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Josep Valls-Solé, MD,* and Jordi Montero, MD

Unitat d’EMG, Servei de Neurologia, Hospital Clı́nic, Departament de Medicina, Universitat de Barcelona, Institut
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Abstract: Acute unilateral facial paralysis is usually a benign
neurological condition that resolves in a few weeks. However,
it can also be the source of a transient or long-lasting severe
motor dysfunction, featuring disorders of automatic and volun-
tary movement. This review is organized according to the two
most easily recognizable phases in the evolution of facial
paralysis: (1) Just after presentation of facial palsy, patients
may exhibit an increase in their spontaneous blinking rate as
well as a sustained low-level contraction of the muscles of the
nonparalyzed side, occasionally leading to blepharospasm-like
muscle activity. This finding may be due to an increase in the
excitability of facial motoneurons and brainstem interneurons
mediating trigeminofacial reflexes. (2) If axonal damage has
occurred, axonal regeneration beginning at approximately 3
months after the lesion leads inevitably to clinically evident or

subclinical hyperactivity of the previously paralyzed hemifacial
muscles. The full-blown postparalytic facial syndrome consists
of synkinesis, myokymia, and unwanted hemifacial mass con-
tractions accompanying normal facial movements. The syn-
drome has probably multiple pathophysiological mechanisms,
including abnormal axonal branching after aberrant axonal
regeneration and enhanced facial motoneuronal excitability.
Although the syndrome is relieved with local injections of
botulinum toxin, fear of such uncomfortable contractions may
lead the patients to avoid certain facial movements, with the
implications that this behavior might have on their emotional
expressions. © 2003 Movement Disorder Society
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Unilateral peripheral facial palsy (PFP) is a relatively
common benign condition that can be due to multiple
causes (Table 1). Bilateral PFP is a more alarming clin-
ical sign that may present in some diseases and calls for
prompt investigation.14 Regardless of the etiology of
nerve damage, PFP results in personal and social distress
that deserves medical attention on its own.15 In the
majority of cases, PFP is of unknown origin and is
described as idiopathic facial paralysis or Bell’s palsy.
Bell’s palsy is a relatively benign condition with an
incidence rate of approximately 25 per 100,000.16 It may

occur at any age, although it is more frequent in adults
than in children.17 In a histopathological study performed
in a patient who died from another cause at 1 week from
onset of Bell’s palsy, Liston and Kleid18 found diffuse
inflammatory infiltrates with swollen macrophages con-
taining demyelination debris, suggesting an inflamma-
tory process with axonal damage. The lesion involved a
relatively long stretch of the facial nerve beginning at the
external part of the auditory canal, and spreading inward,
covering the external one-third of the intrapetrous seg-
ment of the facial nerve. The finding of an increased titre
of antibodies against herpes simplex virus in several
patients with Bell’s palsy1 suggests that a localized in-
fection by this virus may be the cause of facial palsy in
a large number of patients. Physicians have several pos-
sibilities for treatment,19,20,21 but the effectiveness of
them all is far from proven.22

Whatever the cause of PFP, the first symptoms are
usually accompanied by severe emotional distress that
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fades away after a thorough explanation of the cause of
the paralysis and of its presumed evolution and by the
patient’s own appraisal of the nonprogressive character
of the lesion.23 A short time after onset of PFP, corneal
irritation and limited eyelid movements may trigger
compensatory and adaptive changes apparent only in the
side contralateral to the paralysis. One example of com-
pensatory hyperactivity of the contralateral facial mus-

cles is demonstrated in video Segment 1, which shows
the increased spontaneous blinking rate of a patient with
Bell’s palsy 2 days after onset. Usually, Bell’s palsy
resolves in a few weeks, leaving no trace of any nerve
damage. However, a significant percentage of axons un-
dergo Wallerian degeneration in 20% of patients. In this
situation, axonal growth takes place at approximately 3
months after onset of symptoms. Abnormal branching of
regenerating axons is most likely to occur,24 leading to
either subclinical or clinically evident hemifacial synki-
nesis. Synkinetic movements may be so severe as to lead
to massive muscular contractions of the whole hemiface,
which some patients report as spasms, resembling those
occurring in essential hemifacial spasm. Video Segments
2 and 3 show, respectively, the early contralateral and the
late ipsilateral facial hyperactivity in a patient with Bell’s
palsy, who suffered from severe axonal degeneration.

Neurophysiological examination is helpful at all
stages in patients with PFP (Table 2). It may suggest the
nature of the underlying pathological process, provide
cues for a prognosis, and furnish the bases for patho-
physiological explanations of related abnormalities of
movement control. In the first few days, electrically
induced blink reflexes25 or the assessment of transpetros-

TABLE 1. Known causes of facial palsy

Infections
Herpes simplex1

Herpes zoster2

Otitis3

Leprosy4

Lyme disease5

Sarcoidosis and other granulomatous diseases6

Trauma
Craniofacial trauma7

Surgical trauma8

Melkersson–Rosenthal syndrome9

Vascular lesions
Pontine infarcts10

Vertebrobasilar artery compression11

Tumors
Facial nerve neuromas12

Other tumors causing facial nerve compression13

TABLE 2. Electrophysiological tests at different stages of the evolution of peripheral facial palsy

Test 24–48 hr 10 days 20–30 days 3 mo. � 6 mo.

Facial nerve magnetic
stimulation

Assessment of
transpetrossal
conduction time
Topographic
localization of
the lesion

Supraorbital nerve
electrical
stimulation.
Recording blink
reflex.

Assessment of
trigeminofacial
reflex circuit.
Evidence for
conduction
block

Check for eventual recovery of conduction
block. Comparison of R2 and R2c
response size of the nonaffected side.
Evidence for enhanced excitability to
inputs from the affected side

Low threshold elicitation
of reflex responses.
Evidence for facial
mn excitability
enhancement.

Recording reflex
responses in OOr.
Evidence for lateral
spread of excitation in
facial axons

Facial nerve electrical
stimulation.

Assessment of CMAP
amplitude.
Prognostic
estimation of
axonal damage

Comparison of threshold
for reflex and direct
responses.

Needle EMG Semiquantitative
assessment of
denervation signs.
Evidence for
axonal damage.

Recording subclinical
signs of regeneration.
Evidence for
synkinesis.
Contralateral
regeneration

Multichannel surface
EMG recording

Counting and recording spontaneous blinking. Evidence for
effects of PFP in the contralateral side

Assessment of myokymic
discharges and
synkinetic movements.
Evidence for
postparalytic facial
syndrome

EMG, electromyography; CMAP, compound muscle action potential; mn, motoneuron; OOr, orbicularis oris; PFP, peripheral facial palsy.
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sal facial nerve conduction time26,27 provide information
on the degree of axonal conduction block. At approxi-
mately 10 days from onset of symptoms, calculating the
relative loss of amplitude of the compound muscle action
potential elicited by electrical stimulation of the nerve at
the tragus in the nasalis, the orbicularis oculi (OOc), or
the orbicularis oris (OOr) muscles of the paralyzed side
with respect to those of the nonparalyzed side provides
the most accurate predictive test for the degree of axonal
damage. A needle electromyographic (EMG) recording
performed 20 days after onset brings an approximate
measure of the intensity of denervation. If axonal dam-
age has occurred, axonal regeneration can be first seen in
perioral or periocular muscles 3 months after onset of
symptoms. In these patients, subsequent neurophysiolog-
ical examination may provide evidence for abnormal
regeneration, and changes in motoneuronal excitability,
characteristic of the postparalytic facial syndrome.28,29 It
is convenient, at all these stages, to perform the neuro-
physiological examinations in both the paralyzed and the
nonparalyzed sides. This strategy will not only provide
data for comparison between the damaged and the non-
damaged nerves but will also inform on adaptive changes
occurring in the contralateral side of the paralysis.

NEURONAL EXCITABILITY ENHANCEMENT
AT ONSET OF THE PARALYSIS: EVIDENCE

IN THE NONPARALYZED SIDE

Although PFP is usually first noticed as the lack of
movement in the paralyzed side of the face, it is not
strikingly rare to encounter patients with mild facial
paralysis who did not notice their weakness except when
seeing their face in a mirror or relatives telling them. The
absence of proprioception in facial muscles30 may con-
tribute to the lack of awareness of one’s own facial palsy
in these cases. In some instances, the first complaint is
the enhancement of the spontaneous blinking rate in the
contralateral eye (see Video, Segment 1). Pastor and
coworkers31 have measured the spontaneous blinking
rate in 20 patients with PFP between 24 and 72 hours
after onset and found a significant enhancement. En-
hanced blinking rate may be part of a compensatory
mechanism put to work to protect the cornea of the
paralyzed side from drying out. Failure to close the eye
in the paralyzed side leads to the increased spontaneous
blinking rate to become apparent in the nonparalyzed
side only. EMG recording of spontaneous blinking by
surface electrodes attached over the lower part of the
OOc, in the same place as to record the blink reflex,32

gives interesting information. We have used low band
pass frequency filters (1 Hz to 100 Hz) and signal trigger
averaging to record a relatively slow negative-going

wave that is accompanied by a small burst of EMG
activity, riding on the rising phase. In normal subjects,
the total duration of the wave is approximately 200 msec
and the EMG burst is usually of less than 50-msec
duration (Fig. 1A). The EMG burst is likely due to
activation of the OOc, while the slow wave reflects the
relative change in direction of the retinal potential due to
eye and eyelid movements.33 In patients with PFP (Fig.
1B), recording of the spontaneous blinking in the para-
lyzed side may show a small slow wave, as a result of
tiny movements due to relaxation of the levator palpe-
brae but no burst of EMG activity. In the nonparalyzed
side, the EMG burst is of larger amplitude than normal.
In a group of 19 PFP patients, the mean size of the EMG
burst of the nonparalyzed side, calculated in arbitrary
units by multiplying amplitude (mV) times duration
(msec), was 35.2 � 7.4, significantly larger than that
measured in an age-matched group of healthy subjects,
which was 7.5 � 2.7.

Excess blinking may also be accompanied by clini-
cally relevant hemifacial hyperactivity. This observation
has led to a few reports on the possible occurrence of a
Bell’s palsy–induced contralateral blepharospasm.34,35

Video Segment 2 shows the nonparalyzed facial hyper-
activity of a patient with severe Bell’s palsy, 2 weeks
after onset. That such changes in the contralateral facial
nerve are related to the afferent input from the cornea of
the paralyzed side was first suggested by Chuke and
colleagues35 These authors found that the blepharo-
spasm-like sustained contraction of the facial muscles of
the side contralateral to the paralysis was relieved by
helping to close the eye with a weight added to the
paralyzed eyelid. This probably helped to better wet the

FIG. 1. Recording of spontaneous blinking in a control subject (A) and
in a patient with peripheral facial palsy (B), 48 hours after onset of
symptoms. Note the increased size of the electromyographic burst in
the nonparalyzed side of the patient. L, left; R, right; OOc, orbicularis
oculi.
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cornea, reducing the number of unwanted afferent inputs.
Electrophysiological studies have helped recognition of
the pathophysiological mechanisms underlying these ob-
servations by showing signs of enhanced blink reflex
excitability to inputs originating in the ophthalmic
branch of the paralyzed side. An abnormally enhanced
excitability recovery curve of the blink reflex recorded in
the nonparalyzed side has been reported in two patients
at the onset of Bell’s palsy,31 and in 12 patients with
residual facial weakness.36 In both studies, the abnormal-
ities were more pronounced when stimuli were applied to
the supraorbital nerve of the paralyzed side. Further
evidence in the same direction was reported by Manca
and coworkers,37 who analyzed the size differences be-
tween the responses of the blink reflex recorded in the
nonparalyzed side to ipsilateral (R2) and contralateral
(R2c) supraorbital nerve electrical stimulation. These
authors found that the mean R2c/R2 ratio was signifi-
cantly larger in a series of 68 PFP patients than in a
control group of 30 healthy volunteers (unpaired t test;
P � 0.05). They observed larger R2c than R2 responses
in 23.1% of control subjects and in 80.9% of patients (�2

� 13.3; P � 0.01). Figure 2 shows an example of such
a subtle neurophysiological abnormality. Manca and col-
leagues37 argued that patients with PFP have an en-
hanced blink reflex gain to inputs from the paralyzed
side, compared to those of the nonparalyzed side, due to
sensitization of the blink reflex polysynaptic pathways to
inputs carried by afferent fibers from the ophthalmic
branch of the paralyzed side. Adaptive reflex modifica-
tion, possibly initiated as a compensatory mechanism for
the limited eyelid movement due to OOc paresis in an

attempt to attain a better wetting of the cornea, could
underlie the various findings reported in the nonpara-
lyzed hemifacial muscles, such as enhanced blinking
rate,31 enhanced blink reflex excitability recovery
curve36, or, in some predisposed patients, blepharo-
spasm.34,35

That sensitization of the reflex pathway may lead to an
abnormal motor control receives support from observa-
tions in studies performed in experimental animals.38 In
that experiment, rats who sustained a 6-hydroxydopa-
mine lesion of the striatum developed blepharospasm-
like signs after a lesion of the facial nerve. According to
Schicatano and coworkers,38 the striatum lesion would
have created a “permissive environment” that, with the
addition of an abnormal enhancement of the blink reflex
gain induced by the corneal irritation subsequent to facial
weakness, would lay the grounds for the abnormal bleph-
arospasm-like motor behaviour. In view of the findings
reported above, the mechanism described by Schicatano
and colleagues38 may operate in humans. Excessive sen-
sory signals generated in the corneal irritation due to dry
eye may alter the equilibrium between the various types
of afferent inputs in trigeminal volleys and enhance the
excitability of, or sensitize, the trigeminal blink reflex
circuit. Because of the weakness in the paralyzed side,
any response enhancement will manifest primarily in the
nonparalyzed side. The neural structures responsible for
the sensitization process are likely subcortical, involving
predominantly the trigeminal complex, which plays a
crucial role in the integration of sensory inputs. Trigem-
inal inputs from different types of fibers would converge
in wide dynamic range neurons, which are a major struc-

FIG. 2. Blink reflex to supraorbital
nerve electrical stimulation in a patient
with left side Bell’s palsy, 1 week after
onset (patient), and in a healthy volun-
teer (control). All recordings are done
in the orbicularis oculi of the right side.
The graphs demonstrate the R1 and R2
responses to ipsilateral stimulation
(above), and the R2c to contralateral
stimulation (below). Note that, in the
patient, the R2c response is larger than
the R2, whereas, in the healthy volun-
teer, the R2 is larger than the R2c, as is
usually the case.
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ture in the pathway of the blink reflex.39 The change
induced in the composition of the afferent volley would
induce maladaptive plastic changes that may involve not
only the brainstem but also more rostral structures. In
these conditions, blepharospasm may develop in patients
having an underlying acquired or genetically determined
permissive environment.

Recently, Schicatano and coworkers40 further ex-
plored the effects of eyelid movement restraint in healthy
volunteers who had a weight attached to the upper eyelid.
These authors reported on the possibility that patients
with facial palsy, or healthy volunteers with eyelid
movement restraint, developed not only a maladaptive
change on blink reflex circuit sensitization due to corneal
irritation, but also another type of adaptation triggered by
the mismatch between the intended eyelid movement and
its actual limitation. According to Schicatano and col-
leagues,40 the error detected when comparing the propri-
oceptive feedback from the blink and the expected blink
magnitude caused a cerebellar-mediated adaptive pro-
cess involving the motoneurons controlling the re-
strained eyelid. This process was actually expressed by
larger blink oscillations observed in that eyelid after
removal of the restraint in normal volunteers.

These lines of research are, indeed, very promising,
because they bring the possibility of a link between
abnormalities in sensory input, sensitization, plastic
changes, and reflex circuit excitability in humans. They
could eventually furnish a clear explanation of the patho-
physiological mechanisms underlying several disorders
of motor control.

ABNORMAL FACIAL NERVE
REGENERATION AND MOTONEURONAL

EXCITABILITY CHANGES

After axonal damage, abnormal regeneration of facial
nerve is to be expected.24 Axonal growth begins with the
appearance of axon cones that emerge from proximal
stumps, elongating within the Büngner bands. These
comprise a cluster of Schwann cells enclosed around a
Schwann cell basement membrane. As the growing ax-
onal cone progresses, proximal segments become en-
sheathed by Schwann cells and progressively are myelin-
ated. There are multiple factors preventing good nerve
regeneration. The growing axons may not find their way
into the Büngner bands because of fibrosis or scar tissue,
Büngner bands may become too old and no longer viable
at the time regenerating axons reach them, or the target
tissue may become not suitable when the nerve has
successfully regenerated. However, the ultimate problem
with regeneration is that of regeneration errors, including

abnormal nerve branching and abnormal target innerva-
tion.

Regenerating errors in a pure motor nerve such as the
facial nerve might be of two types (Fig. 3): (1) The axon
generated in a motoneuron previously activating one
muscle ends up in a funiculus going to another muscle.
(2) One axon going previously to a specific muscle
branches into two or more axons going to different
muscles that might have antagonistic functions. In the
case of the facial nerve, regenerating axons might un-
dergo regenerating errors not only among facial motor
axons but also between facial motor axons and parasym-
pathetic axons of the intermediary of Wrisberg. This
nerve accompanies the facial nerve in the petrossal canal,
and may be included in the lesion if this involves prox-
imal sites. In these instances, parasympathetic axons may
enter the facial nerve and reach motor endplates, as
motor axons of the facial nerve may enter the parasym-
pathetic funiculi and reach the lacrimal gland or the
gustatory receptor. Lacrimation and hemifacial sweating
when activating facial muscles is one of the conse-
quences of such reinnervation errors. Similar mecha-
nisms of abnormal regeneration have been demonstrated
in mixed nerves, where sensory fibers may enter motor
funiculi and vice versa. When this occurs, sensory stim-
uli can induce motor reflex responses at latencies com-
patible with axon reflexes.41

Abnormal axonal growth, even though it includes mul-
tiple branching and end-points, is probably not the sole
cause of reinnervation abnormalities. Damage to the
nerve axon involves a series of morphological and func-
tional changes in the cell body, which are known as
chromatolysis. This was indeed observed for the first
time in facial motoneurons by Nissl in 1892.42 In small
mammals, the first observable change, occurring as early
as 2 to 3 days after nerve transection, is swelling of the
cell body due to water uptake and possible dilatation of
the neurofibrillary network, with disappearance of Nissl
bodies.43 Cell nuclei migrate to the pole opposite the
axonal hillock. The nuclei and nucleoli increase in vol-
ume probably due to an increase in synthesis and content
of RNA.44 At the ultrastructural level, chromatolysis
involves destruction of the granular endoplasmic reticu-
lum and an increase in the number and size of neurofila-
ments that, usually, decrease progressively after 3
weeks.42 In facial motoneurons, as in other motoneurons,
transneuronal changes take place after an axonal lesion
due to synapse stripping. Degenerated synapses may be
replaced by sprouts of neighbouring axons.45,46 That
these transneuronal changes are related to peripheral
nerve damage and regeneration receives support from
various observations reported in experimental animals.

1428 J. VALLS-SOLÉ AND J. MONTERO
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Nerve growth factor, which is known to enhance nerve
regeneration, delays neuronal loss,47 and a conditioning
peripheral nerve lesion speeds up the regeneration to a
subsequent experimental test lesion.48 In man, the tran-
sneuronal effects of a facial nerve lesion suggest an
abnormal sensorimotor behavior. The clinical repercus-
sion of such abnormality might vary widely, depending
on the severity of the lesion as well as on other not
well-determined individual factors possibly related to the
richness of emotional facial expression.

In an attempt to understand better the alterations suf-
fered by motoneuronal excitability after a facial nerve
lesion, Cossu and coworkers49 performed a neurophysi-
ological study of regenerating motor units at the very
early stages of regeneration, when only one or a few
motor units were active. The study was performed in 18
patients selected from a group of more than 250 patients
with Bell’s palsy because of complete denervation of the
hemifacial muscles, assessed by needle EMG at the
examination performed in the first 30 days. All patients
were examined between 75 and 90 days after onset of
symptoms. Three patients had to be rescheduled for a
second examination 15 to 25 days later, because there
was no trace of motor unit action potentials (MUAPs) at
the first examination. Two needle electrodes were in-

serted, respectively, into the OOc and OOr of the af-
fected side. Apart from recording a variable amount of
fibrillation potentials and positive sharp waves, Cossu
and colleagues49 also recorded small amplitude polypha-
sic MUAPs that were heard to fire at a frequency variable
between 1 and 20 Hz, even if the patient was requested
to relax and auditory feedback from their own motor unit
firing was provided. These investigators used the
MUAPs recorded in one of the muscles to signal trigger
the electromyographic delay line for the recordings gen-
erated in both muscles. In this way, if the MUAPs
recorded in the two muscles had a common origin in a
single motoneuron that branched at the site of the injury,
they would appear to be cross-correlated. However,
MUAPs in both muscles were never seen to fire time-
locked to each other. The firing frequency of the same
MUAPs increased, and a few more MUAPs were re-
cruited, to the request of voluntary contraction of the
muscle under examination, as well as in relation to
movements that were not intended to activate the facial
muscles at all (swallowing, neck movements, or accom-
modation of some body parts to a new position). In all
patients, spontaneous blinking induced activation of one
or various OOr MUAPs. In 4 patients, OOr MUAPs fired
in bursts, time locked to the inhalation phase of breath-

FIG. 3. Two possibilities of abnormal motor axon
regeneration. A: In normal conditions, each axon
reaches its target muscle. B,C: Possible regeneration
errors in motor fibers after an axonal lesion. B: The
axon of one motoneuron enters the funiculus in
which there previously had been an axon from an-
other motoneuron. The axon that was previously in
that funiculus could take another funiculus or degen-
erate. In this case, an attempt to activate one muscle
would result in activation of another, unintended,
muscle. C: The axon of one motoneuron divides into
two branches that follow different paths. In this case,
the attempt to activate one muscle would inevitably
activate two muscles, which could have antagonistic
functions. OOc, orbicularis oculi; OOr, orbicularis
oris.
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ing.50,51 Figure 4 shows the needle recording in 1 patient
exhibiting several of these features.

While still simultaneously recording with needle elec-
trodes from both OOc and OOr, single electrical stimuli
of 0.5-msec duration were delivered to the supraorbital
and facial nerves of both sides. Stimulation of the ipsi-
lateral facial nerve elicited a small polyphasic direct M
response in only 4 of the 18 patients, at a latency ranging
between 3.7 and 12.1 msec in OOr, and between 3.2 and
6.9 msec in OOc. In the remaining 14 patients, trigeminal
and facial nerve stimulation induced responses in OOr
and OOc, compatible with long latency reflex responses,
at a latency ranging between 44 and 132 msec (Table 3).
The characteristics of the responses (shape, number of
phases, peak amplitude, etc.) were similar to those of the
MUAPs observed at rest. In 3 patients, the same re-
sponses could be elicited with stimuli applied to the
median nerve. They were shorter with ipsilateral supraor-
bital nerve stimulation than with stimulation of any other
nerve (Fig. 5). It seems likely that the electrical stimulus
intended to activate the facial nerve at the tragus inevi-
tably also activated cutaneous terminals of the trigeminal
nerve (third branch), which reached the facial nucleus
and were capable of triggering a reflex response.

Trans-synaptic activation of facial motoneurons by a
stimulus of an intensity below the one needed for direct
activation of the facial nerve motor axons suggests relative
hypoexcitability of regenerating, probably hypomyelinated,
motor axons, or hyperexcitability of facial motoneurons, or
both. Motoneuronal hyperexcitability may be the conse-
quence of the histological and functional motoneuronal
changes described above. The results of the study of Cossu

and colleagues49 reveal that functional abnormalities of
regenerating axons begin at the very early stages of regen-
eration and that at least some of them are due to a change
in the excitability state of facial motoneurons. Regenerating
errors will later complicate the picture by adding peripheral
nerve misdirectionality of impulses. This will ultimately
result in the so-called postparalytic facial syndrome (PFS),
consisting in synkinetic activity between hemifacial mus-
cles, movement triggered muscle tightness or spasms,
myokymic discharges, and activation of facial muscles to-
gether with voluntary or automatic activation of nonfacial
muscles or to inputs from peripheral nerve affer-
ents.29,41,52,53 The severity of PFS may range from a sub-
clinical stage, only evident in electrophysiological exami-
nations, to a complex disturbance of voluntary and
automatic activation of facial muscles, which may occa-
sionally lead to severe emotional complications.54

Regenerating activity may take place not only in the
affected facial nerve but in other nerves, such as the con-
tralateral facial nerve. In 7 patients who suffered from
complete PFP due to Bell’s palsy (3 patients) or surgical
removal of cerebellopontine benign tumors (4 patients), we
studied the EMG activity in the OOr of the nonparalyzed
side between 1 and 3 months after presentation of the
paralysis. Recording was made with concentric needle elec-
trodes implanted approximately 1 cm lateral to the oral
commissure. We used the delay line to record five to eight
MUAPs during a sustained slight voluntary contraction.
The mean number of peaks per MUAP was 5.6 (SD � 1.3).
All of them showed a significant proportion of enhanced
jitter and blocking. For comparison, we recorded the
same number of MUAPs in 4 healthy volunteers in

FIG. 4. Needle electromyographic recording from the orbicularis oris in a patient with postparalytic facial syndrome, 8 months after presentation of
the paralysis. The figure shows (1) tonic firing of small motor units at a frequency of approximately 16 Hz, compatible with myokymic discharges
(white squares); (2) rhythmic activation of a larger amplitude motor unit coinciding with inhalation of respiratory cycle (arrowheads), and
large-amplitude, short-duration, bursts synchronous with spontaneous blinking (*). Calibration is 1 second and 0.1 mV (from Valls-Solé, 200251).
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whom the number of peaks was 3.4 (SD � 0.6) and
neither blocks nor jitter larger than 25 �sec was ob-
served. Why regeneration is triggered in the nonin-
jured facial nerve by damage in the contralateral one is
not known. It might be due to a widespread induction
of regenerative processes, triggered by chemical
changes generated in the lesion site, in a process
similar to the motoneuronal reorganization that has
been shown to occur in distant muscles after local
denervation induced by botulinum toxin injec-
tions.55,56 However, in sphincter-like muscles such as
the OOr, denervation of circular muscle fibers may be
a strong additional stimulus for the contralateral facial
nerve to undergo axonal regeneration changes.

Signs of contralateral regeneration are commonly
seen when recording with needle electrode from the
OOr of the paralyzed side and applying electrical
stimuli to the contralateral facial nerve. These re-
sponses are usually of a similar latency in all individ-
uals, between 11 and 16 msec, and most of that con-
duction time is unchanged when the stimulus point is
moved along the facial nerve from the tragus to the
oral commissure (Fig. 6). This behavior is compatible
with a long stretch of propagation of impulses along
muscle fibers, rather than nerve axons. In a series of 10
patients exhibiting this type of response, we calculated
a segmental conduction velocity ranging from 54 to 71
m/sec between different stimulation points along the
nerve, and a distal latency never shorter than 7.5 msec.
This conduction time across the mouth would corre-
spond to a conduction velocity of approximately 10
m/sec, compatible with muscle fibre propagation of
impulses. Such innervation of circular muscle fibers
by the noninjured facial nerve may be of some help in
restoring partial motor function of perioral muscles.

SPASMS DUE TO SYNKINETIC MASS
CONTRACTIONS VERSUS ESSENTIAL

HEMIFACIAL SPASM

Unintended hemifacial mass contractions can occur as
a result of muscle synkinesis in patients with PFS. In

some cases, very uncomfortable mass contractions are
triggered by automatic or emotional facial movements,
leading to what the patients describe as a “spasm”. Al-
though such spasm is usually short-lasting and fades
away when contraction is released, several patients end
up fearing such a paroxysmal contraction. Because of
this fear, some patients try to avoid activation of facial
muscles in situations where they would previously do so,
changing their social behavior, and sometimes leading to
emotional distress and depression.54 Very disturbing
hemifacial mass contractions were reported by 5 of 23
patients with postparalytic facial syndrome due to Bell’s
palsy suffered 1.5 to 16 years before.29 These 5 patients
experienced not just hemifacial synkinesis, but severe
episodes of muscular pain, tension, and spasms induced
by common manoeuvers such as eating, smiling, kissing,
or singing. The spasms reported by these patients may
mimic those observed in idiopathic (essential) hemifacial
spasm (EHS), but, usually, a careful clinical and neuro-
physiological examination permits separation of both
entities.

In EHS, the involuntary twitches of the muscles of one
hemiface are not necessarily triggered by voluntary or

FIG. 5. Motor unit action potentials recorded with needle electrode
inserted in the orbicularis oris during voluntary activation (A), or
reflexly elicited by electrical stimuli applied over the ipsilateral facial
nerve (B), the contralateral facial nerve (C), the ipsilateral supraorbital
nerve (D), and the contralateral supraorbital nerve (E). Note the ab-
sence of direct short-latency response to stimulation of the ipsilateral
facial nerve (B), and the shortest latency of the reflex response to
ipsilateral supraorbital nerve stimulation (D). These recordings indicate
that the same motor units that are voluntarily activated can be recruited
by synaptic inputs from ipsilateral and contralateral trigeminal affer-
ents, when the facial nerve axonal membrane is still nonexcitable.

TABLE 3. Onset latency of reflex responses of OOr and
OOc to stimuli to ipsilateral and contralateral facial

and supraorbital nerves

OOr OOc

Ipsilateral facial 78.1 (26.3) 70.6 (23.1)
Contralateral facial 80.4 (25.5) 73.8 (18.2)
Ipsilateral supraorbital 51.8 (16.9) 59.2 (12.2)
Contralateral supraorbital 76.5 (13.9) 78.6 (20.7)

Numbers are the mean (1 SD). OOr, orbicularis oris; OOc, orbicu-
laris oculi.
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automatic muscle contraction. This finding is a crucial
differential sign with respect to the mass contractions of
the postparalytic facial syndrome, which are always
started by intended muscular contraction. In EHS, the
abnormal contraction is usually paroxysmal and consists
of rapid, irregular clonic bursts of EMG activity, involv-
ing simultaneously lower and upper facial muscles. In
some instances, there may also be long-lasting tonic
contractions. The twitching may be induced by 2 to 3
minutes of hyperventilation, which presumably causes
respiratory alkalosis and decreases the calcium level,
triggering ectopic excitation.57 The EMG activity under-
lying the mass contractions of the PFS is completely
different from that underlying EHS (Fig. 7). In some
patients with PFS, myokymic discharges can be seen in
both OOr and OOc after a spontaneous blink or another
form of facial muscle activation.

In accordance with the prevailing hypothesis, EHS
could be considered, strictu sensu, the consequence of a
facial nerve lesion. Many different researchers have lo-
calized the site of origin of the facial spasms in a vascular
compression of the nerve at its root exit zone, even
though the compressing vessel is not always found.52,58,59

Consistent with this hypothesis, patients improve after
surgical intervention at the posterior fossa.60 However,
there is also some proof that facial motoneurons are
hyperexcitable in EHS. Probably, extrinsic irritation of
the facial nerve at the posterior fossa generates an anti-
dromic bombardment of inputs to facial motoneurons
that cause excitability changes and spontaneous or reflex
firing of motoneurons after a “kindling” effect.61,62

Electrophysiological examination of patients with
EHS reveals several interesting features such as ectopic
generation of discharges, ephaptic transmission, and lat-
eral spread of excitation between facial axons.57,63,64

Lateral spread is usually shown by recording the abnor-
mal response of the OOr to supraorbital nerve stimuli. It
is likely that this response is generated through ephaptic
activation of neighbouring demyelinated or poorly my-
elinated fibers of the facial nerve innervating the perioral
muscles by those that naturally carry the reflex volley to
the OOc.64 Similarly abnormal responses have been ob-
served in patients with PFS, attributed to abnormal
branching and enhanced motoneuronal excitability, as
described above. However, there is a conspicuous differ-
ence between the two processes regarding the character-
istics of the abnormal OOr response to supraorbital nerve
stimulation. In lateral spread, in patients with EHS, the
stimulus may or may not elicit the ephaptic response,
whereas the abnormal OOr response is practically always
present in the case of abnormal regeneration.

Electrical stimuli applied over the supraorbital nerve
are not only activating the supraorbital nerve but also

FIG. 6. Responses recorded in the orbicularis oris of the paralyzed
side to stimulation of the contralateral facial nerve at various sites of
1.5 cm steps between tragus and oral commissure. Note the small
change in latency, compatible with nerve conduction in large myelin-
ated axons and the long distal latency, suggesting a long stretch of
muscle fiber propagation before recording.

FIG. 7. Surface electromyographic (EMG) recording from left orbic-
ularis oculi (OOculi) and orbicularis oris (OOris) muscles in a patient
with idiopathic (essential) hemifacial spasm (EHS, A) and in a patient
with peripheral facial palsy (PFS) who complained of muscle tension in
the cheek (B). In this case, there are myokymic discharges in the OOris
in the patient with PFS. Note the difference between the abnormal
EMG activity recorded in both entities in the finding that blinking may
not always be accompanied by synkinetic activation of the OOris in
EHS and that the abnormal discharge has a lower frequency and is
more irregular in PFS than in EHS.

1432 J. VALLS-SOLÉ AND J. MONTERO
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small axons from the facial nerve terminals innervating
the OOc. This finding has been used by Montero and
coworkers65 to demonstrate the presence of axo-axonal
reflexes in lesions of the facial nerve. Electrical stimuli
are applied over the supraorbital nerve, and responses are
recorded from the ipsilateral OOc and OOr. In these
conditions, an R1-like response can be expected in both
muscles in patients with EHS as well as in those with
aberrant regeneration. However, it is possible that the
responses recorded in ipsilateral muscles are not true
trigeminofacial reflex R1 responses but faciofacial reflex
responses resulting from the action of antidromic im-
pulses conveyed by fibers of the facial nerve up to the
point of the lesion, and then back to the same or other
facial nerve innervated muscles. Montero and col-
leagues65 applied step-by-step stimuli, as in the inching
technique, from the supraorbital zone toward the malar
zone, following the zygomatic branch of the facial nerve.
The striking observation was that the latency of the
“R1-like” response recorded in the OOr decreased when
the stimulating electrode was moved from supraorbital to
malar sites. With this manoeuvre, the length of the fa-
ciofacial axon reflex arc is shorter, and, consequently,
there is a decrease in response latency. If the response
were due to a trigeminofacial reflex through supraorbital
nerve stimulation, the R1 response latency should have
increased, because the length of the sensory nerve, in this
case, would have been longer. This interesting observa-
tion allows for a simpler explanation for the observation
of reflex responses induced by stimuli over the supraor-
bital nerve in patients who underwent hypoglossal–facial
nerve anastomosis due to nonregenerating PFP.66,67 The
identification of the ephaptic faciofacial nature of the
“R1-like” responses makes it unnecessary to hypothesize
plastic changes in the brainstem, supposedly connecting
the trigeminal and hypoglossal nuclei.

Like in patients with PFS, facial motoneuronal hyper-
excitability is likely to contribute, together with periph-
eral nerve mechanisms, to clinicoelectrophysiological
manifestations of EHS. In patients with EHS, the elici-
tation of a larger R2 response in the affected side than in
the contralateral side was taken as a sign suggesting
motoneuronal excitability enhancement,68 whereas an in-
creased recovery of the blink reflex response to the test
stimulus with the paired stimulus technique, leading to a
shift to the left of the blink reflex excitability recovery
curve, suggested brainstem interneuronal excitability en-
hancement.68,69

Treatment with botulinum toxin markedly alleviates
facial spasms in both PFS and EHS.70 However, even
though patients experience noticeable improvement, the
abnormal muscle contraction does not completely disap-

pear, and electrophysiological signs of hyperexcitability
remain.71

Although EHS and the hemifacial mass contractions
observed in some patients with PFS may have similar
clinical expressions and respond to similar treatments,
several neurophysiological differences should help in
distinguishing between the two syndromes. It is better to
avoid using terms such as postparalytic spasm to refer to
the mass contractions seen in patients with PFS.

LEGENDS TO THE VIDEO

Segment 1. Increased spontaneous blinking rate evi-
dent only in the nonaffected side of a patient with Bell’s
palsy 2 days after onset of symptoms. This finding is an
example of compensatory hyperactivity in the contralat-
eral facial muscles. The comments of the patient and his
wife (in Spanish) indicate that they first thought that
there was something wrong in the side with excessive
blinking.

Segment 2. Hyperactivity in facial muscles of the
nonparalyzed (left) side in a patient with severe Bell’s
palsy, 2 weeks after onset of symptoms. His comments
(in Spanish) indicate that he does not have any sensation
of muscle contraction even if this seems evident.

Segment 3. The same patient as in Segment 2, 6
months after presentation of symptoms. Note the absence
of hyperactivity in the nonaffected (left) side and the
presence of synkinetic movements in the affected (right)
side.

REFERENCES

1. Tomita H, Hayakawa W. Varicella zoster virus in idiopathic facial
palsy. Arch Otolaryngol 1972;95:364–368.

2. Sweeney CJ, Gilden DH. Ramsay Hunt syndrome. J Neurol Neu-
rosurg Psychiatry 2001;71:149–154.

3. Kvestad E, Kvaerner KJ, Mair IW. Otologic facial palsy: etiology,
onset, and symptom duration. Ann Otol Rhinol Laryngol 2002;
111:598–602.

4. Reichart PA, Srisuwan S, Metah D. Lesions of the facial and
trigeminal nerve in leprosy. An evaluation of 43 cases. Int J Oral
Surg 1982;11:14–20.

5. Dupuis M, Luyasu V, Warscotte L, Bauraind O, Michel M. Lyme
disease and facial palsy without pleocytosis. Lyme Borreliosis
Study Group. Neurology 1997;49:817–824.

6. Oki M, Takizawa S, Ohnuki Y, Shinohara Y. MRI findings of
VIIth cranial nerve involvement in sarcoidosis. Br J Radiol 1997;
70:859–861.

7. Davis RE, Telischi FF. Traumatic facial nerve injuries: review of
diagnosis and treatment. J Craniomaxillofac Trauma 1995;1:30–
41.

8. Romstock J, Strauss C, Fahlbusch R. Continuous electromyogra-
phy monitoring of motor cranial nerves during cerebellopontine
angle surgery. J Neurosurg 2000;93:586–593.

9. Greene RM, Rogers RS III. Melkersson-Rosenthal syndrome: a
review of 36 patients. J Am Acad Dermatol 1989;21:1263–1270.

10. Roquer J, Lorenzo JL, Pou A. The anterior inferior cerebellar
artery infarcts: a clinical-magnetic resonance imaging study. Acta
Neurol Scand 1998;97:225–230.

MOVEMENT DISORDERS IN FACIAL PALSY 1433

Movement Disorders, Vol. 18, No. 12, 2003



11. Lessell S, Ferris EJ, Feldman RG, Hoyt WF. Brain stem arterio-
venous malformations. Arch Ophthalmol 1971;86:255–259.

12. Sherman JD, Dagnew E, Pensak ML, van Loveren HR, Tew JM Jr.
Facial nerve neuromas: report of 10 cases and review of the
literature. Neurosurgery 2002;50:450–456.

13. Pfaltz CR, Ura M, Allum JH, Gratzl O. Diagnosis and surgery of
cerebellopontine-angle tumors. ORL J Otorhinolaryngol Relat
Spec 1991;53:121–125.

14. Keane JR. Bilateral seventh nerve palsy: analysis of 43 cases and
review of the literature. Neurology 1994;44:1198–1202.

15. VanSwearingen JM, Cohn JF, Turnbull J, Mrzai T, Johnson P.
Psychological distress: linking impairment with disability in facial
neuromotor disorders. Otolaryngol Head Neck Surg 1998;118:
790–796.

16. Katusic SK, Beard CM, Wiederholt WC, Bergstralh EJ, Kurland
LT. Incidence, clinical features and prognosis in Bell’s palsy,
Rochester, Minnesota, 1968–1982. Ann Neurol 1986;20:622–627.

17. Karnes WE. Diseases of the seventh cranial nerve. In: Dyck PJ,
Thomas PK, Griffin JW, Low PA, Poduslo JF, editors. Peripheral
neuropathy. 3rd ed. Philadelphia: WB Saunders; 1993. p 818–836.

18. Liston SL, Kleid MS. Histopathology of Bell’s palsy. Laryngo-
scope 1989;99:23–26.

19. Adour KK, Ruboyianes JM, VanDoersten PG. Bell’s palsy treat-
ment with acyclovir and prednisone compared with prednisone
alone: a double blind, randomized, controlled trial. Ann Otol
Rhinol Laryngol 1996;105:371–378.

20. Ramsey MJ, DerSimonian R, Holtel MR, Burgess LPA. Cortico-
steroid treatment for idiopathic facial nerve paralysis: a meta-
analysis. Laryngoscope 2000;110:335–341.

21. Gantz BJ, Rubinstein JT, Gidley P, Woodworth GG. Surgical
management of Bell’s palsy. Laryngoscope 1999;109:1177–1188.

22. Salinas RA, Alvarez G, Alvarez MI, Ferreira J. Corticosteroids for
Bell’s palsy (idiopathic facial paralysis). Cochrane Database Syst
Rev 2002;1:CD001942.

23. Heymans PG. Emotions in the first 99 days after the onset of facial
paralysis: a single case study. Eur Arch Otorhinolaryngol 1994:
S537–S539.

24. Kimura J, Rodnitzky RL, Okawara SH. Electrophysiologic analy-
sis of aberrant regeneration after facial nerve paralysis. Neurology
1975;25:989–993.

25. Kimura J, Giron LT Jr, Young SM. Electrophysiological study of
Bell’s palsy. Electrically elicited blink reflex in assessment of
prognosis. Arch Otolaryngol 1976;102:140–143.

26. Glocker FX, Magistris MR, Rosler KM, Hess CW. Magnetic
transcranial and electrical stylomastoidal stimulation of the facial
motor pathways in Bell’s palsy: time course and relevance of
electrophysiological parameters. Electroencephalogr Clin Neuro-
physiol 1994;93:113–120.

27. Rosler KM, Hess CW, Schmid UD. Investigation of facial motor
pathways by electrical and magnetic stimulation: sites and mech-
anisms of excitation. J Neurol Neurosurg Psychiatry 1989;52:
1149–1156.

28. Montserrat L, Benito M. Facial synkinesis and aberrant regenera-
tion of facial nerve. In: J Jankovic J, Tolosa E, editors. Advances
in neurology. Vol. 49. New York: Raven Press; 1988. p 211–224.
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