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Stellingen n 

1.. Het onderzoek van oogknipherstelcurven levert bij craniële hyperkinetische 
syndromenn nieuwe inzichten op, maar het is niet geschikt als diagnostische test 
(ditt proefschrift). 

2.. Blefarospasme is geen homogene aandoening, maar er kunnen verschillende 
subgroepenn binnen deze aandoening onderscheiden worden (dit proefschrift). 

3.. t Oogknipreflexen zijn normaal bij patiënten met blefarospasme, 
hemifacialisspasmee en torticollis spasmodica, mits gemeten gedurende periodes, 
datt er geen spontane activiteit is (dit proefschrift). 

4.. Het optreden van laterale spreiding is niet pathognomonisch voor hemifacialis-
spasmee (dit proefschrift). 

5.. Bij hemifacialisspasme kan er bij het onderzoek van de laterale spreiding een 
verschill  worden gevonden in abnormale activiteit tussen de verschillende 
subnucleii  van de nucleus facialis (dit proefschrift). 

6.. Als patiënten met een radiculair syndroom geen HNP blijken te hebben kan 
somss onderzoek van het bekken met CT of MRI de oplossing bieden (Eekhof et 
al,JNNP1989). . 

7.. Preventie van ziekten en goede begeleiding bij aanvang van arbeidsongeschikt-
heidd zouden bij de nieuwe organisatie van de sociale zekerheid meer aandacht 
moetenn krijgen. 

8.. Argumentatietheorie is onmisbaar bij het formuleren van een ediiek zonder 
dogma'ss (naar van Eemeren, Grootendorst en Kruiger 1986). 

9.. Waar heiligheid begint, eindigt de rede (Peres). 

10.. Enige mildheid tegenover anderen en jezelf, juist te midden van sterke 
overtuigingen,, schept ruimte voor het leven. 

11.. Door boeken te lezen kan je door de ogen van iemand anders kijken en ervaren 
watt anders voor je gesloten zou blijven. 

12.. Als je niet ziet watje naaste nodig heeft, schiet je fundamenteel tekort. 

Stellingenn bij  het proefschrift „Electrophysiological investigations in cranial hyperkinetic syndromes"  van Job 
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Chapterr 1 

Introduction. . 

Inn this thesis, the term cranial hyperkinetic syndromes is introduced to indicate those 
disorders,, which are characterized by involuntary contractions of the muscles inner-
vatedd by the cranial nerves. The subject of the thesis is electrodiagnostic investigati-
onss in terms of reflex studies in patients with blepharospasm, torticollis spasmodica, 
hemifaciall  spasm and patients who developed synkinesia of facial muscles following 
Bell'ss palsy (post Bell's palsy synkinesia). 

Reflexx studies in general and the trigemino-facial reflexes in particular, provide im-
portantt information on the functional integrity of the afferent and efferent pathways, 
andd the nuclei at the segmental level. The trigemino-facial reflexes are under control 
off  basal ganglia and cortical structures, and these suprasegmental influences can be 
assessedd by recording the reflexes under different physiological and pathological 
conditions. . 

Blinkk reflex. 

Overendd was the first to describe the blink reflex, which he elicited by mechanical 
stimulation.566 Examination of blink reflexes has been much improved when electrical 
stimulationn of the supraorbital nerve and recording of subsequent compound muscle 
actionn potentials (CMAP) from the orbicularis oculi muscles was introduced by 
Kugelberg.866 He demonstrated the existence of two components of the blink reflex 
(seee figure 1); an early ipsilateral reponse, R l , with a latency of about 10 to 12 ms 
andd a duration of 5 to 10 ms and a late bilateral response, R2, with a latency of 
aboutt 25 to 30 ms and a duration of 20 to 30 ms. Kugelberg's study and subsequent 
studiess by other authors disclosed characteristics of Rl and R2 responses and their 
pathwayss in the brainstem. Ongerboer de Visser and Cruccu provided an extensive 
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Figur ee 1. (A) Normal early (Rl) and bilateral late (R2) responses of the blink reflex. 
Thee responses are shown from the right (r) and left (1) orbicularis oculi muscles after 

stimulationn of the right (r*) and (1*) supraorbital nerves. (B) Diagram showing the 
presumedd location of the bulbar interneurons subserving the two components of the 
blinkk reflex. (VII = facial nucleus; VI = abducens nucleus; Vpr = principal trigeminal 
nucleus;; Vm = trigeminal motor nucleus; Med Tegm Field = medial tegmental field). 

revieww of blink reflexes and other brainstem reflexes and of methods to obtain 

them.1 '3 3 

Thee common afferent limb of R l and R2 responses is formed by A-beta fibers in the 
supraorbitall  nerve,33 which is part of the first division of the trigeminal nerve. The 
commonn efferent limb is the zygomatic branch of the facial nerve. Rl follows an 
oligosynapticc path in the pons (see figure l).79 R2 is conducted along the descending 
trigeminall  spinal tract to the trigeminal spinal nucleus in the lower brainstem, from 
wheree it follows an ipsilateral and contralateral multisynaptic pathways through the 
laterall  reticular formation to the facial nuclei.8'110 

Rushworth1 200 stressed the difference of R l and R2 behaviour during repeated 
stimulation;; while R l amplitude remains constant, R2 amplitude decreases and the 
responsee tends to disappear. R2 amplitude increases to its former amplitude when it 
iss suggested to the patient that the next stimulation wil l be painful. Rushworth called 
thiss effect habituation. He also showed that loud clicks and flashes produced R2 
responses.. Other authors57'94 showed that R2 can also be obtained by stimulation of 
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differentt areas of the face and by stimulation of peripheral nerves such as the median, 
ulnarr and sural nerves as well. 

Afterr a long discussion on the origin of the electrically evoked blink reflex, more 
insightt has been obtained by the work of Kimura, Shahani and Ongerboer de 
Visser.80'81110126*1111 Both Rl and R2 are exteroceptive cutaneous trigeminal reflexes. 
However,, the interaction of stimuli from other modalities or other nerves with R2 
pathwayss remained obscure. 

Saness et al124 examined the effect of stimulation intensity on Rl and R2. Threshold 
forr Rl was substantially higher than for R2. Initially, bilateral R2 responses occur 
withh a long latency, but with increasing intensity latencies normalize. Rl threshold 
lowerss with eyes closed and when stimulation is expected. It then may approach that 
off  R2. Rl is a periocular response, which is present only ipsilaterally, but when the 
eyess are closed, or when a conditioning stimulus is given to the face or a peripheral 
nerve,, a bilateral Rl response may be recorded in control subjects.144 

Rll  and R2 responses differ in their behaviour during sleep. Amplitudes of both 
responsess decrease compared to the waking state. This effect is least when REM 
sleepp occurs. Duration of R2 responses increases substantially during REM sleep, 
whilee Rl remains relatively stable.80 

Inn children, Rl is present from birth and attains adult latency values by 24 months. 
R22 is absent under 20 months, varies widely between 20 and 66 months and attains 
normall  adult values at age 6 years.29 Blink rates can be influenced by medication. 
Dopaminee increases the blink rate.77 

Gandiglioo and Fra57 stimulated the supraorbital nerve in 10 control subjects and 
recordedd responses in the orbicularis oculi, orbicularis oris and mental muscles (see 
Tablee 1). Responses occurred in orbicularis oculi, less often in mental muscle and 
occasionallyy in the orbicularis oris muscle. Stimulation of the supraorbital nerve in 
controll  subjects always evokes Rl and R2 responses in orbicularis oculi, stimulation 
off  the infraorbital nerve always R2 and somtimes Rl and stimulation of the mental 
nervee evokes R2 in almost all subjects and rarely Rl.85 

Eachh blink is caused by contraction of the orbicularis oculi and reciprocal inhibition 
off  the levator palpebrae muscle.9,47 Rl and R2 responses of the orbicularis oculi 
musclee are accompanied by corresponding silent periods in the levator palpebrae 
muscless (so called SP1 and SP2).9 Eyelid movement during blink reflexes shows an 
earlyy initial small ipsilateral eyelid opening at the start of R l , followed by eyelid 
closuree about 20 ms after the beginning of R2.23 
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Tabl ee 1. Number of responses after stimulation of supraorbital nerve 
inn 10 control subjects. 

R l l 
ipsilaterall  contralateral 

R2 2 
ipsilaterall  contralateral 

O Oc c 
O Or r 
Ment t 

20 0 
4 4 
4 4 

20 0 20 0 

O Occ - orbicularis oculi, OOr = orbicularis oris, ment = mental muscle. 

Tabl ee 2. Methods used in blink reflex recovery studies. 

Studiess Stimulation Cur- Stimulus Component Intervals Rest No of trials 
rentt Duration studied per interval 

S30ss 1 

5s s 

Kimura(82) ) 

Berardellii  et al(16) 

Tolosaetal(135) ) 

Valls-Soléetal(139) ) 

Valls-Soléé and Tolo-
sa{138) ) 

Cohenn et al(31) 

maximall  R.2 

3xx R2 threshold 

stablee R2 latency-

stablee R2 response 

welldefinedd R l 
Stablee R2 latency 

maximall  R2 

0.1ms s 

0.11 ms 

0.22 ms 

5 5 

? ? 
? ? 

0.11 ms 

R1:A A 
R2:AxD D 

R l : --
R2:rect/ int t 

R1:A A 
R2:AxD D 

R l : --
R2:? ? 

R t :A A 
R2:AxD D 

Rl:rectt area 

5-800 0 

100-3000 0 

100-1500 0 

100-1500 0 

10-2000 0 

150-10000 0 

;>300 s 

R2:rectt area 

Nakashimaa et al(103) ? ? 

Caracenii  et al(26) supramaximal 0.1-0.5 ms ? 

Rl : -- 100-2000 10-20 s 
R2:rect/int t 

0-200 0 

36586 6 

Comparisonn of strength and duration of stimulation, way of measurement (A = amplitude, 
DD = duration, rect/int = rectified and integrated, rect area = rectified area), tested inter-
stimuluss intervals (in ms), rest between trials (in s) and number of trials averaged at each 

interval. . 
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Segmentall  organization of the blink reflex. 

Thee size of the compound muscle action potential evoked by direct stimulation of 
thee facial nerve exceeds that of Rl of the blink reflex.85 This means that during the 
blinkk reflex only part of the facial motoneuron pool is activated. 

Severall  subdivisions can be made in the facial nucleus. In the cat, periocular muscles 
aree innervated by the intermediate part of the nucleus and perioral muscles by the 
laterall  part.32 This corresponds in man to dorsal and ventral subnuclei respectively. 
Eachh part of the orbicularis oculi muscle has its own division within theintermediate 
subnucleuss of the facial nucleus.141 

Anatomicall  examination of blink reflex pathways in the cat established several brain-
stemm centers, which project to the intermediate facial nucleus and retractor bulbi 
nucleus.67,688 As both these nuclei are active during the blink reflex, the authors 
suggestedd that their anatomical connections provide information about the pathways 
involvedd in the blink reflex. These structures are the dorsal nucleus ruber and its 
adjacentt region, the dorsolateral pontine tegmentum and principal and spinal trige-
minall  nuclei, the ventral part of the lateral pontine tegmentum around the level of 
thee motor trigeminal nucleus and the medial tegmentum at the level of the hypog-
lossuss nucleus. The latter two are premotor areas and send many fibers to the inter-
mediatee nucleus, while a connection exists between the medial medullary tegmen-
tumm and the lateral pontine tegmentum. Rl is described as a simple oligosynaptic 
reflex.. For R2 the authors proposed two independent pathways; one begins in the 
spinall  trigeminal nucleus, and leads via the superior colliculus, the parapontine 
reticularr formation and the medullary blink premotor area to the intermediate nu-
cleuss and the lateral nucleus; the other leads via the same beginning, the red nucleus 
andd pontine blink premotor area to the facial nucleus. There is no doubt that in man 
bilaterall  ascending fibers, involved in the generation of R2, are located in the medial 
partt of the lateral reticular formation in the caudal medulla oblongata8110, but how 
thee rostral path before the facial nucleus is reached is not known. The multiple 
synapsess involved in R2 may be restricted to the reticular formation, but connecti-
onss with mesencephalon or thalamus have also been proposed.67 

Faciall  nucleus. 

Corticall  fibers in the cat end in the reticular formation, but not directly on the facial 
nucleus.. In man, besides this indirect connection, direct fibers to the facial nucleus 
havee been shown.87 Traditionally, it has been held that the facial subnucleus, which 
innervatess periocular muscles, receives bilateral cortical fibers, while the part which 
innervatess perioral muscles has only a contralateral cortical connection. This is, be-
causee in central facial paresis periocular muscles are less paretic than perioral muscles. 
Althoughh Kuyper in his work on corticobulbar connections in man confirms this , 
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hiss actual results show almost the same amount of bilateral cortical innervation of the 
ventrall  (perioral) and dorsal (periocular muscles) subnucleus. 

Jennyy and Saper76 proposed another mechanism for the different behaviour of perio-
cularr and perioral muscles in central facial paresis in their study on Macaque monk-
eys.. They showed that the ventral subnucleus receives much more cortical input 
thann the dorsal subnucleus. Loss of central control will , thus, lead to less paresis of 
periocularr muscles. 

Suprasegmentall  organization of the blink reflex. 

Habituationn as an important characteristic of the R2 response of the blink reflex was 
introducedd by Rushworth.120 Repeated stimulations lead to a decrease of R2 ampli-
tude,, while Rl amplitude remains stable. This effect is most often attributed to a 
changee of excitability of brainstem interneurons.82 In polysynaptic R2 pathway more 
interneuronss are involved than in oligosynaptic Rl pathway and, thus, inhibitory 
activityy from other centers in the brain may control R2 amplitude to a larger extent. 

Boelhouwerr studied Rl and R2 behaviour after repeated stimulations in control 
subjects.. He showed that Rl conditioning and test amplitudes gradually declined 
duringg a long examination, but that repeated stimulations led to a relative increase of 
testt stimulus amplitude, i.e., facilitation.18'19 Facilitation is stronger when the subject 
hass to perform a task in response to the test stimulus. R2 amplitude rapidly declines 
onn repeated stimulation. Although habituation is strongest at short interstimulus 
intervals,, it can be shown even after intervals as long as 30 seconds.18*19 R2 facilitati-
onn only occurs when the test stimulus is presented before the conditioning stimulus, 
simulatingg a situation of anticipation.20 

Blinkk reflex R2 habituation is not produced exclusively by supraorbital nerve stimu-
lation.. Repetitive auditory and visual stimuli have also been shown to lower R2 
amplitude.. Bimodal stimulus pairs also induce an increased habituation.116 Conditio-
ningg stimuli to trigeminal, median and sural nerves result in habituation of the test 
R22 response after trigeminal stimulation.117 The underlying physiological mechanism 
off  habituation is still unclear. Studies of the trigeminal spinal tract and nuclei in cats 
revealedd a cortical inhibitory or an excitatory influence on cells in the lateral reticular 
formationn bordering on the spinal trigeminal nuclei. These cells received input from 
trigeminall  tactile cutaneous afferents.35'36 The cortical area which controls perioral 
sensationn appeared to be larger than that controlling periocular sensation.36 Besides 
corticall  control, there was evidence of local presynaptic inhibition in afferent fibers 
inn the spinal tract, presumably, from brainstem interneurons.34 Although electrical 
cutaneouss stimulation was frequently used in these studies, blink reflexes have not 
beenn specifically examined. 
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Inn habituation of the blink reflex in humans, a role of local brainstem presynaptic 
inhibitionn has been demonstrated.116117 There are no specific studies of cortical or 
basall  ganglia influences on habituation in man. 

Corticall  control of the blink reflex in human disease has been studied by several 
authors.37,38,84,1122 Ongerboer de Visser showed that lesions of the lower third of the 
postcentrall  region led to diminished, delayed or even absent R2 responses, particu-
larlyy the contralateral R2.112 Other authors suggested that cortical lesions can cause 
bothh inhibition and facilitation.37,38,84 Kuypers87 showed cortical connections with 
bilaterall  trigeminal nuclei in an anatomical study in man, and the same connections 
weree presumed in a physiological study in cats.35 

Inn a study using functional MRI, cortical activation patterns in the supplementary 
eyee field and the parietal eye field were observed during voluntary blinks.21 

Thee basal ganglia excercise an inhibitory action upon brainstem structures, and 
herebyy regulate the sensitivity of these structures to cortical activity.28 

Blinkk reflex recovery curves. 

Differentt methods of studying habituation quantitatively have been developed.82,115 

Kimura'ss method of calculating blink reflex recovery curves has been used in many 
studies.16,26,30,31,82,135,138,1399 He introduced paired stimulation technique. Because of the 
relationn between habituation and the time interval between stimuli, he studied Rl 
andd R2 amplitudes at various interstimulus intervals between the conditioning 
stimuluss (first stimulus) and the test stimulus (second stimulus). The test stimulus 
amplitudee was expressed as a percentage of the conditioning stimulus amplitude at 
eachh interstimulus interval (figure 2). The resultant graph is the blink reflex recovery 
curve.. In this way he demonstrated that in a group of patients with Parkinson's 
diseasee R2 habituation was significantly less than in a group of control subjects. Rl 
recoveryy curves showed no differences between groups. He explained the different 
behaviorss of the Rl and R2 recovery curves with the different number of interneu-
ronss involved. He argued that a normal Rl recovery curve meant that the change in 
motoneuronn excitability is relatively small in Parkinsonism, and that the abnormal 
R22 recovery curve indicates that Parkinson patients show an increased excitability of 
brainstemm interneurons. 

Otherr investigators used the same method of recovery curve calculation, but they 
usedd different stimulation intensities, stimulus duration, number of tests at each 
interval,, pauses between tests and different methods of amplitude calculation (see 
tablee 2). 
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Figuree 1. Recordings of Rl and R2 blink reflex recovery curves from a control subject. 
(A)) Average of six successive trials at each interstimulus interval, filtered and rectified. 

(B)) Recovery curve of Rl responses and (C) of R2 responses from the same subject. 
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Blinkk reflex in cranial hyperkinetic syndromes. 

Reflexess in blepharospasm. 

Blepharospasmm is a form of focal dystonia, commonly characterized by variable 
episodess of involuntary closure of the eyelids.5 Blepharospasm may occur following 
pathologicall  alteration of basal ganglia activity.92 However, lesions in the midbrain,71 

putamen'422 or even the pons7 have also been proposed as the cause of blepharospasm. 
InIn cats, low-frequency stimulation of the putamen (2-6/s) leads to closure of the 
eyes,, while high-frequency stimulation (30/s) results in opening of the eyes.40 How-
ever,, there has been much controversy about the organic or psychologic origin of 
symptomss in focal dystonias in the past 

InIn 1985 Berardelli et al16 were the first to publish abnormalities of neurophysiological 
examinationss in 16 patients with oromandibular dystonia and blepharospasm. They 
foundd abnormalities of blink reflex responses, blink reflex recovery curves, corneal 
reflexess and masseter muscle inhibitory reflex. Latencies of Rl and R2 were normal, 
butt Rl amplitudes and R2 amplitudes and duration were increased. Bilateral Rl 
responsess were absent in controls, but they appeared in six out of 16 patients. An 
abnormall  R2 recovery curve in the patient group indicated a decrease of habituation 
comparedd to the control group. Results of Rl recovery were not mentioned. The 
authorss used Kimura's arguments to support their hypothesis that there is an increa-
sedd excitability of brainstem interneurons and concluded that this was caused by a 
decreasedd inhibitory influence from the basal ganglia. 

Itt was later confirmed that Rl recovery curves were normal, while R2 recovery 
curvess showed decreased habituation in patients with cranial dystonia and spasmodic 
torticollis.114,1355 The abnormalities of Rl amplitude and R2 amplitude and duration 
couldd not be reproduced in a later study,114 but R2 duration was increased bilaterally 
inn another study.27 

Inn a study of perioral reflexes in five patients with orofacial dyskinesia, the authors 
usedd mechanical stimulation around the mouth and electrical stimulation of the 
infraorbitall  and mental nerves.136 Early and late responses were found in the perioral 
muscles.. Mechanical stimulation evoked significantly larger late responses in patients 
thann in controls. Electrical stimulation of the infraorbital nerve resulted in marginally 
significantt increase of late responses, while mental nerve stimulation showed no 
significantt differences between the patients and controls. 

Reflexess in torticollis spasmodica. 

Torticolliss spasmodica is also a type of focal dystonia and is characterized by involun-
taryy deviation of the head due to contractions of the neck muscles.24 
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R22 recovery curves were abnormal in several studies in patients with torticollis,10313 

whilee Rl recovery curves were normal compared to controls.135 This was attributed 
too the same mechanisms as in blepharospasm. There was no difference in latency, 
durationn or amplitude of the Rl component of the blink reflex.103 The R2 compo-
nentt showed a normal latency. In five patients with torticollis spasmodica as a part of 
aa generalized dystonia, ipsilateral R2 amplitudes were increased,103 and in 15 patients 
withh isolated torticollis, they were within normal range. 

Reflexess in hemifacial spasm. 

Thee etiology of hemifacial spasm is still obscure. It has been postulated that it may be 
causedd by ephaptic transmission,107 or by hyperexcitability of facial motoneurons 
withinn the facial nucleus.54100 Vascular compression of the facial nerve root near the 
brainstemm has been recognized by Gardner as a cause of hemifacial spasm.58 Jannetta75 

popularizedd operative treatment. He claimed that removal of the compressing vessel 
fromm the nerve improves hemifacial spasm, but there are conflicting opinions.1 One 
criticismm is that vascular compression can be demonstrated regularly at post mortem 
examinationn without the occurrence of hemifacial spasm during life.1130 Vascular 
compressionn of the facial nerve is, however, not the only mechanism in hemifacial 
spasm;; cerebellopontine angle tumors, Paget's disease, tuberculous meningitis, mul-
tiplee sclerosis, trauma and many other causes have been reported.11,55,108109122 

Blinkk reflex studies in hemifacial spasm have led to contradictory results. Auger10 

measuredd normal latencies and amplitudes of Rl and R2 responses. Facial nerve 
conductionn was normal. Nielsen105 found an increased latency of Rl on the affected 
side.. R2 latency was not significantly longer compared to controls, but when com-
paredd with the corresponding response on the unaffected side in the same patient, a 
significantt increase was found. Amplitudes of both Rl and R2 were more than 
twicee as high as those on the unaffected side and in controls. In a study by Esteban 
andd Molina-Negro48 of 53 patients with hemifacial spasm, Rl latency was normal, 
R22 latency was shortened and R2 duration was increased. In a few cases, Rl and R2 
responsess were not separated. However, six patients showed a lenghtened R2 res-
ponse.. Synkinesis was studied by supraorbital nerve stimulation and measurement in 
orbiculariss oris.10 All patients showed an Rl response, and 20/23 showed an R2 
response. . 

InIn 1984, Nielsen argued that ectopic excitation and ephaptic transmission, or 
cross-talkk between demyelinated nerve fibers, which are damaged by vascular com-
pressionn at the root entry zone, can explain the frequent spontaneous dicharges in 
hemifaciall  spasm.104105106 Pathological studies have indeed shown some damage to 
faciall  nerve fibers.74,119 Mechanical and chemical irritation of the facial nerve at the 
roott entry zone may lead to ectopic, local and extranuclear, excitation.65,107 Nielsen 
assumedd that ephaptic transmission to normal nerve fibers may occur from a demye-
linated,, slowly conducting fiber to a less demyelinated, faster conducting fiber.107 He 
studiedd blink reflexes and found a delay of Rl and R2 on the affected side.105 He 

10 0 



alsoo stimulated isolated branches of the facial nerve, using a method described by 
Hopff  and Lowitzsch.69 In this way he demonstrated a late response in a facial branch 
whichh was not stimulated, and concluded that this must be a sign of ephaptic trans-
mission.1055 Another argument in favour of this assumption was that this late response 
disappearedd 2-8 months after the operation according to Jannetta in 73% of 30 
patients.106 6 

Mollerr used the same method of examination, which he called lateral spreading, 
duringg operations. He concluded that the late response was the result of hyperexcita-
bilityy of motoneurons in the facial nucleus.95,96 In subsequent studies he was able to 
increasee the probability of his view.96,97,98"100 This was done by the combination of 
intraoperativee recording of lateral spreading and the study of blink reflexes.97,98 In 
onee study he used a collision technique of supraorbital and facial nerve stimulations. 

Reflexess in post Bell's palsy synkinesia. 

PatientsPatients with Bell's palsy may develop synkinesia and usually show signs of damage 
too the facial nerve on the affected side, which can be examined by recording of the 
blinkk reflexes. Kimura et al83 found increased latencies and decreased amplitudes of 
Rll  and R2 on the affected side, and Valls-Solé et al140 an increased Rl latency and 
ann increased R2 amplitude. Both studies demonstrated responses in the orbicularis 
oculii  and orbicularis oris muscles after stimulation of the supraorbital nerve on the 
affectedd side, while after stimulation of the supraorbital nerve on the unaffected side 
onlyy a response in the orbicularis oculi muscle was found. 

Traditionally,, this response in orbicularis oris has been interpreted as a sign of faulty 
nervee regeneration after Bell's palsy. This interpretation has been accepted by many 
investigators,855 although hyperexcitability of facial motoneurons25,54 or ephaptic 
transmission1211 has also been proposed. 

AA study in a monkey with synkinesia after facial nerve damage12 provided experi-
mentall  evidence for the theory of faulty nerve regeneration. In another study in rats, 
thee facial nerve was damaged and later horseradish peroxidase was injected in one 
faciall  nerve branch. On the unaffected side horseradish peroxidase was demonstrated 
inn discrete subnuclei in the facial nerve nucleus, but on the damaged side it was 
spreadd throughout the nucleus.134 

Thee exact relationship of synkinesia after Bell's palsy and hemifacial spasm is not 
clear.. Patients with Bell's palsy may develop signs which are indistinguishable from 
thosee of hemifacial spasm.140 Some authors seem not to make a distinction between 
bothh conditions,54 and in at least one study of hemifacial spasm some patients had 
Bell'ss palsy in the past.95 
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Aimm and outlines. 

Electrodiagnosticall  studies have played an important role in providing evidence for 
thee organic nature of focal dystonias and in investigating the underlying pathophysi-
ologicall  mechanisms of other cranial hyperkinetic syndromes. In this thesis, various 
electrodiagnosticall  studies were performed in patients suffering from a form of cranial 
hyperkineticc syndrome, namely blepharospasm, torticollis spasmodica, hemifacial 
spasmm and synkinesia after Bell's palsy (post Bell's palsy synkinesia). The subjects of 
thee studies were to improve the reflex recording and calculation techniques, to 
obtainn data on the state of excitability of segmental and suprasegmental structures in 
individuall  patients and to obtain a better insight into underlying pathophysiological 
mechanismss of these diseases. 

Chapterr  1 gives a review of important previous neurophysiological studies in these 
fourr hyperkinetic syndromes. 

Chapterr  2 presents the results of recovery curve recording using two different 
stimulationn intensities and two different computerized response measurements in 
orderr to establish the best way to separate controls and patients. 

Inn Chapter  3, we analyzed the recovery curve indices in subgroups of patients with 
blepharospasmm and examined possible correlations between subgroups and hyperex-
citabilityy of segmental structures. 

Inn Chapter  4 the reflex responses in the orbicularis oculi and oris muscles during 
spasm-freee intervals were analyzed in patients with focal dystonia. 

Chapterr  5 presents reflex responses, including the lateral spreading, as recorded in 
patientss with hemifacial spasm and in patients with synkinesia after Bell's palsy, in 
orderr to distinguish these two disorders. 

Inn Chapter  6, the main findings of this thesis are reviewed and discussed, and some 
recommendationss for future research are given. 
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Chapterr  2 

Blinkk reflex recovery curves in 
blepharospasm,, torticollis spasmodica 

andd hemifacial spasm. 

Eekhoff  JLA, Aramideh M, Bour LJ, Hilgevoord AAJ, Speelman JD and Ongerboer 
dee Visser BW. 

Abstract. . 

Rll  and R2 blink reflex responses to single and paired stimuli were investigated in 23 
controll  subjects, 21 patients with blepharospasm (BSP), 20 patients with torticollis 
spasmodicaa (TS), and 23 with hemifacial spasm (HFS). 
Forr paired stimuli, we compared measurements of area and peak responses at two 
andd three times R2 threshold. Rl and R2 indices were calculated as the average of 
thee recovery values at 0.5-, 0.3-, and 0.21-s interstimulus intervals to test individual 
patients.. Peak amplitude measurements at three times R2 threshold were optimal. 
Thee R2 index was abnormal in 67% of BSP patients, 37% of TS patients, and 50% of 
HFSS patients on the affected side and 20% on the unaffected side. A normal R2 
indexx in one third of patients with BSP may indicatie that different pathophysiologi-
call  mechanisms are involved in this type of focal dystonia. 
Keywords:: blink reflex, blepharospasm, torticollis spasmodica, hemifacial spasm. 
Musclee &  Nerve 1996;19:10-5. 

Introduction. . 

Thee blink reflex, evoked by electrical stimulation of the supraorbital nerve, consists 
off  two components: an early ipsilateral reflex, R l , with a latency of about 10 ms; 
andd a late bilateral reflex, R2, with a latency of about 30 ms. Rl is mediated through 
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Figuree 1. Recordings of Rl and R2 blink reflex recovery curves from a control subject. 
(A)) Average of six successive trials at each interstimulus interval, filtered and rectified. 

(B)) Recovery curve of Rl responses and (C) of R2 responses from the same subject. 
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thee pons by an oligosynaptic pathway ipsilateral to the side of the stimulation. 
Afferentt impulses of R2 descend along the ipsilateral trigeminal spinal tract to a level 
caudall  to the obex and ascend bilaterally via polysynaptic medullary pathways, which 
aree probably located in the lateral bulbar reticular formation.110 Motoneurons of the 
faciall  nerve constitute the final common efferent path. 

Excitabilityy of facial nerve motoneurons and brainstem interneurons can be exami-
nedd by obtaining Rl and R2 recovery curves after application of two shocks (condi-
tioningg and test stimuli) to the supraorbital nerve at varying intervals.82 The recovery 
iss then measured by expressing the size of the test response as a percentage of that of 
thee first conditioning response at each interval. 

Ann increased R2 recovery curve has been found in patients with parkinsonism,82 

hemifaciall  spasm,138 and various focal dystonias.16,31'103135 However, methodological 
aspectss of obtaining reliable blink reflex recovery curves have received littl e attention 
andd data of individual patients are not available. In this article, we investigated the 
impactt of stimulation intensity on rectified and averaged peak amplitude and area 
measurementss of recovery curves in a group of patients with blepharospasm (BSP), 
torticolliss spasmodica (TS), and hemifacial spasm (HFS), and in a group of control 
subjects.. We also calculated Rl and R2 recovery indices in all subjects as the avera-
gee of recovery values at 0.5-, 0.3-, and 0.21-s intervals. This enabled us to study the 
blinkk reflex recovery of individual patients and to compare the results with the 
clinicall  findings and treatment outcomes. 

Methods. . 

Twenty-threee control subjects, 21 patients with BSP, 20 patients with TS, and 23 
patientss with HFS were included in this study, after they gave informed consent. 
Generall  characteristics of the subjects are summarized in Table 1. The diagnosis was 
madee by clinical observation and electromyogram (EMG) recordings with concentric 
needlee electrodes inserted into the involved muscles. All patients with BSP had 
involuntaryy bursts of activities in the orbicularis oculi muscles.16 All patients with TS 
hadd involuntary EMG activity in at least one sternocleidomastoid muscle.39 Patients 
withh HFS had twitching movements and synkinetic EMG activities between the 
orbiculariss oculi and mentalis muscles of the affected side of the face,107 and none of 
themm had a previous history of facial palsy. Severity of symptoms in BSP and HFS 
patientss was assessed with a 4-point clinical scale50,138 and in TS patients with the 
Tsui-score.1377 Responses to pharmacotherapy or injections with botulinum toxin 
typee A (BTX, Dysport) were assessed in all patients by a 3-point scale, with 1 for no 
responsee and 3 for good response, as a combined opinion of patient and physician. 
Blinkk reflexes were recorded before treatment with the subjects in the supine positi-
on.. Surface recording electrodes were placed over the lower portion of the ipsilate-
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Tablee 1- Summary of the general characteristics of subjects. 

Group p 

Controls s 

Blepharosp, , 

Torticolli s s 

Hemifacial l 

ism m 

spasm m 

Numberr of 
subjects s 

23 3 

21 1 

20 0 

23 3 

Mostt affected side 
(left/right/both) ) 

0 0 

0 0 

38176 6 

36811 1 

Meann age 
(range) ) 

500 (19-74) 

644 (44-80) 

499 (22-67) 

644 (33-80) 

Ses s 
(M/ F F 

) ) 

36662 2 

7/14 4 

5/15 5 

6/17 7 

Meann duration 
inn years (range) 

--

88 (1-15) 

99 (1-32) 

88 (1-30) 

Meann clinical 
scalee (range) 

--

33 (2-4) 

111 (6-16) 

33 (2-4) 

*Bothh is predominantly retrocollis for torticollis patients. 

Tablee 2. Data of R2 recovery curve peak amplitudes at three times 
R22 threshold. 

Meann at Mean at Mean at Mean at Mean at Mean at 
Groupp 10 s (%) 3 s (%) 1 s (%) 0.5 s (%) 0.3 s (%) 0.21 s (%) 

cs s 
BSP P 

TS S 

HFSaff f 

1077 (41) 

1222 (53) 

1188 (48) 

1144 (75) 

HFSS unaff 120 (44) 

1000 (41) 

1066 (24) 

1200 (51) 

988 (34) 

1088 (40) 

522 (22) 

888 (28) * 

611 (28) 

688 (37) 

600 (33) 

300 (15) 

611 (24)* 

444 (24)| 

499 (26)* 

399 (23) 

211 (11) 

500 (25)* 

366 (21)* 

399 (26)* 

266 (16) 

166 (07) 

499 (38)* 

19(11) ) 

399 (29)* 

244 (12)f 

Meann = averaged value of R2 test response as a percentage of conditioning response for 
eachh interval. CS = control subjects, BSP = blepharospasm, TS = torticollis spasmodica, 

HFSS aff = hemifacial spasm, affected side; HFS unaff = hemifacial spasm, unaffected side. 
* p < 0 . 0 1,, t p < 0 . 0 5. 
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rall  orbicularis oculi muscle. The supraorbital nerve was stimulated with the cathode 
placedd over the supraorbital foramen and the anode 2 cm higher and lateral on the 
forehead.. Impedance of the electrodes was always less than 5 kQ. A Grass stimulator 
wass used to apply constant current pulses with a duration of 0.2 ms. The low- and 
high-passs filters were set at 3 kHz and 1 Hz, respectively (6 dB/octave). The sweep 
timee was kept at 200 ms. All responses were stored digitally on PDP 11/73 compu-
terr for further off-line analysis The supraorbital nerve was stimulated initially with 
subthresholdd intensity, which was gradually increased until the smallest R2 response 
couldd constantly be detected, i.e., R2 threshold. Blink reflexes evoked by single 
stimuluss and recovery curves obtained by paired stimuli were recorded on the stimu-
lationn side at two and three times R2 threshold. After single stimulus, six successive 
responsess were recorded on both sides in each subject. The affected side was exami-
nedd in all HFS patients and the unaffected side in 20 of them. Using paired stimuli, 
sixx trials were performed at interstimulus intervals of 10, 3, 1, 0.5, 0.3, and 0.21 s on 
onee side. In patients with BSP the most affected side or the side which was involved 
att the onset of the disease was examined preferentially. For each subject, the Rl and 
R22 recovery curves were obtained by plotting the size of the test response as a 
percentagee of the conditioning response at each interstimulus interval (see figure 1). 

Thee Rl recovery index was calculated in each subject as the mean recovery of peak 
amplitudee values at interstimulus intervals of 0.5, 0.3, and 0.21 s, which appeared to 
bee more sensitive than the index calculated from more than three intervals. The R2 
recoveryy index was calculated in the same way. The upper limit of normal for Rl 
andd R2 indices was defined as the mean + 2 SD. The values of Rl and R2 recovery 
indicess were correlated to the clinical findings and treatment outcomes. Involuntary 
eyelidd movements could be identified by the amplified sound signal. Responses with 
artifactss due to involuntary movements were rejected. Patients were requested to 
closee their eyes gently during stimulation and to open them in between successive 
trials.. Between successive trials, a rest period of at least 30 s, but often much longer 
inn case of early and long-lasting habituation or severe spontaneous discharges, was 
maintained.. In an off-line analysis, reflex responses were digitally band-pass filtered 
withinn a range of more than 100 Hz to minimize DC-offsets and slow eye drifts, and 
beloww 900 Hz to reduce the high-frequency noise. They were then full-wave recti-
fiedfied and for each interstimulus interval the average of six trials was computed. Peak 
amplitudee and area of Rl were calculated within a window from 10 to 25 ms to 
avoidd stimulation artifact, and those of R2 within a window from 32 to 90 ms. The 
averagee rest activity level was established within a window from 150 to 200 ms and 
subtractedd from the average response. 

Thee values of single stimuli and ratios of paired stimuli at all interstimulus intervals 
weree compared between the patients and controls by means of t-test and nonpara-
metricc Mann-Whitney test. Nonparametric tests were used because most of the data 
weree skewed. Differences and correlations with a p value smaller than 0.05 were 
consideredd significant. The same methods were used to compare the Rl and R2 
recoveryy indices. Correlations were calculated between the R2 recovery index and 
thee clinical findings. 
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Results. . 

Neitherr peak amplitude nor area measurements of Rl and R2 responses, obtained 
byy single stimulus at two and three times R2 threshold, differed significantly be-
tweenn the patients and controls. 

Consideringg Rl and R2 responses obtained after paired stimuli, the calculated areas 
att two and three times R2 threshold showed more variability than peak amplitudes 
obtainedd at three times R2 threshold. Peak amplitudes measured at three times R2 
thresholdd showed less variability than corresponding values obtained at two times R2 
threshold.. In the rest of the article, we will consider only the results of peak amplitu-
dess of Rl and R2 responses obtained at three times R2 threshold. 

Rll  recovery curves of the control subjects and patients are shown in Figure 2. At 
intervalss shorter than 1 s, variability of Rl responses in all groups appeared to be 
highh and recovery curves in patients' groups were similar to those in control subjects. 
Att intervals from 1 to 10 s, Rl recovery on the affected side in HFS patients showed 
significantt enhancement, whereas they were normal in BSP and TS groups. The 
affectedd side in HFS patients also showed significant enhancement at the 10-s inter-
vall  compared with the corresponding value on the unaffected side. Rl recovery on 
thee unaffected side did not differ significantly from that of control subjects. 

R22 recovery curves are shown in Figure 3, and the averaged data for each group in 
Tablee 2. At a 1-s interval, R2 recovery was significantly enhanced only in BSP 
patients,, in whom it was also increased at intervals of 0.5-0.21 s. The TS group 
significantlyy differed from the control group at intervals of 0.5 and 0.3 s. The R2 
recoveryy on the affected side in HFS patients was significantly enhanced at intervals 
fromfrom 0.5 to 0.21 s. In these patients, the R2 recovery on the affected side was also 
significantlyy enhanced at intervals of 0.3 and 0.21 s, compared with that of the 
unaffectedd side. This is shown in Figure 4. On the unaffected side only, the value at 
0.211 s was enhanced although the curve from 0.21 to 0.5 s was positioned between 
thatt of the affected side and that of control subjects. 
Thee results of Rl and R2 recovery indices are shown in Table 3. The upper limit of 
normall  for Rl index was 126%. Rl index was abnormal in 6 patients with BSP 
(29%),, in 6 patients with TS (32%), and in 5 patients with HFS (23%). The upper 
limi tt of normal for R2 index was 40%. One TS and 1 HFS patient were excluded 
becausee of lacking data. Indices were abnormal in 14 patients with BSP (67%, 5 with 
ann abnormal Rl index), in 7 patients with TS (37%, 3 with an abnormal Rl index), 
inn 11 patients with HFS on the affected side (50%, 4 with an abnormal Rl index), 
andd in 4 patients with HFS on the unaffected side (20%). Three of the 4 patients 
withh an abnormal R2 index on the unaffected side also had an abnormal index on 
thee affected side. 
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Tablee 3. The results of Rl and R2 recovery indices in individual subjects. 

Noss of abnormal indices* 

Group p Mos s 

23 3 

21 1 

19 9 

22 2 

20 0 

R ll  (%) 

--

6(29) ) 

66 (30) 

5(22) ) 

--

R22 (%) 

1(4) ) 

144 (67) 

7(37) ) 

111 (46) 

4(35) ) 

R ll  and R2 

--

5(24) ) 

3(15) ) 

4(17) ) 

_ _ 

cs s 

BSP P 

TS S 

HFSS aff 

HFSS unaff 

Seee Table 2 for abbreviations. * Upper limi t of normal for Rl index was 126%, and that 
forr R2 index was 40%. 
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100--
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Figur ee 4. Peak amplitude R2 recovery curves at three times 
thresholdd  standard error of mean. 
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Noo correlations were found between the R2 index and the duration or severity of 
symptoms,, age, and response to treatment with botulinum or medication. 

Discussion. . 

Generall  principles of'recording Rl and R2 recovery curves have been described by 
Kimura.822 However, technical aspects vary considerably among different stu-
jjg jj  i6.3i,io3,i35,i38 j n t j ^ s s t u cj v > recordings and data calculations were fully computeri-
zedd and blink reflexes were evoked under standard conditions, while responses with 
involuntaryy eyelid movements were rejected. Between successive trials, a rest period 
off  at least 30 s was maintained.18 Often longer rests, up to several minutes, were 
necessaryy due to fast habituation of R2 and involuntary movements. 

Withh these carefully controlled measuring conditions, our data revealed that recovery 
curvess of peak amplitudes, recorded at three times R2 threshold intensity, are less 
variablee than those of area measurements or those obtained at lower stimulation 
intensity. . 

Thee peak amplitude and area measurements of Rl and R2 responses after single 
stimulationn showed no significant differences between the patients and controls, 
conformingg to the results of Pauletti et al114 Our results also confirm the findings of 
Auger100 and Esteban and Molina-Negro48 in patients with HFS, who also explicitly 
avoidedd stimulation during eyelid spasms. These results provide additional evidence 
thatt blink reflex circuits are functionally intact in patients with BSP, TS, and HFS. 

Rll  recovery curves were normal in all patients' groups at intervals shorter than 1 s. 
Att larger intervals, the Rl recovery curve in the HFS group was enhanced. 
Valls-Soléé and Tolosa138 found no significant difference in Rl recovery curves 
betweenn HFS patients and controls. To our knowledge, the features of Rl recovery 
curvess at intervals larger than 1 s have never been examined before. 

R22 recovery curves were enhanced in all patients' groups. This was most evident in 
BSPP patients at intervals of 1 s or shorter. In TS patients, values at intervals of 0.5 
andd 0.3 s showed enhancement. Our results are similar to those found by Berardelli 
ett al16 in patients with BSP, and by Nakashima et al103 in TS patients. In HFS pa-
tients,, R2 recovery curve was enhanced at intervals of 0.5 s or shorter on the affec-
tedd side, which is in agreement with the results of Valls-Solé and Tolosa.138 We 
calculatedd the indices of Rl and R2 responses as the mean of the recovery values at 
0.5-,, 0.3-, and 0.21-s intervals, which enabled us to test individual patients. 
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Thee R2 recovery index was abnormal in two thirds of patients with BSP, in one 
thirdd of patients with TS, in one half of patients with HFS on the affected side, and 
inn one fifth with HFS on the unaffected side. Previous studies16103,135,138 did not 
reportt on results in individual patients. The finding of a normal R2 recovery index 
inn one third of patients with BSP was unexpected, because BSP affects the orbicularis 
oculii  muscles, which participate in the blink reflex. BSP can begin unilaterally and 
mayy be asymmetrical.44 Although we recorded only unilaterally, we preferentially 
examinedd the most involved side or the side involved at the onset of the disease to 
preventt this problem. One possible explanation is that physiologically BSP is not a 
homogeneouss disease entity and that probably different pathophysiological mecha-
nismss are involved. Clinical and electrodiagnostic investigations are consistent with 
thiss assumption.45*45 Most HFS patients had abnormal R2 index on the affected side 
only,, but some had abnormal R2 index bilaterally. This indicates bilateral involve-
mentt of the brainstem in at least some patients, as was also established by Valls-Solé 
andd Tolosa.138 

Noo correlations were found between recovery index and clinical data such as pa-
tients'' age, duration and severity of symptoms, and the response to treatment with, 
amongg others, the botulinum toxin. We were unable to confirm the correlation 
betweenn duration of symptoms and abnormal R2 recovery in HFS patients, as 
reportedd by Valls-Solé and Tolosa.,3S 

Inn patients with Parkinson's disease, Kimura82 showed normal Rl recovery curves 
andd enhanced R2 recovery and suggested that this may be due to hyperexcitability 
off  the brainstem interneurons. The same recoverv features have been reported in 
patientss with BSP, TS, and HFS.16135 In patients with HFS, however, enhanced Rl 
andd R2 recovery curves would be expected because many authors favor hyperexcita-
bilit yy of the facial motoneurons as the cause of involuntary contractions.54,99 The fact 
thatt in all three groups those patients with an abnormal R2 index also had an abnor-
mall  Rl index indicates that this diagnostic test cannot be applied to distinguish 
betweenn these disorders. We also assume that an abnormal Rl recovery does not 
necessarilyy point to an enhanced excitability of the facial motoneurons, but is proba-
blyy also dependent on the state of excitability of the oligosynaptic pathway through 
whichh Rl response is relayed. 

Ann abnormal R2 index in one third of patients with TS, without eyelid spasms, and 
aa normal R2 index in some patients with BSP may indicate that there is no causal 
relationshipp between the state of excitability of the blink reflex circuits and the 
occurrencee of involuntary discharges in the orbicularis oculi muscles. 

Basedd on the results of the present study, we conclude that (i) Rl and R2 blink 
reflexx amplitudes do not differ in the patients and controls; (ii) R2 peak amplitude 
recoveryy curves should be recorded at three times R2 threshold; and (iii ) the fact 
thatt one third of patients with BSP had normal R2 recovery indices may indicate 
thatt different pathophysiological mechanisms are involved. 
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Chapterr  3 

Electromyographyy and recovery of the blink 
reflexx in involuntary eyelid closure: a 

comparativee study. 

Aramidehh M, Eekhof JLA, Bour LJ, Koelman JHTM, Speelman JD and Ongerboer 
dee Visser BW. 

Abstract. . 

Electromyographicc (EMG) activity of orbicularis oculi and levator palpebrae muscles 
wass recorded to study the origin of involuntary eyelid closure in 33 patients. The 
evokedd blink reflex in all patients and in 23 controls was also studied. To examine 
thee excitability of facial motoneurons and bulbar interneurons in individual patients 
andd to compare the results with EMG findings, Rl and R2 recovery indices were 
calculatedd in all subjects, as the average of recovery values at 0.5, 0.3, and 0.21 
secondd interstimulus intervals. 
Basedd on EMG patterns, the patients were divided into three subclasses: EMG 
subclasss 1, 10 patients with involuntary discharges solely in orbicularis oculi muscle; 
EMGG subclass 2, 20 patients with involuntary discharges in orbicularis oculi and 
eitherr involuntary levator palpebrae inhibition or a disturbed reciprocal innervation 
betweenn orbicularis oculi and levator palpebrae; EMG subclass 3, three patients who 
didd not have blepharospasm, but had involuntary levator palpebrae inhibition in 
associationn with a basal ganglia disease. The total patient group showed an enhanced 
recoveryy of both Rl and R2 components compared with controls. 
Althoughh 30 out of 33 patients had blepharospasm (EMG subclasses 1 and 2), Rl 
recoveryy index was normal in 64% and R2 recovery index was normal in 54%. 
Patientss with an abnormal R2 recovery index had an abnormal Rl recovery index 
significantlyy more often. All patients from EMG subclass 1 had an abnormal R2 
recoveryy index, whereas all patients from EMG subclass 3 had normal recovery 
indicess for both Rl and R2 responses. Seventy five per cent of the patients from 
EMGG subclass 2 had normal recovery indices. 
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Thee results provide further evidence that physiologically blepharospasm is not a 
homogeneouss disease entity, and indicate that different pathophysiological mecha-
nismss at the suprasegmental, or segmental level, or both are involved. 
Keywords:: dystonia, blepharospasm, blink reflex recovery. 
JJ Neurol Neurosurg Psychiatry 1995;58:692-698. 

Introduction. . 

Blepharospasmm is a form of focal dystonia, with an aetiology and underlying pathop-
hysiologicall  mechanisms that are still obscure. Blepharospasm may occur in diseases 
off  the basal ganglia or in association with upper brain stem abnormali-
ties.51'52,63,71'72J3-88-911 In most patients, however, it is idiopathic in origin. 

Onee investigation technique that has contributed to our understanding of blepharos-
pasmm is the recorded blink reflex recovery, which indicates the state of excitability of 
thee facial motoneurons and bulbar interneurons. Electrical stimulation of the supra-
orbitall  nerve elicits a blink reflex that consists of two components; an early ipsilateral 
response,, R l , mediated through the pons by an oligosynaptic pathway and a late 
bilaterall  response, R 2, relayed through a polysynaptic medullary pathway.79110 

Motoneuronss of the facial nerve constitute the final common path for both respon-
ses. . 

Thee recovery curve, also known as excitability cycle, of Rl and R2 responses can be 
obtainedd by applying two stimuli, conditioning and test, to the supraorbital nerve at 
differentt interstimulus intervals.82 The excitability of the blink reflex circuit may then 
bee assessed by comparing the size of the test response with that of the conditioning 
response,, which is partly dependent on the functional integrity of the suprasegmental 
structures. . 

Inn healthy subjects, the R2 test response shows pronounced suppression at shorter 
interstimuluss intervals,82 whereas patients with cortical lesions may exhibit an enhan-
cedd habituation and patients with basal ganglia disorders a diminished habituation 
(enhancedd recovery) of the response.112113 Previous work has shown an enhanced 
recoveryy of the R2 response in patients with blepharospasm, which suggests hyper-
excitabilityy of the bulbar interneurons.30'135 

Byy simultaneous recording of the electromyographic (EMG) activities from the 
orbiculariss oculi and levator palpebrae muscles, we have shown that patients with 
blepharospasmm are not a homogeneous group, because differing abnormalities of 
E M GG patterns are found among these patients.5 6 
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Tablee 1. General characteristics of the patients examined. 

Numberr of patients (n) 
Women/men n 
Meann age (y) (range) 
Meann age at onset (y) (range) 
Meann duration of illness (y) (range) 
Typee of dystonia: 

focall  (n) 
segmentall  (n) 

Treatmentt at time of study: 

33 3 
22/11 1 
677 (37-88) 
577 (25-77) 
99 (1-20) 

17 7 
13 3 

Botulinumm toxin type A (n) 7 
Medicationn (n) 3 

Inn the present study, we examined the recovery of Rl and R2 responses and EMG 
activityy of orbicularis oculi and levator palpebrae muscles in patients with involunta-
ryy eyelid closure. The aim of the study was: (1) to evaluate the state of excitability of 
faciall  motoneurons and bulbar interneurons in individual patients with a certain 
EMGG abnormality; (2) to see whether there is a correlation between clinical data, 
EMGG subclass, and recovery values, and (3) to provide additional information on 
possiblee underlying pathophysiological mechanisms of blepharospasm. 

Materialss and methods. 

Thirtyy three patients, 22 women and 11 men (mean age 67 (range 37-88) years) 
withh involuntary eyelid closure were studied. Table 1 summarises the clinical data of 
thee patients. At the time of the study, seven patients were already under treatment 
withh botulinum A toxin (Dysport) but in all patients voluntary and reflex activity of 
thee orbicularis oculi could easily be recorded. The control group consisted of 23 
subjectss (six women and 17 men) with a mean age of 49 (range 18-73) years. 

Thee method of EMG recording from orbicularis oculi and levator palpebrae muscles 
hass been reported previously.5,6 Blink reflex studies were performed with the subject 
lyingg supine. Electrical stimuli were applied to the supraorbital nerve at the supraor-
bitall  foramen. Surface recording electrodes were placed over the lower portion of 
orbiculariss oculi ipsilateral to the stimulation site. A Grass stimulator was used to 
applyy constant current pulses with a duration of 0,2 ms. The early and late blink 
reflexess were evoked with stimulus intensity adjusted to three times the threshold of 
thee R2 response. Subjects were requested to close their eyes gently during stimulati-
on,, and responses with artefacts due to involuntary movements were rejected. Paired 
stimulii  (conditioning and test) were delivered at interstimulus intervals of 0.5, 0.3, 
andd 0.21 seconds and six trials were performed at each interval. Between successive 
trials,, a rest period of at least 30 seconds was maintained to avoid habituation of the 
response.. The low pass filter was set at 3 kHz and the high pass filter at 1 Hz 
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Figuree 1. (A) Rectified and averaged (6x) EMG responses at intervals 0.5, 0.3 and 
0.211 seconds between the conditioning and test stimuli in a patient from EMG 

subclasss 1. Recovery curve for Rl (B) and R2 (C) in the same patient. The 
recoveryy of Rl and R2 responses are enhanced at all three intervals. ISI = 

interstimuluss interval; t/c ratio = test response/conditioning response. 
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(66 dB/oct). The sweep time was kept at 200 ms. All responses were stored digitally 
onn a PDP 11/73 computer. In an off-line analysis procedure, performed fully auto-
matically,, reflex responses were digitally band-pass filtered within a range of more 
thann 100 Hz to minimise DC-offsets and slow eye drifts and below 900 Hz to 
reducee the high frequency noise. The responses were then full-wave rectified and 
thee average of six trials was computed for each interstimulus interval. Peak amplitude 
off  Rl was calculated within a window from 10 to 25 ms to avoid stimulation arte-
fact,, and that of R2 within a window from 32 to 90 ms. The average rest activity 
levell  was established within a window from 150 to 200 ms and subtracted from the 
averagee response. For each subject, RI and R2 recovery values were obtained by 
calculatingg the size of the test response as a percentage of the conditioning response 
att each interstimulus interval. 

Rll  recovery index was calculated in each subject as the mean value of peak amplitu-
dee recovery, obtained at interstimulus interval of 0.5, 0.3, and 0.21 seconds. The R2 
recoveryy index was calculated in the same way. Tbe upper limit of normal for Rl 
andd R2 was defined as the mean + 2.5 SD. 

Statisticall  analysis. 

AA correlative study was performed between the clinical data, EMG subclasses, and 
blinkk reflex recovery indices by means of Kruskall-Wallis and %-square tests with the 
SPSSS statistical program. Differences and correlations were considered significant at 
p-valuess < 0.05. 

Results. . 

Tablee 2 summarises the results of the recorded EMG and blink reflex recovery. 

EMGG findings. 

Accordingg to the EMG patterns, patients were divided into three subclasses. Ten 
patientss belonged to EMG subclass 1, in whom EMG recording showed involuntary 
dischargess in the orbicularis oculi alone, with normal tonic activity of levator palpe-
braebrae and normal reciprocal innervation of orbicularis oculi and levator palpebrae. 
EMGG subclass 2 consisted of 20 patients. Besides involuntary discharges in orbicularis 
oculi,, EMG recording in these patients disclosed either episodes of involuntary 
inhibitionn of tonic activity of levator palpebrae or a disturbed reciprocal innervation 
off  orbicularis oculi and levator palpebrae. EMG subclass 3 consisted of three pa-
tients. . 
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Figuree 2. (A) Rectified and averaged (6x) EMG responses at intervals 0.5, 0.3 
andd 0.21 seconds between the conditioning and test stimuli, in a patient from 

EMGG subclass 2. Recovery curve for Rl (B) and R2 (C) in the same patient. The 
recoveryy of Rl and R2 responses are normal at all three intervals. ISI = 
interstimuluss interval; t/c ratio = test response/conditioning response. 
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Abnormalityy in these patients was characterized by solely involuntary inhibition of 
levatorr palpebrae, with normal activity of orbicularis oculi and normal reciprocal 
innervationn of orbicularis oculi and levator palpebrae muscles. These three patients 
had,, therefore, no blepharospasm. 

Blinkk reflex findings. 

Controls. Controls. 

Theree was pronounced variability in Rl recovery from one subject to another at 
differentt interstimulus intervals. The mean recovery of Rl at the 0.5 second interval 
wass 69% and this increased to 78% at 0.21 seconds. Table 2 shows Rl and R2 
recoveryy indices. The mean value of the Rl recovery index was 78% (range, 
36%-120%),, and the upper limit of normal was 135%. The R2 recovery curve 
showedd less variability. By contrast with Rl, recovery of R2 gradually decreased 
fromfrom 29% at the 0.5 second interval to 15% at 0.21 seconds. The R2 recovery index 
hadd a mean value of 22% (range ll%-42%), and the upper limit of normal was 43%. 

Patients. Patients. 

Inn five patients, the Rl recovery index could not be calculated because the amplitude 
off  Rl was too low with respect to the noise. Recovery of Rl gradually increased 
fromfrom 117% at the 0.5 second interval to 137% at 0.21 seconds. Table 2 shows Rl 
andd R2 recovery indices for the total patient group and for the three EMG subclas-
ses.. The Rl recovery index in the patient group differed significantly from that in the 
controll  group (p < 0.001). Recovery of R2 gradually decreased from 50% at the 0.5 
secondd interval to 31% at 0.21 seconds. R2 recovery index in the patient group was 
significantlyy higher than that in the control group (p < 0.001). Considering the 
individuall  data, 18 of 28 patients (64%) had a normal Rl recovery index, and 18 of 
333 patients (54%) had a normal R2 recovery index (table 2). A significant number of 
patientss with an abnormal Rl recovery index also had an abnormal R2 recovery 
indexx (p = 0.01, Yates corrected test). 

Consideringg the data from different EMG subclasses, the Rl recovery index differed 
statisticallyy from control subjects in EMG subclass 1 (p < 0.001, table 2) and less so 
inn EMG subclass 2 (p < 0.05). The R2 recovery index differed statistically from 
controll  subjects only in EMG subclass 1 (p < 0.001). All the patients from EMG 
subclasss 1 had an abnormal R2 recovery index, and 50% of them also had an abnor-
mall  Rl recovery index. Dystonia of other cranial or cervical muscles was found 
significantlyy more often in EMG subclass 1 (p < 0.01, table 2). 
Figuree 1 shows an example of abnormal Rl and R2 recovery curves in one of the 
patientss from this group. All three patients from EMG subclass 3 had normal Rl and 
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Tablee 2. Mean values of Rl andR2 recovery indices in patients and controls. 

Group p 

Controls s 

Patients: : 

Wholee group 

EMGG subclass 

1 1 

2 2 

3 3 

Noo of 

subjects s 

23 3 

33 3 

10 0 

20 0 

3 3 

Focal l 

segmental l 

dystonia a 

--

382 2 

184 4 

165 5 

--

Meann Rl 

index x 

(range) ) 

788 (36-120) 

125(35-227)*** * 

1611 (73-278)*** 

1188 (35-215)* 

966 (74-107) NS 

Noo of 

abnormal l 

R ll  indices 

--

lot t 

5 5 

5 5 

0 0 

Meann R2 

index x 

(range) ) 

222 (11-42) 

422 (6-108)*** 

600 (45-79)*** 

322 (6-108) NS 

311 (28-37) NS 

Noo of 

abnormal l 

R22 indices 

--

15 5 

10 0 

5 5 

0 0 

Thee recovery indices are given in percentages. 
**  p < 0.05; ** *  p < 0.001 v controls, f Rl could not be recorded in five patients, two 
fromm EMG subclass 1 and three from EMG subclass 2. NS: statistically not significant. 

R22 recovery indices, whereas all had associated basal ganglia disease; one had pro-
gressivee supranuclear palsy, and two had multiple system atrophy. Interestingly, 15 
patientss (75%) from EMG subclass 2 had a normal R2 recovery index. Figure 2 
showss normal Rl and R2 recovery curves in one of the patients from this group. 

Discussion. . 

W ee investigated the recovery of Rl and R2 components of the blink reflex in pa-
tientstients with involuntary eyelid closure, as one single group or divided into three 
subclassess according to the EMG patterns of orbicularis oculi and levator palpebrae 
muscles.. Patients with EMG subclass 1 had involuntary discharges solely in orbicula-
riss oculi muscle.6 EMG subclass 2 consisted of patients with involuntary discharges in 
orbiculariss oculi, accompanied by either involuntary inhibition of levator palpebrae 
motorr activity, or a disturbed reciprocal innervation of orbicularis oculi and levator 
palpebrae.. In an earlier report6 we proposed the term "blepharospasm-plus" to 
designatee those patients with this type of EMG abnormality. The patients from EMG 
subclasss 3 had solely involuntary inhibition of levator palpebrae89'90 also known as 
apraxiaa of eyelid opening60 with no clinical or EMG signs of blepharospasm.5'6 We 
includedd these patients in the present study because the differentiation between 
blepharospasmm and involuntary levator palpebrae inhibition is not always easy to 
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makee clinically and synchronous EMG recording from orbicularis oculi and levator 
palpebraee is often required.6 

Inn controls, Rl recovery showed some variability between subjects at all three inter-
stimuluss intervals. From 0.5 to 0.21 second intervals, Rl recovery showed a gradual 
enhancement,, with relatively less suppression at 0.3 seconds. By contrast, R2 recove-
ryy showed almost no interindividual variability and from 0.5 to 0.21 second intervals 
theree was a gradual increase in suppression. Also, in the total patient group the 
recoveryy of Rl differed from that of R2. There was often an absolute increase of Rl 
testt response when the interval was shortened from 0.5 to 0.21 seconds, whereas the 
R22 test response diminished at shorter intervals. Such a difference in the properties 
off  Rl and R2 responses has also been found in other studies.I4,t25'131 The same facial 
nervee motoneurons generate both responses and the final efferent pathway is com-
mon.. Therefore, the difference in the recovery behaviours of Rl and R2 responses, 
inn both the controls and patients, should be caused by the bulbar interneurons. Yet it 
cannott entirely be explained by the difference in the number of bulbar interneurons 
throughh which these responses are relayed, and is probably also dependent on the 
individuall  properties of the interneurons, their relation to one another, and the 
suprasegmentall  drives on them. A difference in presynaptic inhibition at the primary 
cutaneouss afferent terminals34,129 also cannot be excluded. 

Thee enhanced recovery of the R2 response found in the total patient group confirms 
thee results of previous authors.16'30'"4'35 We also found an increased recovery of the 
Rll  response, whereas Tolosa et al135 noted a normal Rl recovery and the other 
authorss did not report on the features of Rl recovery in patients with blepharo-
spasm.16'30'1144 Although these conflicting results and the lack of information on this 
issuee may require further investigation, some features of the recorded blink reflex are 
inn favour of an enhanced excitability of the oligosynaptic pathway through which 
thee Rl response is transmitted. Wilier et al144 reported on the existence of a crossed 
trigeminofaciall  connection, and showed that a contralateral Rl response can easily be 
obtainedd in healthy subjects when the test stimulus was preceded by an adequate 
conditioningg stimulus. Yet after single stimulation of the supraorbital nerve, Berar-
dellii  et al16 recorded a contralateral Rl response in six of 16 patients with blepharo-
spasm.. Based on these data, it seems that at least the crossed oligosynaptic route 
mediatingg the contralateral Rl response is hyperactive in some patients with blepha-
rospasm.. Therefore, we agree with the conclusion of Tolosa et al135 that the facial 
motoneuronss themselves are not hyperactive in patients with blepharospasm. We 
presumee instead that the interneurons involved in the generation of both the Rl and 
R22 responses may be hyperexcitable. 

Thee pathways through which the basal ganglia can modulate the blink reflex are 
unknown.. It seems, however, that the basal ganglia exert an inhibitory influence on 
thee bulbar interneurons, even if it occurs indirectly via cortical pathways because 
lesionss of these pathways can suppress the blink reflex.15,84"2 Evinger et al49 showed 
thatt apomorphine, a dopamine receptor agonist, and nicotine, which releases dopa-
minee in the striatum, increase the latency of the R2 response without altering the 
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latencyy of the Rl response. In their recent paper, Basso et al14 showed that partial or 
evenn complete lesions of the substantia nigra and ventral tegmental area in rats do 
nott modify the Rl recovery at all, whereas R2 recovery shows pronounced excitabi-
lity .. Accordingly, in patients with Parkinson's disease Rl recovery is normal,2,82 R2 
recoveryy is enhanced,2'46,82 and R2 latency is shortened.82 Furthermore, patients with 
Huntington'ss disease exhibit a decrease in blink reflex excitability3,46 and an increase 
inn the latency of the R2 response,3,22,46 comparable with those findings in patients 
wit hh hemispheric lesions. By contrast, Rl recovery was enhanced in our patients and 
thee previous studies showed that the latency of R2 is normal in patients with blepha-
rospasm.16,30,114,1355 Based on these findings, two important conclusions can be drawn. 
Firstly,, it is conceivable that dopaminergic activity of at least the substantia nigra may 
nott control the state of activity of facial motoneurons directly or indirectly, through 
thee oligosynaptic reflex pathway, and that the enhanced Rl recovery in our patients 
ass a group should have some other origin. Secondly, it is possible that alterations in 
basall  ganglia activity influence the bulbar interneurons somehow differently in 
patientss with idiopathic blepharospasm from those patients with known diseases of 
thee basal ganglia such as Parkinson's disease. 

AA causal relation between hyperexcitability of interneurons and the occurrence of 
involuntaryy discharges in orbicularis oculi becomes less evident when we consider 
thee data of R l and R2 recovery indices in individual patients or in patients from 
differentt EMG subclasses. Our results showed a normal Rl recovery index in 64% 
andd a normal R2 recovery index in 54% of the total patient group, despite the fact 
thatt 30 out of 33 patients had involuntary discharges in orbicularis oculi, whether or 
nott in combination with involuntary levator palpebrae inhibition {EM G subclasses 1 
andd 2). An abnormal R l recovery index occurred significantly more often in patients 
wit hh an abnormal R2 recovery index. An interesting finding was that all patients 
wit hh blepharospasm alone (EMG subclass 1), had an abnormal R2 recovery index 
andd 50% also had an abnormal Rl recovery index. On the other hand, those patients 
wit hh involuntary discharges in orbicularis oculi with either involuntary levator 
palpebraee inhibition or a disturbed reciprocal innervation of orbicularis oculi and 
levatorr palpebrae (EMG subclass 2), often had normal Rl and R2 recovery indices. 
A tt the time of this study, seven out of 20 patients from EMG subclass 2 were already 
underr treatment with botulinum A toxin. It is unlikely that this influenced the 
recoveryy values in these patients, because previous studies30,139 showed no difference 
inn the blink reflex excitability in patients with blepharospasm before and after such 
treatment.. Furthermore, it is also unlikely that patients with blepharospasm alone 
mayy have had a severe form of orbicularis oculi muscle dystonia, because as noted by 
Paulettii  et al,114 there is no correlation between the severity of dystonia and the 
excitabilityy of the blink reflex. The most probable explanation is a difference in 
underlyingg pathophysiological mechanisms. There may be a dissociation of the 
suprasegmentall  controls resulting in involuntary orbicularis oculi contraction, whe-
therr or not accompanied by disturbed levator palpebrae muscle activity, which 
cannott be examined by simply eliciting the blink reflex. 
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Dissociationn between innervation of emotional and voluntary movements of the 
faciall  musculature is well recognised in patients with central facial paresis, and with 
thalamicc or pallidal lesions.101102 Symptomatic blepharospasm may occur in disorders 
off  the basal ganglia but never, to our knowledge, as an isolated abnormality. Con-
versely,, no study has yet provided clear evidence for any pathology of the basal 
gangliaa and their involvement in the generation of involuntary contractions of the 
eyelidss in patients with idiopathic blepharospasm. On the other hand, Siegel et al128 

reportedd on cells, located within a portion of the medial reticular formation, which 
showedd discharges in relation to the closing movements of eyelids. The authors 
mentionedd that some of these cells probably project directly to the facial cells and 
somee may relay their outputs over multisynaptic pathways. In another report, Siegel 
ett al127 also proposed that local interaction of these medial reticular formation cell 
populationss may allow synthesis of the simple reflex movements generated in the 
brainstem. . 

Wee suggest that besides the abnormal drives exerted by the basal ganglia, disorders of 
thee segmental structures may also contribute to the enhanced excitability of the blink 
reflexx responses and to the generation of blepharospasm. This assumption may 
explainn why the recovery of Rl and R2 responses was often enhanced in patients 
withh blepharospasm alone, who also often had dystonia of other cranial muscles 
withoutt additional clinical features pointing to abnormal basal ganglia activity. 

Al ll  three patients from EMG subclass 3, with involuntary levator palpebrae inhibiti-
on,, had normal Rl and R2 recovery indices. These patients also had abnormalities 
of,, among others, the basal ganglia. Therefore, certain disorders of the basal ganglia 
mayy influence the tonic activity of levator palpebrae muscle without altering the 
excitabilityy of the blink reflex. We are unaware of any previous reports on this issue. 

Inn conclusion, the results of the present paper are in agreement with our earlier 
findings,findings,44''5,65,6 and provide further evidence that, physiologically, blepharospasm is not 
aa homogeneous disease entity. They indicatie that various pathophysiological 
mechanismss at the suprasegmental, or segmental, level, or both, are involved. 

Wee thank Drs L Volger and A Hilgevoord for their help in statistical analysis. 
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Chapterr  4 

Orbiculariss oculi and orbicularis oris reflexes 
inn blepharospasm and torticollis spasmodica 

duringg spasm free intervals. 

EekhofJLA,, Aramideh M, Speelman JD and Ongerboer de Visser BW. 

Abstract. . 

Too investigate possible abnormalities of the blink reflex pathways, we analyzed 
latenciess and amplitudes of the blink reflex responses in the orbicularis oculi (Ooculi) 
muscle,, following the supraorbital nerve stimulation, in 19 patients with blepharos-
pasm,, in 16 patients with torticoDis spasmodica and in 22 control subjects. 
Furthermore,, in order to examine the suprasegmental control upon the responses, 
thee reflex responses were also evoked in the orbicularis ons (O Oris) muscle after 
stimulationn of the ipsilateral supraorbital nerve. 
Thee responses were recorded only when subjects had no contractions of the eyelid 
muscles,, either involuntarily, voluntarily or spontaneously, which could be control-
ledd by the sound signal. 
Thee metrics of the reflex responses in the OOculi and Ooris muscles in patient 
groupss were comparable to those in controls. 
Ourr data indicate that the afferent and efferent pathways of the reflex arc and the 
suprasegmentall  control of the reflex are intact in patients with blepharospasm and 
torticolliss spasmodica at least during the spasm free intervals. Alterations of responses 
mayy occur during spasms due to either segmental or suprasegmental changes. 
Keywords:: blink reflexes, blepharospasm, torticollis spasmodica. 
Eurr  Neurol, accepted. 
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Introduction. . 

Byy electrical stimulation of the supraorbital nerve, two reflex reponses can be elicited 
inn orbicularis oculi muscle (OOculi):79110 an early ipsilateral response, R l ,, mediated 
byy an oligosynaptic pathway in the pons, and a late bilateral response, R2, mediated 
byy a polysynaptic pathway. AfFerents for R2 response descend through the spinal 
trigeminall  tract to the caudal spinal trigeminal nucleus. Bilateral polysynaptic 
pathways,, located in the medial part of the lateral tegmental field, ascend from this 
regionn to both facial nuclei.8,110 The facial nerve is the common efferent route for 
bothh Rl and R2. 

Onee earlier study showed abnormalities of latency, amplitude and duration of blink 
reflexx responses in patients with blepharospasm,16 while others could not confirm 
thesee findings.114 Abnormal blink reflexes have also been demonstrated in patients 
withh torticollis spasmodica.103 

Furthermore,, after stimulation of the supraorbital nerve, reflex responses can also be 
recordedd in the orbicularis oris (OOris) muscle.57,86 It seems that perioral muscles are 
underr more stringent cortical control than periocular muscles.76 However, these 
responsess have not yet been examined in patients with focal dystonia. 

InIn the present study, in order to examine the integrity of the reflex arc, we analyzed 
thee blink reflex responses in patients with blepharospasm and torticollis spasmodica. 
Thee responses were evoked and recorded during the spasm free intervals and when 
theree was no voluntary or spontaneous closure of the eyelids in order to exclude the 
possiblee suprasegmental influences upon the responses. As the influence of cortical 
structuress is more obvious upon the perioral muscles than upon the periocular 
muscles,, under the same condition we recorded the reflex responses in the OOris 
musclee to investigate the possible role of suprasegmental, especially cortical, structu-
ress on the reflex responses in patients with focal dystonia. 

Materiall  and Method. 

Thee blepharospasm group consisted of 19 patients, seven male and 12 female, with a 
meann age of 64 years (range 44-80). Spasms were bilateral in all patients. For inclu-
sion,, patients were required to have frequent involuntary eyelid contractions in 
combinationn with frequent short electromyographic (EMG) discharges lasting from 
500 msec to seconds.5,16 The torticollis spasmodica group consisted of 16 subjects, four 
malee and 12 female, with a mean age of 49 years (range 22-67). The patients had 
predominantlyy a rotational type of torticollis, rather than lateroflexion or retroflexi-
on.. The chin was rotated to the left in eight patients and to the right in eight pa-
tients.. Inclusion criteria required involuntary contractions of neck muscles and 
involuntaryy EMG discharges in at least one sternocleidomastoid muscle.39 The 
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controll  group consisted of 22 healthy subjects, 17 male and five female, with a mean 
agee of 54 years (range 19-80). 

Examinationss were performed using a Nicolet Viking EMG apparatus. The supraor-
bitall  nerve was stimulated supramaximally with a 20 mA, 0.2 msec square-wave 
pulse.. Stimuli were only given in the absence of spasms in patients with blepharo-
spasmm and voluntary or spontaneous eyelid closure in all subjects, which could be 
controlledd by EMG sound signal. Responses contaminated with spontaneous muscle 
activityy were rejected. Reflex responses from the OOculi were recorded bilaterally 
withh surface electrodes placed on the middle of the inferior orbital rim and lateral to 
thee eye. Reflex responses in the OOris were recorded with the active electrode 
placedd about half way medially to the nasolabial fold and the reference electrode at 
thee corner of the mouth. Amplifications ranged from 20 to 500 [iV/cm. 

Thee Rl and R2 latencies and amplitudes were determined from three superimposed 
trials.. Latency was measured from the stimulus artefact to the deflection of the EMG 
responsee from the baseline. Amplitudes were measured from the largest positive peak 
too maximal negative peak values. 

Thee mean values of latencies and amplitudes of responses in OOculi and OOris, 
wheneverr present, were calculated in each group. An amplitude ratio OOris/OOculi 
wass also calculated for Rl and R2. For both patient groups, responses from both 
sidess were compared with controls. The side contralateral to the direction of chin 
rotationn in patients with torticollis was considered as the most affected side and the 
ipsilaterall  side, defined as unaffected, was also compared to controls. Differences 
betweenn groups were examined by unpaired t-tests (BMDP 3D). The number of 
subjectss with responses in OOris were compared in groups with a %- square test. In 
vieww of the explorative nature of this study, no statistical adjustments for multiple 
comparisonss were made. However, we are aware of amount of associations studied. 
Therefore,, we set our p-value arbitrarily at p < 0.01. 

Results. . 

Latencyy and amplitude of the Rl and R2 responses in the OOculi were not statisti-
callyy different between the patients and controls. Patients with torticollis spasmodica 
didd not differ significantly from the controls, neither when responses on the left and 
rightt sides nor when the affected and unaffected sides were compared. One subject 
inn the blepharospasm group and one control subject showed a bilateral Rl response 
inn the OOculi muscle. 

Reflexx responses in the OOris muscle could be evoked in 16 of the 19 blepharo-
spasmm patients, seven of the 16 torticollis patients and in 14 of the 22 control sub-
jects.. The amplitudes of these responses were much lower than those in the OOculi 
musclee (a tenfold difference for Rl and threefold for R2). Rl and R2 responses 

41 1 



weree seen more frequently on the side ipsilateral to the stimulation than on the 
contralaterall  side. Synchronous EMG recording from the OOculi and OOris mus-
cless showed responses with different latencies and configurations in both muscles. 

Theree was no significant difference in number of elicited Rl and R2 responses 
betweenn the controls and patients with blepharospasm. The mean amplitudes and 
OOris/OOculii  amplitude ratios in blepharospasm were higher than in controls, but 
thee difference was not statistically significant. 

Inn patients with TS, the R2 amplitude in the OOris on the unaffected side after 
stimulationn of the supraorbital nerve on the affected side was higher in torticollis 
patientss than in controls (p < 0.01), which was the only significant difference be-
tweenn the patients and controls as far as the metrics of the responses in the OOris are 
concerned. . 

Discussion. . 

Neckk torsion to one side predominates in most patients with torticollis spasmodica, 
althoughh neck muscles are affected bilaterally.24'39 The right and left sides and affected 
andd unaffected sides were examined in all patients with torticollis spasmodica, which 
appearedd to have no influence on the OOculi blink reflex responses. We found no 
significantt differences in latency or amplitude of Rl and R2 between patients and 
controls.. One study[6] found abnormal blink reflexes in patients with torticollis only 
whenn they had more general dystonia. Thus, besides this possible exception, the 
blinkk reflexes in the OOculi muscle in patients with torticollis spasmodica appear to 
bee normal. 

Normall  amplitudes and latencies of the OOculi responses were previously described 
inn patients with blepharospasm.105,114 One important study, however, found increased 
amplitudess of Rl and R2 and longer duration of R2 responses.16 In another study, 
Rll  and R2 latencies and amplitudes were normal, but duration of bilateral R2 was 
increased.277 It is possible that these differences are due to the effect of muscle con-
tractionn on the recorded responses. 

Wee studied latencies and amplitudes, but not the duration, of blink reflex responses. 
However,, in a previous study41 we demonstrated that the values of amplitudes and 
areass of rectified and averaged Rl and R2 responses, measured during time windows 
off  respectively 10-25 and 32-90 ms, show no differences between control subjects 
andd patients with blepharospasm or torticollis. 

Bilaterall  Rl responses in the OOculi muscle have been considered as pathological in 
patientss with blepharospasm16 and hemifacial spasm.105 In this study one patient with 
blepharospasmm and one control subject showed a bilateral Rl response. Wilier 
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reportedd bilateral Rl responses in control subjects after subliminal facilitation.144 It 
cann be concluded from our results that spasms may also cause such facilitation. 

Thee Rl or R2 responses can be recorded in the OOris muscle because of volume 
conductionn of the reflex response elicited in the OOculi muscle. However, synchro-
nouss recordings from both muscles in several subjects disclosed clearly different 
latenciess and wave configurations in both muscles. This indicates that responses in 
thee OOculi and OOris muscle are elicited through separate pathways and after 
excitationn of distinct facial subnuclei. Anatomical evidence for this phenomenon has 
beenn shown in the cat.67 

Inn this study we first examined systematically whether reflex responses can be evoked 
inn the OOris muscle in control subjects after stimulation of the supraorbital nerve. 
Kugelbergg found that these responses could easily be elicited, especially after mecha-
nicall  stimulation86, but Gandiglio and Fra demonstrated them in only one of their 
twentyy control subjects.57 Previous authors, who studied these responses in patients 
believedd that they are not present in control subjects.10'136 However, improvements 
inn the recording techniques make the accurate demonstration of low-voltage respon-
sess much easier. 

Wee found either Rl or R2 responses, or both, in the OOris muscle in 14 of 22 
controll  subjects, although their amplitudes were three to tenfold lower than the 
amplitudess of these responses in the OOculi muscle. There were no differences in 
latencyy between the controls and patient groups and there was no significant diffe-
rencee between patients and controls in the number of responses in the OOris mus-
cle. . 

Topkaa and Hallett136 demonstrated an increased incidence of the OOris R2 respon-
sess and increased rectified and integrated R2 amplitudes in a group of patients with 
orofaciall  dyskinesia after stimulation of the infraorbital and mental nerves. In our 
groupp of 19 patients, only two patients had dyskinesia of perioral muscles. Methods 
andd patients differ too much for valid comparison of these different results. 

Wee examined blink reflex responses in perioral muscles in order to study the pos-
sibilityy of an altered cortical control on the reflex responses in patients with blepha-
rospasmm and torticollis spasmodica. In cats, a larger sensorimotor cortical influence 
hass been demonstrated on perioral than on periocular muscles in the spinal trigemi-
nall  tract and nucleus,35 structures which are involved in the blink reflex generation. 
Thiss influence was predominantly inhibitory. When an abnormal sensorimotor 
inhibitoryy cortical influence is present in blepharospasm and torticollis spasmodica, 
changeschanges in amplitude and latency of the blink reflex responses would be expected. 
Ourr results did not demonstrate such an alteration, at least at times when there are 
noo signs of involuntary contractions of the facial muscles. 

Ourr data indicate that the afferent and efferent pathways of the blink reflex arc are 
intactt in blepharospasm and torticollis spasmodica at least during the spasm free 
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intervals.. Alterations in metrics of the responses, such as latency and amplitude, may 
occurr during spasms due to either segmental or suprasegmental changes, but an 
alteredd cortical influence seems not to play a relevant role. 

Additionall  studies on blink reflex responses during spasms of the eyelids and during 
spasmm free intervals in the same subject are required to provide more insight in 
pathophysiologicall  mechanisms involved. It may be that opposing input in the basal 
gangliaa from direct and indirect pathways on activity in the globus pallidus internus 
determiness a "gating" inhibitory effect on premotor systems like brainstem interneu-
rons.. Fluctuations in this activity could lead to intermittent interneuron hyperactivi-
ty,, without disturbing the blink reflex pathway.28 
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Chapterr  5 

Blinkk reflexes and lateral spreading in patients 
withh synkinesia after Bell's palsy 

andd in hemifacial spasm. 

Eekhoff  JLA, Aramideh M, Speelman JD, Devriese PP and Ongerboer de Visser BW. 

Abstract. . 

Wee compared various electrodiagnostical tests in patients with hemifacial spasm and 
inn patients who developed synkinesia after Bell's palsy. 
Wee examined the evoked blink reflexes in the orbicularis oculi (OOculi) and orbi-
culariss oris (OOris) muscles in 23 patients with hemifacial spasm (HFS), in 10 pa-
tientss with synkinesia after Bell's palsy (BPS) and in 22 control subjects. In the 
patientt groups, we recorded synkinesia, latency and amplitude of compound muscle 
actionn potential (CMAP) in the mental muscle after stimulation of the facial nerve 
andd we examined electromyographic activity of the OOculi and mental muscles 
synchronously.. Furthermore, we studied the phenomenon of lateral spreading, also 
knownn as ephaptic transmission, between the different facial nerve branches. 
Patientss with BPS had a prolonged Rl latency on the affected side in OOculi and 
smallerr mental CMAP amplitude as an indication of facial nerve damage and nerve 
fiberfiber loss. This was not found in patients with HFS, who showed an increased 
amplitudee of the Rl and R2 responses in Ooris. Patients with BPS showed only an 
increasedd Rl amplitude in Ooris. All patients had signs of synkinesia. 
Laterall  spreading with different patterns was present in all patients with HFS and in 
halff  of the patients with BPS. Latencies of early and late responses showed no diffe-
rencess between HFS and BPS. In addition to alterations in facial nucleus excitability 
inn both conditions, ectopic re-excitation of facial nerve axons in HFS may explain 
thee differences in neurophysiological findings between HFS and BPSpatients. A loss 
off  control following synaptic stripping may also be a contributing factor. 
Keywords:: hemifacial spasm, Bell's palsy, synkinesia, blink reflexes, lateral spreading. 
Eurr  Neurol 2000;43:141-46. 
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Introduction. . 

Hemifaciall  spasm (HFS) is characterized by involuntary, intermittent contractions of 
thee muscles supplied by the facial nerve. The underlying pathophysiological mecha-
nismm of HFS is still unclear and the results of various studies are contradic-
tory.10'48,95104105,1388 Bell's palsy is an idiopathic form of unilateral facial weakness. 
Somee patients with Bell's palsy develop synkinesia of different facial muscles. Patients 
withh HFS also show synkinesia. Synkinetic activity in patients with Bell's palsy is 
oftenn explained by faulty regeneration.12'83,85134 

Laterall  spreading, also known as ephaptic transmission, is a sign of an abnormal 
functionn of the facial nerve circuitry.95'104 It can be examined by synchronous recor-
dingg of responses of two facial muscles, supplied by different facial nerve branches, 
followingg stimulation of each branch separately. Normally, only an early response 
occurss in the muscle whose supplying branch is stimulated. In patients with HFS, a 
characteristicc rinding is a late response in the muscle, which is not supplied by the 
stimulatedd branch. The phenomenon of lateral spreading has not yet been examined 
inn patients with Bell's palsy. 

Somee authors believe that the same pathophysiological mechanisms are involved in 
bothh disorders.54'95 By performing various electrodiagnostical tests, our aim was to 
showw the similarities and differences between patients with HFS and patients with 
Bell'ss palsy with synkinesia (BPS), in order to obtain some information on the un-
derlyingg pathophysiological mechanisms of these diseases. 

Patientss and Methods. 

Wee studied 23 patients with HFS, 10 with BPS and 22 control subjects. Patients 
withh HFS had no history of Bell's Palsy. Patients with BPS had developed synkinesia 
off  the facial muscles after Bell's Palsy. One patient had bilateral Bell's Palsy with 
synkinesiaa only on one side. BPS patients were examined within 1-2 years after 
developmentt of Bell's Palsy. Other general characteristics of the subjects are summa-
rizedrized in Table 1. 

Electroo diagnostic examinations were performed using a Nicolet Viking EMG appa-
ratus.. Blink reflexes were elicited in all groups as described previously.113 The supra-
orbitall  nerve was stimulated supramaximally with a 20 mA, 0.2 msec square-wave 
pulse.. Stimuli were given only in the absence of spasms to avoid possible influences 
off  the spasms on the responses. Both sides were stimulated in all subjects. The early 
(Rl)) and late (R2) blink reflex responses from the orbicularis oculi were recorded 
bilaterallyy with surface electrodes placed on the middle of the lower eyelid and lateral 
too the eye. Responses in orbicularis oris were recorded with the recording electrode 
placedd on the OOris muscle, halfway the nasolabial fold, and a reference electrode 
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onn the bridge of the nose. A ground electrode was placed on the forehead or shoul-
der.. The amplification ranged from 20 to 500 |J.V/cm. 

Thee latencies and amplitudes of the blink reflex responses were determined from 
threee superimposed trials. Latencies were measured from the stimulus artifact to the 
deflectionn of the EMG response from the baseline and amplitudes from the largest 
positivee to maximal negative peak values. In patients with HFS, we calculated the 
differencee between latencies on the affected and unaffected sides for Rl and R2 
responsess as described previously by Nielsen. 

Iff  responses in OOris were present, the amplitude ratio's of OOris/OOculi for the 
ipsilaterall  Rl and the bilateral R2 responses were calculated for both sides. 

Compoundd muscle action potential (CMAP) latency and amplitude of the mental 
musclee were obtained on both sides with surface electrodes in patients with HFS and 
BPS,, while percutaneously applying a supramaximal stimulus to the facial nerve just 
anteriorr to the mastoid process. 

Synchronouss EMG recordings using needle electrodes were made from the OOculi 
andd OOris, and from the OOculi and mental muscle in both patient groups. Sponta-
neouss and voluntary muscle activity were studied on lip pouting and eye closure. 

Laterall  spreading was studied in both patient groups, with methods described previ-
ouslyy by Moller and Jannetta95 and Nielsen.104 Responses were recorded with needle 
electrodess in OOculi and mental muscles simultaneously, and then either the mandi-
bularr or ocular facial nerve branch was stimulated (figure 1). 

Differencess between groups were statistically analyzed by means of unpaired t-tests 
andd %-square tests. A p-value smaller than 0.05 was considered significant through-
out.. From the patient with bilateral Bell's Palsy, only responses on the side with 
synkinesiaa were included. 

Results. . 

Thee latencies and amplitudes of Rl and R2 responses in the Ooculi muscle did not 
differr significantly between the HFS group and controls (Table 2). On the contrary, 
thee Rl latency in patients with BPS was significantly increased on the affected side 
comparedd to the HFS group (p < 0.05) and controls (p < 0.05). The difference in 
thee Rl latency between the affected and the unaffected side in the BPS group was 
significantlyy larger compared to that in the HFS group (p < 0.01) and controls (p < 
0.01),, due to the increased Rl latency on the affected side in patients with BPS. 
Neitherr the Rl amplitude and the R2 latencies and amplitudes in the BPS patients 
norr the difference in the R2 latency between the affected and unaffected sides in the 
BPSS patients differed significantly from those in the HFS group and controls. 
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Tab l ee 1. The general characteristics of the subjects. 

Diagnosis s Numberr of Side Mean age Sex Duration 
subjectss Left/Right/Both (range) (M/F) 

Controlss 22 

Hemifaciall  spasm 23 

Bell'ss palsy with synkinesia 10 

00 52 (19-80) 17/7 

368111 64(33-80) 6/17 8(1-30) 

370144 38(18-62) 7/3 1.4(1-2) 

Meann age and duration of symptoms in years. 

LL Nvil, 2nd branch stimulus (*) 

Figuree 1. Example of lateral spreading in a patient with HFS. (A) Evoked potentials in the 
leftt OOculi muscle (upper three traces) and in the left mentalis muscle via the lateral 

spreadingg (lower three traces after stimulation of the second branch of the left facial nerve. 
(B)) Evoked potentials in the left mentalis muscle (lower three traces) and in the left OOculi 
musclee via the lateral spreading (upper three traces) after stimulation of the third branch of 

thee left facial nerve. 
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Onee subject from HFS group and 1 control subject exhibited an Rl response in the 
OOculii  muscle contralateral to the side of stimulation. 

Twenty-onee HFS patients (91%), nine BPS patients (90%) and 16 control subjects 
(73%)) exhibited at least one response, either Rl and R2, in the OOris muscle, most 
oftenn ipsilateral to the stimulation site. In the HFS patients, both Rl and R2 respon-
sess in the OOris muscle occurred significantly more often on the affected side (p < 
0.025)) and had significantly higher amplitudes compared to controls. Latencies 
showedd no difference. The amplitude ratio's of OOris/OOculi for the evoked Rl 
andd R2 responses were also significantly higher in the HFS group compared to those 
inn controls (p < 0.01 for R l , p < 0.05 for ipsilateral R2 and p < 0.05 for contralate-
rall  R2). In patients with BPS, only the Rl amplitude (p < 0.01) and the amplitude 
ratioo OOris/OOculi for Rl (p < 0.01) were significantly increased on the affected 
sidee compared to controls. The latencies of the Rl and the latencies and amplitudes 
off  the R2 responses in the OOris did not differ between the BPS group and con-
trols. . 

Inn the BPS patients, mental CMAP amplitudes on the affected side were significantly 
smallerr compared to those in the HFS patients (p < 0.03). The difference in CMAP 
amplitudess between the affected and the unaffected sides in BPS was significantly 
largerr (p < 0.006) than that in the HFS patients, due to the lower CMAP amplitude 
onn the affected side in patients with BPS. 

Onn needle EMG recordings, the most obvious difference between HFS and BPS 
patientss was the presence of irregular, often very frequent, complex and prolonged 
spontaneouss discharges in the HFS patients. Synkinesia in HFS patients was often 
accompaniedd or was followed by episodes of involuntary spasms, while synkinesia in 
BPSS patients occurred predominantly following voluntary contraction of the facial 
muscles. . 

Laterall  spreading was present in all patients with HFS and in half the patients with 
BPS.. In the HFS group, 1 patient showed only a late response in OOris after stimu-
lationn of the ocular branch, 8 patients showed lateral spreading when the ocular 
branchh was stimulated and 2 patients showed lateral spreading only when the mandi-
bularr branch was stimulated. The remaining 12 patients showed lateral spreading 
withh stimulation of both the ocular and mandibular branches. There was no correla-
tionn between these subforms of lateral spreading and duration of HFS. In the BPS 
group,, 2 patients showed lateral spreading from the ocular branch to the OOris, 1 
patientt had lateral spreading only when the mandibular branch was stimulated and 2 
patientss showed lateral spreading after stimulation of both ocular and mandibular 
branches.. The latencies of early and late responses showed no differences between 
thee HFS and the BPS group. 
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Tablee 2. Blink reflexes in orbicularis oculi and oris muscles, after supraorbital nerve 
stimulationn on the right in control subjects and on the abnormal side in hemifacial spasm 

andd Bell's palsy with synkinesia. 

Latency y 

Amplitude e 

Latency y 

Amplitude e 

Rat io o 

CS S 

HFS S 

BPS S 

CS S 

HFS S 

BPS S 

CS S 

HFS S 

BPS S 

CS S 

HFS S 

BPS S 

CS S 

HFS S 

BPS S 

Blin kk reflexes 

Ipsilaterall  R l 

Value e 

10.7 7 

10.8 8 

## 11.9 

0.45 5 

0.41 1 

0.32 2 

11.3 3 

12.1 1 

13 3 

0.06 6 

fO.27 7 

fO.21 1 

0.12 2 

tt  11 

fO.60 0 

(SD) ) 

0.6 6 

0.9 9 

0.7 7 

0.36 6 

0.29 9 

0.1 1 

0.7 7 

1.3 3 

1.5 5 

0 0 

0.16 6 

0.1 1 

0.1 1 

1.02 2 

0.13 3 

No o 

22 2 

23 3 

10 0 

22 2 

23 3 

10 0 

i nn the m 

Ipsilaterall  R2 

Value e 

35 5 

36 6 

36 6 

0.53 3 

0.46 6 

0.6 6 

Reflexess in 

13 3 

15 5 

6 6 

13 3 

15 5 

6 6 

Rat i oo oi 

13 3 

15 5 

6 6 

35 5 

36 6 

36 6 

0.12 2 

#0.25 5 

0.25 5 

(SD) ) 

3 3 

4 4 

2 2 

0.29 9 

0.24 4 

0.15 5 

orbiculari ss oculi 

No o 

22 2 

23 3 

10 0 

22 2 

23 3 

10 0 

Contralaterall  R2 

Value e 

34 4 

35 5 

32 2 

0.46 6 

0.51 1 

0.7 7 

thee m orbiculari s ori s 

7 7 

8 8 

2 2 

0.16 6 

0.1 1 

0.1 1 

8 8 

15 5 

7 7 

8 8 

15 5 

7 7 

37 7 

39 9 

34 4 

0.08 8 

fO.20 0 

0.08 8 

(SD) ) 

3 3 

4 4 

1 1 

0.35 5 

0.31 1 

0.17 7 

9 9 

7 7 

0 0 

0.1 1 

amplitud ee m orbiculari s or is /oculi 

0.2 2 

#0.65 5 

0.55 5 

0.33 3 

0.45 5 

0.16 6 

8 8 

15 5 

7 7 

0.17 7 

# 0 . 49 9 

0.04 4 

0.16 6 

0.31 1 

No o 

22 2 

23 3 

10 0 

22 2 

23 3 

10 0 

6 6 

10 0 

1 1 

6 6 

10 0 

1 1 

6 6 

10 0 

1 1 

Contralaterall  Rl 

Valuee (SD) No 

10.55 1 

12.33 2 5 

0.033 1 

0.11 0.1 5 

0.044 1 

CSS = controls, HFS = hemifacial spasm, BPS = Bell's palsy with synkinesia; SD = standard 
deviation.. No = number of recorded responses. # = p < 0.05, "f = p < 0.01. Latencies in ms 

andd amplitudes in mV. 

52 2 



Discussion. . 

Ourr results of normal blink reflexes of the OOculi and Ooris in controls and HFS 
patientss and an increased Rl latency and decreased mental muscle CMAP in BPS 
patientss indicate facial nerve damage in the BPS, but not in the HFS group. Some 
authorss described abnormal blink reflexes in the OOculi in BPS consisting of an increa-
sedd Rl latency and an increased R2 amplitude,140 while others found an increased 
latencyy and a decreased amplitude for Rl and R2.83 The results of blink reflex studies in 
OOculii  in HFS show large differences.48105,138 We avoided stimulation during spasms, as 
Estebann and Molina-Negro48 did, and we obtained normal Rl and R2 latencies and 
amplitudess this way. Blink reflex amplitudes of the OOculi are lower than amplitudes 
obtainedd by direct stimulation of the facial nerve in the same muscle, which shows that 
onlyy a minor part of the motoneuron pool is involved in the blink reflex. Our result of 
normall  blink reflexes in the Ooculi in HFS patients, with supramaximal stimulation, 
indicatess that this part of the motoneuron pool is not enlarged in this disorder. 

Nielsen1055 recorded bilateral Rl responses in the OOculi in patients with HFS. It has 
beenn proposed that a contralateral Rl response is pathological. We found bilateral Rl 
responsess in only 1 patient with HFS and in 1 control subject. Wilier et al144 reported 
contralaterall  Rl responses in control subjects after subliminal facilitation. Spontaneous 
musclee activity, or spasms, may provide this kind of facilitation. Our avoidance of EMG 
recordingg during spasms may explain the lower incidence of bilateral Rl responses in 
HFSS patients in the present study. 

InIn the control subjects, the amplitudes of the OOris responses were smaller than those 
inn the OOculi. This may be explained by the finding of Jenny and Saper76 in Macaque 
monkeyss that direct cortical control is particularly evident upon the lower facial muscles 
andd less so upon the upper facial muscles. A larger inhibitory control from the cortex 
mayy lead to a smaller blink reflex response amplitude in the OOris muscle. In contrast 
too this, our BPS patients showed an increased amplitude of the Rl response in the 
OOriss and an increased Rl amplitude ratio of OOris/OOculi, while our HFS patients, 
besidee this abnormality, also exhibited an increased R2 amplitude ratio of 
Ooris/OOculi.. These results indicate a loss of inhibitory cortical control, to some 
degree,, upon the facial motoneuron pool subserving the OOris muscle. With respect to 
losss of cortical control, the concept of "synaptic stripping" described by Graeber and 
Kreutzberg622 in rats is of major importance. They showed astroglia interposition be-
tweenn synapses and cell bodies after non-letal damage to axons of facial motoneurons. 
Onee difference between BPS and HFS is the evident facial nerve damage in the former 
condition,, as described in this study, while damage in HFS patients is more subtle119 and 
probablyy results in a greater proportion of non-lethally damaged neurons. 

Synkinesiaa was present in all patients with HFS and BPS. Lateral spreading was present 
inn all patients with HFS and in half the patients with BPS. There was no difference in 
latenciess of early and late responses between the two groups. In both groups, lateral 
spreadingg was often restricted to a part of the facial nucleus. In some patients, it only 
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occurredd on stimulation of the ocular branch, in others only on stimulation of the 
mandibularr branch. In patients with HFS, this has been described by Tamura et al133 

Thee relation which they described between the duration of HFS and the occurrence of 
laterall  spreading in more subnuclei was not observed in our patients. 

Mollerr and Jannetta95 and Moller" showed that lateral spreading in HFS is due to 
hyperexcitabilityy of motoneurons in the facial nucleus. Nielsen107 proposed vascular 
compressionn and resulting cross-talk between demyelinated nerve fibers (ephaptic 
transmission)) at the root entry zone of the facial nerve as the causative factor for HFS. 
Ourr finding of lateral spreading in half of the BPS patients, where faulty nerve regene-
rationn rather than nerve compression is the postulated pathophysiological mecha-
nism,12,851344 appears to be in favor of hyperexcitability of motoneurons in the facial 
nucleus.. The present study demonstrates for the first time that lateral spreading is not 
limitedd to HFS. A nuclear lesion has also been proposed for BPS as the causative 
factor,25,544 but the existing pathological study is not in favor of this hypothesis. Baker et 
al122 reported on pathological and neurophysiological findings in a monkey with syn-
kinesiaa after peripheral facial nerve damage and concluded that faulty regeneration was 
thee most probable cause. The authors, however, did not find intranuclear axonal or 
dendriticall  connections, as proposed to explain hyperexcitability of facial nucleus mo-
toneurons.544 Lateral spreading was not examined in this study. Graeber and Kreutzberg62 

showedd synaptic stripping in rats after facial nerve damage. It is conceivable that a 
differencee in synaps restoration, dependent on the different neurotransmitters involved, 
mayy lead to motoneuron hyperexcitability. In this case, lateral spreading can occur 
throughh the extensive dendritical connections, which spread throughout the facial 
nucleuss and beyond.53 

Thee best way to distinguish HFS patients from BPS patients in our study was the 
differencee in spontaneous activity on needle examination of facial muscles. While such 
activityy was frequent and often almost continuous in HFS, it was scarce and usually 
limitedd to synkinesia during voluntary facial movements in BPS. Valls-Solé et al140 

describedd spontaneous activity in their group of BPS patients. They examined patients 
withh a longer duration of synkinesia, while our patients were examined within 1-2 years 
followingg the start of their complaints. Itagaki et al70 showed, more in accordance with 
ourr findings, a higher discharge rate of facial muscles in patients with HFS compared to 
BPS.. The occurrence of neurotonic discharges on irritation of the facial nerve is descri-
bedd by Harner et al,66 who examined the facial nerve during intracranial operations. 

Thee fact that lateral spreading can occur in both HFS and BPS and that spontaneous 
activityy is more prominent in HFS can be interpreted as evidence for a change in the 
faciall  nucleus in both disorders and for an additional effect of chronic irritation of the 
faciall  nerve in HFS. 
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Chapterr  6 

Generall  discussion. 

Neurophysiologicall  investigations of specific brain stem structures provide information 
onn the functional state of its anatomical pathways at different levels within the brain 
stem.1133 Electrodiagnostical studies, such as the blink reflex, are playing an increasingly 
importantt role in the diagnosis of movement disorders. These studies have provided 
evidencee for the organic nature of dystonia. In this thesis, the term cranial hyperkinetic 
syndromess is introduced to indicate those disorders, which are characterized by invo-
luntaryy contractions of the muscles innervated by the cranial nerves. The focus of the 
thesiss is the application of neurophysiological investigations in patients suffering from 
blepharospasm,, torticollis spasmodica, hemifacial spasm and in patients who developed 
synkineticc movements of facial muscles after Bell's palsy. Involuntary facial muscle 
contractions,, orbicularis oculi blink reflex responses, blink reflex recovery curves, 
orbiculariss oris reflex responses and ephaptic transmission were recorded and analyzed. 
Thee objectives were to improve reflex recording techniques for differential diagnostic 
purposess and to obtain insight into underlying pathophysiological mechanisms of these 
craniall  hyperkinetic syndromes. 

Reflexx responses. 

Ass mentioned in the introduction, Rl is a periocular reflex and probably alerts the 
subjectt to a threatening event near the eye, with only minimal habituation and even 
facilitationn when attention is heightened.19 In contrast, R2 is a cutaneous reflex with 
interneuronss which receive multimodal connections. These interneurons may activate 
thee efferent pathway even without direct afferent activation, as they react to novel 
stimulationn of visual, auditory and somatosensory systems, without stimulation of the 
trigeminall  nerve.93,94,116 The close interaction of blinks with eye movements suggests 
thatt R2 may be involved in saccades to regions of interest: momentary eye closure may 
aidd in a quick change of gaze direction.143 This explains the low threshold of R2, its 
initiall  long latency, which shortens with stronger stimulation, and the various stimuli by 
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whichh it can be evoked.124 Because novel stimuli are involved, R2 shows such strong 
habituationn (also multimodal). Habituation is caused by local factors such as presynaptic 
inhibition116'177 and by cortical influences.37,38'84,111 Blink reflex recovery curve studies 
suggestedd that the basal ganglia are involved too.82 

Inn our study of reflexes in the orbicularis oculi and orbicularis oris muscles after stimula-
tionn of the supraorbital nerve, we could evoke Rl or R2 or both in orbicularis oris in 
166 of 22 control subjects. The features of responses in these two muscles differed from 
eachh other. 
Amplitudess were smaller in the orbicularis oris muscle. Variability of the response 
amplitudess in the orbicularis oris muscle was large and six subjects showed no responses 
att all. These findings may point to either an increased cortical control on the ventral 
partt of the facial nucleus or to a large interindividual difference in development of 
necessaryy reflex pathways, or both. 

Blinkk reflex recovery curves. 

Byy studying the blink reflex recovery curves, we answered several methodological 
questions.. We ascertained that a stimulation current of three times R2 threshold is 
betterr than two times, in terms of smaller variability of the evoked responses in the 
controll  group. Peak amplitude measurements are better than area measurements. While 
inn peak amplitude measurement the averaged and rectified peak amplitudes of Rl and 
R22 are used for recovery curve calculation, area measurements offer information about 
peakk and duration of the Rl and R2 responses. Results were better, because variability 
inn the group of control subjects was smallest with peak amplitude measurement. How-
ever,, there was not much difference between stimulation with two or three times R2 
threshold,, and between area and peak amplitude measurement. 

Recoveryy index. 

Wee calculated one variable, the recovery curve index, which enabled us to construct a 
cut-offf  level for a normal recovery curve. This variable was calculated as the mean of 
recoveryy curve values at interstimulus intervals of 0.21, 0.3 and 0.5 seconds, and a 
cut-offf  value of the mean in controls plus 2 SD was chosen. 
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Reflexx studies in cranial hyperkinetic syndromes. 

Blepharospasm. . 

Manyy studies have shown structural lesions in the basal ganglia in patients with dystonia. 
Thee integration of activity of the direct and indirect pathways of the basal ganglia 
providess a gating influence upon premotor structures such as the thalamus, mesen-
cephalicc tegmentum and superior colliculus.28'59,64 In this way the basal ganglia excercise 
ann inhibitory tone on brainstem interneurons, which may regulate the sensitivity of 
thesee structures to cortical activity.28 

Normall  blink reflexes in the orbicularis oculi and orbicularis oris muscle implicate that 
thee blink reflex pathways function normally, at least during spasm-free intervals. 

Manyy patients with blepharospasm show ophthalmologic abnormalities,44 which may 
leadd to a relatively increased sensorimotor cortical activity. When basal ganglia gating of 
interneuronss is intermittendy disturbed, blink reflexes may show abnormalities during 
spasms. . 

Thee whole patients' group showed an enhanced recovery of R2 response, which in 
respectt to the assumption of Kimura82 indicates hyperexcitability of brain stem interneu-
rons.. All patients with pure blepharospasm had an abnormal R2 recovery index. Invo-
luntaryy levator palpebrae inhibition, also known as apraxia of eyelid opening, is a 
conditionn characterized by patients' inability to open the eyes on command. This can 
nott easily be distinguished from blepharospasm and it may accompany blepharospasm in 
somee patients.5 Patients with involuntary levator palpebrae inhibition all had a normal 
R22 recovery index. These findings indicate that blepharospasm is not a homogeneous 
diseasee entity, and point to different pathophysiological mechanisms at different levels. 

Torticolliss spasmodica. 

Wee examined blink reflexes in patients with isolated torticollis spasmodica, without 
involvementt of facial muscles. Blink reflex responses were normal and our results were 
similarr to those of Nakashima et al103 In their study, those patients with torticollis 
spasmodicaa as a part of a generalized dystonia had an increased R2 amplitude on the 
affectedd side. Therefore, blink reflex pathways appear to be normal in torticollis spas-
modicaa as a focal dystonia. 

Inn contrast, the abnormal R2 recovery curves and indices in these patients indicate that 
brainstemm interneurons involved in blink reflexes are hyperexcitable in a proportion of 
patientss with torticollis spasmodica, although to a lesser extent than in blepharospasm 
patients.. The gating influence of the basal ganglia in torticollis is probably executed by a 
thalamocorticall  route.17 

59 9 



Hemifaciall  spasm and post Bell's palsy synkinesia. 

Differentt reflexes were evoked in patients with hemifacial spasm and compared to those 
recordedd in patients who developed synkinetic movement between the branches of the 
faciall  nerve after Bell's palsy, so-called post Bell's palsy synkinesia (PBS). 

Reflexes. Reflexes. 

Wee found normal blink reflexes during spasm free intervals in patients with hemifacial 
spasmm and, therefore, were unable to reproduce the results found by Nielsen.105 He 
claimedd that abnormal blink reflexes are required for ephaptic transmission. He was the 
onlyy author, who found these abnormalities. Indeed, the various abnormalities as 
publishedd by several authors,10,48,105 fail to show a consistent pattern. Although other 
studiess have presented evidence in favour of ephaptic transmission,'18,123 the extensive 
intraoperativee studies of Moller andjannetta appear to offer more evidence in favour of 
motoneuronn hyperexcitability.95,96,97,98,99,100 Other evidence for increased motoneuron 
excitabilityy comes from studies, where ipsilateral facial nerve stimulation is avoided.43,93 

Onee may conclude that blink reflex latencies and amplitudes in orbicularis oculi can 
varyy considerably and as the blink reflex activates only a small proportion of the facial 
motoneuronn pool,85 it may not be the most suitable test to examine hyperexcitability. 
Hyperexcitabilityy of motoneurons leads to a massive motoneuron response to relatively 
weakk stimulation. Supramaximal nerve stimulation in blink reflex studies elicits already 
maximall  amplitudes of the excited (partial) motoneuron pool, so there remains only a 
smalll  margin for further amplitude enlargement. 

Theree is no doubt that blink reflex amplitudes and latencies are often abnormal in post 
Bell'ss palsy synkinesia.83,140 This is a sign of damage to the facial nerve. We showed an 
increasedd Rl latency and a lower CMAP amplitude in the mental muscle on the affec-
tedd side. 

RecoveryRecovery curves. 

Ourr finding of abnormal Rl and R2 recovery curves is consistent with motoneuron 
hyperexcitability,, according to Kimura's criteria.82 Valls-Solé et al138 found only abnor-
mall  R2 recovery curve values. 

Rll  and R2 recovery curve indices were abnormal in individual patients with hemifacial 
spasmm on the affected as well as on the unaffected side. When results of recovery curve 
indicess in blepharospasm and torticollis are considered, these dystonias show no qualita-
tivee differences compared to hemifacial spasm. In fact, in this latter disorder no more 
thann 17% of patients showed abnormal Rl and R2 indices on the affected side, and 
46%% had an increased R2 index. A reactive increased inhibition of interneuron input in 
thee facial nucleus may prevent massive motoneuron activation in many patients and this 
mayy lead to apparently normal recovery indices. 
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Abnormall  R2 recovery curve values on the unaffected side in patients with hemifacial 
spasmm were also shown by Valls-Solé et al138 In our study, 35% of patients with hemifa-
ciall  spasm had an abnormal R2 recovery index on the unaffected side. Apparently, 
hyperexcitabilityy may also occur on the unaffected side. An explanation might be that 
theree is retrograde activation of a blink center, which activates contralateral motoneu-
rons.. This resembles the compensatory overactive blink controller as proposed by Baker 
ett al.13 

Abnormall  R2 recovery curves have been described in patients with Bell's palsy, with or 
withoutt residual weakness. The curves were more abnormal in patients with weakness 
thann in those who recovered completely. Furthermore, those who had a residual weak-
nesss had more abnormal recovery curves on the affected than on the unaffected side.132 

ReflexesReflexes in orbicularis oris muscle. 

Wee found increased amplitudes of Rl and R2 on the affected side in the orbicularis oris 
musclee in hemifacial spasm and of Rl amplitude in patients with PBS. Supraorbital 
nervee stimulation in these patients was apparently able to activate a larger part of the 
availablee motoneuron pool in the ventral facial nucleus than in controls. This may 
indicatee a loss of cortical control on the ventral nucleus. 

Responsess in the orbicularis oris after supraorbital nerve stimulation are found by most 
authorss in hemifacial spasm and in patients with PBS.10,83140 Not all of our patients 
showedd these responses. Our inclusion criterion for synkinesia was synchronous muscle 
activityy in the orbicularis oculi and orbicularis oris muscles, recorded with needle 
electrodes,, either on lip pouting or squeezing of the eyes. Our patient group with PBS 
hadd their symptoms for one or two years after the palsy. 

LateralLateral spreading. 

Wee showed lateral spreading in all patients with hemifacial spasm and in 50% of patients 
withh PBS. This suggests that part of the pathophysiological mechanisms in these disor-
derss are similar, although traditionally hemifacial spasm is attributed to facial nerve root 
compressionn and PBS to faulty nerve regeneration. Lateral spreading was first conside-
redd as an indication of ephaptic transmission104 and later as a sign of motoneuron hyper-
excitability.95 5 

Pathologicall  studies of the facial nucleus in hemifacial spasm are lacking. Animal studies 
afterr facial nerve damage indicate nerve regeneration.12'134 In PBS, there is an evident 
damagee to the myelin of the facial nerve, with or without axonal damage,83,140 starting 
inn its course through the petrous portion of the temporal bone, and there is a persistent 
synkinesia,, while in hemifacial spasm the nerve damage is limited to focal loss of myelin 
moree proximally at the nerve root level74119 and synkinesia is a transient phenomenon, 
ass it disappears after removal of the facial nerve root compression.42106 Another differen-
cee between both disorders in our study was the occurrence of bursts of repetitive, high 
frequencyfrequency spontaneous motor unit discharges in affected muscles in hemifacial spasm, 
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oftenoften triggered by movement, while short muscle action in PBS was limited to actual 
movementt of muscles on the affected side. We proposed that this difference may be due 
too vascular compression acting as a stimulus to the facial nerve root. Nielsen107 called 
thiss mechanism ectopic stimulation in hemifacial spasm, and Harner65 described neuro-
tonicc discharges in the facial nerve when it was touched during posterior fossa operati-
ons. . 

Sincee in our study lateral spreading has been recorded in 50% of patients with PBS, it 
mayy indicate that this phenomenon should not be considered as pathognomonic for 
hemifaciall  spasm. Needle EMG recording is also required to show high-frequency 
spontaneouss discharges as can be recorded in hemifacial spasm. 

Wee have shown that lateral spreading cannot always be recorded from all facial nerve 
branches,, but it may be restricted to one facial nerve branch. This observation indicates 
thatt changes in the facial nucleus may be limited to one subdivision within the facial 
nucleus. . 

Dendritess extend through the whole facial nucleus.53 Slight damage to the facial nerve 
mayy already cause loss of dendritic synapses of the facial nerve nucleus. These are then 
replacedd by astrocytic cell processes, wrapped around the neuronal body. This pheno-
menonn is called synaptic stripping and it reduces the total number of synapses.62 A 
reductionn in number of inhibitory synapses may explain the increased incidence and 
amplitudess of Rl and R2 in the orbicularis oris muscle in patients with hemifacial 
spasm.. Furthermore, the phenomenon of synkinesia can also be explained by the same 
assumptionn that there is an excitatory overflow due to decreased synaptic inhibition. 

Thee most frequent cause of hemifacial spasm is a vascular compression at the facial 
nervee root, but lesions of the facial nerve at other levels or even within the brainstem 
cann produce similar symptoms. This mechanism could be demonstrated in one of our 
patients,, who suffered from Bell's palsy years ago, from which she recovered completely 
withoutt synkinesia. She developed blepharospasm, and on the affected side she had 
additionall  spasms, which were indistinguishable from those of hemifacial spasm. EMG 
examinationn revealed lateral spreading on the affected side (unpublished observation). A 
similarr patient has been reported in the literature.61 From these observations, it is reaso-
nablee to suggest that prior facial nucleus damage and increased interneuron excitability, 
ass has been shown in blepharospasm, can apparently cause symptoms similar to hemifa-
ciall  spasm. Baker et al13 suggested that blepharospasm develops more often after Bell's 
palsyy than would be expected by chance, and they demonstrated eyelid kinematics 
abnormalitiess in four patients who showed characteristics of both disorders. No report 
wass made on the study of lateral spreading or registration of spontaneous muscle activi-
ty-ty-
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Futuree research. 

Blinkk reflex pathways. 

Thee exact pathway of the blink reflex and its connections to the basal ganglia and 
cerebrall  cortex should still be clarified. The question of the existence of a specific blink 
centerr (or a blink controller) is narrowly related. 

1.. The existence of a blink center can be studied in patients with small brainstem 
lesions,, enabling us to correlate electrodiagnostical findings with clinical and anatomical 
observations. . 
2.. The connection of the basal ganglia and brainstem interneurons involved in blink 
reflexess can be studied in animals, after specific lesions in regions of interest and with 
registrationn of blink reflexes. 
3.. The difference between blink reflex responses simultaneously measured in the orbi-
culariss oculi, orbicularis oris and mental muscles in control subjects may provide infor-
mationn on the organization of these responses. This may provide arguments in favour of 
orr against Jenny's theory of stronger cortical control on perioral muscles. More informa-
tionn might be obtained by a study of these responses in patients with pseudobulbar 
palsy. . 

Blepharospasm. . 

1.. Blink reflexes during spasm-free periods are normal, but it is interesting to study 
thesee reflexes also during spasms in the same patient. This may provide evidence of an 
alteredd gating during spasms. 
2.. Blink reflex recovery curves have been studied only unilaterally. By studying recove-
ryy indices bilaterally in individual patients, asymmetry between sides may be demonstra-
ted.. This can help to 
confirmm or reject the theory of Baker et al13, that a unilateral lesion of the orbicularis 
oculii  and an abnormal adaptation of the blink controller can cause blepharospasm. 
3.. The multimodal character of R2 response may cause differences in R2 recovery 
behaviourr when different conditioning and test stimuli are applied. Photic conditioning 
followedd by trigeminal test stimulation leads to almost normal recovery, while paired 
trigeminall  stimulation produces decreased habituation.78 The authors interpreted this as 
aa larger susceptibility of brainstem interneurons to photic stimulation. A more plausible 
explanationn may be that photic conditioning does not interact with basal ganglia gating 
inn the same way as trigeminal stimulation does. Thus, there may be modality-specific 
decreasedd habituation in blepharospasm, because a limited number of sensorimotor 
channelss in the basal ganglia are involved. This can be examined by multimodal paired 
stimulation,, for instance visual-trigeminal, auditory-trigeminal, trigeminal-visual and 
trigeminal-auditory. . 
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Hemifaciall  spasm and post Bell's palsy synkinesia. 

1.. Lateral spreading has not systematically been examined in normal subjects. Therefore, 
itit  is possible that some healthy subjects may show lateral spreading and that they may 
especiallyy be prone to develop hemifacial spasm. 
2.. Studies of lateral spreading in patients with a history of Bell's palsy with and without 
synkinesia,, and with different stages of severity of synkinesia, may help to clarify the 
conditionss under which lateral spreading can be developed in these patients. The 
possibilityy of a transition from Bell's palsy with synkinesia to hemifacial spasm can be 
demonstratedd by a longitudinal study. In case that such a transition exists, diagnostical 
criteriaa must be developed for these disorders. MRI scans in these patients can reveal 
whetherr a vascular compression accompanies the development of hemifacial spasm. 
Thesee studies may provide additional information when surgical intervention is required 
andd may be helpful in predicting the outcome. 
3.. The study of lateral spreading in patients with hemifacial spasm caused by lesions 
otherr than vascular compression may provide more insight into underlying pathophysi-
ologicall  mechanisms and may give us information on selection of patients for surgical 
intervention. . 
4.. Pathological studies of the facial nerve and nucleus in patients with hemifacial spasm 
aree required to study structural changes. These studies may help to give an answer to 
importantt questions such as a) does synaptic stripping occur? b) which synapses remain? 
c)) do connections between subnuclei exist? d) how large is the dendritic tree of facial 
motoneuronss in man? and e) does faulty nerve regeneration occur? 
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Summary y 

InIn this thesis, the term cranial hyperkinetic syndrome is used to indicate those disorders 
whichh are characterized by involuntary contractions of the muscles innervated by the 
craniall  nerves. The subject of the thesis is electrodiagnostic investigations in terms of 
reflexx studies in patients with blepharospasm, torticollis spasmodica, hemifacial spasm 
andd patients who developed synkinesia of facial muscles following Bell's palsy (post 
Bell'ss palsy synkinesia). 

Chapterr  1. This chapter gives an overview of the blink reflex, its anatomical pathways 
andd suprasegmental control of the reflex. This chapter also contains information about 
thee blink reflex recovery curve, and finally studies on lateral spreading in patients with 
hemifaciall  spasm. 

Chapterr  2. We examined some methodological aspects of the study of blink reflex 
recoveryy curves. We compared two intensities of stimulation and two ways of compu-
terizedd measurements of reflex responses. The curves were based on measurements at 
sixx interstimulus intervals. Maximal stimulation, at three times R2 threshold value, and 
peakk amplitude measurement of responses showed the least variability in control sub-
jects. . 

Wee constructed a blink reflex recovery index for Rl and R2 as a single variable, and set 
itss cut-off point, in order to be able to distinguish individual patients from healthy 
subjects. . 

Rll  and R2 recovery curves and their indices were studied in patients with blepharo-
spasm,, hemifacial spasm and torticollis spasmodica and compared to values in control 
subjects.. Significant differences were demonstrated in all patient groups, but even in 
blepharospasmm indices were not abnormal in all patients. 

Finally,, we studied peak amplitudes of single Rl and R2 responses in controls and 
patients.. No significant differences were found. 

Chapterr  3. In this study, the blink reflex recovery indices in controls and patients with 
blepharospasmm were examined and compared to the results of needle EMG recording 
fromfrom the orbicularis oculi and the levator palpebrae muscles. We could identify three 
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subgroupss of patients, and concluded that blepharospasm is not a homogenous disease 
entityy and that different pathophysiological mechanisms are involved. 

Chapterr  4. Blink reflexes in the orbicularis oculi and orbicularis oris muscles were 
studiedd in patients with blepharospasm and torticollis spasmodica and compared to 
resultss in control subjects. No significant differences were found. It is evident from this 
studyy that with supraorbital nerve stimulation, responses can be found in the orbicularis 
oriss in patients as well as in controls. The latter finding has been largely ignored until 
noww and may be relevant in investigations of cranial hyperkinetic syndromes, particular-
lyy in patients with hyperactivity of oromandibular muscles. 

Chapterr  5. Patients with hemifacial spasm (HFS) and those patients who developed 
synkinesiaa of facial muscles after Bell's palsy (PBS) were studied. Blink reflexes in the 
orbiculariss oculi and orbicularis oris muscles were compared to controls and facial nerve 
compoundd muscle action potential (CMAP), lateral spreading and spontaneous muscle 
activityy were compared in patient groups. Facial nerve damage was apparent in patients 
withh PBS. Differences and similarities between patient groups suggest that different 
pathophysiologicall  mechanisms are involved. 

Chapterr  6. In the first part of the general discussion, the results of our studies are 
reviewedd in the light of recent studies and hypotheses are offered concerning pathophy-
siologicall  mechanisms of the examined cranial hyperkinetic syndromes. In the second 
partt of the general discussion, recommendations are given for future research. 
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Samenvatting g 

Inn dit proefschrift wordt de term craniaal hyperkinetisch syndroom gebruikt om een 
aantall  aandoeningen aan te geven, die allen onwillekeurige contracties vertonen van 
spieren,, die geïnnerveerd worden door hersenzenuwen. Het onderwerp van deze studie 
iss het verbeteren van de electrodiagnostiek bij patiënten met blefarospasme of torticollis 
spasmodicaa of hemifacialis spasme en bij patiënten, die synkinese tussen gelaatsspieren 
ontwikkeldenn na een aangezichtsverlamming van Bell. Tevens wordt gestreefd een 
beterr inzicht te verkrijgen in de pathofysiologie van deze ziekten. 

Hoofdstukk 1. In dit hoofdstuk wordt een overzicht gegeven van fysiologische eigen-
schappenn van de oogknipreflexen (de vroege eerste (Rl) en de late tweede (R2) res-
ponsie),, de anatomische reflexbanen en de suprasegmentale controle hierop. De oog-
knipp herstelcurven worden besproken en tenslotte wordt een uitleg gegeven over 
onderzoekk van laterale spreiding bij patiënten met hemifacialis spasme. 

Hoofdstukk 2. Een aantal methodologische aspecten zijn bestudeerd van oogknip 
herstelcurven.. Twee verschillende intensiteiten van stimulatie en twee manieren om 
reflexx responsies met een computertechniek te meten zijn met elkaar vergeleken. De 
herstell  curven zijn gebaseerd op metingen bij zes interstimulus intervallen. Bij gezonde 
proefpersonenn toonden stimulatie met drie maal de drempelwaarde voor R2 en de 
metingg van de piekamplitudo's van de responsies de kleinste variabiliteit. 
Wee hebben een oogknip herstelcurve index berekend voor Rl en R2 als één enkele 
variabelee en de bovengrens van normaal hiervoor, om in staat te zijn individuele pati-
ëntenn te vergelijken met gezonde proefpersonen. 
Rll  en R2 herstelcurven en indices zijn bestudeerd bij patiënten met blefarospasme, 
torticolliss spasmodica en hemifacialis spasme en vergeleken met waarden, gevonden bij 
gezondee proefpersonen. We toonden significante verschillen aan voor alle patiënten 
groepen. . 
Piekk amplitudo's van ongepaarde Rl en R2 responsen verschilden niet tussen patiënten 
enn controle personen. 

Hoofdstukk 3. Dit hoofdstuk handelt over een onderzoek waarbij oogknip herstelcur-
vee indices bij controle personen en patiënten met blefarospasme zijn berekend. De 
uitkomstenn hiervan zijn gecorreleerd met naaldelectromyografische verschijnselen in de 
mm orbicularis oculi en m levator palpebrae. We konden drie verschillende groepen 
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onderscheiden.. Uit deze observaties kon aangetoond worden dat blefarospasme niet een 
homogenee aandoening is, waaruit tevens therapeutische consequenties kunnen volgen. 

Hoofdstukk 4. Bij een onderzoek naar oogknipreflexen in de orbicularis oculi en 
orbiculariss oris spieren vonden we geen significante verschillen tussen patiënten met 
blefarospasmee en torticollis spasmodica en controle personen. Uit dit onderzoek blijkt, 
datt responsies in de orbicularis oris spier na stimulatie van de n. supraorbital bij 
patiënten,, maar ook bij controle personen kunnen worden gevonden. Deze bevinding 
iss tegenstrijdig met gegevens uit de literatuur. Hiermee moet rekening gehouden 
wordenn bij onderzoeken van craniële hyperkinetische syndromen, met name bij pati-
ëntenn met hyperactiviteit van de oromandibulaire spieren. 

Hoofdstukk 5. In dit hoofdstuk wordt onderzoek beschreven dat verricht is bij pati-
ëntenn met hemifacialis spasme en patiënten, die na een verlamming van Bell synkinesen 
vann de gelaatsspieren kregen. We vergeleken oogknipreflexen in de orbicularis oculi en 
orbiculariss oris spieren opgewekt bij de patiënten met de reflexen geregistreerd bij 
controlee personen. Bovendien zijn de hoogte van de potentiaal van de facialis muscula-
tuurr verkregen na stimulatie van de n. facialis, de laterale spreiding en de spontane 
spieractiviteitt bij naaldonderzoek tussen de patiëntengroepen vergeleken. Er was duide-
lij kk sprake van beschadiging van de n. facialis bij patiënten met synkinesen na een 
verlammingg van Bell. Overeenkomsten en verschillen tussen de patiënten groepen 
suggereren,, dat er verschillende pathofysiologische mechanismen in het spel zijn. 

Hoofdstukk 6. In het eerste deel van de algemene bespreking worden de resultaten van 
onzee onderzoekingen beschouwd in het licht van andere recente studies en worden een 
aantall  veronderstelde pathofysiologische mechanismen beschreven, die een rol kunnen 
spelenn bij de onderzochte syndromen. In het tweede deel van de algemene bespreking 
staann een aantal suggesties voor toekomstige studies aangaande electrodiagnostische 
verbeteringg en inzicht in de pathofysiologie van craniële hyperkinetische syndromen. 
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