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ABSTRACT

The underlying mechanism of muscle spasm in patients with
hemifacial spasm (HFS) remains controversials ephapt.ic

transmission or facial nucleus abnormal hyperexcitability.

Objective
To prove the underlying mechanism of muscle spasm in HFS
that was due to the hyperexcitability of facial motoneurons and

brainstem interneurons .

Design
Paired-shock technique was performed to elicit blink

.reflex response in 20 HFS patients and 21 normal subjects. A



iv .
second shock delivered at a varying time interval between 50-900
msec after the first reveals excitability changes induced” by a
preceding impulse. In each case, paired stimuli were applied on
both sides of the face and simﬁlt.aneoué recorded response from

the orbicularis oculi muscles on both sides.

Subjects

Twenty HFS patients from .the Movement Disorder Clinic,
Division of Neurology, Department of Medicine, Faculty of
Medicine, Siriraj Hospit.al,‘Hahidol University and 21 normal

subjects were recruited. Age range between 30-60 years.

Results _

In normal subjects, the absoiut.e refractory period of R,
response was found to lie bet.ween_200—400 msec with mean and
standard deviation of 271.42 and 64.36 msec. On the other hand,
in patient group, it was found to lie between 100-200 msec with
mean and standard deviation of 160 and 50.62 msec on both the
affected and the unaffected sides, irrespective the side of
stimulation. These indicate that the absolute refractory period
of HFS patients was significant shérter (p<0.05) than the -

absolute refractory period of normal subjects.

Conclusion
This findings suggest that the underlying mechanism of
HFS is the enhanced excitability of facial motoneurons and

brainstem interneurons mediating blink reflex.
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CHAPTER 1

INTRODUCTION

The facial muscles (Figure 1), or muscles of facial
expression provide humans with the ability to express a wide
variety of emotions, including frowning, surprise, fear and
happiness. The muscles themselveé lie within the Ilayers of
superficial fascia. As a rule, they arise from bones or fascia
of the skull and insert themselves into the skin. Because of
their insertions, the muscles of facial expression move the skin
rather than a Jjoint when they contract (Figure 2). All are

supplied by the facial nerve (1, 2).

Hemifacial spasm (HFS) is a movement. disorder of the face
characterized by involuntary paroxysmal bursts of tonic or clonic
movements of the facial muscles innervated by the seventh cranial
nerve (3, 4, 5). It was first described by Schultze in 1875 (3).
Hemifacial spasm is considered to be a form of 'segmental
myoclonus, often starting as "twitches” in upper and Ilower
eyelids, spreading gradually to involve the remainder of the
orbicularis oculi and other facial muscles. In advanced cases,
spasm increases in both severity and frequency, resulting in
prolonged contraction of several muscles on the affected side of

the face (Figure 3). This particular spasm was provoked by



Galea aponeurotica oy w
\ N

FRONTALIS

Frontal bone

CORRUGATOR SUPERCILII

LEVATOR PALPEBRAE
SUPERIORIS

Lacrimal gland

ORBICULARIS OCULI

Tarsi

LEVATOR LABII

SUPERIORIS Zygomatic bone

ZYGOMATICUS MINOR Nasalis

ZYGOMATICUS MAJOR Nasal cartilage

RISORIUS Maxilla

Masseter
BUCCINATOR

PLATYSMA

ORIBICULARIS ORIS
Mandible

Thyroid cartilage DEPRESSOR LABII INFERIORIS

(Adam’s apple)
MENTALIS

Sternocleidomastoid

Omohyoid

" Sternohyoid

" a) (b)

Figure 1. Muscles of facial expression
(a) anterior superficial view

(b) anterior deep view.



Galea aponeurotica \

FRONTALIS
Temporo-
parietalis

OCCIPITALIS

ORBICULARIS OCULI
Nasalis )

LEVATOR LABH
SUPERIORIS

ZYGOMATICUS MINOR
ZYGOMATICUS MAJOR

‘Posterior auricular

Zygomatic arch

Mandible
BUCCINATOR

RISORIUS
ORBICULARIS ORIS

Masseter

Sternocleidomastoid

Splenius capitis
Depressor anguli ons

Trapezius DEPRESSOR LABI! INFERIORIS
Levator MENTALIS
scapulae
Middle
scalene
PLATYSMA

Figure 1. (continued)

(c) lateral superficial view.



L A

Palpebral Part Orbital Part

Orbicularis Oculi

Frontalis

Nasalis Risorius

Orbicularis Oris Zygomaticus Major Mentalis
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Figure 3. Patient with hemifacial spasm.
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tension and fatique-and was relieved by relaxation. Volitional
activation of one muscle results in synchronus involuntary
contraction of other muscles. Many patients complain about
persistence of the spasms at night, which prevent them from
sleeping, and also their occurrence during sleep (3, 4, 5, 6).
‘Occasionally, spontaneous remissions occur that last for weeks,
months, or even years; but ordinarily, once begun, the condition

remains permanent (7, 8).

Aside from involuntary muscle spasms described above,
HFS patients may also have synkinesias in the affected side.
These associated movements are not always present. A £ypica11y
observed synkinesia-consists iﬁvthe simultaneous contraction of
the orbicularié oris, mentalis or platysma when the subject
blinks, especially aftef a burst of spasams. Although HFS
patients rarely complain of pain, an aching sensation or
"tightness" is experienced by some with predominant.ly tonic
spasms. Besides the discomforting twitching nature of HFé,
patients also complain of difficulty in concentrating in a
‘variety of tasks, such as reading or sewing, which require mental

concentration and accurate vision (7).

Although HFS may occur in all age group, it usually
starts in middle age. Women outnumber men 3:2, and the left side
is more frequently involved than the right side (3, 5, 7), which

in some patients turn into bilateral HFS (4).



Etiology of Hemifacial Spasm

In the pre-CT era, HFS was commonly considered
"idiopathic" because appropriate radiogwaphic studies were not
always performed (3). Many surgeons have reported vascular
structures lying across the root entry zone (REZ) of the seventh
cranial nerve and have treated it as the offending agent causing
HFS. Indeed, once the compressing vessel is wrapped, or
otherwise separated from the nerve, HFS ‘usually improves or
disappears (3, 7, 9, 10, 11, 12). According tp surgeons who have
reportea abnormal vessels, those vessels thought to be the
prime offenders in HFS are the anterior inferior cerebeliar
artery (AICA), posterior inferior cerebellar artery (PICA), and
acoustic artery or internal auditory artery. Occasionally, veins
that traverse this area will be found to compress the facial
nerve. According to some surgeons an artery is the offending
structure in about. 92% of cases. Frequently, the basilar
artery or vertebral arteries are shifted from the midline to lie
in this region as well. In addition to a branch of the basilar
arﬂery or.vertebral arteries being closely applied to the seventh
cranial nerve, arteriovenous malformations bhave been reported to

cause HFS (3, 5).

Although aberrant vessels or abnormal vasculature appears
to be the most common cause of HFS, the most common tumor

associated with HFS is an epidefmoid or cholesteatoma of the
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cerebellopontine angle. Neuromas and meningiomas of t.he'
cerebellopontine angle have also been reported, and bony
abnormalities including basilar invagination or impression bave
occasionally been implicated (3, 7). In addition, families with
autosomal dominant inheritance of HFS have been described (5, 13).
Table 1 details the causes of HFS spasm in 1,688 cases reviewed

in the 1988 study by Digre and Corbett (3).



Table 1. Etiology of hemifacial spasm in 1,688 reported cases.

Vascular (N=509)

Abnormal vessels 475
Dolichoectatic-basilar artery 16
Aneurysm 9
Ateriovenous malformation | 8
Persistent acoustic artery 1
Tumor (N=19)
Cerebellopontine angle tumors 17
Petrous ridge neningioma ‘ 1
Parotid tumor 1

Bony abnormalities (N=7)

Basilar impression ’ 5

Cranio-occipital malformation 1

Paget.’s disease 1
Other (N=4)

Multiple sclerosis | 2

Peripheral injury 2
Not. specified A | 986

Unknown (after confirmatory radiographic study,

surgery, or at autopsy) 163
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When computed tomography (CT) and magnetic resonance'

imaging (MRI) were applied to the study of HFS, it’s etiology was
determined to be mostly an ablmormally large, long, displaced
vessel, presumed to be a dolichoectatic basilar/vertebral artery
which, by its configuration could predict the side of HFS 89% of
the time. Because of the high percentage of diagnostic accuracy
of CT and MRI studies, even more causes of HFS may yet be
elucidated anﬂ the "idiopathic” classification will continue to
shrink in size. Now, it is generally accepted that £he cause of
HFS is the cross-compression of the facial nerve where it enters

the brainstem (9, 14, 15).

Pathophysiology of Hemifacial Spasm

Although it is not clear how the cross—compressioh of the
facial nerve causes the symptoms of HFS, and the site‘ of
physiological abnormality causing those symptoms is also unclear,
three differént hypotheses have been proposed to explain the

pathophysiological underlying mechanism of muscle spasm in HFS.

First, aberrant; regeneration is thought to represent a
sprout. of nerve going to a muscle not normally innervated by that
nerve (Figure 4) (3, 4). However, this explanation has not had
much success in explaining the features of nontraumatic

HFS, as these patients have no history of facial nerve injury.
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Aberrant regeneration.

Figure 4.
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fhe second is ephaptic transmission or "cross-talk"

(Figure 5) which was proposed by'Galdner in the early 1960s. The
term comes from "ephapse" which means "to touch” or a point. of
contact. Theoretically, ephaptic contact can depolarize axons
bidirectionally (orthodromically and antidromically), but usually
only depolarizes axons unidirectionally (qrthodromically) in the
facial nerve. Nielsen suggests that. the mechanism for HFS is the
result of the formation of an artificial synapse between nerve

"

fibers at the injury site. The ephaptic transmission is a "mass
effort"” of polarity charges in areas where decreased resistance

lowers the firing threshold in damaged or ischemic nerve (10).

Finally, Moller in 1984 proposed an alternative
electrophysiologic explanation for HFS. He suggested that thé
damaged site becomes a trigger zone which generates and transmits
impulses orthodromically as well as antidromically. So, the
ant.idromic impulses activate facial motoneurons, which cells in
turn send impulses dowm the facial nerve, causing the HFS. He

calls this phenomenon a "kindling" effect (Figure 6).

The pathophysiologic mechanisms underlying the spasm, .
though, are unqlear. The ephapsis theory of Gardner and kindling
mechanism of Moller are both attractive and both may have merit.
However, there is no consensus regarding the interpretation pf

neurophysiologic data at this time.
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M. orbic. oculi.

O e N

 al

Figure 5.

Ephaptic transmission or "cross talk".
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" 'M. orbic. oculi.

Figure 6.

"Kindling" model.

M. orbic. oris.
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The Hypothesis of This Research

Enhanced excitability of facial motoneurons and of those
.brainstem interneurons in patients with HFS is the underlying

mechanism of muscle spasm.

The Aims of This Research

To prove the aforementioned hypothesis, the following
electrophysiological measures were recorded
1. Absolute refractory period of blink reflex R,
responses in patients with HFS and normal controls.
2. The mean values of absolute refractory period

in patients and normals were compared.

Review Literature

Both the clinical and electrophysiologic measures were
studied widely to egplain the pathophysiological underlying
mechanism of muscle spasm. Most researchers hold to one of two
hypotheses on the underlying mechanism of HFS : either ephaptic
transmission between injured nerve fibers at the site of
compression or facial motoneurons. As an example, Sadjadpour

(11> suggested that certain postfacial palsy phenomena (e.g.,
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facial contracture, crocodile tears, etc) bave been examined in
relation to faulty misrouting of the nerve fibers, which thus far
has been offered as an explanation for such phenomena. Analogy
was made with the problem of HFS, occuring without antecedant
facial palsy. Evidence was presented to support the thesis that
both the HFS and postfacial palsy phenomena are due to forpation
of an "artificial syngpse" (an ephapse). at the site of nerve
injury. This would allow for crossing-over of impulses from one
nerve fiber to another and interaction between afferent and
efferent axons, analogous to the situation of bare, uninsulated

electrical wires placed adjacent to each other.

Nielsen (17) studied 62 patients with HFS to test for
the presence oE ephapt.ic transmission‘an ectopic excitation.
Following stimulation of_zyéomatic or mandibular branches of the
faciall nerve, simultaneous recording from the orbicularis oculi
and mental muscles showed transmission of impulses between two
branches involving a fraction of slow conduction motor nerve
fibers. The after-activity and late-activity following the
passage of an antidromic impulse indicated‘ the presence of
autoexcitation with an interspike fréquency of 250 to 350 Hz. A
similar result was obtaiﬁed when studied the blink reflex, the
latency and amplitude of the early (R,) component of orbicularis
oculi response were increased as compared with the unaffected
side and controls, in keeping with pathologic findings of focal

demyelination (18). Hypercalcemia, induced by hyperventilation,
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gave rise to ectopic excitation, that in turn caused synchronous
spasms of the facial muscles. These findings suggested that
ectopic excitation and ephaptic transmission played an important

role in the pathophysiology of HFS.

Spontaneous and associated hyperkinetic facial movements
and contracture which follow injury to the seventh cranial nerve
(postparalytic HFS) or arise without known pfevious injury
(cryptogenic HFS) are pathological phenoména not. found in the
distribution of other cranial or somatic motor nerves. Tﬁe
commonly expressed hypotheses of pathogenesis -~ aberrant
regeneration and fiber excitation by false synapse formation
(ephapses) at the sits of injury -- can not éccount for all
aspects of these phenomena or for the uniqueness of such
movements to the distribution of the seventh nerve. Ferguson (8)
suggeéted that the diversity of facial motor behaviour, which
encompasses voluntary, emotional, and especially automatic,
associated, and reflexive movements, was based on a unique
central organization that sets it apart from other motor groups.
He hypothesized that because of this ofganization, the changes
following axonal injury —- which include select.ive
deafferentation, glial response, axonal sprouting, functional
reconnection, and hyperexcitability from dendritic spike
generat.ion —- can unmask and augment automatic, associated and
reflexive movements already present in the facial neuronal

network to result in facial hyperkinesia.
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Esteban et al (19) studied 53 cases of primary HFS by

means of blink reflex and compared their results with a normal
control group. Reflex responses were obtained by cutaneous
electrical stimuilus of ~ both the supraorbital nerve
(trigemino—facial reflex), and the facial nerve at the
stylo-mastoid region (facio-facial reflex). The R, responsé was
considered abnormal when its latency was shortened
khyperactivity) or delayed (hypoactivity). Thirty six out of 53
cases with primary HFS showed abnormal responses, with a
combination of facial nerve impairment (delayed R, in the
facio-facial reflex) and trigeminal facial hyperactivity
(shortened R, in the trigemino~facial reflex). Five cases show
hyperactivity in both the trigemino-facial reflex and the
facio-facial reflexs. These results suggest a state of
hyperexcitability, probably at the level of the facial nucleus,
combined with a peripheral facial nerve involvement in a high

proportion of patients with primary HFS.

Elmqvist et al (20) studying 20 patients with HFS noted
no consistent synchronization between the motor unit discharges
from different muscles. They found no synkinetic movements on
the affected side of the face between spasms. Stimulation of
individual branches of the facial nerve gave rise to a direct
response in the muscle innervated by the branch but no lateral
spread to any other muscles. However, stimulation on either side

of the face elicited a late response on the affected side of the
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face but not on the opposite side. This would be expected if thé
shocks intended for a branch of the facial nefve~_inadvertent1y
activated the cutaneous branch of the trigeminal nerve. It would
elicit R, in the orbicularis oculi muscle and in the presence of
synkinesis, in other facial muscles on the affected side as the
result of 1lateral spread. They interpreted these findiﬁgs as
indicative of a hyperexcitable facial nucleus rather than the
existence of ephaptic transmission between fibers innervat.ing

different facial muscles.

Moller and Janetta (14, 15, 16) tested the validity of
ephaptic transmission at thé site of a lesion by measuring the
latency of various responses intraoperatively. In HFS patients,
stimulation of one branch of the facial nerve caused contraction
of muscles innervated by a different. branch of the facial nerve.
If such a lateral spread results from ephapses, the onset latency
of the delayed response should equal the antidromic and
orthodromic conduction to and from the resumed site of iesion.
However, the response from the orbicularis oculi muscle to
electrical stimulation of the marginal mandibular nerve exceeded'
the sum by a few milliseconds. Obtaining similar results -from
the mental muscles after stimulation of the zygomatic branch,
they concluded that synkinesias resulted from facial motoneurons

rather than ephaptic transmission.
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Sole and Tolosa (21) studied electrically elicited blink

reflex responses in HFS patients by applyiné single and paired
stimuli on both sides of the face. Responses after single
stimuli were of larger size on the side of spasm compared with
the uninvolved side and controls. With paired stimuii,» the
inhibitory effect of the conditioning stimuli upon the test
stimuli late response (R,), which was alvays observed in normals,
was significantly less pronounced at short interstimuli intervals
in patients. This resulted in an enhanced recovery éurve of R,
which was observed on the side of the spasm, as well as the
contralateral, clinically normal side. Patients with longér
disease duration showed more striking abnormalities of the
recovery curve. They suggested that there was an enhanced
excitability of facial motonéurons and of -those brainsten

interneurons that mediate the blink reflex pathway in HFS patients.

Although the pathophysiologic mechanism remained unclear,
the recent results mentionedlaboée tend to support a facial
mot.oneuron hyperexcitability as being the underlying mechanism of
muscle spasm. In this research, paired stimuli blink reflex with
various interstimulus intervalslwére applied. This technique
clearly demonstrates facial motoneuron excitability by the
onset of recovery from twin pulses are basically dependent on
neuronal excitability : the earlier the onset of recovery, the
greater the excitability of moténeurons being tested. It is

speculated that early onset of recovery should be obtained in HFS.



The Blink Reflex

Blinking in response to a tap on the face has been
studied clinically since it was first described by Overend in
1896 (22, 23, 34). He descfihed it as a new "cranial reflex" and
considered that the afferent stimuli come from cutaneous rather
than from deep structures such as periosteum, bone or muscle.
After this original description, the blink reflex was described
under a nultitude of different names according to the area
tapped, the muscles which responded, and the mechanism considered
to be responsible. In 1945 Wartenberg reviewed the controversy
over the nature of this response, which he termed the
"orbicularis oculi reflex”. He proposed that, in general, all
reflexs be divided into "skin-muscle; (superficial or cuianedus)
and "deep muscle” depending on where the receptors responsible
for them were thought to lie. He felt that the corneal reflex
was a superficial reflex of the orbicularis oculi muscle whereas
the blink reflex was a "muscle reflex”. Wartenberg bad the
"definite impression"” that tapping waé effective by its
activation of intramuscular receptors directly or indirectly "by
transmission of the concussion to the muscle” through Bone or

other tissues.

Studies of the corneal reflex, assessed as part of the
clinical examination of neurologic disorder, fall short of

providing accurate quantitative analysis. In contrast, the
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electrically-or mechanically-elicited blink reflex allows one to
record the evoked potential with an oscilloscope for precise
determination of the reflex latency and amplitude. Stimulation
of the supraorbital nerve elicits two temporally separate
responses of the orbicularis oculi; an early (R,) component and a
late (R,) component (Figure 7 a). The early component has a

shorter latency and is more synchroﬂized than the second. R, is
evoked only on the side of stimulation via a pontine pathway. In
contrast, unilateral stimulation elicits R, bilateraily,
presumably relayed through a more complex route, - including the

pons and lateral medulla (Figure 7 b) (22, 23, 24, 25).

Stiﬁulation of the trigeminal nerve elicits reflex
contraction of the orbocularis oculi. The blink reflex reflects
the integrity of the afferent and efferent pathways including the
proximal segment of the facial nerve. As mentioned earlier, a
single shock to the supraorbital nerve evokes two sepgrate
contractile responsés~of the orbicularis oculi. The latency ‘of
R, represents the conduction time along the trigeminal and facial
nerves and pont.ine relay. R, is less reliable for this purpose,
because of inherent latency variability from one trial to the
next.. Furthermore, the latency of R, reflects the excitability
of interneurons and the delay for synaptic transmission in

addition to the axonal conduction time.
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In most clinical studies,‘the subject lies supiné on a

bed in a warm room with eyes either open or gently closed.
Surface electrodes suffice for stimulation of the nerve and
recording of the evoked muscle action potentials. The recording
leads consist of an active electrode (G,) on the upper or lower
lateral aspect of orbicularis oculi and a reference electrode
(G,) on the temple or the lateral surface of the nose, with a
ground electrode under the chin or around the arm. . ,The_
supraorbital nerve is stimulated with the cathode placed over the
supraorbital foramen on one side. A two-channel osciloscope
ailows simultaneous recording from the orbicularis oculi on both

sides (25).

.In order to interpret results of blink reflex studies
properly, it is important to recognize certain features which
distinguish one of the two components from the other. The R,
component is briefer in duration and relatively more constant in
latency, size, and shape than the R, component. Also, R,
is seen only on the side of stimulation, whereas R, is seen
bilaterally. In different normal subjects, values for minimal
latency range from 8 to 14 msec for R, and 23 to 44 msec for R,
component produced by electrical stimulation over the
supraorbital nerve (23). The minimal latency difference for R,
on the two sides in the same individual in normally less than 1.5

msec. Apprehension results in a marked increase of the amplitude

of the second component, with diminution in the size of R,.
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Similarly, there is a decrease in the amplitude or disappearance
of R, in light sleep, whereas R, is then prolonged in its
duration. With repeated stimulation in a relaxed subject, there
is "habituation” of the R, component, i.e., successive stimuli
result first in a decrease in the amplitude and duration of the

response, which may finally compIetely disappear (23).

Recording of blink reflexes electromyographically is a
simple, reproducible procedure which can be performed in any
clinical EMG 1laboratory. Determination of values for the
minimal latency of the two components on the ipsilateral side and
the second component. on the contralateral after stimulation of
the sgpraorbital nerve can be useful in localizing a8 lesion in
the trigeminal and/or facial nerves. Thus, a prolonged latency
for first and second components on the ipsilateral side and the
second component. on the contralateral side suggests a lesion of
the afferent arc, i.e., thg ipsilateral trigeminal nerve. On £he
other hand, unilateral delay in the latency of the second
component.,, regardless of the side of stimulation, suggests a
lesion of the efferent arc, i.e., the facial perve. Changes in»
latency as well as amplitude of the two components of the blink
reflex can also be produced by lesions of the central nervous
system, a fact which must be recognized whenever one is
performing any refléx study for diagnostic purposes. Finally, as
mentioned earlier, one must take into consideratioﬁ verious

physiological variables which influence reflex studies in a
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clinical setting.

Paired-shock Technique

A second shock delivered at a varying time interval after
the first reveals excitability changes induced by a precending
impulse. In this iethod, called the paired-shock technique or
the conditioning and testing technique, the first shock
conditions the nerve, and the second impulse tests the resulting
effect. The test stimulus, given during the absolute refractory
period of the conditioning stimulus elicits no response. During
the relative refractory period that follows, the test response

shows reduced amplitude and increased latency (26).

The physiologic mechanism underlying the refractory
period is inactivation of sodium (Na') coﬁductance, following the
passage of an impulse, sodium channels will close to initiate
repolarization.i Once closed or inactivated, they cannot open
immediately, regardless of the magnitude of depolarization by a
subsequent impulse. This constitutes the absolute refractory
period. During the subsequent relative refractory period, only
an excessive depolarization, far beyond the ordiﬁary range, can
react.ivate sodium conductaﬁce. Here, the impulse propagates more
slowly than usual, because it takes longer to each the elevated

critical level required to generate the action potential. The
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refractory period is prolonged with low temperature, advanced
age, slow conduction velocity, -and after experiment.al

demyelination.

Studies of the blink reflex tended to overemphasized
latency determination without due regard to the size of R, and
R,. A proper analysis of their amplitude, however, can estimate
the 1level of brainstem reactivity, provided, of course, that the
patient has intact trigeminal and facial nerves. Instead of
applying single stimuli, paired shocks given in a conditioning
and testing paradigm help differentiate the excitability of motor

neurons and interneurons based on the differing recovery curves

of R1 and Rz.



CHAPETER II1

MATERIALS AND METHODS

Subjects

Twenty one healthy subjects served as a normal control
group, age range between 30-60 years. They had no history of
neurological or muscular disease, drug abuse, alcoholism,
diabetes mellitus and were without any medications for at 1least

one week prior to the test.

Twenty HFS subjects from the Movement Disorder Clinic,
Division of Neurology, Department of Medicine, Siriraj Hospital,
ranging in age from 30-60 years were recruited. Every patient
had been treated symptomatically, either' by clonazepan,

diclofenac or botulinum toxin injection.

Experimental Procedures

The study was performed at the Electromyographic
Laboratory of Neurology Division, Department of Medicine, Siriraj
Hospital. The techﬁique used was paired-shock technique to elicit

the blink reflex response as previously described by Kimura (19).
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During the study, subjects lay supine on a couch in a

quiet and warm room (27°C) with eyes gently closed. Recording
leads consisted of an active electrode placed on the orbicularis
oculi muscle (mid-lower eyelid) and a reference electrode on the
temple, with the ground electrode wound around the arm. The
cathode of the stimulating electrode was placed at the
supraorbital foramen and the anode was 3 cm away over the skin of

the frontal bone (Figure 8).

A two-channel computerized oscilloscope allows
simultaneous recording from the orbicularis oculi muscles on both
sides. The electrical stimulus from a Grass stimulator (model SD
9) was a 0.2 msec rectangular shock of appropriate intensity
which was adjusted to obtain a well-defined R, (the early
component) and a stabilized Ilatency of the R, (the 1late
ipsilateral component) and of the R, _ (the 1late contralateral
component) of the blink reflex response. Action potentials were
recorded by a Dantec Neuromatic 2000C wiih a frequency band pass

of 20-2,000 Hz.

when the stimulus was adjusted to appropriate intensity,
the same intensity shocks were delivered in pairs (paired-shock
technique), with interstimulus intervals (delay times between
conditioning and test stimuli) varying between 50 and 900 wmsec,
with 100 msec increments between 100-900 msec. A rest period of

not less than 30 seconds was allowed between each stimulation.
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Figure 8. Technique for recording the blink reflex.
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Testing at each interstimulus interval was repeated at least 4
times, to ensure reproducible responses. With both HFS patients
and normal control subjects, paired stimuli were applied on both

sides of the face.

Measurement.s

In each case, The shortest interstimulus interval which
evoke R, response of test stimuli was recorded. The latencies of
ipsilateral and contralateral R, response which obtained
following pair stimuli was measured from stimulus artifact to the

initial deflection of the evoked potential response (Figure 9).
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The data were presented as mean with standard deviation
of _all data from both sample groups (normals and HFS patients).
Statistical analysis was performed using student’s t-test. Data

with p values <0.05 were considered statistically sisnificant.

Equipment

1. Dantec Neuromatic 2000C : the response recorder
(Figure 10).

~ The Dantec Neuromatic 2000C is a two-channel
neuromyograph for clinical electromyography and evoked responses.
It is a microcomputer—controlled instrument.,, comprising an aétive
electrode box with patient isolated inputs, EMG amplifiers,
microcomputer averages, moqitor, loudspeaker and chart recorder.

2. GQrass stimulator (model SD9) := the electrical stimuli
generator (Figure 11).

- The SD9 is a solid-state stimulator, offering
built-in stimulus isolation rather than remote stimulus
isolat.ion. It is designed for classical nerve and/or muscle
stimulation by using single pulses, repetitive pulses and twin
pulse pairs.

3. The delay time expansion module (Figure 12).

~ This is an instrument module which is designed to

21186 v illbosgs
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increase the time interval of twin pulse paifs from the Grass
stimulator. It is composedAof 3 selectable capacitors. By
using the delay time expansion module, the SD9 has a variable
delay function between 0.02 to 2,000 msec.

4. The connecting cables (Figure 13).

- They were used to join the delay time expansion
module with the Grass stimulator, and the Grass stimulator with
the Dantec Neuromatic 2000C, in the experimental hook up as shown
in Figure 17. |

5. The recording electrode (DISA 13L22) (Figure 14).
6. The patient ground (Figure 15).

7. The stimulating electrode (Figure 16).
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Figure 10. Dantec Neuromatic 2000C.
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Figure 11. Grass stimulator ¢model SD9).



Figure 12.
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Figure 13. Connecting cables.



Figure 14. Recording electrode.
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Figure 15. Patient ground.




41

Figure 16. Stimulating electrode.
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Figure 17. Diagrammatic representation of the apparatus used for
paired shock technique to elicit blink reflex.



CHAPTER III

RESULTS

All subjects tolerated the test procedure very well, with
no complaints of pain, headache or other sickness during the
study procedure. 1In the control group, there were 12 males and 9
females. The mean age of normal subjects was 49.14 yrs (SD=5.28).
In the patient group, there were 5 males and 15 females. Nine
patients bad right HFS and 11 patients bhad left HFS. Duration of
symptoms ranged from 1 to 13 years. The mean age of patients
with hemifacial spasm was 51.75 yrs (SD=9.51). No significant
differences 1in age were found between two groups. The physical
characteristics of the control and patient groups are shown in

Table 2.
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Table 2. Physical characteristics of the control and patient groups.

Group N Age Sex Duration | Affected side
(x + SO of symptom
(yrs) M| F fyrs) Right Left
HFS 20 151.75 + 9.51} 5 15 1-13 9 11
Control 21 49.14'i 5.28(12 9 - - -

For both controls and HFS patients, the mean latency of

R, responses elicited by paired stimuli are shown in Table 3.

Table 3. The

latency of R, response (mean + SD)
Group Latency of R , response
Cond. stimuli Test stimuli
Control 28.95 + 4.10 33.50 + 4.76
HFS 29.92 + 3.60 34.82 + 4.63

The percentage of subjects related with the shortest

interstimulus interval to elicit R, test responses and the mean
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values of the shortest interstimulus interval are tabulated in
Table 4 and 5. Ih normal subjects, the shortest interstimulus
interval to elicit R, test responses was found to be 200 msec in
47.62%, 300 msec in 54.4% and 400 msec in 9.5%, with a
mean and standard deviation at 271.42 and 64.36 msec respectively.
In HFS patients, the shortest interstimulus interval to elicit R,
test responses was found to be 100 msec in 40% and 200 msec in
60%, with a mean and standard deviation at 160 and 50.26 msec
respectively. The shortest interstimulus ‘interval for HFS
patients was significant shorter (p<0.05) than that for normal
subjects. Figure 18 represents the shortest interstimulus
interval to elicit R, test responses related with the percentage

of subjects in both groups and mean of those in Figure 19.



Table 4. The percentage of subjects related with the

interstimulus interval.
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shortest

The shortest Percentage of subjects

interstimulus

interval (msec) Normal HFS

(N=21) (N=20

100 - 40%
200 38.1% 60%
300 52.4% -
400 9.5% -
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Table 5. The shortest interstimulus interval (mean + SD).

Group |[Stim.side/Rec.side|The shortest interstimulus interval
RR
Normal RL 271.42 + 64.36
IR
LL
11 *
HFS Ic 160 + 50.26
CI
CC

¥ significant difference with p value<0.05 when compared
between groups.

when RR, RL, IR, LL, II, IC, CI and CC represent. :

RR = stimulated and recorded response on right side.

RL = stimulated right side and recorded response on
left side.

IR = stimulated left sidé and recorded response on
right side.

1L = stimulated and recorded response on left side.
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ipsilateral responses following stimulation of the
involved side.
contralateral responses following stimulation of the
involved side.
contralateral responses following stimulation of the
uninvolved side.
ipsilateral responses following stimulation of the

uninvolved side.
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Figure 18. The shortest interstimulus interval to elicit R, test

response.
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The R, conditioning and test responses following paired-

shock technique at the shortest interstimulus interval of typical
normal subject and HFS patient were depicted in Figures 20 and 21.
In normal subjects the recovery of R, test responses was obtained
at an interstimulus interval of 300 msec. In HFS patients the
recovery of R, test responses were obtained earlier i.e, at a 100

msec interval.



Figure 20.
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Figure 21. Recording tracing of R, responses in typical

from patients with hemifacial spasm.

A = stimulating the involved side.
B = stimulating the uninvolved side.
I = ipsilateral responses.

C = contralateral responses.
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CHAPTER IV N

DISCUSSION

The current view on the etiology of HFS (3, 9, .12, 14,
15) is that a vascular structure compresses the facial nerve near
its entry zome at the level of the pons. This hypothesis has
been strongly supported by the satisfactory results obtained
after surgery on that region (9, 12, 27). Electrophysiological
studies to try to explain the mechanism of muscle spasm were
performed several years ago, but they were contradictory.
Abnormal prolonged response (after-activity) and late-activity as
well as synkinesis, in which voluntary activation of one muscle
is accompanied by involuntary coactivation of other facial
muscles, were all observed. These observaﬂions led to ectopic
excitation and/or ephaptic transmission as the underlying causes
for HFS (10, 11, 17, 18). However, the ephaptic transmission
theory cannot explain spontaneous tonic/clonic spasm or the
lateral spreading of early (R)) blink reflex on the contralateral
unaffected side (8, 28), and neithe; theory explains why similar
motor phenomena do not occur in areas supplied by other cranial
or somatic nerves (8). So, after-activity and late—éctivity, as
well as synkinesias, may represent either facial motoneuron

hyperexcitability or umnstable interneuron pools.
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In intraoperative studies of facial nerve stimulation, it

was reported that latency of the orbicularis oculi response to
mandibular nerve stimulation was longer than the sum of
conduction times from the same mandibular nerve stimulation to
the facial root entry zone and from facial root entry zone to the
orbicularis oculi muscle (14, 15, 16). The time differences
obtained would be due to the time elapsed in reverberant activity
~of facial motonucleus prior to firing along facial nerve. In
addition, the R, component of the blink reflex can be elicited
from the affected side in HFS patients who were undergoing
microvascular decompression operations under inhalat.ion
anesthesia, but not on the unaffected side (9, 29). That.
supports the hypothesis that the blood vessel pressing upon the

facial nerve changes the function of the facial motor nucleus.

Ferguson, in his vextensive review of anatomical,
physiological and clinical studies, has proposed that the nucleus
reaction folloﬁing proximal facial nerve injury and
reorganization of facial motoneuron pools should be the mechanism
underlying muscle spasm in HFS patients (8). This was supported
by an animal study showing that normal function of the facial
mimetic muscle is dependent on this somatotopy. After peripheral
nerve transection, regenerating axons frequently fail to find
their way back to their original innervation territory.
Consequently, alterations in the central localization of motor

neurons projecting to different peripheral nerve branches might
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be expected (32). All of this precludes ephaptic transmission as

the underlying mechanism of muscle spasm in HFS patients.

It is the purpose of this research study to prove the
hypothesis that hyperexcitability of facial motoneurons and
brainstem interneurons is the underlying mechanism of HFS-type

muscle spasm.

There are several techniques to test neuronal
excitability. For example, one is the strength-duration curve
(31, 32, 33) (Figure 22). The threshold intensity, just capable
of exciting the axons, varies according to the duration of the
current, in that the shorter the duration, the - greater the
intensity to achieve the same degree of depolarization. The
strength-duration curve plots this relationship with motor
point stimulation that elicits a constant muscle response. The
excitability characteristics expressed by this curve can
therefore differentiate a normally innervated muscle from a
partially or totally denervated one. For the formulation of
numeric indices of excitability, rheobase is defined as the
minimal current strength beiow which no response occurs, even if
the current lastsv300 msec or longer. Chrénaxic is the minimal
duraton of a current required to excite the cell at twice the
rheobase strength. Although of historical interest, neither
rhecbase nor chronaxic has proven satisfactory as a test in

clinical practice, and the strength duration curve itself has
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fallen into disrepute because of the excessive time required for

its determination and the complexity of its ihterpretation.

Paired-shock is another technidue to test excitability.
It is based on the principle that a second shock delivered at a
varying time interval after the first reveals excitability
changes induced by the preceding impulse. This technique is a
quant.itative, | accurate, non-painfﬁl test. Excitability, as
tested by this technique, is not modified by the effect of
treatment with botulinum toxin (34). For these reasons it is
therefore superior to nerve condhction and electromyographic
study (35). Application of paired shock technique to the blink
reflex should assess the motor excitability of facial motoneurons

in primary HFS.

According to the results for both' normals and HFS
patients in this study, the mean latency of R, responses evoked
by the conditioning and test were similar to those obtained from
previous research (23, 25). It was further verified that the
measured components were really R, responses. The latencies of
R, responses elicited by test stimuli were lbnger than the
latencies of R, responses elicited by conditioning stimuli in

both groups, acéording to explanation about the relative

refractory period, the test response shown increased latency (25).
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The shortest interstimulus interval to elicit R, test
responses represents the absolute refractory period of the blink
reflex R, responses. In the normal control group, data from the
majority of subjects revealed this absolute refractory period to
be 200 msec, with a minority of subjects showing a prolongation
to 300-400 msec. The average absolute refractory period was
271.42 + 64.36 msec on both sides of the face, irrespective side
of stimulation. HFS patient data showed the absolute refractory
period to be 100 msec in the minority, with a lot of patients at
200 msec, the mean absolute refractory period being 160 + 50.26 '
msec on both sides of the face, irrespective side of stimulation.
It is concludéd that the absolute refractory period of HFS
patients is significant shorter (p<0.05) than the absolute
refractory period of normal control subjects similar to a report

by valls - Sole et al (21).

When the éhortest interstimulus interval related with the
percentage of subjects was considered. The majority of subjects
from both normal and HFS patient groups revealed the absolute
refractory period to be 200 msec. Then the judgement
excitability should considers - the value of the blink reflex

excitability curve too.

In this research we had not studied the blink reflex
excitability curve to represents the relative refractory period

of reflex. This can be obtained from those response to paired
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shock by measuring the percentage action potential area of the R,
and of the R,_ components, of the test response, compared to the
values obtained on the response from the conditioning stimuli
(arbitrarily considered to be 100%) in each interstimulus
interval. The equipment in our experiment was unable to
calculate ﬁhe action potential area of those responses. So the
neuronal excitability was demonstfated only by the mean absolute
refractory period. However the excitability curve is suggested

to be performed in the future study to confirm ocur study.

The ealry onset of R, recovery from both affected and
unaffected sides obtained in ‘this research revealed
hyperexcitability of the blink reflex bilaterall& in primary HFS.
Since there were no senéory symptoms viz, paresthesia or pain,
and the R, latencies in blink reflexes in this research as well
as facial nerve distal motor latencies were with in normal limits
in previous studies (23, 25, 28), both afferent aﬁd efferent
pathways were exéluded as being the pathological sites of lesions.
The R, hyperexcitability would be the result of hyperexcitability
of facial motoneurons and those brainstem interneurons mediating
the blink reflex. The bilateral hyperexcitability observed was
similaf to other upper motoneuron lesions in stroke and
Parkinson’s diseases (34). The former, a unilateral impairment,
may be directly related to the development of spasms originating
either at the proposed site of a vascular compression (10, 17,

27), or at the facial nucleus itself, after being antidromically
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excited (8, 15). The latter, a bilateral impairment, may be a
secondary effect of the disease, as is inferred from the fact
that patients with a longer duration of the disorder showed more
striking abnormalities. Several factors that extentv in this
study (e.g., non-maching age betweén normal control and HFS
groups, the duration of symptom and the’severity of disease in
HFS patients) may Dbe responsible for the bilateral
hyperexcitability. Out of these, from animal experiments (30),
Thomander ' suggested that changes of the supranuclear control of
facial. mot.oneurons may be necessary to maintain normal
bilaterally coordinated movements of facial expression in the
presence of unilaterally impaired motor function. Evidence from
this research 1lends strong support to Ferguson’s theory of
nuclear reorganization with hyperexcitability in facial

mot.oneurons as being the ﬁnderlying mechanism of HFS.

Others have used the paired shock technique, applied to
the blink reflex, to study neuronal excitability on patients with
various extrapyramidal lesions (34, 35), and, in most instances,
the findings were similar to what was found in patients with
HFS (21). The pattern of lack of R, inhibition with a normal R,
recovery curve in previous report is thought to be an expression
of the altered suprasegmentary inhibition of brainstenm
interneurons (36), where the polysynaptic pathway of R, is mo?e
exposed to influences by the changes of local excitability than

the oligosynaptic R,. This research cannot determine to what
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extent such a pattern in HFS patients can be attributed to
alteration in cellular excitability proximal to the facial
nucleus, i.e., at the brainstem interneuronal pool, or to an
increase of motoneuron excitability, as discussed sabove.
However, the present findings suggest that enhanced facial
motoneuron and brainsﬂém interneuron excitability is responsible
for the altered excitability curve of fhe blink reflex R,

response on both sides of the face.



CHAPTER V

CONCLUSION

This research was attempted in order to prove the
underlying ﬁechanism of muscle spasm in HFS patients. The
paired-shock technique was applied to elicit the blink reflex, as
a test of facial motoneuron and brainstem interneuron

excitability.

In studying 21 normal control subjects and 20 HFS

patients, the conclusions of this study are as follow =

i. In npormal subjects, the absolute refractory
period of the blink reflex R, response is found to be between
200-400 msec (mean + SD = 271.42 + 64.36) on both sides “of the
face, irrespective of the side of stimulation. |

2. In HFS patients, the absolute refractory period
of the blink reflex R, response is found to be between '100—200
msec (mean + SD = 160 + 50.26) on both the affected and the
unaffected sides, irrespective of the side of stimulation.

3. The absolute refractory period obtained from both
the affected énd the unaffected sides of HFS patient group show
significant shorter (p<0.05) than those obtained from the pnormal

group.
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"The above déta supports the hypothesis that
hyperexcitability of the facial motoneuron and bréinstem
interneurons is the underlying mechanism of muscle spasm in

patients with HFS."
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RAW DATA OF NORMAL SUBJECTS

THE SHORTEST

NO | INTERSTIMULUS INTERVAL (msec)
RR RL LR LL
1 300 300 300 300
2 200 200 200 200
3 300 300 300 300
4 200 200 200 - 200
5 200 200 200 200
6 200 200 200 200
7 200 200 200 200
8 300 300 300 300
9 300 300 300 3000
10 300 300 300 300
11 200 200 200 200
12 300 300 300 300
13 300 300 300 300
14 300 300 300 300
15 400 400 400 400
16 200 200 200 200
17 300 300 300 300
18 200 200 200 200
19 300 300 300 300
20 300 300 300 300
T 21 400 400 400

when RR, RL, LR and LL represent:
= stimulated and recorded responses on right side.
stimulated right side and recorded responses on

RR
RL

LR

LL

left side.

400

stimulated left side and recorded responses on

right side.

stimulated and recorded responses on left side.
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RAW DATA OF HFS PATIENTS

. THE SHORTEST
NO | INTERSTIMULUS INTERVAL (msec)

i IC Cl CC
1 100 100 100 100
2 200 200 200 200
3 200 200 200 200
4 100 100 100 100
5 200 200 200 200
6 200 200 200 200
7 200 200 200 200
8 100 100 100 100
9 200 200 200 200
10 200 200 | 200 200
11 200 200 200 200
12 200 200 200 200
13 200 200 200 200
14 200 200 200 200
15 100 100 100 100
16 100 100 100 100
17 100 100 100 100
18 200 200 200 200
19 100 100 100 100
20 100 100 100 100

when |Il, IC, Cl and CC represent:

IC

Cl

CC

= ipsilateral responses following stimulation of
the involved side.

= contralateral responses following stimulation of
the involved side.

= contralateral responses following stimulation of
the uninvolved side.

= ipsilateral responses following stimulation of
the uninvolved side.
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