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Magnetic stimulation provides a method to stimulate the facial nerve transcranially. With
this method, the stimulation can be directed to the intracranial part of the facial nerve,
whereas conventional electric stimuli are delivered to a more peripheral part of the nerve. In
40 healthy subjects, ipsilateral responses with latencies of 4.5 - 0.4 ms were recorded on the
nasolabial folds. The latencies were 1.1 ms longer than those elicited at the stylomastoid
foramen by electric stimulation. Furthermore, a response with a mean latency of 12 ms
(range 10—16 ms) appeared in 6 out of 10 healthy subjects and a polyphasic response with
a mean latency of 32 ms in 9 out of 10 of these subjects. Transcranial magnetic stimulation
seems to allow the examination of motor conduction through the proximal part of the facial
nerve. In addition, the method may give further information concerning the facial activation
mechanisms possibly by other central pathways. Key words: compound muscle action
potential, facial nerve activation.

INTRODUCTION

Transcranial stimulation of the central nervous system has become easier to perform since
the introduction of motor cortical stimulation by magnetic stimulator (1). The method has
been proven to be safe without significant side effects (2, 3). The technique has also been
applied to the facial nerve to measure the responses from the proximal (4-8) or the
extracranial part (9) of the nerve. Responses with longer latencies, arising proximal to the
facial nerve, have also been reported (10), but the character of these responses is still
uncertain. In the present study we examined transcranial magnetic stimulation (TMS) of the
facial nerve on its intracranial course and compared the responses with those evoked by
electric stimulation at the stylomastoid foramen. Furthermore, we studied responses with
prolonged latencies in a small number of patients.

MATERIAL AND METHODS

Subjects

Forty healthy persons (26 females and 14 males without any history of nervous or other
disease were examined. Their median age was 32 years (range = 19-52 years). All the
subjects were informed about the examination procedure and gave their consent to the study.
The study was approved by the local ethics committee.

Electric stimulation

The examination was conducted with the Medelec Mystro MS 20 EMG-system. The constant
current stimuli were rectangular pulses of 200 us in duration. The current intensity was
increased up to 40 mA, if necessary, to evoke supramaximal responses. Electric stimulation
was performed by delivering an electric impulse at the stylomastoid foramen (11).
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Magnetic stimulation

Electromagnetic stimulations were delivered using the Cadwell MES-10 magnetic stimulator.
The capacitator charged up to 80% of its maximum and then discharged into a circular coil
with a diameter of 9 cm. The coil was placed tangentially on the head so that the shield of
the coil ring was in contact with the scalp surface. The tip of the coil was always directed
anteriorly.

During the stimulation procedures, the subjects were asked to relax and especially to avoid
any voluntary contraction of the facial muscles. ‘

The most prominent responses with the same wave form as in electric stimulation at the
stylomastoid foramen could be evoked by locating the ring on the parietal area of the skull
(n = 40). The coil ring was also located 4 cm lateral from the vertex (n = 10), where it seemed
most easy to evoke responses having longer latencies and smaller amplitudes than those
resembling the electrically evoked responses.

A delay of 0.10 ms was detected with our instrumentation, probably arising from the
triggering of the magnetic stimulator. This was subtracted from all measured latencies of
magnetically induced responses.

Recording

The compound muscle action potentials were recorded with surface electrodes at the
nasolabial fold, where, according to our experience, they are most distinguishable. The site
of recording the responses was selected as suggested by Fisch (11) and Thomander et al. (12).
Responses from the masseter muscle, if they appeared, were excluded.

The latency of the muscle responses was measured from the beginning of the negative
deflection (directing upwards). The amplitude was calculated from the start to the peak of
the negative deflection. In polyphasic late facial responses the amplitudes were measured
from peak to peak.

Statistics

The Student’s paired z-test was used to compare the significance of differences.

RESULTS

Early facial responses »

The mean latency for the ipsilateral electric stimulation of 40 subjects was 3.4 (SD = 0.44) ms
on the right side and 3.4 (SD = 0.45) ms on the left. Correspondingly, the mean latency of
responses achieved by TMS was 4.5 (SD = 0.40) ms and 4.5 (SD = 0.43) ms (Fig. 1). The
mean amplitude of the responses for ipsilateral electric stimulation was 2.3 (SD = 1.0) mV on
the right and 2.3 (SD = 0.9) mV on the left. For magnetic stimulation, the mean amplitude
was 2.5 (SD = 1.0) mV and 2.7 (SD = 1.2) mV, respectively. The difference of latencies and
amplitudes between the sides of stimulation were not significant (p > 0.05) (8).

Middle latency facial responses

In 6 of 10 subjects; a response with a mean latency of 12ms (range = 10—16 ms) and
amplitudes ranging from 50 to 250 u'V were achieved either contralatefally (2/6), ipsilaterally
(1/6) or bilaterally (3/6) in regard to the side of stimulation (Fig. 2). The response had a
tendency to be covered and masked by the early response. Reproducibility of these responses
was not good.
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Lx RIGHT
LEFT
RIGHT
LEFT Fig. 1. Bilateral recording showing the early
facial responses on the nasolabial folds for left
sided series of 5 electric (two upper lines) and
2 mv ‘ magnetic (two lower lines) stimuli. The mag-
netic stimuli were delivered with the coil posi-
5 ms tioned on the left parietal area of the skull.

Fig. 2. Bilateral recording on the
nasolabial folds for a series of 5
magnetic stimuli, with the stimu-
lating coil placed 4 cm to the left
of the vertex. In this subject, the
ipsilateral middle latency facial re-
sponse had a latency of 10.8 ms.
The bilateral late facial responses
had an ipsilateral latency of 33 ms
and a contralateral latency of
* 5 ms 35 ms.

-Late facial responses

A bilateral polyphasic response appared in 9 of 10 subjects, with a latency ranging from 28
to 35ms and amplitude from 50 to 300 4V (Fig. 2). The response is easy to elicit and
reproduce in different series of stimulation.

DISCUSSION

The optimal site for the TMS of the proximal course of the facial nerve was located in a
position where the center of the circular coil ring was tangentially in respect to the cranium
on the parietal area (8). This corresponds to the observations of earlier studies in this field
(6, 13). The responses with longer latencies were, according to our experience, most easily
evoked by having the center of the coil ring 4 cm lateral from the vertex.

TMS of the facial nerve has yielded muscle responses with latencies ranging from 4.48 to
5.4 ms (4-7). The transosseal conduction time, calculated as the latency difference between
the response for electric stylomastoid stimulation and the TMS, has been 1.2 to 1.3 ms

(5,6,7). In our stimulation procedure, the latency for TMS was 4.5 ms and the transosseal
conduction time 1.1 ms. The difference may be explained by the variation of the sites of
registration and by the subtraction of the delay of 0.1 ms in our magnetic stimulation
technique. It has been estimated that the site of stimulus is located between the brain stem
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and the porus acousticus internus (6, 14). Calculations have also been confirmed by compar-
ing the TMS and direct electric stimulation of the intracisternal segment of the facial nerve
(5). The finding is supported by our preliminary findings with a similar preoperative method.

There is considerable variation in the latencies, laterality, and reproducibility of the middle
latency facial responses. These responses and their characteristics may reflect the activation
of the pathway at various sites, maybe in the intracranial part of the trigeminal nerve, the
brain stem, or the facial nerve itself, possibly via reflectory mechanisms.

The wave form of the late facial responses was constantly polyphasic and bilateral. It is
thus evident that the response is conveyed by polysynaptic pathways, including the decussat-
ing connections. Responses show similarities with the R2 of the blink reflex. Thus it may be
assumed that the impulse is generated either in the proximal course of the trigeminal nerve
or in the nuclei of the brain stem.

The TMS of the facial nerve is more convenient and better tolerated by the patient than
the traditional electrical stimulation at the stylomastoid foramen. The TMS enables a
stimulation of the facial nerve on its proximal course and the study of nerve conduction
through its bony canal. In addition, the method may contribute to information concerning
the various activation mechanisms of the facial nerve.
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