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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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