiation 

of voluntary movements in patients with focal dystonia. The Bereitschaftspotential 

preceding muscle relaxation after voluntary contraction of the wrist extensor is 

diminished significantly in focal hand dystonia compared to the one seen in healthy 

controls. This feature suggests a deficiency in motor cortical activation prior to 

relaxation as well (Yazawa et al. 1999). 

Positron emission tomography (PET) scans also show alterations in cortical 
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metabolism in patients with dystonia during activity. On the one hand, performance 

of freely selected finger movements in patients with primary dystonia leads to greater 

increase of regional cerebral blood flow over the contralateral rostral supplementary 

motor area and contralateral premotor and prefrontal areas. On the other hand, regional 

cerebral bloodflow is decreased over the primary motor cortex and posterior 

supplementary motor area (Ceballos-Baumann et al. 1995). These findings signify 

that disordered functions in dystonia are widespread and include a deficit of motor 

executive function. Abnormal corticocortical influences from prefrontal motor areas 

upon the motor cortex may disrupt normal activation of the motor cortex. However, 

in patients with acquired hemidystonia due to structural lesions, a significant overactivity 

of the sensorimotor cortex was found during movement (Ceballos-Baumann et al. 

1995). These differences may reflect fundamental variation in the way a discrete brain 

injury produces dystonia, in contrast to mechanisms responsible for primary dystonia 

(Berardelli et al. 1998). 

Basal ganglia 

Microelectrode recordings from basal ganglia performed in dystonic patients during 

pallidotomy demonstrated highly irregular and reduced patterns of spontaneous 

neuronal activity in the internal and external segments of the globus pallidus. These 

patterns consisted of intermittent grouped discharges separated by periods of pauses 

(Vitek et al. 1999). Furthermore, the activity of neurons in the internal segment of the 

globus pallidus elicited by passive and active movements were widened and receptive 

fields less specific than those reported in normal monkeys. Thalamic neuronal 

recordings during thalamotomy in dystonic patients revealed an increase in the number 

of cells located in the ventral intermediate thalamic nucleus, activated by passive joint 

movement compared to observations in control patients undergoing surgery for 

treatment of pain or tremor (Lenz et al. 1999; Lenz and Bvl 1999). Recordings from 

cells located in the ventral oral posterior thalamic nucleus, a pallidal relay nucleus, 

showed activity that was phase advanced on EMG activity during dystonic arm 

movements. Microstimulation of the ventral intermediate thalamic nucleus produced 

simultaneous contraction of multiple forearm muscles, similar to the simultaneous 

muscle contractions observed in dystonia (Lenz et al. 1999). 

In DYT 1 carriers, the global and regional metabolic rates, studied with [ 18F] 

fluorodeoxyglucose PET scan investigations, show two independent regional metabolic 
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covariance patterns. The first pattern was characterized by a relative metabolic 

overactivity of the cerebellum, the lentiform nucleus and the supplementary motor 

cortex (Eidelberg et al. 1995, 1998). This relative metabolic overactivity was not 

movement related as it was also found in non-manifesting DYT 1 carriers as well as in 

manifest carriers during sleep when movements are suppressed (Eidelberg et al. 1998). 

The second, "movement-related", PET scan pattern is present in manifest carriers 

with sustained contractions at rest. It is characterized by overactivity of metabolism in 

the cerebellum, thalamus, and midbrain. From these observations it was concluded 

that in DYT 1 patients functional neuronal networks in the brain relate separately to 

gene status and the abnormal movements. 

PET and SPECT studies suggest a reduced dopamine D2 receptor binding in the 

putamen in patients with idiopathic dystonia affecting either the face or hand compared 

to healthy controls. This finding may, therefore, indicate that a preferential decrease in 

D2 mediated inhibition of the indirect striatopallidal pathways may induce an increased 

thalamic drive to the premotor neuronal network (Horstink et al. 1996; Naumann et 

al. 1998; Perlmutter et al. 1998). 

It has been recently proposed that the basal ganglia support a basic attentional 

mechanism operating through synchronizing cortical activities in the executive forebrain 

in the 30 to 50 Hz band (Brown and Marsden 1998). In Parkinson disease impairment 

of EEG desynchronization has been demonstrated before and during movement. 

Improvement of EEG desynchronization concurrent with reduction in bradykinesia 

occurred during treatment with levodopa (Wang et al. 1999). Impairment of EEG 

desynchronization may also play a role in dystonia. In patients with writer's cramp 

event—related desynchronization of the EEG during self-paced simple index finger 

abduction movements was depressed over the contralateral central and midline regions 

compared to control subjects. This abnormality may point to a deficient motor 

command at the cortical level (Toro et al. 2000). 

Cortical sensory areas 

Patients with idiopathic dystonia may have a normal regional cerebral blood flow in 

the resting state. In two dystonic patients with upper extremity involvement, who 

were instructed to open and close their hands with a repetition rate of 2Hz, the blood 

flow response was diminished contra-laterally in the sensory-motor cortex in 

comparison with the response seen in controls (Perlmutter and Raichle 1988). However, 
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interpretation of these findings was ambiguous as it was doubted whether patients 

could perform the task as vigorously as normal subjects do. To avoid this ambiguity, 

the cerebral blood flow response in a totally passive activation paradigm, that is 

vibrotactile stimulation of a hand, was studied in 11 patients with upper extremity 

dystonia of whom seven had a task specific hand dystonia. Vibration induced cramps 

in six patients, of whom three had task-specific hand dystonia. Vibration did not 

provoke cramp in control subjects. In the dystonic patients resting state blood flow 

for the sensory-motor region was not significantly different from the one in control 

subjects. Vibrotactile stimulation of the hand produced a diminished increase in regional 

blood flow response in sensory-motor cortical regions in patients with unilateral 

dystonia, no matter whether vibration was given on the affected or unaffected hand. 

In controls, vibration during voluntary cocontraction of arm muscles that mimicked 

the postures seen in the dystonic patients during vibration, did not diminish the increase 

in vibration induced blood flow response. The bilaterally reduced cortical blood flow 

response in the patients may reflect a bilateral disturbed cortical function in idiopathic 

unilateral dystonia. Furthermore, it may signify an abnormal central sensory-motor 

processing. The study was the first one that revealed a possible disarrangement of 

receptive functions in dystonic patients. 

Reilly et al. (1992) elaborated on alterations in receptive functions and studied 

somatosensory evoked potentials (SEPs) in dystonic patients. In a group consisting 

of six patients with focal dystonia, three with generalized dystonia, and one with 

segmental dystonia normal latencies and amplitudes of the cortical PI 5, N20 and P45 

SEP potentials were seen after stimulation of the median nerve. However, the mean 

amplitude of the cortical N30 was increased after stimulations on either side. The 

N30 is thought to arise from the supplementary motor area to which the basal ganglia 

has a major output. In patients with Parkinson's disease the N30 amplitude may be 

depressed, whereas in patients with cortical or reflex myoclonus it is enhanced. 

However, Grissom et al. (1995) could not confirm the occurrence of enlarged N30 

potentials in a group of nine patients with dystonia. In their study the median nerve 

was stimulated with a low frequency of 0.2 Hz. In disagreement with the findings of 

Reilly et al. they found decreased amplitudes of N30, long latency N140 and PI90 

SEP potentials. In torticollis patients potentiation of N30 did not occur after median 

nerve stimulation. In 10 patients with idiopathic leg dystonia stimulation of the posterior 

tibial nerve elicited increased P37-N50 complexes, which may have their origin in the 
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pre-rolandic cortex (Tinazzi et al. 1999). 

Byl et al. (1996) studied cortical somatosensory projections in two adult monkeys 

which were trained to perform a precise grip 300 times a day, while during the grip 

passive rapid openings and closings of the hand were induced, as a model for the 

development of focal dystonia by repetitive stress. Both monkeys developed a 

movement control disorder after three months of training. Electrophysiological 

mapping of the primary somatosensory cortex with microelectrodes showed that 

cortical representations of the hand were markedly degraded. Dedifferentiation of 

cortical representations of the skin of the digits of the hand resulted in large overlapping 

digital receptive fields. This cortical dedifferentiation of sensory feedback information 

from the hand may contribute to the genesis of occupationally derived focal dystonia. 

Elbert et al. (1998) observed in a magnetic source imaging study, that in musicians 

with hand dystonia the representations of the digits in the somatosensory cortex 

showed a smaller distance (fusion) between the digits than in non-musician control 

subjects. Mapping of SEP's over the human cortical hand somatosensory area in six 

patients with focal hand dystonia showed a disordered organization of the homuncular 

finger representations in the primary somatosensory cortex (Bara-Jimenez et al. 1998). 

In that study the most prominent finding was that digital representations were closer 

to each other than observed in controls. All of these results may be related to disturbed 

sensory functions present in focal hand dystonia patients (Bara-Jimenez et al. 2000a,b). 

An abnormal central integration of somatosensory input in dystonic patients is 

also suggested by the observation of an abnormal cortical potential obtained by a 

series of electrical stimulations simultaneously given to the median and ulnar nerve 

(Tinazzi et al. 2000). SEP recordings in patients yielded significant higher spinal N13, 

brainstem P14 and cortical N20, P27 and N30 components after dual stimulations 

than in control subjects. In contrast, no significant differences were found between 

SEP amplitudes and latencies after single stimulations of the median and ulnar nerve 

in dystonic patients and normal subjects. In dystonia recovery functions of median 

nerve SEPs assessed by means of paired stimulations interrupted by time intervals of 

5, 20 and 40 ms showed a hyperexcitable state at multiple levels of the somatosensory 

trajectories, at the 20 and 40 ms time intervals. The enhanced excitabilitv may indicate 

that in dystonic subjects diminished inhibitory actions at multiple levels of the central 

nervous system may contribute to excessive and inappropriate muscle activities (Frasson 

etal. 1998). 
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Peripheral afferent nerve fibers 

Dystonic muscles may readily respond to vibration of muscles and tendons. In 

patients with writer's cramp muscle tendon vibration may provoke dystonic movements 

similar to dystonic movements manifested in writer's cramp itself. Dystonic movements 

and vibratory induced movements are blocked by lidocaine infiltration of the muscle. 

Lidocaine infiltration does not necessarily alter muscular function itself, as demonstrated 

by tests of strength and compound muscle action potentials evoked by electrical nerve 

stimulation (Kaji et al. 1995). Its effect is likely mediated by blocking impulse volleys 

running through muscle afferent fibers. Blocking these impulses by combined 

intramuscular applications of lidocaine and alcohol proved to be beneficially also in 

patients suffering from oromandibular dystonia (Yoshida et al. 1998). Another 

demonstration of a peripheral genesis in which deranged muscle afferent information 

may be involved originates from an observation in patients with upper limb dystonia 

showing an altered reciprocal inhibition after treatments by intramuscularly injected 

botulinum toxin (Priori et al. 1995). Twelve patients were studied before and three 

weeks after treatment with botulinum toxin. Before treatment a decreased second 

period of reciprocal inhibition was found in H-reflex responses elicited by stimulation 

of the median nerve, that normalized after treatment. In contrast, the first phase of 

reciprocal inhibition was unaltered. Although the muscle potential and H-reflex were 

both reduced the ratio between the amplitudes of the H-reflex response and the 

muscle potential (H/M ratio) was also unaltered. From this finding it is suggested that 

botulinum toxin affects the intrafusal motor endplates also. Paralysis of intrafusal 

fibers in the muscle decreases activation of group la and possibly group II muscle 

afferents as well. As such, it is suggested that normalization of reciprocal inhibition 

and the beneficial effect of botulinum toxin may, possibly, arise from changes in the 

afferent input from the specific muscles. 

A study on sensory trick maneuvers done in patients with cervical dystonia 

demonstrated that skin contact between finger and the face was not necessarily needed 

to reduce the EMG activity of the various neck muscles. EMG recordings showed in 

half of 25 patients a marked reduction of neck muscle activity during arm movement, 

clearly before contact was carried out between the finger and the facial target area 

(Wissel etal. 1999). 

Sensory symptoms may well precede the appearance of dystonia by weeks to months 

as was noted by Ghika et al. (1993) in 11 successive patients with cranial dystonia. For 
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these sensory symptoms an objective substrate could not be found. Patients put forward 

that the orofacial movements were at first willingly performed to diminish discomfort. 

These movements later on escaped voluntary control and became socially disturbing. 

Conclusion 

Pathophysiological mechanisms as well as anatomical locations involved in dystonia 

are diverse. No single causation can be held responsible for the development of 

dystonia. Too much weight has probably been adjusted to the basal ganglia as playing 

an essential role in its pathogenesis. An alternative causation as explanation may be 

dedifferentiation of cortical areas due to plastic changes induced by sensory stimuli. 

Hereditary, environmental, structural and biochemical factors may relate to cortical 

dedifferentiation and as such may be involved in the development of dystonia. 
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Soleus H-reflex tests 

In this thesis soleus H-reflex tests are used for the study of pathophysiological 

mechanisms involved in dystonia. These tests may give an objective quantitative measure 

of activities of segmental spinal cord circuits and suprasegmental control on these 

circuitry actions. Some relevant aspects are discussed. 

By electrical stimulation of the posterior tibial nerve in the popliteal fossa two 

consecutive contractions can be obtained in the triceps surae muscle (Schieppati 1987). 

A short latency activation of the motor units of the triceps surae muscle is due to 

direct activation of the efferent fibers from the alpha-motoneurons and has a latency 

of about 6 msec. A late latency response, an indirect muscle action, is reflexogenous 

in origin. It has a latency of about 35 msec and is elicited by activation of group la 

afferent fibers from muscle spindles. These fibers impinge upon homonymous 

motoneurons and have an excitatory effect upon these neurons. If the afferent impulse 

volley is large enough, action potentials are generated in motoneurons activating the 

extrafusal force producing muscle fibers. The intrafusal muscle spindles are activated 

by stretch. They are innervated by gamma motoneurons which regulate their sensitivity 

to stretch. The indirect response may occur in isolation, without the direct potential 

since la fibers have a threshold activation level below the one of motor fibers. The 

direct muscle potential is called "M"-potential, whereas the indirect response is known 

as the "H"-reflex response, called after Hoffmann being the first who described the 

reflex response (1910). 

Stimulation and recording variables as well as subject posture may influence soleus 

H-reflex test results. The optimal stimulus duration for preferential!}' activating la afferents 

is 0.5 to 1 ms (Panizza et al. 1992). With shorter duration of stimulation, activation 

threshold levels of la afferents may fall below those of motor fibers. Generating an H-

reflex may influence the response to a subsequent stimulus for up to 30 seconds (Bour 

et al. 1991). Therefore, intervals up to 30 seconds are needed between consecutive stimuli 

to ensure independence of test reflexes. Fixation of the leg and foot to maintain the 

calf muscle at constant length, and electrode placements over the soleus muscle just 

below the gastrocnemius bellies are important for consistent results (Matthews 1966; 

Hugon 1973). Accordingly, soleus H-reflex tests are best studied in subjects seated in a 

standardized position, i.e., in a semi-reclining chair with arms supported and knees flexed 

to about 120 degrees. Furthermore, the feet are strapped to a footplate with an angle 

of about 100 degrees in the ankle to allow the study under isometric conditions. 
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Passive shortening of the soleus muscle may result in an increase of H-reflex responses 

and M-potentials (Gerilovsky and al. 1989). For bipolar recordings with surface 

electrodes the active electrode should be placed below the insertion of the 

gastrocnemius tendons in the midline of the soleus muscle. The reference electrode is 

placed 3 cm distally (Hugon 1973). However, a more distal recording is advocated by 

Maryniak and Yaworski (1987). The posterior tibial nerve should be stimulated by a 

bipolar stimulator of which a small cathode is placed in the popliteal space, and a 

larger anode on the anterior side of the leg just above the patella (Hugon 1973). 

An H-reflex recruitment curve can be constructed bv plotting response amplitudes 

Stimulus 
M-wavc 

Figure 1. Successive recordings of Soleus H-reflex responses and M-potentials with increasing 
intensity of stimulation. With low intensity of stimulation only an H-reflex response is elicited. 
With increasing stimulation intensity a M-potential occurs also. By further increasing intensity of 
stimulation the M-potential plateaus at its maximal value, while the H-reflex response disappears. 

as a function of stimulus intensities. (Hugon 1973; Delwaide 1973; Ashby and Verrier 

1976; Van Boxtel 1986; Ongerboer de Visser et al. 1989; Bour et al. 1991. In general H-

reflexes of low amplitude will initially be elicited with low stimulus intensities (figure 1). 

Bv increasing the intensity the H-reflex will reach a maximum amplitude (Hmax). 

The M-potential appears mostly before an Hmax is achieved. By further increasing 
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stimulus intensities the M-potential plateaus after supramaximal stimulations to a 

maximal level (Mmax), when all soleus motor units are activated, while the H-reflex 

gradually attenuates (Taborikova 1966). Attenuation of the H-reflex may be due to 

collision of ascending retrogradely conducted impulse volleys generated by stimulation 

of mo to r fibers and descending impulses conducted through efferent fibers of 

motoneurons that are activated by la afferents (Magladery and McDougal 1950). More 

likely, however, reflex response attenuation may be due to inhibitory mechanisms at 

the motoneuronal level itself (Hilgevoord et al. 1995). 

The H-reflex recruitment curve depicts the relation between stimulus intensity and 

Peak-Peak Area 
100 

c 
o 
a. 

a 
E 
X 
O 

30 0 10 

stimulus intensity (mA) 

Figure 2. Recruitment curves of peak-peak values as well as area values of soleus H-reflex responses 
(closed triangles) and M-potentials (open triangles) (adapted from Willemse et al. 1994). 

H-reflex response amplitude. For quantification of the magnitude of the H-reflex 

response and M-potential peak to peak values as well as area values of rectified E M G 

responses are used for the construction of the recruitment curves (figure 2). The 

H m a x / M m a x ratio expresses the largest proport ion of the soleus motoneuron pool 

that can reflexly be activated, and may reflect the excitability state of the motoneuronal 

pool (Angel and Hofmann 1963; Matthews 1966; Taylor et al. 1984; Ongerboer de 
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Visser et al. 1989). Higher amplitudes of maximal H-reflex responses may result from 

an increase in recruitment gain, i.e. the slope of the curve describing motoneuron 

activation as a function of stimulus intensity, or a decrease in recruitment threshold, 

i.e., the minimal stimulus intensity that activates the most excitable motoneurons 

(Hilgevoord et al. 1994). The mean absolute difference of the H / M ratio in two 

consecutive sessions obtained in 20 healthy control subjects was 6% (range 0-14%) 

(Hilgevoord et al. 1994). 

Originally it was accepted that the triceps surae H-reflex was a monosynaptical 

reflex (Schieppati 1987). However, oligosynaptic as well as monosynaptic pathways 

may be activated by the incoming impulse volley generated by the electrical stimulation 

of the posterior tibial nerve (Burke et al. 1983,1984). Animal experiments show that 

la afferent fibers from muscle spindles impinge onto motoneurons both directly and 

through spinal interneurons (Jankowska et al. 1981). In addition, the afferent volley of 

impulses evoked electrically contains a variety? of impulses other than from group la 

fibres from muscle spindles of the triceps surae muscle. It generates impulses travelling 

through lb afferents from Golgi tendon organs as well as muscle spindle afferents 

from foot muscles and afferent impulses from cutaneous structures as well. The la 

induced excitatory postsynaptic potential (EPSP) has a rise time, allowing enough 

time for other stimulus-induced inputs in addition to the monosynaptic input, to exert 

some effect through oligosynaptic pathways before the time in which the motoneurons 

would reach threshold levels (Burke et al. 1984). The EPSP rise time for the H-reflex 

is very short, being, probablv, less than 2 ms and allows postsynaptic temporal 

summation only to a limited extent (Schiepatti 1987). 

The H-reflex amplitude may change as a consequence of segmental and supraspinal 

actions. The amount of inhibition or facilitation of the H-reflex response may provide 

information about the integrity and efficacy of some neural pathways relevant in 

determination of the excitability of the motoneuron pool. Facilitatory and inhibitory 

influences upon the motoneuron pool are reflected by the amplitude of the H-reflex 

response under study (Meinck 1980; Crone et al. 1990). With increasing size of the 

test reflex response the number of motoneurons additionally recruited by an excitatory 

conditioning stimulus first increases, then reaches a peak and finally decreases (Crone 

et al. 1990). A similar relation is also seen with inhibitory conditioning stimuli. Partly, 

the findings can be explained by different susceptibilities of differently sized 

motoneurons for inhibitory and facilitatory influences (Henneman et al. 1965 a,b). 
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From a practical point of view, therefore, it is necessary to use control reflexes of 

similar size, when assessing the effects of a conditioning stimulation on the H-reflex 

(Hugon 1973; Crone etal. 1990; Hilgevoord and Ongerboer de Visser in press). Some 

relevant test situations will be discussed. 

The H-reflex recovery curve 

When a second, test, H-reflex response is elicited after a first, conditioning, H-

response, the relative size of the second response is influenced bv the first one as a 

function of the time interval between the two stimuli. A recovery curve can be 

constructed by plotting the test H-response relative to the conditioning one as function 

of time interval between the two stimuli (figure 3). In normal subjects, a second H-

reflex response elicited within 3 up to 20 msec after the conditioning one, causes a 

facilitation of the second response. An early first suppression of the test H-reflex 

response occurs, when it is elicited 20 to 50 ms after the conditioning one, while a 

second period of facilitation occurs with time intervals of 100 up to 300 ms. With 

longer time intervals a second period of suppression of the test H-reflex response 

can be found. Complete recovery of the test H-reflex response to control values may 

take up to a 30 second time interval between the two stimuli (figure 3) (Taborikova 

and Sax 1969; Bour et al. 1991). Recovery curves may be studied using varying stimulus 

intensities to elicit H-reflexes responses with different amplitudes. Recovery curves 

constructed by intensities below the one to elicit the maximal H-reflex response may 

be preferred in studies of movement disorders as they have greater discriminating 

capacities (Bour et al. 1991). The underlying mechanisms that bring about the particular 

time-course of the recovery curve are not firmly established. Inhibition with stimulus 

intervals below 3 msec is probably caused by refractoriness of the la afferent fibers. 

The first relative facilitation peak may be due to temporal summation of excitatory 

postsynaptic potentials (EPSP) of the motoneurons. The subsequent inhibition is 

explained by inhibitory postsynaptic potentials (IPSP) caused by activation of Golgi 

tendon organs and Renshaw cells. The facilitation occurring at the 100-300 ms time 

interval can still be evoked by conditioning stimuli below motor fiber threshold levels, 

thus pointing to mechanisms called into action by la afferents or cutaneous afferents 

(Taborikova et al. 1966; Taborikova and Sax 1969; Gassel 1970; Katz et al. 1977). The 

rebound discharge of muscle spindle afferents during relaxation after the twitch evoked 

by the conditioning stimulus may contribute to the facilitation (Kagamihara et al. 
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1998). The long-lasting suppression of the H-reflex response cannot be attributed to 

a long-lasting decrease of excitability of the motoneurons themselves, since, they can 

be easily activated from other sources such as from magnetic brain stimulation 

(Hultborn et al. 1996; Kohn et al. 1997). 

T h e late suppression is evoked by activation of the la afferents even when the 

afferent volley fails to evoke a motoneuronal discharge. The most likely interpretation 

is that the preceding impulse activity causes a prolonged decrease of transmitter release 

0.1 1.0 10.0 
delay S2-S, (log sec) 

Figure 3. Recovery curve of the soleus H-reflex. A stimulus intensity eliciting Vi Hmax is used. 
H-reflex responses to the tests stimulus are presented as the percentage of the H-reflex respons 
to the conditioning stimulus. Peak-peak values (closed squares) as well as area values (open squares) 
are showed (adapted from Willemse et al 1994). 

upon subsequent impulses. This type of presynaptic depression is unaffected by G ABA-

antagonists. This transmitter release related inhibition has been named post-activation 

depression or homosynaptic depression, frequency depression or habituation. The 

inhibitory action can be found following a tendon tap, an electrical nerve stimulation, 

voluntary contraction or passive lengthening of the muscle (Hultborn et al. 1996). 

V i b r a t o r y inh ib i t i on 

Vibration applied to the Achilles tendon or the belly of the soleus muscle or nearby 

muscles induces a strong la afferent discharge and response reduction of the soleus 

H-reflex (De Gail et al. 1966; Rushworth and Young 1966; Marsden et al 1969; Delwaide 
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Figure 4. Recruitment curves of peak-peak values as well as area values of soleus H-reflex responses 
(closed) and M-potentials (open) without vibration (triangels) and with vibration (circles) (adapted 
from W'illemse et al. 1994). 

1971, 1973; Burke et al. 1976). T h e total inhibitory action as a function of stimulus 

intensity can be shown by the soleus H-reflex recruitment curve recorded before and 

during vibration (figure 4). The classical vibratory index compares the maximum soleus 

H-reflex amplitude elicited during vibration with the reflex maximum amplitude elicited 

without tendon vibration (Delwaide 1973; Ashby and Verrier 1976). N o attention has 

been paid to the stimulus intensity to elicit the maximal response during both these 

conditions. The intensity level may not be the same for the maximal H-response elicited 

with or without vibration (Ongerboer de Visser et al. 1989). A cumulative vibratory 

index (CVI), defined as the quotient between the surface under the recruitment curve 

obtained during vibration and the one obtained without tendon vibration, incorporates 

all vibratory effects up to a certain intensity (Ongerboer de Visser et al. 1989; Bour et 

al. 1991). As inhibition of the H-reflex may not be caused bv an uniformelv distributed 

suppression of the motoneuron pool the CVI may increase the discriminative effects 

in the study of patients with movement disorders (Ongerboer de Visser et al. 1989; 

Bour et al. 1991; Hilgevoord and Ongerboer de Visser 2001). 
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Reduction of the H-reflex during vibration is not due to occlusion in la fibers from 

vibration induced activity (Gillies et al. 1969). During vibration the excitability of the 

motoneuronal pool is not changed by other inputs (Delwaide 1973). Inhibition is 

present even when vibration induces a reflex contraction in the muscle, such as the 

tonic vibration reflex where motoneurons are postsynaptically facilitated. Vibratory 

inhibition may be caused by primary afferent depolarisation (PAD) induced by axo-

axonal GABA-ergic synapses, which produces presynaptic inhibition by reducing 

transmitter release (Frank and Fuortes 1957; Eccles and al. 1962; Gillies et al. 1969; 

Delwaide 1971). In cats the reflex response was suppressed by vibration of the hind 

limb, but not by selective vibration of cutaneous receptors. Suppression was still 

observed after the hind limb was skinned (Gillies et al. 1969). In contrast, the 

phenomenon disappeared when all muscle nerves were crushed. Inhibitorv effects on 

the reflex response could be recorded from the soleus muscle or from the ventral 

root. The group la afferent fibers are considered the most probable mediator of 

vibration-induced reflex suppression as Golgi tendon organs and secondary spindle 

endings are relatively insensitive to vibration. With microneurographic recordings the 

excitability of motoneurons tested by direct stimulation was normal during vibration, 

while the reflex was profoundly reduced (Gillies et a l l 969). In addition, non GABA-

ergic post activation depression as described earlier, may contribute in vibratory 

inhibition, especially, when vibration is applied to the Achilles tendon for longer periods. 

Depression of the soleus H-reflex induced bv a tap to the tendon of the biceps femoris 

muscle and facilitation of the soleus H-reflex by heteronymous monosynaptic la 

faciltation through stimulation of the femoral nerve may reflect GABA-ergic 

presynaptic inhibition more purely than vibratory induced inhibition (Hultborn et al. 

1987a; Nielsen et al.1995; Morita et al. 1998). 

T h e H-reflex in relation to muscle contraction 

The H-reflex can be elicited between a warning signal, i.e., the signal that indicates 

that the movement has to be performed after a given time interval, and the response 

signal, i.e., the signal that indicates that the movement actually has to be performed. 

The warning signal may be followed by a small and short-lasting facilitation of H-

reflex responses in both legs (Schieppati 1987). This facilitation is, probably, due to a 

general non-specific arousal. Thereafter, as the expected response signal comes closer, 

the H-reflex response in the non-involved leg remains facilitated, whereas the H-
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reflex in the leg that has to be moved drops towards its control value (Brunia and 

Vuister 1979; Sullivan 1980), or even shows a slight degree of inhibition. After the 

response signal the evoked H-reflex response increases sharply. This facilitatory effect 

precedes the movement related EMG by 100-160 msec (Eichenberger and Rüegg 

1984, Riedo and Rüegg 1988). Presynaptic inhibition of la terminals on motoneurons 

of contracting muscles is diminished. The lower inhibition permits a larger la activity 

to contribute to the excitation of an enlarged number activated motoneurones, whereas 

presynaptic inhibition induced by spindles of muscles not participating in the 

contraction is increased (Hultborn et al. 1987b). Subsequent release of muscle 

contraction is characterized by a temporary lowering of the H-reflex response 

(Schieppati and Crenna 1984; Abbruzzese et al. 1998). The reduction of the amplitude 

of the H-reflex response is restricted to the relaxing muscle. The H-reflex response 

amplitude decreases below the resting values in spite of persistent EMG activity. It 

appears that a presynaptic inhibition of the la afferent fibers originating from the 

muscle spindles of the relaxing muscle is the main underlying mechanism responsible 

for the H-reflex inhibition. 
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Vibratory inhibition, the homonymous recovery curve and the 

ratio of the maximal H-reflex to direct muscle potential (H/ 

M-ratio) of the soleus H-reflex were assessed in ten patients 

with leg dystonia and in six patients with arm or neck dystonia. 

The results were compared with those obtained in 48 healthy 

control subjects. H-reflex variables most helpful for the 

discrimination of patients and healthy subjects were identified. 

In patients with leg dystonia vibratory inhibition was less marked 

than in control subjects, whereas late facilitation of the recovery 

curve was increased. In patients with leg dystonia area values 

of test reflexes in the late facilitatory phase of the recovery 

curve relatively exceeded peak-peak values, in contrast to 

findings in control subjects. This finding may be attributable 

to less synchronisation of enhanced test reflexes in dystonia 

than in the control condition. In differentiating patients with 

leg dystonia from control subjects a combination of parameters 

of vibratory inhibition and the late facilitatory phase of the 

recovery curve appeared most useful. In patients with arm or 

neck dystonia and in the unaffected legs of hemidystonic 

patients, soleus H-reflex test results were in the normal range. 

Abnormalities in the results of the Soleus H-reflex tests we 

used appear to be related to the presence of clinical signs in the 

extremity under examination and not to the severity of features. 
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Introduction 

Dystonia is a syndrome dominated by sustained muscle contractions frequentiy 

causing twisting and repetitive movements or abnormal postures (Fahn et al. 1987). In 

some instances a cause can be identified, however ancillary investigation is often 

unrewarding. In dystonic movement disorders motoneuron activity evoked with H-

reflex tests can be used for studying underlying pathophysiological mechanisms (Panizza 

et al. 1990; Bour et al. 1991; Berardelli et al. 1987; Nakashima et al. 1989; Artieda et al. 

1991). As dystonia is often characterized by simultaneous contraction of antagonistic 

muscles, in most studies reciprocal inhibitory mechanisms are examined (Panizza et 

al. 1990; Berardelli et al. 1987; Nakashima et al. 1989; Artieda et al. 1991). However 

the study of other H-reflex tests such as the homonymous H-reflex recovery curve, 

inhibition of the H-reflex during vibration, and the ratio between the H-reflex and the 

direct muscle (M)-response may reveal additional neurophysiological mechanisms that 

contribute to the origin of dystonia (Panizza et al. 1990; Bour et al. 1991). In this 

presentation we report our results of the H / M ratio, vibratory effects and recovery 

curves of the soleus H-reflex in patients with leg dystonia, in patients with arm or 

neck dystonia without leg involvement and in control subjects. In addition we 

investigated which H-reflex variables are helpful for the discrimination of dystonic 

and healthy subjects. 

Methods 

Subjects 

Ten dystonic patients, aged 21 - 66 years (mean 43 years), were selected on the basis 

of dystonic features in one or both legs with or without dystonic features in other 

parts of the body. In addition six patients, aged 23 - 48 years (mean 34 years) with arm 

or neck dystonia with sparing of the legs were examined. Additional features of an 

upper motoneuron syndrome - such as paresis, extensor plantar responses or evident 

tendon jerk asymmetry - were not present in any of the patients. Severity of dystonic 

features in the leg, arm or neck was scored with use of the Fahn-Marsden Scale for 

primary torsion dystonia (Fahn 1989). Only severity factors for the clinically affected 

site were used. Grades of severity ranged from 0 (no dystonia present) to 4 (severe 
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dystonia). At the time of investigation none of the patients received medical therapy 

known to influence hypertonia or dystonia. All subjects gave informed consent. The 

neurophysiological results obtained were compared with those in a control group of 

48 healthy subjects 20 - 70 years of age (mean 38). Results of neurophysiological tests 

of the healthy subjects have been published earlier (Koelman et al. 1993). 

Experimental procedure 

Recording and stimulation techniques for the soleus H-reflex have been described 

previously (Ongerboer de Visser et al. 1989; Hugon 1973). During all tests subjects 

were seated in a reclining chair in a standardized position. H-reflexes were elicited 

only in the absence of triceps surae EMG activity, which also was monitored aurally 

during the investigation. Soleus H-reflex responses elicited by 1 ms square current 

pulses to the posterior tibial nerve in the popliteal fossa were amplified with a band

pass filter of -3 dB at 2 Hz and 10 kHz, and digitally stored with a sample frequency 

of 10 kHz in a mini-computer (PDP 11/73). The time interval between successive 

trials during the investigation was at least 30 seconds (Ongerboer de Visser et al. 1989; 

van Boxtel 1986). For the construction of an H-reflex recruitment curve as a function 

of stimulus intensity, intensity increments of successive stimuli were chosen small at 

low intensity levels, and were gradually enlarged at higher intensities. Each recruitment 

curve consisted of 12 or more H-reflexes at different intensities. Simultaneous with 

the H-reflex recruitment curve, a recruitment curve of direct soleus M potentials was 

constructed also as a function of stimulus intensity. Peak-peak (P-P) values of the 

maximal H-reflex response and maximal M-potential were used for the H/M ratio 

(Bouretal. 1991). 

Vibration of the Achilles tendon with a frequency of 100 Hz and an undamped 

amplitude of 1 mm was applied continuously bv a Briiell and Kjasr 4809 vibrator. The 

cumulative vibratory index (CVI) was used as a quantitative measure for the vibratory 

effects on the H-reflex (Ongerboer de Visser et al. 1989). This CVI is defined as the 

ratio between the surface under the recruitment curves obtained during and without 

vibration at the stimulus intensity up to which integration is carried out. Only the CVI 

at the stimulus intensity level yielding the maximal H-reflex response was used (Bour 

etal. 1991). 

H-reflex recovery curves were constructed bv application of paired pulses of equal 

intensity. The stimulus intensity level where the H-reflex reached half its maximum 
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value was used (Bour et al. 1991). Time-intervals between conditioning and test stimulus 

were 100,200,250,300,400 and 500 ms and at 1,3,10 and 30 seconds. Early facilitation 

and inhibition were not examined. The recovery curves were plotted as the ratio in 

percentage between the area values of the test and the conditioning H-reflex response 

against the time-interval between the two stimuli. Four characteristic values were used 

for statistical analysis: (a) the local maximum of the test H-reflex occurring in the late 

facilitatory phase at a stimulus time-interval ranging from 50 to 320 ms; (b) the local 

minimum of the test H-reflex found in the late inhibitory phase of the recovery curve 

at a stimulus time-interval ranging from 320 to 1000 ms; (c) the ratio of the difference 

in P-P and area values of the test and the conditioning H-reflex response at the local 

maximum of the late facilitatory phase; (d) the ratio of the difference in P-P and area 

values of the test and the conditioning H-reflex response at the local minimum of the 

late inhibitorv phase. 

Statistical analysis 

To assess differences in soleus H-reflex test results between the groups, analysis 

of variance (BMDP statistical software package, 7D) was performed with use of t-

tests. To assess the collective value of the variables yielded by the H-reflex recruitment 

curves, H /M ratios and recovery curves in discriminating the patients with leg dvstonia 

and healthy controls, a stepwise discriminant analysis (BMDP statistical software 

package, 7M) was performed. F-Statistics were used to determine whether a feature 

was entered (F> 5.0) into the discrimination. With discriminant analysis a canonical 

variable was derived to differentiate patients with leg dystonia from healthy subjects. 

A canonical variable is a linear combination of variables that contribute most 

significantly to the discrimination. From the canonical variable, a posterior probability 

score was derived bv which each individual case was classified in one of the two 

groups. Patients with arm or neck dystonia were classified with use of the same 

canonical variable. Correlation between the severity of dystonic features and the 

canonical variable was also determined (BMDP statistical software package 2R). 
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Results 

Clinical features 

Table 1 shows the clinical data of the dystonic patients. All patients in the dystonic 

group with leg involvement showed in the early stage of the disease a slowly progressive 

form of dystonia. In only one subject an anatomical lesion was demonstrated that 

consisted of a lacunar infarction in the basal ganglia. In one of the patients, isolated 

neck dvstonia was thought to be secondare to cerebral palsy. 

Neurophysiological features 

The results of the soleus H-reflex tests in the three groups are presented in figure 1. 

Comparison of neurophvsiological findings obtained in the group of patients with leg 

dvstonia with those in the control group vielded the following results. In patients with 

leg dystonia H / M ratio (mean 48%, range 18-100%) is similar to the one seen in 

Table 1. Clinical features of patients with dystonia 

Ptno age 

leg dystonia 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

arm and 
11 
12 
13 
14 
15 
16 

21 
52 

33 
42 
37 
22 

33 
64 
63 
66 

neck dvstonia 
28 
23 
27 

38 
39 
48 

cause 

familial 
familial 
familial 
unknown 
unknown 
trauma? 
unknown 
infarction 
unknown 
unknown 

unknown 
traumar' 
unknown 
unknown 
cerebral palsy 
unknown 

duration 

16 
44 
22 
Id 
6 
4 
6 
3 
6 
5 

4 
3 
1 
4 

39 
7 

symptomatology 

generalized dystonia 
generalized dystonia 
generalized dystonia 
hemidystonia 
generalized dystonia 
generalized dystonia 
hemidystonia 
hemidystonia 
hemidystonia 
segmental dystonia legs 

focal dystonia arm 
focal dystonia arm 
focal dystonia arm 
focal dystonia arm 
torticollis 
torticollis 

severity' 

3 
1 
1 
2 
2 
4 
2 

1 
1 
2 

1 
4 

2 
1 
4 

3 

"Components of the Fahn-Marsden scale for primary torsion dystonia are used with respect to 
the affected site only. Grades of severity range from 0 (no dystonia present) to 4 (severe dystonia) 
(I-ahn 1989) 
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Figure 1. Soleus H-reflex test results in 48 healthy control subjects, 10 patients with leg dystonia 
(LEG), and six patients with arm or neck dystonia (ARM). Each value represents the group mean 
± 1 SE a.H/M ratio; b. CVI = cumulative vibratory index; c. LF = late facilitatory phase in the 
recovery curve; d. LI = late inhibitory phase in the recovery curve; e. LF(P-A) = peak-peak (P) 
minus area (A) value in the late facilitatory phase in the recovery curve; f. LI(P-A) = peak-peak 
minus area value in the late inhibitory phase of the recovery curve. ' p<0.01; " p<0.001 

control subjects (mean 48%, range 6-100%, p>0.1). However, in patients with leg 

dystonia, vibratory inhibition is markedly more depressed (mean CVI 71%, range 32-

114%) than found in the controls (mean 19%, range 0-60%, p<0.001). Furthermore, 

in the patients with leg dystonia late facilitation of the recovery curve is increased 

(mean 149%, range 45-335%) to a markedly larger extent than observed in control 
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Figure 2. Recovery curve of soleus H-reflex response in a dystonic patient. Peak-peak as well as 
area values are shown. Area value in the late facilitator}- phase, is larger than peak-peak value. 

subjects (mean 42%, range 9-92%, p<0.01) . In leg dystonia the late facilitatory phase 

showed in most instances larger potentiation in area values than in P-P values, resulting 

in lower P-P minus area values in leg dystonia (mean P-P minus area value - 9 % , range 

- 2 6 % to 3%) than in control subjects (mean P-P minus area value 4%, range - 7 % to 

19%, p < 0 . 0 1 ; figure 2). Late inhibition did not differ significantly between patients 

with leg dystonia (mean 40%, range 3-88%) and control subjects (mean 17%, range 2-

44%), p=0.04) . Nei ther did the mean of P-P minus area values in the late inhibitory 

phase: in leg dystonia 0% (range - 7 % to 5%), in control subjects 1% (range - 7 % to 

8%, p>0.1) . 

In patients with arm or neck dystonia soleus H-reflex test results did not differ 

significantly from the results in the control subjects. The mean H / M ratio was 5 7 % 
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(range 38-87%, p>0.1), and the mean CVI was 28% (range 2-67%, p>0.1). The mean 

late facilitation was 49% (range 14-88%, p>0.1) and the mean late inhibition was 8% 

(range 2-20%, p=0.02). P-P minus area values were normal both in the late facilitatory 

phase (mean 2%, range - 4 % to 11%) and in the inhibitory phase (mean 0.9%, range -

3% to 8%). 

In three of the four patients with hemidvstonia soleus H-reflex tests also were 

performed on the asymptomatic side. An asymmetry in vibratory and recovery features 

was found in all three patients. In the patient with dystonia secondary to a lacunar 

infarction in the basal ganglia, vibratory inhibition was depressed in the dystonic leg 

(CVI 99%), whereas CVI was normal (23%) in the asymptomatic leg. In the dystonic 

leg late facilitation was 123% and late inhibition was 69%, whereas in the asymptomatic 

leg late facilitation (47%) and late inhibition (12%) were normal. In the first of the two 

patients with idiopathic hemidvstonia, in the dystonic leg CVI was 113% and late 

facilitation was 112%, whereas in the asymptomatic leg vibratory inhibition was normal 

(CVI 48%) and late facilitation of the recovery curve was near the abnormal range 

(86%). In the second patient CVI was 110% and late facilitation was 92% on the 

symptomatic side, whereas test results were normal on the asymptomatic side (CVI 

17%, late facilitation 8%). 

In differentiating patients with leg dystonia from control subjects by using stepwise 

discriminant analysis, the most distinctive factor appeared to be vibratory inhibition. 

Late facilitation and P-P minus area values of the late facilitatory period also contributed 

to the differentiation. With the help of these parameters, for each individual a canonical 

variable was derived (Bour et al. 1991). With this canonical variable eight of the ten 

patients with leg dystonia and all control subjects were classified correcdy (figure 3). All 

patients with arm or neck dystonia as well as the unaffected legs of hemidystonic patients 

were classified in the control group 

No relationship was found between the degree of abnormality in the soleus H-reflex 

test results and the severity of leg dystonia. In some patients with only moderate disability, 

prominent abnormalities in soleus H-reflex tests were observed, but the reverse also 

occurred. In patients with leg dystonia, we could not establish a significant relationship 

between the canonical variable and severity of leg dystonia (r = 0.44, p > 0.05). 
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Discussion 

In dystonic patients the H/M-ratio was unaltered compared with control subjects 

and may indicate that in dystonia excitability of soleus motoneurons is not affected. 

The normal H / M ratio is in accordance with the fact that enhancement of tendon 

jerks is not a characteristic feature in dystonia as it is in the upper motoneuron syndrome, 

in which H / M ratio increases with increase of tendonreflex activity (Koelman et al. 

1993, Rothwell et al. 1983). 

H-reflex suppression during Achilles tendon vibration, which strongly activates 

primarv muscle spindle endings, is supposed to be predominantly caused by an 

autogenic axo-axonal presynaptic inhibition of la terminals (De Gail et al. 1966; Gillies 

et al. 1969; Burke and Ashby 1972; Delwaide 1973; Hultborn et al. 1987). However, 

other mechanisms such as neurotransmitter depletion or post-activation depression have 

been suggested as well (Hultborn et al. 1987; Nielsen et al. 1993). In spasticity, vibrator}' 

inhibition of the H-reflex is markedly decreased (Delwaide 1973; Taylor et al. 1984; 

Ongerboer de Visser et al. 1989; Koelman et al. 1993). To date, there are few data on 

vibratory inhibition in dystonia. In an earlier study (Bour et al. 1991) decrease of vibratory 

inhibition was found in some patients with dystonic features, but most of them had 

mixed dystonia and upper motoneuron signs. In the present study a similar decrease of 

vibratory inhibition has been found in purely dystonic patients. Presynaptic inhibition is 

probably also involved in the second phase of the reciprocal inhibition curve (Berardelli 

et al. 1987), which is reduced in forearm muscles in dystonia as well as in the upper 

motoneuron syndrome (Nakashima et al. 1989;Panizzaetal. 1990; Artiedaetal. 1991). 

However, it is not known whether vibratory and reciprocal induced presynaptic 

inhibition are correlated intraindividually. 

Enhancement of late facilitation in dystonia is in accordance with findings 

reported previously (Sax et al. 1976; Panizza et al. 1990). The late facilitatory phase 

of the homonymous recovery curve occurs at time intervals around 250 ms between 

the conditioning and the test stimulus (Magladery et al. 1952). The facilitatory 

period is proposed to be mediated by cutaneous afferents (Gassel 1970; Pierrot-

Deseilligny et al. 1973). However, the potentiation of late facilitation in dystonia 

and in the upper motoneuron syndrome as well as in Parkinsonian rigidity reflects 

polysynaptic pathways in either spinal cord or supraspinal long-loop pathways or 

both (Yap 1967; Zander Olsen and Diamatopoulos 1967; Pierrot-Deseillignv et al. 
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1973; Panizza et al. 1990; Bour et al. 1991). 

In dvstonic patients in the late facilitatory phase area values of the test response 

were relatively larger than peak-peak values, resulting in lower P-P minus area values. 

In controls and spastic patients peak-peak values and area values are similarly enlarged 

even when late facilitation is significantly enhanced (Bour et al. 1991). Therefore, in 

dystonia additional mechanisms are involved in the late facilitatory potentiation. The 

finding is a consequence of a more asynchronous H-reflex response to the second, 

test stimulus than to the first conditioning stimulus. Whereas in spasticity and healthy 

controls the configuration of the first and second response are more or less the same, 

in dystonia the configuration of the first and second response are different, which 

results in a larger facilitation for the area than for the P-P value. The asynchronicity of 

the second H-reflex response may be explained as follows. It may be that the 

polysynaptic pathways do not induce excitatory postsynaptic potentials in all 

motoneurons at exactly the same time. As a result of temporal summation the 

motoneurons then may fire more asynchronously to the second stimulus. Another 

explanation may be that through hyperactivity of polysynaptic pathways more oligosynaptic 

induced motoneuron discharges are elicited by the second stimulus. These oligosynaptic 

reflex responses will have longer latency times and thus prolong the second H-reflex 

response. The fact that a similar discrepancy between P-P and area values does not exist in 

the late inhibitory phase may be due to the longer interstimulus interval and consequently 

different influences originating from the polysynaptic pathways (Taborikova 1969). 

Soleus H-reflex test results in patients with arm or neck dystonia were normal. 

However, in patients with focal dystonias more generalized neurophysiological 

abnormalities have been found. The recovery of the blink reflex may be enhanced in 

patients wTith spasmodic torticollis and in blepharospams, but not in patients with 

focal arm dystonia (Nakashima et al. 1990). The recovery curve of the H-reflex in the 

forearm shows enhancement of late facilitation in patients with spasmodic torticollis, 

but not in patients with blepharospasm (Panizza et al. 1990) In contrast, reciprocal 

inhibition of the H-reflex in the forearm may be disturbed both in patients with 

spasmodic torticollis and in patients with bepharospasm (Panizza et al. 1990; Deuschl 

et al. 1992). It has been suggested that the extent of abnormal neurophysiological 

mechanisms relate to the site of maximal dystonic symptoms so that the interneuronal 

circuits relatively distant from the clinically affected site would be less influenced than 

those that are closer (Nakashima et al. 1990). As such, abnormalities in the recovery 
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curve as well as in vibrators inhibition may be more defined to the symptomatic site 

than abnormalities in reciprocal inhibition. In addition, the results in patients with 

hemidystonia suggest that abnormalies both in vibratory inhibition and in the recover}' 

curve of the soleus H-refles may occur unilaterally, even in the absence of a unilateral 

cerebral lesion. 

A clear relationship between the combination of abnormalities in the neuro-

physiological tests yielding the canonical variable and severity7 of leg dystonia could 

not be established. As such, other neurophysiological mechanisms may add to the 

clinical symptomatology. In healthy subjects a relatively large interindividual variation 

of neurophysiological test results is present. In addition, the group of patients with 

leg dystonia is rather small ind heterogeneous, which may further obscure a possible 

relationship between neurophysiological and clinical parameters. Finally, the scale used 

includes disability items next to impairment items. Neurophysiological correlations, if 

present, would be expected to occur with impairment rather than with disability 

parameters. 

Eight out of 10 patients with leg dystonia showed a combination of abnormal 

soleus H-reflex test results that classified them correctly. Two cases were in the 

borderline region between dystonia and control findings. In contrast, all control subjects 

had a combination of test results that were clearly distinct from the findings seen in 

the patients. These observations suggest that the presented tests may be useful in 

verifying an underlying alfflormaJity in patients with suspected dystonia (Panizza et al. 

1989). As in dystonia frequently uncertainty exists whether presented clinical signs 

have an organic basis (Falin et al. 1987), soleus H-reflex tests may be helpful in the 

management of these parients. 
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We studied the maximal H-reflex to maximal direct muscle 

potential (H/M ratio), late facilitation and late inhibition in the 

recovery curve, and vibratory inhibition of the soleus H-reflex 

in three consecutive patients with hereditary dopa-responsive 

dystonia, before and during treatment with levodopa. In one 

patient, we repeated the H-reflex tests twice after withdrawal 

of levodopa. The results were compared with those in a group 

of 48 healthy subjects. In the patients before treatment, the 

soleus H-reflex recovery curve showed increased late facilitation 

and depressed late inhibit ion, reflecting alterations in 

postsynaptic interneuronal activity. Vibratory inhibition, 

predominantly reflecting presynaptic inhibitory action, was 

depressed. Normalization of these test results occurred during 

levodopa treatment, concurrent with a clear clinical response. 

The H / M ratio, reflecting the excitability state of the 

motoneuron pool, was similar during and without levodopa 

treatment. In the one patient tested after levodopa withdrawal, 

enhancement of late facilitation and decrease of vibratory 

inhibition paralleled the reoccurrence of dystonia most clearly. 

Since soleus H-reflex tests mainly reflect mechanisms operating 

at the spinal level, spinal aminergic or dopaminergic systems 

are probably involved in dopa-responsive dystonia. 
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Introduction 

Dopa-responsive dystonia (DRD) dramatically responds to levodopa therapy (Nygaard 

et al. 1991). Benefits from treatment are lasting, and the problems associated with long-

term levodopa therapy in patients with Parkinson's disease are generally absent. With H-

reflex tests, various spinal reflex activities that may contribute to the origin of dystonia 

can be studied, but to our knowledge they have not been performed in patients with 

DRD. H-reflex tests in patients with idiopathic generalized dystonia show a decrease in 

the reciprocal inhibition of the H-reflex in the forearm and enhancement of the Hi-

reflex recovery curve in the arm and in the leg (Sax et al. 1976; Panizza et al. 1990; Bour 

et al. 1991). In addition, vibratory inhibition of the soleus H-reflex in the leg is depressed 

(Bour et al. 1991). These findings suggest hyperexcitability of oligosynaptic and 

polysynaptic pathways and a disturbance of presynaptic inhibitory mechanisms. DRD 

offers a unique opportunity to analyze different neurophysiological mechanisms that 

may be involved in dystonia in the same subject in the symptomatic and asymptomatic 

state. In this study, we report on results of soleus H-reflex tests before and during 

levodopa treatment in three consecutive patients with a hereditary DRD. 

Methods 

Soleus H-reflex tests 

Recording and stimulation techniques for the soleus H-reflex have been described 

previously (Hugon 1973; Ongerboer de Visser et al. 1989). During all tests, subjects 

were seated in a reclining chair in a standardized position. Soleus H-reflexes were 

elicited only in the absence of triceps surae EMG activity, which was noted on the 

oscilloscope at the beginning and end of each reflex study. In addition, EMG activity 

was monitored aurally during the investigation. The H-reflex was discarded, if there 

was any soleus activity prior to tibial nerve stimulation. Soleus H-reflex responses 

elicited bv 1 ms square constant current pulses to the posterior tibial nerve in the 

popliteal fossa were amplified with a band-pass filter of -3 dB at 2 Hz and 10kHz 

(6dB/octave) and digitally stored with a sample frequency of 10 kHz in a mini-computer 

(PDP 11/73, Digital, USA). The time interval between successive trials during the 

determination was at least 30 seconds. For the construction of an H-reflex recruitment 
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curve as a function of stimulus intensity, intensity increment of successive stimuli was 

chosen small at low intensity levels, while it was gradually enlarged at higher intensity. 

Each recruitment curve consisted of 12 or more H-reflex responses at different 

intensities. Simultaneously with the H-reflex recruitment curve, a recruitment cur\re 

of direct soleus M potentials was constructed also as a function of intensity. Peak-

peak values of the maximal H-reflex response and maximal M-potential were used 

for the H / M ratio (Bour et al. 1991). 

Vibration of the Achilles tendon with a frequency of 100 Hz and an undamped 

amplitude of 1 mm was applied by vibrator (Brüell and Kjasr 4809, Denmark). The 

cumulative vibratory index (CVI) was used as a quantitative measure for the vibratory 

effects on the H-reflex (Ongerboer de Visser et al. 1989). This CVI is defined as the 

ratio between the surface under the recruitment curves obtained during and without 

vibration at the stimulus intensity up to which integration is carried out. The CVI at 

the stimulus intensity level yielding the maximal H-reflex response was used only 

(Bouretal. 1991). 

H-reflex recovery curves were constructed by application of paired pulses of equal 

intensity. The stimulus intensity level where the H-reflex reached half its maximum 

value was used (Bour et al. 1991). Time-intervals between conditioning and test stimulus 

were 100,200,250, 300,400 and 500 ms and at 1,3,10 and 30 seconds. Early facilitation 

and inhibition were not examined. The recovery curves were plotted as the ratio in 

percentage between the area values of the test and the conditioning H-reflex response 

against time-interval between the two stimuli. The two following characteristic values 

were used for statistical analysis: the local maximum of the test H-reflex occurring in 

the late facilitatory phase at a stimulus time-interval ranging from 50 to 320 ms, and 

the local minimum of the test H-reflex found in the late inhibitory phase of the 

recovery curve at a stimulus time-interval ranging from 320 to 1000 ms. 

Control subjects 

The neurophysiological results were compared with those found in a control group 

of 48 healthy subjects aged 20-70 years (mean 38 years). The latter have been published 

earlier (Koelman et al. 1993). 
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Statistical methods 

In patients with measurements on both legs the mean value of both measurements 

was used. Soleus H-reflex test results of patients before levodopa treatment were 

compared with those of controls using unpaired two-tailed two-sample Student's t 

tests. Soleus H-reflex test results of patients with and without therapy were compared 

with paired t tests. 

Case reports 

Patient 1 is a 53-years-old man who developed slowly progressive dystonia, at the 

age of seven, firsdy localized in the left leg and subsequently in the left shoulder. In 

the following years, the disease slowly progressed to a generalized dystonia and at the 

age of 13 the patient was unable to stand, to sit and to eat independently. Mental 

development was normal. He was treated with anticholinergic drugs with no beneficial 

effect. At the age of 18, the signs subsided and consisted of slight generalized dystonic 

movements increasing with fatigue or anxiety but not interfering with daily life activities. 

At the age of 51, dystonia was present in both arms and cramps were frequent in the 

right leg. On treatment with 50 mg of levodopa (with carbidopa) three times a day, all 

dystonic movements disappeared within 2 weeks. Soleus H-reflex investigations were 

performed on the right leg before treatment and after 3 months of levodopa treatment, 

when all dystonic signs had disappeared. 

Patient 2 is a 22-years-old woman, daughter of patient 1, who developed slowly 

progressive generalized dystonia at the age of 5 years. Dystonia was at first localized 

in the legs in a mild form, which worsened during walking. Subsequently, dystonic 

movements were also present at rest and involved the arms and neck muscles as well. 

Mental function was normal and she remained fully independent. With 50 mg levodopa 

(with carbidopa) twice a day, all dystonic movements disappeared within two weeks. 

Soleus H-reflex tests were performed on both legs before treatment and after 4 months 

of levodopa treatment, when no dystonic signs were present. In addition soleus H-

reflex tests were performed twice after discontinuation of the levodopa treatment. 

The first examination was 3 days after discontinuation of treatment. At that time, no 

dvstonic signs were found although the patient experienced some restlessness in the 

arms. The second examination was 2 days later when she developed a severe torsion 

dystonia of the neck and the right leg. 

Patient 3 is a 35-years-old man, the nephew of patient 1, who experienced dystonic 
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movements and cramps since the age of 12, more severe on the right side, increasing 

with fatigue and anxiety. He remained fully independent and dystonic movements did 

not interfere with daily life. With 50 mg of levodopa (with carbidopa) three times a 

day all complaints disappeared within two weeks. The soleus H-reflex investigations 

were performed on both legs before treatment and when on levodopa treatment for 4 

months. 

Recruitment curves M and H reflex 
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Figure la and b. Recruitment curves of soleus M response and H-reflex of the right leg in patient 
3 without levodopa treatment (a) and during levodopa treatment (b), showing an increased H/M 
ratio and increased H-reflex inhibition with vibration during treatment. 

Results 

The individual soleus H-reflex tests of patient 3 before and during levodopa 

treatment are presented in figures la and b and 2. The combined soleus H-reflex test 

results of the different patients are presented in the table. Without levodopa treatment 

in the patients the mean H / M ratio was 44% (range 23-65%) and was similar to the 

H / M ratio in controls (mean value 48%, range 6-100%). In the patients no uniform 

influence of levodopa treatment on the H/M ratio was seen (mean value 47%, range 
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15-80%). Contrarily, without levodopa treatment recovery and vibratory features of 

the soleus H-reflex were clearly abnormal in the patients. The most prominent 

alterations were found in the soleus H-reflex recovery curve. In the patients late 

facilitation was significantly increased with a mean value of 145% (range 120-200%), 

whereas in controls the mean value was 42% (range 9-92%, p<0.001). During treatment 

with levodopa late facilitation fell to a mean value of 44% (range 25-110%, p<0.01). 

Figure 2. Recovery curves of soleus H-reflex 
of the right leg in patient 3 without levodopa 
treatment (square) and during levodopa 
treatment (circle), showing decreased late 
facilitation and increased late inhibition of 
soleus H-reflex to the test stimuli during 
levodopa treatment. 

"0.01 0.1 1.0 10.0 

delay S2- S, (log sec) 

With discontinuation of treatment in patient 2 after 3 days late facilitation increased, 

even when no signs of dystonia were present. After 5 days, late facilitation was most 

significantly disturbed in the leg clinically most affected. In the patients without levodopa 

treatment, late inhibition of the recovery curve was decreased with a mean value of 

57% (range 25-90%), whereas in controls the mean value was 17% (range 2-44%, 

p<0.001). With treatment late inhibition increased and returned to normal with a 

mean value of 8% (range 4-11%). After discontinuation of levodopa treatment in 

patient 2 late inhibition did not deteriorate again, not even when dystonia reappeared. 

In the patients, pretreatment vibratory inhibition was diminished with a mean value 

of 43% (range 24-82%), whereas in controls the mean value was 19% ( range 0% to 

60%, p=0.02). With treatment suppression of the H-reflex during vibration increased 

in the patients and had a mean value of 12% (range 4-23%). After discontinuation of 

levodopa treatment in patient 2, inhibition of the H-reflex during vibration deteriorated 

only slightly again in the clinically most affected leg after 5 days. 
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Discussion 

We demonstrated a clear relationship between changes in soleus H-reflex recovery 

and vibratory test results and the disappearance and reoccurrence of dystonia, providing 

further evidence that alterations in these soleus H-reflex tests are linked with dystonia. 

Without levodopa treatment, there was a marked potentiation of late facilitation 

and a clear decrease of late inhibition of the soleus H-reflex recovery curve in our 

patients. The late facilitatory phase of the soleus H-reflex recovery curve is present 

around a time interval of 200 ms between the conditioning and test stimuli and is 

speculated to be mediated by cutaneous afferents (Gassel 1970; Pierrot-Deseilligny et 

al. 1973). Our results of potentiation of late facilitation in DRD are in agreement with 

earlier findings in groups of patients with idiopathic generalized dystonia (Panizza et 

al. 1990; Sax et al 1976). Potentiation of late facilitation is present in the upper 

motoneuron svndrome and in parkinsonian rigidity as well (Zander Olsen and 

Diamantopoulos 1967; Yap 1967; Sax et al. 1980), and probably reflects alterations in 

descending control mechanisms on spinal interneuronal activity (Masland 1972). 

The late inhibitory phase of the soleus H-reflex recovery curve is present at a time 

interval of 300 msec up to 3 seconds between the conditioning and test stimuli and 

may be caused by the inhibitory action of the afferent impulses from secondary endings 

in the muscle spindles (Granit et al. 1966). In patients with the upper motoneuron 

syndrome, a decrease of late inhibition is also present (Koelman et al. 1993). In our 

patients, both abnormalities in the recovery curve responded dramatically to treatment 

with levodopa coupled with a dramatic clinical improvement of dystonia. 

Although the absolute values of vibratory inhibition of the soleus H-reflex were 

less strikingly abnormal, improvement in vibratory inhibition was induced by the 

application of levodopa in our patients. H-reflex suppression during Achilles tendon 

vibration, which strongly activates primary muscle spindle endings, is presumed to be 

caused by an autogenic axo-axonal presynaptic inhibition of la terminals (De Gail et 

al. 1966; Gillies et al. 1969; Burke and Ashby 1972). However, other mechanisms, 

such as neurotransmitter depletion and post activation depression, are possible as well 

(Hultborn et al. 1987; Crone and Nielsen 1989). In spasticity, vibratory inhibition is 

markedly decreased (Delwaide 1973; Taylor et al. 1984; Ongerboer de Visser et al. 

1989), whereas in parkinsonian rigidity vibratory inhibition is normal (Delwaide 1985). 

In spastic subjects, different drugs reinforce vibratory inhibition, but this action may 
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Table. Soleus H-reflex test results in controls and patients with and without levodopa treatment 

i/M ratio (%) 

L-DOPA -
l.-DOPA + 
DAY 3 -
DAY 5 -

Controls 
(n=48) 
mean 
value 
(SD) 

48 (18) 

Patient 1 
Right 
leg 

65 
15 

Patient 2 
Left 
leg 

35 
73 
68 
66 

Right 
leg 

44 
80 
49 
27 

Patient 3 
Left 
leg 

23 
41 

Right 
leg 

32 
56 

Late Facilitation 
of recovery curve (%) 42 (20) 

L-DOPA -
L-DOPA + 
DAY 3 -
DAY 5 -

Late Inhibition 
of recovery curve (%) 17(11) 

125 
25 

175 
32 
67 
50 

125 
37 
87 

160 

200 
110 

120 

33 

L-DOPA -
L-DOPA + 
DAY 3 -
DAY 5 -

Cumulative vibratory 
inhibition (%) 

L-DOPA -

L-DOPA + 
DAY 3 -
DAY 5 -

19 (16) 

25 
8 

25 
23 

90 
4 
4 
2 

50 
4 
3 
2 

90 
9 
2 
7 

82 
5 
4 

27 

60 
11 

24 

9 

50 

5 

53 
5 

In patient 2, test results after 3 days (DAY 3 -) and after 5 days (DAY 5 -) of discontinuation of 
levodopa treatment are shown. 

be limited to the pathologic situation with disturbed vibratory inhibition only (Delwaide 

et al. 1983). An action of levodopa upon presynaptic inhibition, seen in our patients 

with D R D , has not been reported previously. 

In our patients, the H / M ratio was unaltered compared to control subjects and may 
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indicate that in dystonia excitability of soleus motoneurones is not affected. The normal 

H / M ratio is probablv related to the enhancement of tendon jerks not being a 

characteristic feature in dystonia as the upper motoneuron syndrome, in which H / M 

ratio increases with increase of tendonreflex activity (Rothwell et al. 1983; Koelman 

et al. 1993). 

In the patient tested twice after discontinuation of levodopa, abnormalities in the 

different H-reflex tests did not all reoccur at the same time. Potentiation of late 

facilitation was already present after 3 days whereas there was only a slight decrease in 

vibratory inhibition in the clinically most affected leg after 5 days and late inhibition 

even remained normal. Thus, as in spasticity the abnormalities in the different 

mechanisms tested, may occur independently (Delwaide 1985). Moreover, the different 

abnormalities in the soleus H-reflex test results may be of different clinical significance. 

If so, the combination of abnormalities in the late facilitatory period and vibratory 

inhibition appear to be linked to the clinical signs of dystonia most clearly. 

Although 6-fluorodopa positron emission tomography (PET) scans are normal in 

DRD, a dysfunction of nigro-striatal dopaminergic pathways is thought to be 

responsible for the clinical signs in DRD (Nygaard et al. 1992; Snow et al. 1993) 

However, the results of our soleus H-reflex tests suggests that spinal aminergic or 

dopaminergic mechanisms contribute to the clinical signs of DRD. In spinal or 

decerebrated animals, a modulatory effect of aminergic and dopaminergic mechanisms 

at the spinal level is suggested by the action of various drugs on reflexly induced 

motor responses (Barasi and Roberts 1977; Commissiong and Sedgwick 1979; Dupelj 

and Geber 1981; Gentleman et al. 1981; Carp and Anderson 1982; Lindvall et al. 

1983; Jankowska 1993). There are reports of both inhibitory and facilitatory effects 

of dopamine (Barasi and Roberts 1977; Commissiong and Sedgwick 1979; Carp and 

Anderson 1982; Jankowska 1993). Dopaminergic endings that may influence motor 

functions are found in the dorsal horn (Lindvall et al. 1983). The recent discovery of 

existence of dopaminergic terminals in the vicinity of motoneurons in the ventral 

horn of rat lumbar spinal cord provides further support to the functional role of 

dopamine in the spinal motor control mechanisms (Shirouzu et al. 1990). In the 

normal human spinal cord, dopamine levels are similar to those found in animals 

suggesting the existence of spinal dopamine projections in humans (Lindvall et al. 

1983; Commissiong and Sedgwick 1975). Dysfunction of the spinal aminergic or 

dopaminergic system may be involved in the restless legs syndrome (Guilleminault et 
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al. 1993). A dopaminergic deficit on different levels in DRD and Parkinson's disease 

might render an alternative explanation for the clinical differences between the two 

diseases and the observation that 6-fluorodopa PET studies are normal in DRD (Snow 

et al. 1993). Our findings underscore the necessity to consider dysfunction of spinal 

dopaminergic mechanisms in the pathophysiology of DRD. 
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Dystonia in the causalgia-dystonia syndrome is characterized 

by a fixed dystonic posture. To identify involvement of central 

pathophysiological mechanisms we analyzed soleus H-reflex 

tests in five patients with causalgia-dystonia. Soleus H-reflex 

test results in these patients differed from those in healthy 

controls but were similar to those in purely dystonic patients 

and healthy controls mimicking dystonic posture. The results 

suggest involvement of supraspinal mechanisms in the 

abnormal posture of causalgia-dystonia. 
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Soleus H-reflex tests in causalgia-dystonia 

Introduction 

Causalgia-dvstonia is a manifestation of reflex sympathetic dystrophy, recently renamed 

complex regional pain syndrome (Schwartzman and Kerrigan 1990; Bhatia et al. 1993; 

Jankovic 1994; Stanton-Hicks et al. 1995). It is a combination of persistent pain, often 

with allodynia and hyperpathia, with a fixed dystonic posture of an extremity, often 

triggered by minor trauma. In addition, autonomic features such as difference in skin 

color or temperature relative to the other limb, edema, dystrophic changes and atrophy 

of skin, soft tissue, muscle, and bone can be present. The fixed dystonic posture contrasts 

with the mobile spasms characteristic of idiopathic torsion dystonia (Schwartzman and 

Kerrigan 1990; Bhatia et al. 1993; Jankovic 1994). Peripheral and central mechanisms, as 

well as psychogenic factors ha\re been invoked to explain the syndrome (Schwartzman 

and Kerrigan 1990; Bhatia et al. 1993; Jankovic 1994). To study, whether central reflex 

mechanisms involved in, peripherally induced, causalgia-dystonia syndrome differ from 

those in pure dystonia with a presumed central origin, we performed soleus H-reflex 

tests in five patients with a causalgia-dystonia syndrome. The results were compared 

with those in a group of purely dystonic patients and in a group of healthy controls and 

another group of healthy controls mimicking dystonic posture. 

Methods 

Soleus H-reflex tests 

During all tests individuals were seated and soleus H-reflex responses were studied 

only in the absence of triceps surae EMG activity, which was noted aurally and visually 

on the oscilloscope at the beginning and end of each reflex study (Bour et al. 1991; 

Koelman et al. 1993). The posterior tibial nerve was stimulated in the popliteal fossa 

with 1 ms square wave constant current pulses. Stimulus intensity to elicit threshold 

soleus H-reflex response was increased stepwise up to the intensity to elicit maximal 

direct soleus muscle (M) potential. H-reflex response and M-potential recruitment 

curves were plotted as the amplitude of the H-reflex response or M-potential against 

stimulus intensity. Peak-peak values of the maximal H-reflex (Hmax) response and 

maximal M-potential were used to calculate the H/M ratio (Bouretal. 1991; Koelman 

et al. 1993). Vibration with a frequency of 100 Hz and an undamped amplitude of 1 
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mm was applied to the Achilles tendon by a Brüell and Kjsr 4809 vibrator. The 

cumulative vibratory index (CVI), defined as the ratio of the area under the H-reflex 

recruitment curve obtained during and without vibration, was taken as a quantitative 

measure for the vibratory effects on the H-reflex. Only the CVI at the stimulus 

intensity vielding Hmax was used (Bour et al. 1991; Koelman et al. 1993). H-reflex 

recovery curves were constructed by application of paired stimuli of equal intensity' at 

which the conditioning H-reflex reached half its maximum value. Time-intervals 

between conditioning and test stimulus were 100, 200, 250, 300,400, 500 ms and at 1, 

3,10 and 30 seconds. Recovery curves were plotted as the ratio in percentage between 

area values of the test and conditioning H-reflex response against time interval between 

the two stimuli. The local maximum of the test H-reflex in the late facilitatory phase 

(LF) that occurs at stimulus intervals between 100 and 350 ms and the local minimum 

of the test H-reflex in the late inhibitory phase (LI) of the recovery curve that occurs 

at stimulus intervals between 350 and 1000 ms were used for analyses (Bour et al. 

1991; Koelmanetal. 1993). 

Patients and control subjects 

The first group consisted of five patients, aged 28 - 47 years (mean 34 years), with 

causalgia-dystonia. All had fixed dystonic equinovarus posturing of the foot in 

combination with pain and sensory symptoms; three after abdominal surgery; one 

after a minor backinjury; and one after an unexplained sciatic pain syndrome. In none 

there was a clear alternative explanation as to the origin of the symptoms and signs. In 

four patients causalgia-dystonia was present in one leg and soleus H-reflex tests were 

performed in both legs. The fifth patient had bilateral involvement and soleus H-

reflex tests were performed in the most affected leg only. The second group consisted 

of 13 purely dystonic patients, aged 21-68 years (mean 46 years). Two had hemi-

dystonia due to an infarction of the contralateral basal ganglia. Three patients had a 

generalized familial dopa-responsive dystonia. The remaining patients suffered from 

an idiopathic dystonia; one a segmental type confined to the legs; three a hemidystonic 

type; and four a generalized type. The third group consisted of 48 controls, aged 20-

70 years (mean 38 years). The results in the third group and part of the results in the 

second group have been published earlier (Koelman et al. 1995). Soleus H-reflex tests 

were also studied in a fourth group consisting of five controls, aged 25-34 years (mean 

29 years), who were asked to hold the foot fixed in equinovarus. Again soleus H-reflex 
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tests were investigated in the absence of EMG activity monitored over the soleus 

muscle only. 

Statistical analysis 

Soleus H-reflex test results in the different groups were compared with unpaired 

two tailed two sample Student's t-tests. A difference with p< 0.05 was considered to 

be significant. 

Results 

Results of the soleus H-reflex tests are presented in the table. In group 1 patients 

with causalgia-dystonia in the symptomatic leg, the H / M ratio was normal, CVI was 

depressed, LF of the recovery curve was increased and LI was decreased. These findings 

were similar to those seen in group 2 patients with pure dystonia. In the asymptomatic 

leg in the four group 1 patients with unilateral involvement H / M ratio, CVI and LI 

remained in the normal range, whereas LF was increased. In the controls mimicking 

fixed dystonic posture (group 4) CVI was depressed and LF increased compared to 

the CVI and LF obtained in controls with the feet in normal position (group 3). CVI, 

LF and LI values in group 4 were similar to those obtained in the symptomatic leg of 

patients in group 1 and 2. 

Discussion 

The soleus H-reflex tests in the symptomatic leg in group 1 patients with causalgia-

dystonia show a decrease of vibratory inhibition, enhancement of late facilitation and 

diminution of late inhibition in the recovery curve. These results are similar to the 

ones obtained in group 2 patients with pure dystonia and those seen in healthy controls 

mimicking the dystonic posture (group 4). The enhanced facilitation in the recovery 

curves in the clinically unaffected leg of causalgia-dystonia patients may indicate 

subclinical involvement of that leg. The mechanisms tested by the soleus H-reflex 

operate largely at the spinal level but are influenced by descending activity from 
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supraspinal structures. Achilles tendon vibration suppresses the H-reflex predominantly 

by an autogenic axo-axonal presynaptic inhibition of la terminals (Floeter et al. 1998). 

Post-activation depression or neurotransmitter depletion probably add to vibratory 

induced inhibition (Floeter et al. 1998). The facilitatory period of the recovery curve 

is probably mediated by cutaneous afferents and muscle afferent activity induced by 

relaxation after the stretch of the conditioning H-reflex, whereas neurotransmitter 

depletion probably accounts for the inhibitory phase (Koelman et al. 1993; Kagamihara 

et al. 1998) 

Table 

Causalgia-dystonia 
symptomatic leg (n=5) 
asymptomatic leg (n=4) 

Patient 1 
symptomatic leg 
asymptomatic leg 
Patient 2 
symptomatic leg 
asymptomatic leg 
Patient 3 
symptomatic leg 
Patient 4 
symptomatic leg 
asymptomatic leg 
Patient 5 
symptomatic leg 
asymptomatic leg 

Dystonia (n=13) 

Controls (n=48) 

Controls (n=5) 
with foot in 
equinovarus 

Age 

28-47 

32 

28 

34 

29 

47 

21-68 

20-70 

25-34 

duration 
(yrs) 

3 

3 

10 

0.5 

1 

H/M 
ratio % 

35 (29) 
63 (41) 

15 
72 

71 
57 

16 

60 
111 

12 
13 

45 (24) 

48(18) 

49 (34) 

Cumulative 
vibratory 
inhibition % 

87 (42)* 
29 (17) 

14 
21 

115 
44 

92 

98 
9 

116 
43 

59 (38)** 

19(16) 

68 (22)** 

Late facilitation 
of recovery 
curve % 

114(48)* 
68 (35)* 

108 
82 

102 
96 

194 

68 
37 

100 
106 

141(84)** 

42 (20) 

84 (45)** 

Late inhibition 
of recovery 
curve % 

43(16)** 
26 (30) 

55 
62 

16 
1 

52 

52 
1 

45 
39 

47 (31)** 

17(11) 

40 (29) 

For groups the values are means with SD in parentheses. * p < 0.05, **p < 0.01 compared with 
controls 
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The normal H /M ratio in the patients militates against a direct tonic activation of 

motoneurons. Although it is difficult to exclude involvement of interneuronal 

connections for the linkage of sensory and motor activity within the spinal cord with 

certainty, the similar H-reflex modulations in pure dystonia and mimicked posture 

suggest a similar, supraspinal involvement in the generation of dystonic posture in 

causalgia-dystonia patients. The pattern of the spread beyond the original site in some 

patients with causalgia-dystonia also suggests supraspinal involvement (Bhatia et al. 

1993). Supraspinal organization can be altered by nerve stimulation and nerve injury, 

but also by sensory stimulation of the skin (Merzenich and Jenkins 1993). In causalgia-

dystonia central motor control may be altered by a trauma in such a way that the 

affected limb is dissociated from normal regulatory mechanisms. The H-reflex tests 

used cannot distinguish an extrinsic trauma from a psychogenic causation as the origin 

of dystonia and clinical clues have to be taken into consideration (Fahn 1994). However, 

a fundamental physiological difference between trauma induced and psychogenic 

dvstonia appears unlikely as in both origins an altered central organization may be 

induced by sensory stimuli. 
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Six patients with a dystonic or segmental myoclonic movement 

disorder of probable peripheral origin repeatedly showed a 

beneficial, albeit temporary, response to electroacupuncture. To 

elucidate whether segmental sensorimotor pathways are involved 

in the abnormal movements, and whether electroacupuncture 

influences these segmental pathways, soleus H-reflex tests were 

performed before and immediately after acupuncture. Soleus 

H-reflex tests before acupuncture showed normal H / M ratio, 

increased late facilitation of the recovery curve and diminished 

vibratory inhibition. After acupuncture, concurrent with a 

beneficial response of the movement disorder, late facilitation 

and vibratory inhibition normalized. We suggest that abnormal 

afferent input is involved in the generation of abnormal 

movements in these patients. Electroacupuncture, by its afferent 

stimulation, probably alters the modulation of afferent input, 

allowing polysynaptic spinal and supraspinal pathways involved 

in motor control to resume normal function. 
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Introduction 

Acupuncture is recognized to have beneficial effects in a number of disorders 

(Culliton 1997). In pain syndromes the beneficial effect is likely to be mediated by 

release of endorphins in the central nervous system (Culliton 1997). Which mechanisms 

are involved in other medical conditions in which acupuncture has therapeutic value 

remains uncertain. In the past we noticed that electroacupuncture was effective in 

some patients with segmental myoclonus after laminectomy for radiculopathy or after 

abdominal surgery (Jankovic and Pardo 1986; Horstink and Wong-Chung 1990). The 

same beneficial effect was seen in some patients with focal dystonia after peripheral 

trauma. To elucidate the influence of electroacupuncture upon pathophysiological 

mechanisms involved in motor control of the leg, six patients with a movement disorder 

of the leg of probable peripheral origin were studied with soleus H-reflex tests. All 

six patients repeatedly had shown a dramatic albeit temporary beneficial response to 

acupuncture whereas other therapies had failed. Soleus H-reflex tests were performed 

immediately before and after acupuncture (Delwaide 1984; Schieppati 1987; Koelman 

et al. 1995a). 

Methods 

Patients 

All six patients (table 1) participating in the present study attended the center for 

movement disorders at the department of Neurology of the University Medical Center 

at Nijmegen. In none of the patients ancillary investigations such as electromyography, 

sensory evoked potentials, imaging of the brain, caudal roots and spinal cord, and 

examination of the spinal fluid, revealed additional abnormalities. In all patients other 

treatments such as psychotherapy, physiotherapy, and different kinds of medication 

including benzodiazepines, anticholinergics, antidepressants and muscle relaxants, had 

been tried in the past without success. 

All patients had a clinical examination just before the neurophysiological testing (J.K.), 

after which electroacupuncture was administered (R. W-C). After electroacupuncture a 

second clinical examination followed and thereafter neurophysiological tests were 
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repeated. The whole procedure was performed on the same day. 

Case reports 

Patient 1 is a 57-year-old woman, who developed at the age of 46, an irregular 

myoclonus in the right leg on standing and sitting following a period of backache after 

uterus surgery. Walking was relatively undisturbed. In supine position the right leg was 

held flexed in the knee, straightening of the leg induced tremulous activity. At the age 

of 31 she also had myoclonus, when giving birth to a stillborn child, which diminished 

gradually in the weeks thereafter. Electroacupuncture had an immediate beneficial 

effect lasting for one week. 

Patient 2 is a 49-year-old woman, who developed at the age of 46 irregular myoclonic 

movements in the right leg after a hysterectomy. Minor complaints were already present 

since giving birth and curettage at the age of 35. On the right side, rotational movements 

in the hip with flexion and extension movements in the knee gradually worsened, 

resulting in a peculiar gait disorder, and swinging flexion and extension movements in 

the elbow developed. She became wheelchair bound because walking and sitting were 

impossible without assistance. These late, secondary abnormalities of movement were 

thought to be psychogenic. After electroacupuncture the movements resolved 

completely for ten days. 

Patient 3 is a 54-year-old man, who developed at the age of 45 tremulous myoclonus 

with a frequency of 4 to 5 Hz in the right leg, shortly after surgery for a lumbar disc 

protrusion causing radicular pain. The right foot was held adducted in the ankle. 

Movements persisted in sleep. Neurological examination revealed hypaesthesia of the 

lateral side of the right leg. The diagnosis of postradicular segmental spinal myoclonus 

was tentatively made. After three sessions of electroacupuncture abnormal movements 

and pain resolved completely. The benefit of acupuncture lasted about a month, but 

strain shortened the effect. 

Patient 4 is a 39-year-old woman, who developed at the age of 35 flexion and 

extension movements in the right knee two days after bladder surgery for stress 

incontinence. Immediately after operation she had experienced violent pains in the 

right leg and walking had been queer. Sometimes similar movements occurred in the 

left knee. The right more often than the left foot was cold and pale. When standing on 

the right foot, there were shaking flexion and extension movements of the knee. A 

tentative diagnosis of segmental spinal myoclonus after traumatic lumbosacral plexus 
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injury was made. After two sessions of electroacupuncture walking was normal for 

some hours. Eventually benefit of acupuncture lasted for one week, but strain shortened 

the effect. 

Patient 5 is a 31-year-old woman who developed at the age of 29 dystonic posturing 

of the left foot with periods of weary feelings, blue discoloration and coldness of the 

left foot. On examination the foot was inverted but could be redressed passively with 

ease. She walked on the outer side of the left foot. Dystonic posturing was suspected 

to be part of a complex regional pain syndrome. After successive electroacupuncture 

sessions, foot position normalized within one month and autonomic features graduallv 

disappeared completely. 

Patient 6 is a 42 year-old woman, who developed at the age of 30, a dystonic 

movement disorder predominantly in the lower extremities, provoked by exercise and 

walking, after a caesarean section. It consisted of inversion and plantar flexion of the 

feet. To a small extent dystonic movements were also present in both arms but more 

pronounced in the right one. Family history was unrevealing. Although dystonia 

musculorum deformans was considered the predominance of pain and the fixed 

postures were more suggestive of peripherally induced dystonia. Electroacupunture 

had an immediate beneficial effect that lasted for one month. With electroacupuncture 

once a month she remained almost symptom free. 

Electroacupuncture 

Electroacupuncture was applied according to traditional Chinese rules and consisted 

of scalpacupuncture of the so-called contralateral zones of Chorea and Tremores, 

which lie over the premotor cortex. This was combined with acupuncture of the 

ipsilateral paravertebral acupuncture points between the ninth thoracic and second 

lumbar vertebrae, which points are thought to influence the lower extremities (Shun-

fa 1981; O'Connor and Bensky 1981; Zeitler 1985; Yau 1984). Scalp and paravertebral 

acupuncture points were stimulated electrically with a multiple electroacupunctoscope 

WQ 10C2 (Beving, China). Frequencv modulation of the electrical stimulation ranged 

from 20 to 80 Hz. Stimulus intensity of electrical stimulation was adjusted by the 

patient up to pain threshold. Additional acupuncture points could be selected for 

individual patients, if necessary. Therapy sessions lasted 45 to 60 minutes. 
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Soleus H-reflex tests 

Recording and stimulation techniques for the soleus H-reflex have been described 

previously (Hugon 1973; Bour et al. 1991; Koelman et al. 1995a). During all tests 

subjects were seated in a reclining chair in a standardized position. Soleus H-reflexes 

were elicited only in the absence of triceps surae EMG activity, which was noted on 

the oscilloscope at the beginning and end of each reflex study. In addition, EMG 

activity was monitored aurally during the investigation. The H-reflex was discarded, if 

there was any soleus activity prior to tibial nerve stimulation. Soleus H-reflex responses 

were elicited by 1 ms square constant current pulses to the posterior tibial nerve in the 

popliteal fossa. Responses were amplified with a band-pass filter of -3 dB at 2 Hz and 

10kHz, filter roll off was 6dB/octave, and digitally stored with a sample frequency of 

10 kHz in a mini-computer (PDP 11/73). The time interval between successive trials 

during the examination was at least 30 seconds. For the construction of an H-reflex 

recruitment curve as a function of stimulus intensity, intensity increment of successive 

stimuli was chosen small at low intensity levels, while it was gradually enlarged at 

higher intensity. Each recruitment curve consisted of 12 or more H-reflex responses 

at different intensities. Simultaneously with the H-reflex recruitment curve, a 

recruitment curve of direct soleus M potentials was constructed also as a function of 

intensity. Peak-peak (PP) values of the maximal H-reflex response and maximal M-

potential were used for the H / M ratio (Ongerboer de Visser et al. 1989). 

Vibration of the Achilles tendon with a frequency of 100 Hz and an undamped 

amplitude of 1 mm was applied by a vibrator (Briiell and Kjasr 4809, Denmark). The 

cumulative vibratory index (CVI) was used as a quantitative measure for the vibratory 

effects on the H-reflex (Ongerboer de Visser et al. 1989). This CVI is defined as the 

ratio between the area under the recruitment curves obtained during and without 

vibration at the stimulus intensity up to which integration is carried out. The CVI at 

the stimulus intensity level yielding the maximal H-reflex response was used only 

(Bouretal. 1991). 

H-reflex recovery curves were constructed by application of paired pulses of equal 

intensity. The stimulus intensity level where the H-reflex reached half its maximum 

value was used (Bour et al. 1991). Time-intervals between conditioning and test stimulus 

were 100,200,250,300,400 and 500 ms and at 1,3,10 and 30 seconds. Early facilitation 

and inhibition were not examined. The recovery curves were plotted as the ratio in 

percentage between the area values of the test and the conditioning H-reflex response 
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against time-interval between the two stimuli. Two characteristic values were used for 

statistical analysis (Bour et al. 1991; Koelman et al. 1995a). Firstly, the local maximum 

of the test H-reflex occurring in the late facilitatory phase (LF) at a stimulus time-

interval ranging from 50 to 350 ms. Secondly, the local minimum of the test H-reflex 

found in the late inhibitory phase (LI) of the recovery curve at a stimulus time-interval 

ranging from 350 to 1000 ms. 

Soleus H-reflex tests in the patients were performed on both sides, immediately 

before and after electroacupuncture therapy. Recording electrodes over the soleus 

muscle were kept in place during electroacupuncture. 

Controls 

The neurophysiological test results found in the patient group were compared with 

those found in a control group of 48 healthy subjects aged 20-70 years (mean 38 

years). The latter results have been published earlier (Koelman et al. 1993). 

Statistical methods 

Soleus H-reflex test results obtained in the electroacupuncture responsive patients 

were compared with those seen in the control subjects using unpaired two tailed two 

sample Student's t tests. Soleus H-reflex test results obtained in the patients before 

and after electroacupuncture where compared using paired t tests. P values smaller 

than 0.05 were considered significant. 

Results 

Clinical features 

In five patients the movement disorder was possibly related to abdominal or lumbar 

spine surgery (table 1). In two patients (nos. 5 and 6) the movement disorder resembled 

dystonia, and in three patients (nos. 1, 3 and 4) it resembled segmental spinal myoclonus. 

One patient (no. 2) was thought to suffer from segmental myoclonus, complicated by 

suspected psychogenic dyskinesia later on. In three patients (nos. 1,3 and 4) pain was 

a prominent feature at the onset of the involuntary movements. Two patients (nos. 4 

and 5) showed autonomic features, such as discoloration and coldness. 

At the time of the investigation patients nos. 1 through 4 had irregular abnormal 

99 



Chapter 6 

leg movements. In patient no. 5 the left foot was inverted but could easily be redressed 

passively, walking was on the outer side of the foot. In patient no. 6 only after exercise 

some dystonic activity was present in the right leg. During electroacupuncture abnormal 

movements resolved in patients nos. 1 through 4. In patient no. 5 inversion of the left 

foot clearly improved, but the foot position remained slightly inverted. In patient no. 

6 dystonic activity could not be elicited by exercise anymore. 

Table 1. Patients features. 

Patient age age duration related causative 
at (years) factor 
onset 

clinical diagnosis acupuncture duration 
duration effect of 

acupuncture 
(years) (weeks) 

IF 

2F 

3M 

4F 

57 (31)46 11 

49 (35)46 3 

54 45 9 

39 35 4 

abdominal surgery/ segmental myoclonus 5 
postradicular? 

abdominal surgery segmental myoclonus 2.5 
secondary psychogenic 
dyskinesias 

lumbar surgery/ 
postradicular 

segmental myoclonus 8 

1-2 

3-4 

abdominal surgery segmental myoclonus 3.5 

5F 31 29 2 

6F 42 30 12 

complex regional 
pain syndrome? 

dystonia 

abdominal surgery dystonia 

F — female, M - male 

Neurophysiological features 

The results of the soleus H-reflex tests are presented in table 2. In patients H / M 

ratio in the symptomatic leg before acupuncture (mean 47%, SD 27%) was similar to 

H / M ratio in controls (mean 48%, SD 18%) and did not alter after acupuncture (mean 

46%, SD 27%). In the non-symptomatic or clinical less affected leg the mean H / M 

ratio before acupuncture (mean 32%, SD 24%) and after acupuncture (mean 43%, 

SD 18%) did not differ significantly from H/M ratio in controls, either. Soleus H-
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reflex inhibition during vibration (CVI) in the symptomatic leg was less before 

electroacupunture (mean 36%, SD 26%) compared to controls (mean 19%, SD 16%, 

p = 0.03) and returned to normal after electroacupuncture (mean 20%, SD 13%). On 

the other side CVI before (mean 25%, SD 22%) and after acupuncture (mean 27%, 

SD 18%) did not differ significantly from CVI in controls. Late facilitation of the 

recovery curve (LF) in patients was enhanced in the symptomatic leg before 

acupuncture (mean 180%, SD 100%, p = 0.02) compared to the one in controls 

(mean 42%, SD 20%) and returned to normal after acupuncture (mean 62%, SD 

44%). In the other leg LF before acupuncture (mean 86%, SD 52%) and after 

acupuncture (mean 50%, SD 39%) were similar to LF in controls. However, within 

Table 2. Results of soleus H-reflex tests in individual patients before and after acupuncture and 
in controls. 

H/M ratio Cumulative vibratory Late facilitation Late inhibition 
(%) inhibition (%) of recovery curve (%) of recovery curve (%) 

Controls (n 
mean (SD) 

patient 1 

patient 2 

patient 3 

patient 4 

patient 5 

patient 6 

Patients 
mean (SD) 

=48) 

Side 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

R 
L 

X 

X 

48 (18) 

before - after 

19 - 19 
23 - 35 

32 - 24 
17-55 

38 - 25 
9- 14 

31 - 53 
20-37 

72 - 60 
82 - 79 

82-74 
49-58 

47 (27) - 46 (27) 

32(24)- 43(18) 

19(16) 

before - after 

85-18 
68-47 

39-11 
29 - 43 

37 -34 
19 - 32 

15- 4 
12-30 

1 1 - 3 
15-39 

27 - 17 
9 - 9 

36 (26)* - 20 
25 (22) - 27 

(13) 
(18) 

42 (20) 

before — after 

312- 78 
98- 86 

107- 145 
173- 112 

256- 31 
56 - 25 

230- 35 
92- 39 

16- 21 
55- 38 

120- 46 
81 - 19 

180 (100)*-62 (44) 
86 (52) - 50 (39) 

17(11) 

before - after 

81 -41 
40-29 

44-59 
76 -38 

22 - 9 
20- 19 

16- 3 
26- 5 

5 - 6 
30- 18 

67- 6 
29- 13 

43 (26) - 23 (23) 
33 (24)-18 (13) 

Clinically (most) involved leg in bold. *p < 0.05 compared to controls 
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the patient group improvement of LF after acupuncture was significant (p = 0.025). 

Late inhibition of the recovery curve (LI) in the symptomatic leg before (mean 43%, 

SD 26%) and after acupuncture (mean 23%, SD 23%) were similar to the one seen in 

controls (mean 17%, SD 11%). In the asymptomatic or less affected leg mean LI 

before (33%, SD 24%) and after acupuncture (18%, SD 13%) were also similar to LI 

in controls, but within the patient group improvement of LI in that leg almost reached 

significance (p = 0.055). 

Discussion 

The movement disorders of the six patients in the present study showed a beneficial 

response after acupuncture, concurrent with normalization of spinal inhibitory 

mechanisms as revealed by the soleus H-reflex tests. 

The soleus H-reflex is evoked by stimulation of myelinated muscle spindle 

afferents (la fibers) and appears at lower stimulus intensities and at longer intervals 

than a direct muscle potential evoked by stimulation of motor nerve fibers (Schieppati 

1987). Different soleus H-reflex tests may be used for the study of spinal inhibitory 

mechanisms involved in motor control of the leg (Delwaide 1984; Koelman et al. 

1995a; Ploeter et al. 1998). The normal H / M ratio of the soleus H-reflex in the 

patients before electroacupuncture suggests normal motoneuron excitability 

(Schieppati 1987). The finding that the motoneuron excitability did not alter with 

electroacupuncture suggests that the effect of acupuncture is mediated by premotor 

inhibitory interneurons. Before electroacupuncture inhibition of the soleus H-reflex 

during vibration was less than after acupuncture. In healthy subjects vibration of 

the Achilles tendon strongly activates primary spindle endings and may suppress or 

even abolish the H-reflex response during the vibration (Ongerboer de Visser et al. 

1989). This action is predominantly due to an autogenic axoaxonal presynaptic 

inhibition of la terminals through GABAergic interneurons, i.e., classic presynaptic 

inhibition and probably also to mechanisms intrinsic to presynaptic terminals, i.e., 

postactivation depression (De Gail et al. 1966; Gillies et al. 1969; Crone et al. 1989; 

Hultborn et al. 1996; Floeter et al. 1998). In patients with spasticity or dystonia 

inhibition of the H-reflex during vibration is also decreased (Delwaide 1973, 1984; 
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Ongerboer de Visser et al. 1989; Koelman et al. 1995a). In spasticity benzodiazepines 

may increase vibratory inhibition, which in spasticity- has been reported also to occur 

with acupuncture (Delwaide 1983; Milanov 1991). 

The H-reflex recovery curve comprises several phases (Schieppati 1987). A late 

facilitatory phase is present around a time interval of 200 msec between the conditioning 

and test stimulus and is proposed to be mediated by cutaneous afferents (Gassel 1970; 

Pierrot-Deseilligny et al. 1973). Facilitatory enhancement of the soleus H-reflex was 

present in patients before electroacupuncture. 

Facilitatory enhancement, also present in dystonia and Parkinsonian rigidity, may 

reflect activity attributed to polysynaptic pathways running either in the spinal cord or 

in supraspinal long-loops (Zander Olsen and Diamantopoulos 1967; Sax et al. 1976; 

Panizza et al. 1990; Koelman et al. 1995a). The normalization of late facilitation after 

acupuncture concurrent with clinical improvement has also been reported in patients 

with dopa-responsive dystonia treated with levodopa indicating that alterations in the 

soleus H-reflex tests in these patients are associated with disturbed movement too 

(Koelman et al. 1995b). 

In our patients onset of involuntary movements appeared to be related with surgery 

of the abdomen or spine, or with symptoms suggesting a complex regional pain 

syndrome. Involuntary movements after peripheral trauma are quite variable and may 

present as a predominantly tonic form of dystonia, tremor, spinal myoclonus, or 

muscular incoordination, and may occur in the absence of pain (Marsden et al. 1984; 

Jankovic and Pardo 1986; Schott 1986;Jankovic and van der Linden 1988; Schwartzman 

and Kerrigan 1990; Iliceto et al. 1990; Veldman et al. 1993; Jankovic 1994; Marsden 

1994). The pathophysiological mechanisms involved in movement disorders after 

peripheral trauma remain uncertain. Noxious and non-noxious afferent stimulation 

may increase the excitability of polysynaptic spinal reflexes (Andersen et al. 1995; 

Ellrich and Treede 1998). In patients with segmental myoclonus abnormal functioning 

of dorsal horn interneurons suggests a spinal origin of excitability changes (Di Lazzaro 

et al. 1996). Both the presence of peripheral trauma and pain without damage to the 

central or peripheral motor system in combination with the less effective inhibition in 

polysynaptic spinal sensorimotor pathways suggest that abnormal modulation of 

sensory input plays a crucial role in the origin of movement disorders in our patients 

too. In pain syndromes heterotopic acupuncture stimulation, as applied in our patients, 

inhibits the original pain by modulating transmission of noxious signals in the dorsal 
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horn bv the release of endogenous opioids. This effect is known as diffuse noxious 

inhibitory control (DNIC) (Culliton 1997; Wang et al. 1992; Bmg et al. 1990). DNIC 

can also be activated by noxious stimuli such as non-acupoint acupuncture or noxious 

thermal stimulation and probably involve supraspinal structures (Bing et al. 1990; 

Bouhassira et al. 1993). Administration of the opioid antagonist naloxon diminishes 

the efficacy of electroacupuncture in the treatment of pain (Wang et al. 1992; Bing et 

al. 1990). In patients with spasticity or with dystonic syndromes improvement by 

(electro)acupuncture has also been reported (Milanov 1991; Story 1989; Han et al. 

1994; Wu 1996). The antispastic effect also can be partially abolished by high doses 

of naloxon (Han et al 1994). These data suggest that the effect of acupuncture upon 

movement may be mediated by the release of endogenous opioids, resulting in a 

normal modulation of afferent input. 

Although the mechanisms tested by the soleus H-reflex operate largely at the spinal 

level, they are influenced by descending activity from supraspinal structures (Koelman 

et al. 1999). As such, another explanation for the effects of electroacupuncture in our 

patients may also be appropriate. Altered sensory input induces central cortical and 

subcortical reorganization, by which it may generate abnormal movements (Recanzone 

et al. 1990; Merzenich and Jenkins 1993; Jankovic 1994; Marsden 1994). Such a central 

reorganization may explain the observation that peripherally induced movement disorders 

show a tendency to spread beyond the involved site where the injury is located (Jankovic 

1994). In the adult cat, electrical stimulation of the large fiber afferents running in the 

median nerve, resembling an extended period of electroacupuncture, enlarges 

contralateral receptive cortical fields (Recanzone et al. 1990; Merzenich and Jenkins 

1993; Byl et al. 1996; Hamdy et al. 1998; Stefan et al. 2000). These changes are not 

restricted to the skin field belonging to the median nerve, but may extend over 

neighbouring representations of that half of the body surface. Administration of naloxone 

after enlargement of receptive fields following an episode of peripheral nerve stimulation 

makes the receptive fields shrink (Recanzone et al. 1990; Merzenich and Jenkins 1993). 

The changes underlying novel cortical receptive fields are thought to be due to synaptic 

plasticity induced by long-term potentiation and long-term depression of thalamocortical 

or corticocortical projections (Buonomono and Merzenich 1998). The treatment effects 

of electroacupuncture upon movement in the presented patients, therefore may relate 

to rearrangement of cortical and subcortical receptive fields. 

Noteworthy is, that, in the absence of their regular therapist, five of the presented 
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patients have been treated occasionally by another acupuncturist, who applied the 

same technique. All patients noted similar improvement. In all patients various other 

treatments, but not electroacupuncture were given, without any success. In this respect 

the beneficial response towards electroacupuncture in our patients is probably not a 

mere placebo effect, but rather related to a specific effect of electroacupuncture itself. 

Our data suggest that electroacupuncture alters modulation of afferent input allowing 

polysynaptic spinal and supraspinal pathways to resume normal function. This effect 

may be mediated bv DNIC through the release of endogenous opioids, or through 

electroacupuncture induced alterations of cortical and subcortical receptive fields. 

The temporary effect of electroacupuncture suggests a dynamic process. 
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Chapter 7 

Abstract 

In some patients with writer's cramp, writing with the 

asymptomatic arm induces dystonia in the symptomatic arm. 

In a patient with this 'mirror' dystonia we recorded angulation 

movements of both wrists simultaneously during writing. 

Abnormal movements occurred only in the symptomatic wrist. 

The abnormal movements during writing with the asymptomatic 

hand resembled closely abnormal movements during writing 

with the symptomatic hand. The feature of 'mirror' dystonia 

may help identify primary involved muscles and help elucidate 

the pathophysiology of writer's cramp. 
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Introduction 

In the treatment of writer's cramp with botulinum toxin injections, identification of 

muscles primarily responsible for the dystonic movements is essential. Mostly, 

identification of responsible muscles is done by careful clinical observation during writing, 

sometimes supported by electromyographical recordings (Cole et al.1995). Identification 

of responsible muscles, however, remains difficult in many patients. This difficulty is 

mainly due to compensatory movements and postures necessary to be able to write 

despite the dystonic movements. In a patient with writer's cramp, we recorded dystonic 

movements in the symptomatic arm induced by writing with the asymptomatic arm. We 

want to draw attention to these movements, as they may be helpful for the identification 

of responsible muscles for treatment with botulinum toxin. 

Patient and methods 

A 55-year old right-handed man presented with writing difficulty, due to involuntarv 

movements and posturing of the right hand and arm, which had gradually increased 

for four years. The last two years the patient experienced increasing difficulties in 

other tasks, such as typing, stirring, cutting, and spreading bread with butter, as well. 

He had taught himself to write with the left hand, but he had noticed involuntary 

movements in the right hand while doing so. To prevent these movements he had 

grown accustomed to sit on his right hand while writing. On examination, when writing 

with the right hand it appeared difficult to hold the pen on the paper due to prominent 

extension and ulnar deviation movements of the right wrist. In addition there was 

abduction of the upper arm. When writing with the left hand extension and ulnar 

deviation movements were also present in the right hand, but there was no abduction 

of the upper arm. Except for the involuntary movements in the right arm, neurological 

examination was normal. 

The wrist movements were studied with the Greenleaf wrist system (Greenleaf 

Medical Systems, Palo Alto, California). This system consists of a glove fixed around 

the wrist with two transducers for detection of flexion/extension and ulnar/radial 

deviation movements. Recordings were performed in both wrists simultaneously. After 

calibration of angles the patient was asked to write first with the right and subsequently 

with the left hand. Angulation movements were displayed on line on a mini-computer. 
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Figure 1. Writing with the right (upper text) and with the left arm (lower text). 

Results 

An example of the handwriting with the right and the left hand is given in figure 1. 

The movement analysis is depicted in the figures 2 and 3. The registration and the 

writing start at 0 seconds and so the wrist posture at this moment represents the 

resting position. During writing with the right hand there are gross ulnar deviation 

and extension movements in the right wrist, while virtually no movements are seen in 

the left wrist (figure 2a). Writing with the left hand is largely done by movements of 

the fingers. During writing with the left hand only minor wrist deviations are present 

on the left side and these minor deviations thus reflect the normal writing movements 

for this patient (figure 2b). However, again gross abnormal movements are seen in 

the right wrist (figure 2b). They resemble closely the abnormal movements, which 

occurred during writing with the right hand, but corrective movements, seen as rapid 

flexion movements towards the baseline position in figure 2a, are made less often. 

When drawing circles with the right and left hand as well, movements in the right 

wrist were much less pronounced than during writing (figure 3). 
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Figure 2. 
(a) writing with the symptomatic right arm elicits gross extension (R E/F) and ulnar (R R/U) 

deviations in the right wrist, while the left wrist remains quiet (L E/F, L R/U). 
(b) writing with the asymptomatic left hand again elicits gross extension (R E/F) and ulnar (R 

R/U) deviations in the right wrist, while again the left wrist (L E/F, L R/U) remains quiet. 
The figures are redrawn as the original figures had colored lines) 
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Figure 3. 
(a) Drawing circles with the symptomatic right (R) hand elicits only minor extension (E/F) and 

ulnar (R/U) deviations in the right wrist, the left wrist (L E/F, L U/R) remains quiet. 
(b) Drawing circles with the left hand elicits only minor extension (R E/F) and ulnar (R R/U) 

deviation movements in the right wrist. (The figures are redrawn as the original figures had 
colored lines) 
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Discussion 

In treatment of writer's cramp with botulinum toxin it is often difficult to select 

muscles that are primarily responsible for the abnormal movement. This is 

predominantly due to compensatory movements, necessary to hold the pen and to 

keep the pen on the paper. 'Mirror' dystonia in patients with writer's cramp was first 

described bv Sheehy, Rothwell and Marsden (1988), but has received little attention 

since. As the movements in 'mirror' dystonia have no compensatory component, 

dystonic activity in the symptomatic arm, disclosed by writing with the asymptomatic 

arm is likely to be that of the primary involved muscles. Therefore, when present, 

'mirror' dystonia may be helpful in selecting muscles for botulinum toxin injections in 

writer's cramp. In the presented patient this is demonstrated by the abduction 

movements in the shoulder present during writing with the right arm, but absent in 

'mirror' dystonia. Therefore, abduction movements in the shoulder are probably 

compensatory, necessary to keep the pen on the paper. The 'mirror' dystonic 

movements in our patient were evident by clinical observation. Recording with the 

Greenleaf wrist system facilitated quantification and insight into the combined direction 

of the movements. 

The pathophysiology of 'mirror' dystonia is unclear. The abnormal movements in 

'mirror' dystonia may be confused with mirror movements. Mirror movements are 

defined as involuntary movements on one side of the body that occur as mirror reversals 

of an intended movement on the other side of the body (Ziilch and Muller 1969; 

Cohen et al. 1991). In patients with congenital mirror movements there is an aberrant 

organization of cortical motor representation areas and corticospinal pathways with 

ipsilateral as well as contralateral control of voluntary movement (Cohen et al. 1991). 

However, mirror movements differ from the movements in mirror dystonia as the 

latter are not homologous and imitative and only occur during the performance of a 

specific task. 

Idiopathic dystonia commonly begins with a specific action dystonia. As the dystonic 

condition progresses, less specific actions of the affected arm may acti\rate the dystonia 

and, with further evolution, actions in other parts of the body can induce dystonic 

movements of the involved arm, so-called 'overflow' (Fahn et al. 1987). In this respect 

'mirror' dystonia is likely to be a task specific overflow phenomenon. Writing requires 

a high level of differentiation in the generation of muscle activity. Recently, in a primate 
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genesis model of focal dystonia it has been shown in a passive paradigm of repetitive 

strain, that cortical dedifferentiation of sensory information occurs (Byl et al.1996) 

Although in writer's cramp sensory information processing may be disturbed (Hallett 

1995), 'mirror' dystonia suggests the presence of task specific dedifferentiation of 

executive (motor) rather than of receptive (sensory) functions. 'Mirror' dystonia may 

show to be helpful in the clinical selection of responsible muscles in the treatment 

with botulinum toxin and in the study of the pathophysiology of dystonia as well. 
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Sensory trick or placebo? 

Introduction 

Some patients with focal dystonia take advantage of certain sensory inputs to alleviate 

their symptoms. These sensory tricks, also known as geste antagonistique, were once 

seen as indicative of a psychogenic disorder, but are now viewed as a unique feature 

helpful in diagnosing dystonia (Hallett 1995).The following case demonstrates the 

extent of the effect of sensory stimuli on movement and illustrates the problems with 

the concept of a psychogenic movement disorder. 

Case report 

A 58-year-old right-handed man with dystonic writer's cramp in the right hand for 

eight years had learned to write with the clinically unaffected left hand. Writing with 

the unaffected left hand induced dystonic movements in the right arm resembling the 

dystonic movements when writing with the right hand. To prevent these 'mirror'dystonic 

movements he had grown accustomed to sit on the right hand or to push the right 

hand against the table side during writing with the left hand, which, as he noticed, also 

improved writing with the left hand (figure). 

Discussion 

Sensory stimuli can alter the organization of the brain by remodeling central nervous 

system representations (Merzenich and Jenkins 1993). In dystonia, sensory stimuli 

play a prominent role not only in alleviating symptoms but possibly also in the 

development of the disease (Hallett 1995; Byl et al. 1996). The modalities of sensory 

stimuli influencing dystonic movements are quite diverse. In a patient with laryngeal 

dystonia background noise appeared beneficial and in some patients even the thought 

of the sensory trick itself may be helpful (Stojanovic et al. 1997; Greene and Bressman 

1998). The presented patient further widens the spectrum of sensory tricks as a 

heterotopic sensory stimulus appeared beneficial for performance of a clinically 

uninvolved part of the body. Widening of the spectrum of sensory tricks may have 

implications for the diagnosis of a psychogenic movement disorder. The central 

criterion for documentation of a movement disorder as psychogenic is persistent 
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relief of symptoms by psychotherapy or placebo (Fahn 1994). However, various forms 

of psychotherapy and placebo administration may be considered as a mixture of 

auditive, visual or tactile, sensory stimuli. Therefore, from a pathophysiological point 

of view, psychotherapy or placebo administration may be similar to other forms of 

sensory tricks. As such, the central criterion for the documentat ion of a movement 

disorder as psychogenic appears unreliable. In addition, to consider a movement 

disorder to have a psychogenic origin implies a dualistic approach; psychogenic versus 

organic or mind versus brain. This approach may contradict the view of many brain 

researchers w h o consider all mental functions to be an action of the brain (Andreasen 

1997). The questionable central criterion and the mind versus brain problem, may 

explain why an accurate diagnosis of a psychogenic as against an organic movement 

disorder may be so difficult (Fahn 1994). 

6 0 JISL^^- O^SIKOKO 

Figure. "Amsterdam is een mooie stad" (translation: Amsterdam is a beautiful city) 
top: writing with the dystonic right hand 
middle: writing with the left hand without sensory trick 
bottom: writing with the left hand while pushing the right hand to the table side 
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Reflections on movement and mind 

Introduction 

In the treatment of patients with dystonic movement disorders, it may be uncertain 

whether one is treating an organic, or a psychogenic movement disorder. The following 

three patients may illustrate the problem. 

Patients 

Patient 1: a 48-years old man, practically blinded because of blepharospasm, has to 

be guided to the sporting center by his friends. However, within the sporting center he 

has no blepharospasm anymore and is very well able to play badminton. In the changing 

room blepharospasm returns and the patient has to be guided home. 

Patient 2: a 28-years old woman, is unable to write due to writer's cramp when one 

looks at her. When left alone, writing is performed perfectly well. 

Patient 3: a 54-years old man acutely developed torticollis with a fixed dystonic 

posture during a verbal dispute. After 12 years torticollis remains unaltered. 

Discussion 

In these patients a psychogenic, genesis of the movement disorder was considered. 

According to the DSM IV, the essential feature of conversion disorder is the presence 

of symptoms or deficits affecting voluntary motor or sensory function that suggest a 

neurological or other general medical condition that cannot be explained by a known 

somatic disease (American Psychiatric Association 2000). It may coincide with 

psychogenic factors such as conflict or other stress inducing factors. For the 

documentation of a movement disorder as psychogenic (Fahn 1988), it should be 

persistently relieved by psychotherapy, suggestion, or placebo, or the patient should 

be free of symptoms when left alone. Symptoms in conversion hysteria should not 

correspond to anatomy, but rather to the subjects conception of the nervous system 

function (Trillat 1995). 

Sensory stimuli may induce long lasting physical changes of the brain, and may be 

associated with the development of dystonic movement disorders, without any apparent 
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pre-existing lesion in the nervous system (Byl et al. 1996). It is recognized that sensory 

stimuli, sensory tricks, may ameliorate dystonia (Hallett 1995). Placebo administration, 

psychotherapy or suggestion, or conflict and stress inducing factors can all be regarded 

to be a different kind or a combination of sensory stimuli. As such, it seems impossible 

to diagnose a psychogenic movement disorder with certainty. Although a 

psychotherapeutic session is distinct from a touch of the skin, the difference is not 

fundamental, as each can be regarded to be a form of sensory stimulation. In addition, 

if it is accepted that movements and thoughts as well, originate from the firing of 

neurons, the suggestion that in conversion hysteria there is no anatomical substrate 

for the disorder is no longer tenable. 

Classifying a disorder to be psychogenic in nature implies a dualistic approach; 

psychogenic as opposed to organic. A dualistic approach has been used to explain 

consciousness, i.e., the awareness of the self in the surrounding. However, a 

metaphysical interference, may not be needed to explain consciousness (Dennett 1991; 

Edelman 1989;Searle 1995). Consciousness apprehends only what, one way or another, 

has been perceived. Without senses perception is difficult to imagine. As such, 

consciousness may be regarded as a complex form of perception in which various 

forms of perception are linked. The broad array and linking of sensory perceptions 

may evolve into forms of consciousness. A dualistic approach is indispensable to 

explain free will (Honderich 1993; Weatherford 1995). In a dualistic approach it is 

accepted that the psyche, the ego, spirit or mind determines movement and thought. 

Without dualism, consciousness and will are to be regarded as passive secondary 

phenomena. Although these phenomena's may be intimately linked with, they do not 

determine movement and thought (Ruys and Den Hollander 1999). If free will does 

not exist, the question arises what then determines movement and thoughts? In 

dystonia, abnormal movement but also improvement of movement may be induced 

by sensory stimuli. Sensory stimuli may also evoke and ameliorate movement disorders 

of a supposed hysterical or psychogenic origin. Therefore, when a dualistic explanation 

is not tenable, it seems inevitable that movement and thoughts are determined by the 

stimulation of the senses. A sensory stimulus induces activity within the nervous system. 

Within the physical capacities of the nervous system, the stimulus determines the 

action. The physical capacities, however are modelled by earlier stimuli. As such the 

reaction on a stimulus or combination of stimuli is defined by earlier stimuli. If so the 
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distinction between organic and psychogenic vanishes, as every movement or thought 

is determined physically. As such there are no voluntary movements. Although 

movements may agree with what is felt as will, they may not be determined by will, but 

by afferent stimuli. 

In the treatment of patients, the distinction between organic and psychogenic may 

be no longer adequate as every action or thought is the interference of sensory stimuli 

within the physical properties of the nervous system. Some patients may be better of 

by altering the physical properties of the brain indirectly through sensory stimuli or 

modification of sensory stimuli, for instance by psychotherapy, acupuncture, placebo, 

a sensory trick, deep brain stimulation, or operative treatment of ulnar neuropathy to 

improve dystonia. Other patients may be better of with therapy directed towards the 

physical properties more directly, for instance by operative treatment for a brain tumor, 

levodopa, operative treatment for ulnar neuropathy, lobotomy, electroconvulsive therapy 

or botulinum toxin. In some patients a combination of both approaches may be 

indicated. Generally, physicians have always acted accordingly. It may, however, be 

important to recognize that patients suffering from poorly understood symptoms or 

signs, such as dystonia after minor trauma, or dystonic movement disorders improved 

by acupuncture have a physical disease and are not, consciously or unconsciously 

victims of their will or their mind. 
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Summary 

Dystonia is characterized by sustained muscle contractions, frequently causing 

twisting and repetitive movements or abnormal postures. For various reasons many 

patients with dystonia have been considered to suffer from a psychogenic disease 

rather than an organic one. The dyskinesias often have a bizarre nature and may appear 

only on certain characteristic actions, while other motor actions employing the same 

muscles are carried out normally. Furthermore, they may be relieved by certain 

inexplicable tricks. 

In recent years insight into the pathophysiology of dystonia has grown due to 

clinical neurophysiological, radiological and nuclear investigation tools (chapter 1). In 

the studies in this thesis neurological features and soleus H-reflex tests have been 

explored to improve the understanding of pathophysiological mechanisms involved 

in dystonia and to facilitate the diagnosis of dystonic features. The soleus H-reflex is 

evoked by electrical stimulation of afferent fibers (la fibers) from muscle spindles 

running through the posterior tibial nerve and appears at lower stimulus intensities 

and has a longer latency than the direct muscle potential (M-potential) evoked by 

activation of motor nerve fibers. la afferents may mono- and oligosynaptically excite 

homonymous motoneurons resulting in an electromyographic response of the soleus 

muscle, called the Hoffmann (H)-reflex (chapter 2). The soleus H-reflex studies in 

this thesis concern the ratio of the maximal H-reflex response to the maximal direct 

muscle potential (H/M ratio), the amount of inhibition of the soleus H-reflex response 

during vibration of the Achilles tendon, and the recovery functions of a second H-

reflex elicited at variable time intervals after a preceding H-reflex response. The H / M 

ratio reflects the excitability state of the motoneuronal pool, and vibratory inhibition 

mainly the autogenic axo-axonal presynaptic inhibition of the la fiber terminals. The 

various phases of the recovery curve of the soleus H-reflex probably correspond 

with activity of cutaneous afferents and polysynaptic pathways either in the spinal 

cord or along long-loop pathways and presynaptic inhibitory mechanisms as well. In 

chapter 3 soleus H-reflex results obtained in patients with leg dystonia are compared 

with those obtained in healthy controls and in patients with dystonic features without 

involvement of the leg. In patients with leg dystonia, vibratory inhibition of the soleus 

H-reflex response is depressed compared to findings in healthy subjects, whereas 
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recovery features of the soleus H-reflex were clearly enhanced. These findings suggest 

that spinal inhibitory mechanisms are diminished compared to those present in healthy 

control subjects. The motoneuronal pool excitability as reflected by the H / M ratio 

was normal. The normal H / M ratio in dystonia contrasts with the increased H/M-

ratio in spasticity. In patients with only arm involvement soleus H-reflex tests in the 

leg fell into the normal range, which suggests that the soleus H-reflex abnormalities 

were associated with clinical involvement of the extremity under study. With combined 

soleus H-reflex test variables most patients could be discriminated correctly from 

healthy controls. In three patients with dopa-responsive dystonia (chapter 4) a clear 

relationship could be demonstrated between changes in soleus H-reflex test responses 

and the disappearance and reoccurrence of dystonia. The clinical improvement due to 

levodopa treatment paralleled normalization of abnormal soleus H-reflex features. In 

the one patient in whom treatment was discontinued, dystonic signs reoccurred after 5 

days concurrent with reoccurrence of soleus H-reflex abnormalities. These findings 

provided further evidence that alterations in soleus H-reflex tests are allied to dystonia. 

In some patients dystonic movements occur after a peripheral trauma (chapter 5). 

Dystonia after a peripheral trauma is a debated entity and is also considered to be of 

a psychogenic origin. In contrast to patients with a presumed central origin of dystonia 

most of these patients show a fixed dystonic posture. The soleus H-reflex test 

abnormalities seen in five of these patients did not differ from those seen in patients 

with dystonia of a presumed central origin. However, similar soleus H-reflex test 

abnormalities were found in healthy controls who were asked to mimic the dystonic 

posture. As such the soleus H-reflex tests could not discriminate mimicked dystonia 

from trauma induced dystonia or from dystonia of central origin. These findings 

falsify the hypothesis suggested by us earlier, that soleus H-reflex tests might be 

helpful in discriminating psychogenic dystonia from organic dystonia. However, during 

the subsequent studies the distinction between organic and psychogenic had become 

increasingly unclear. The hesitance was caused by a number of factors. Firstly, in 

primates with dystonia after repetitive strain, studies showed plastic changes in the 

brain as a result of repetitive sensory stimulation. In these primates dedifferentiation 

of receptive fields occurred in the sensory cortex. Dedifferentiation of cortical fields, 

however, may not be limited to the sensory cortex itself. Reorganization in the motor 

cortex in dystonic patients are suggested to occur by observations obtained in 
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transcranial magnetic stimulation studies. The observation of a patient with 'mirror' 

dystonic movements during writing also suggested that dedifferentiation of motor 

fields are related to the development of dystonic symptoms (chapter 7). Secondly, 

the study performed in six patients with a dystonic or myoclonic movement disorders 

after trauma who repeatedly showed a beneficial although temporary effect after electro-

acupuncture (chapter 6). Patients in this study did not respond to various interventions 

or medical treatment, making a specific effect due to acupuncture more likely. In 

these patients soleus H-reflex abnormalities also improved after acupuncture. Electro-

acupuncture has been demonstrated to reorganize prominendy the sensory cortical 

receptive fields. Therefore, beneficial effects of electro-acupuncture may further signify 

the importance of sensory input in the generation of movements. Thirdly, sensory 

tricks were not only helpful in alleviating dystonic movement but also appeared to 

improve normal movements. This was demonstrated in a patient with writer's cramp, 

whose writing with the uninvolved left arm improved by manipulation of the affected 

right arm (chapter 8). As such, not only in dystonia induction or fluctuation of 

dystonic symptoms may mainly depend on various external factors, but it may also be 

true in apparently normal voluntary motor action. The diagnosis of a psychogenic 

movement disorder is largely based on the variability of signs and symptoms under 

influence of environmental conditions (chapter 9). However, this variability does not 

discriminate in itself a psychogenic from a dystonic movement disorder. Furthermore, 

it implies an arbitrary distinction between mind and brain. As such it may be hardly 

possible to interpret a movement disorder to be of psychogenic origin. 
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Samenvatting 

Dystonie wordt gekenmerkt door aanhoudende spiercontracties, die vaak leiden 

tot verwrongen en herhaalde bewegingen of tot een abnormale stand. Om verschillende 

redenen is wel verondersteld dat veel patiënten met dystonie niet leden aan een 

organische maar aan een psychogene aandoening. Zo zijn de bewegingsstoornissen 

vaak bizar, en kunnen ze alleen optreden bij een bepaalde motorische activiteit, terwijl 

andere activiteit waarbij dezelfde spieren worden gebruikt ongestoord kan worden 

uitgevoerd. Voorts kan verlichting optreden door onverklaarde foefjes. 

Recentelijk is het inzicht in de pathofysiologie van dystonie vergroot door klinisch 

neurofysiologisch, radiologisch en nucleair onderzoek (hoofdstuk 1). In de studies 

beschreven in dit proefschrift zijn enkele aspecten van de H-reflex responsies in de m. 

soleus (soleus H-reflex) bestudeerd, om meer inzicht te krijgen in de bij dystonie 

betrokken pathofysiologische mechanismen en om de diagnostiek van dystonie te 

verbeteren. De soleus H-reflex responsie wordt opgewekt door elektrische stimulatie 

van afferente vezels (Ia vezels) in de nervus tibialis posterior vanuit spierspoelen in de 

kuitspier (hoofdstuk 2). De H-reflex responsie verschijnt bij lagere stimulatie intensiteit 

en heeft een langere latentietijd dan nodig is en gezien wordt bij de directe spier 

potentiaal (M-potentiaal). Deze wordt opgewekt door activering van motorische, 

efferente zenuwvezels. Ia afferenten kunnen op mono- en oligosynaptisch wijze 

homonieme motorische neuronen aanzetten. De onderzoekingen met behulp van de 

soleus H-reflex betreffen de verhouding tussen de maximale H-reflex responsie ten 

opzichte van de maximale directe spier potentiaal (H/M ratio), de mate van 

onderdrukking van de soleus H-reflex responsie gedurende vibratie van de Achillespees, 

en het herstel van functies van een tweede H-reflex responsie, die met een variabel 

tijdsinterval na een voorafgaande H-reflex wordt opgewekt. De H/M-ratio weerspiegelt 

het niveau van prikkelbaarheid van de motorische neuronen, terwijl de onderdrukking 

tijdens vibratie vooral de autogene axo-axonale presynaptische remming van activiteit 

van de Ia vezel uiteinden weergeeft. De verschillende fasen van de herstelcurve van 

de soleus H-reflex corresponderen vermoedelijk met activiteit vanuit huidafferenten 

naar het ruggenmerg, actie van polysynaptische systemen in het ruggenmerg zelf of 

van en naar de hersenen, alsook met segmentale presynaptische remmende 

mechanismen. In hoofdstuk 3 worden de resultaten van soleus H-reflex studies bij 
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patiënten met dystonie in de beenspieren vergeleken met die verkregen bij zowel 

gezonde controle personen als patiënten met dystone verschijnselen bij wie de benen 

niet betrokken zijn. Bij patiënten met dystonie van de benen, is de onderdrukking van de 

soleus H-reflex responsie door vibratie verminderd ten opzichte van de onderdrukking 

gezien bij gezonde personen, terwijl de herstelwaarden van de soleus H-reflex duidelijk 

teveel zijn toegenomen. Deze bevindingen suggereren dat spinale remmende 

mechanismen verminderd zijn vergeleken met die bij gezonde controle personen. De 

prikkelbaarheid van de motorische neuronen, zoals weerspiegeld door de H/M-ratio, 

was normaal. De normale H/M-ratio bij dystonie contrasteert met de toegenomen H / 

M-ratio bij spasticiteit. Bij patiënten met dystonie alleen in de armen vielen de waarden 

van de variabelen van de soleus H-reflex responsies binnen de normale spreiding. Deze 

bevinding suggereert dat de soleus H-reflex afwijkingen zijn geassocieerd met de klinische 

betrokkenheid van de onderzochte extremiteit. Op grond van een combinatie van de 

onderzochte soleus H-reflex waarden konden de meeste patiënten worden onderscheiden 

van de gezonde controle personen. Bij drie patiënten met een dopa-gevoelige dystonie 

(hoofdstuk 4) werd een duidelijke relatie aangetoond tussen veranderingen in soleus H-

reflex test waarden en het verdwijnen en weer verschijnen van dystonie. De klinische 

verbetering door levodopa behandeling ging gepaard met normalisatie van abnormale 

variabelen van soleus H-reflex responsies. Bij de enige patiënt bij wie de behandeling 

werd onderbroken, kwamen de dystone verschijnselen na 5 dagen terug en ontstonden 

er ook weer gestoorde soleus H-reflex responsies. Deze bevindingen tonen opnieuw dat 

soleus H-reflex veranderingen zijn gelieerd aan dystonie. 

Bij sommige patiënten ontstaan dystone bewegingen na een perifeer trauma 

(hoofdstuk 5). Dystonie na een perifeer trauma is een omstreden entiteit en een 

psychogene oorsprong wordt gesuggereerd. In tegenstelling tot patiënten met een 

veronderstelde centrale oorzaak voor de dystonie hebben de meeste van deze patiënten 

een gefixeerde dystone stand. De soleus H-reflex afwijkingen bij vijf van deze patiënten 

verschilden niet van die bij patiënten met dystonie van een veronderstelde centrale 

oorzaak. Soortgelijke soleus H-reflex afwijkingen werden echter gevonden bij gezonde 

controle personen, die op verzoek de dystone stand nabootsten. Derhalve kunnen de 

soleus H-reflex testen nagebootste dystonie niet onderscheiden van dystonie na een 

perifeer trauma of van dystonie met een centrale oorzaak. De bevindingen falsificeren 

de eerdere suggestie dat de soleus H-reflex testen behulpzaam zouden kunnen zijn bij 

138 



Samenvatting 

het discrimineren van psychogene dystonie van organische dystonie. Gedurende de 

verschillende onderzoekingen werd het onderscheid tussen organisch en psychogeen 

echter toenemend onduidelijk. Deze aarzeling werd veroorzaakt door een aantal 

factoren. Ten eerste toonden studies in primaten, met dystonie geïnduceerd door 

repeterende bewegingen, plastische veranderingen in de hersenen. Bij deze primaten 

trad er een dedifferentiatie op van receptieve velden in de sensorische cortex. 

Dedifferentiatie van corticale velden hoeft echter niet beperkt te zijn tot de sensorische 

cortex. Het optreden van plastische veranderingen van de motorische cortex van 

patiënten met dystonie wordt verondersteld op grond van onderzoekingen die met 

behulp van transcraniële magnetische stimulatie zijn uitgevoerd. De observaties bij 

een patiënt met "spiegel" dystone bewegingen tijdens schrijven, suggereren eveneens 

dat dedifferentiatie van motorische velden gerelateerd is aan het ontstaan van dystone 

symptomen (hoofdstuk7). Ten tweede, ondervonden zes patiënten met een dystone 

of myoclone bewegingsstoornis, ontstaan na een trauma, bij herhaling een gunstig, 

tijdelijk effect van elektro-acupunctuur (hoofdstuk 6). Deze patiënten reageerden 

eerder niet op verschillende andere interventies of medicamenteuze behandeling. Dit 

maakt een specifiek acupunctuur effect meer waarschijnlijk. Bij deze patiënten 

verbeterden de soleus H-reflex afwijkingen eveneens na acupunctuur. Het is aangetoond 

dat elektro-acupunctuur een sterk reorganiserend effect heeft op sensorische corticale 

receptieve velden. Derhalve lijken de gunstige effecten van elektro-acupunctuur het 

belang van sensorische invloed op het ontstaan van bewegingen te ondersteunen. Ten 

derde kunnen sensibele foefjes niet alleen dystone bewegingen verminderen, maar 

blijken ze ook normale bewegingen te kunnen verbeteren. Dit werd gezien bij een 

patiënt bij wie het schrijven met de niet aangedane linker hand verbeterde door 

manipulatie van de aangedane rechterhand (hoofdstuk 8). Daarom lijkt niet alleen 

voor dystonie te gelden dat inductie en wisselingen van de dystone verschijnselen 

afhangen van verschillende externe factoren, dit zou ook zo kunnen zijn voor normale 

willekeurige activiteit. De diagnose van een psychogene bewegingsstoornis is 

voornamelijk gebaseerd op de variabiliteit van de verschijnselen onder invloed van 

omgevingsomstandigheden (hoofdstuk 9). Deze variabiliteit discrimineert echter op 

zichzelf een psychogene niet van een dystone bewegingsstoornis. Daarnaast impliceert 

de diagnose van een psychogene bewegingsstoornis een arbitraire scheiding tussen 

lichaam en geest. Derhalve lijkt het nauwelijks mogelijk om te stellen dat een 

bewegingsstoornis een psychogene origine heeft. 
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Velen hebben een bijdrage geleverd aan de totstandkoming van dit proefschrift. Ik 

ben een ieder daarvoor zeer dankbaar. 

Mijn promotor Prof. Dr. BAX'. Ongerboer de Visser, Beste Bram, van dichtbij maakte 

jij het hele proces, met zijn ups en downs mee. Je evenwichtige benadering maakte het 

mogelijk dat dit proefschrift tot stand kwam. Niet alleen beoordeelde je voorgelegde 

manuscripten uiterst zorgvuldig, ook ging je uitdagingen met een onzekere afloop, 

zoals de acupunctuur studie, niet uit de weg. De vrijwel onverstoorbare uitstraling van 

rust maakte het een voorrecht om met jou te werken. Voor dit alles ben ik je zeer 

dankbaar. 

Mijn copromotor Dr. J.D Speelman, Beste Hans, jij zorgde er voor dat ik in aanraking 

kwam met patiënten met onbegrepen en onverklaarde bewegingsstoornissen, die mijn 

kijk op de neurologie in grote mate beïnvloedden. Na een periode van geforceerde 

contemplatie was jij de trait d'union terug naar de kliniek. Ik ben je zeer dankbaar 

voor je aandacht en begeleiding. 

Mijn copromotor Dr. L.J. Bour, Beste Lo, graag bedank ik je voor je inzet, hulp en 

begeleiding met betrekking tot de soleus H-reflex test onderzoekingen. 

Leden van de promotiecommissie, ik wil u bedanken voor uw bijdrage aan de 

totstandkoming van het proefschrift en de promotie. 

Dr. M. Aramideh, Dr. A.A.J. Hilgevoord, D. Nieman en R.B. Willemse, Beste Majid, 

Ton, Dorien en Ronald, ik bedank jullie voor adviezen en overpeinzingen en hulp bij 

de totstandkoming van de verschillende manuscripten. 

R. Wong-Chung en Dr. M.W.I.M. Horstink, Beste Rudie en Martin, ik bedank jullie 

voor het initiëren van en de inzet bij de acupunctuur studie. 

M.-H. Marion and M. Sheehy, Dear Marie-Hélène and dear Michael thank you very 

much for your hospitalitv and for sharing vour ideas on writer's cramp with me. 

Medewerkers van de eenheid Klinische Neurofysiologie, Gerard van Bruggen, Dwar 

Sewgobind, Janny Ree, Leo Koster, Marijke Dekker-v.d. Sloot, Nelly Rog, Erik Mans, 

Edwin Blok, Marian de Wrede-Spitteler, Netty Georges, Laura Mul en last but not 

least Thijs Boerée bedankt voor jullie ondersteuning, sapjes, hulp bij computer 

problemen, figuren, opbeurende woorden en jullie bijdrage aan de plezierige sfeer op 

de afdeling. 
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Chris Bor en medewerkers hartelijk dank voor de vormgeving van dit proefschrift 

en het vervaardigen van de verschillende hguren. 

Prof. Dr. H. van Crevel, Beste Hans, jij nam mij in opleiding tot Neuroloog en je 

gaf me daarmee de gelegenheid en hielp me om mijn grootste wens te verwezenlijken, 

ik ben je daar zeer dankbaar voor. 

Prof. Dr. M. Vermeulen, Beste Rien, ik wil je bedanken voor het vertrouwen en de 

ruimte die je mij hebt gegeven. 

Prof. Dr. J. Stam, Beste Jan, ik wil je bedanken voor de stimulerende en ook wel 

prikkelende invloed op mijn Klinisch Neurofysiologisch werk. 

Dr. F.E. Posthumus Meyjes, Eelco leidde mij mede op in de Klinische Neurofysiologie. 

Nog steeds heb ik veel profijt van zijn onderricht, met dank denk ik daaraan terug. 

Collega's en voormakg collega's met wie ik tijdens en na mijn opleiding heb gewerkt, 

ik wil jullie bedanken voor jullie vriendelijke en positieve benadering. 

Assistenten op de eenheid Klinische Neurofysiologie, met jullie is er gedurende de 

opleiding een intensieve werkrelatie. Het is tot op heden elke keer weer boeiend en 

leerzaam geweest met jullie te werken. Ik wil jullie daar hartelijk voor bedanken. 

Dr. E.A.C.M. Sanders, Beste Evert, het is alweer een hele tijd terug, maar nog 

steeds zeer veel dank voor je duw in de goede richting. 

E. Kafiluddin, Beste Eric, in het jaar dat je in het AMC werkte was je een belangrijke 

gesprekspartner, daarvoor mijn hartelijke dank. 

Lieve ouders, broers, zusters, familie en vrienden, met jullie is het goed toeven. 

Lieve ouders, jullie begrip, steun en vertrouwen zijn altijd zeer belangrijk voor mij 

geweest. 

Lieve Annette, in de 20 jaar dat wij lief en leed delen maakte je bereikbaar wat 

onbereikbaar leek. Lieve Diederik en Bastiaan, dank voor jullie verrassend verfrissende 

blik. 
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Curriculum vitae 

De schrijver van dit proefschrift werd geboren op 6 maart 1959 te Heemskerk. De 

lagere en de middelbare school doorliep hij in Alphen aan den Rijn, respectievelijk de 

Katholieke lagere school St. Bonifacius en het Christelijk Lyceum. In 1977 werd de 

studie geneeskunde begonnen aan de Rijksuniversiteit te Leiden. In 1980 verrichtte 

hij gedurende drie maanden fysiologisch onderzoek in het Medisch Wetenschappelijk 

Instituut Prof. Dr. P.C. Flu in Paramaribo (begeleider: Dr. J.H. Aafjes). In 1983 behaalde 

hij het doctoraal-examen en in 1984 het artsexamen. Hierna volgden een stage aan 

het Nederlands Instituut voor Hersenonderzoek, met onderzoek aan de seksueel 

dimorfe kern (begeleiders: Prof. Dr. D. Swaab en E. Fliers), en een periode als 

wachtassistent/assistent Gynaecologie/Verloskunde in het Diaconessenhuis te 

Oegstgeest (CD. van der Does, E.K.W Tasseron, H. Kruyff, gynaecologen). Vanaf 

medio 1985 tot eind 1986 was hij assistent geneeskundige Interne Geneeskunde in 

het Medisch Centrum Alkmaar (Dr. M.J. Nube, J.F.A. Vleer, C.W.J. de Pont, J.P.R. van 

Seters, internisten). Vanaf 1987 volgde hij de opleiding tot Neuroloog in het 

Academisch Medisch Centrum te Amsterdam (opleider: Prof. Dr. H. van Crevel) en 

daarna de opleiding tot Klinisch Neurofysioloog (opleider: Prof dr. B. W. Ongerboer 

de Visser). Na het beëindigen van de formele opleiding in mei 1993, bleef hij als 

Klinisch Neurofysioloog verbonden aan het Academisch Medisch Centrum. Hij is 

getrouwd met Annette Mulder, zij hebben twee zonen, Diederik en Bastiaan. 
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Stellingen 

behorende bij het proefschrift 

'Dystonia; reflexions on movement ' 

1. Bij dystonie is de excitabiliteit van motorische neuronen, zoals weerspiegeld in 

de H / M ratio van de soleus H-reflex, normaal. 

2. Bij dystonie is de presynaptische inhibitie van Ia afferenten, onderzocht met behulp 

van de vibratoire onderdrukking van de soleus H-reflex, verminderd. 

3. Soleus H-reflex test onderzoekingen kunnen niet differentiëren tussen een dystone 

stand en een nagebootste dystone stoornis. 

4. Het effect van acupunctuur op bewegingsstoornissen hangt samen met een door 

de acupunctuur geïnduceerde verandering in de differentiatie van receptieve velden 

binnen het centrale zenuwstelsel. 

5. Bij de behandeling van schrijfkramp met botuline injecties helpt de aanwezigheid 

van 'spiegel' dystonie bij de identificatie van de te behandelen spieren. 

6. Voordat men overgaat tot het verrichten van 'placebo' gecontroleerd onderzoek, 

dient men zich er van te vergewissen dat de 'placebo' behandeling geen nadelig 

effect heeft op het natuurlijk beloop van de aandoening. 

7. Vrije wil is een filosofisch probleem en fysiologisch een probleem. 

8. De ochtendspits kan als een zelfregulerend mechanisme tot onthaasting worden 

beschouwd. 

9. Wetenschappers lopen achter de feiten aan. 

10. In het scheppingsverhaal zijn de kennisboom en de levensboom verward. 

(G. J. Nijhoff Jr., La confusion des arbres, 1995) 

J.H.T.M. Koelman 
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