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The effect of hand muscle vibration on the
somatosensory evoked potential in man:

an interaction between lemniscal and spino-
cerebellar inputs?
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SUMMARY The effect of hand muscle mechanical vibration on the somatosensory potential (SEP)
evoked by median nerve stimulation, was investigated in 10 healthy subjects. A marked decrease in
the amplitude of the N;,, N,, and P,; components of the cerebral SEP was observed, while the
S;1 and S;5 components of the cervical response did not change. The amplitude reduction of the
SEP components was larger when low frequency vibration was used. Recordings performed after
cooling the hand further suggest that the reduction of the amplitude of the SEP components induced
by vibration is likely to depend on activation of muscle receptors. These findings could reflect an
interaction between lemniscal and spino-cerebellar inputs, possibly occurring at the thalamo-cortical
level, a concept compatible with the hypothesis that muscle spindle afferents do contribute to

kinaesthesia or position-sense.

Muscle spindle primary endings have been shown,
both in animals®! and in man,? to be the main
intramuscular vibration-sensitive receptors, re-
sponding to mechanical vibration over a wide
frequency range. It is well known that the afferent
fibres from these receptors ascend along the
spino-cerebellar tracts, as well as via the dorsal
columns. Muscle vibration may induce move-
ment illusions or position-sense distortions?® % it
has been suggested, therefore, that muscle spindle
afferents could contribute to Kkinaesthesia or
position-sense or both, which are classically re-
lated only to the lemniscal system.5 The relevance
of possible interactions of cutaneous, joint and
muscle afferents in kinesthesis has been pointed
out.® So vibration may induce functional changes
in the lemniscal system. Such a hypothesis
prompted us to investigate the effects of mech-
anical vibration of hand muscles on the somato-
sensory evoked potential (SEP), which is regarded
as reflecting the activity of the lemniscal path-
way,” 8 both at cortical and subcortical levels.®
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Material and methods

Responses evoked over the scalp and the neck
by median nerve (or finger I) stimulation were
recorded in 10 normal subjects, aged 24 to 38
years. Stimulating bipolar electrodes were placed
over the left median nerve, just proximal to the
wrist, or strapped around the left thumb. The
stimulus intensity at the wrist was two to four
times motor threshold, while at finger I the
intensity of stimulation was set to four times the
sensory threshold, but always below the pain
threshold.

Cerebral responses were recorded from the
exploring electrode placed over the left hand
projection area (P), with a reference electrode on
the upper forehead in the midline (F) (see fig 1,
left). Cervical responses were obtained from an
active electrode placed between the second and
the third cervical spines (C), and a reference
electrode on the right ear lobe (E) (see fig 1, left).
An analysis time of 50 ms was used and 128 or
256 responses usually were summated. Stimula-
tion, recording and averaging techniques have
been described elsewhere.1®

The neurogram of the left median nerve was
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Fig 1 Left: Electrode placements for recordings of
cerebral (upper) and cervical (lower) responses evoked
by left median nerve stimulation. P=Ileft hand
projection area; F=upper forehead on the midline;
C =between second and third cervical spines;

E =right ear lobe.

Right: Schematic representation of the cerebral
(upper) and cervical (lower) responses evoked by
stimulation of the median nerve at the wrist. The
components of both responses are indicated.

The peak amplitude was measured with reference to
the base-line (dotted).

recorded at the Erb’s point, by means of sub-
cutaneous needles, according to Desmedt et al.!
A small cylindrical vibrator (Keydon Vibrator—
Uppsala), secured over the left hand thenar
eminence by rubber bands, was used to vibrate
the hand muscles. Vibration amplitude was 0-5-
1:0 mm and two different frequencies (60 Hz and
120 Hz) were employed. In six subjects the
contralateral hand muscles and the ipsilateral
triceps surae muscle were vibrated as well.
Recordings were performed while the subjects
were relaxed on a couch in a quiet room, with
the supinated left hand resting on the couch seat.
Separate recordings of evoked potentials were
obtained before, during and after muscle vibra-
tion. Under each of these experimental conditions,
both latency and amplitude of the following
components were measured (see fig 1, right): N,,,
N,, and P,; components of the cerebral evoked
response® and S,, and S,; components (as well
as the subsequent large positive deflection) of
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the cervical evoked response.’? Because of their
small amplitude, neither P,; nor N,, components
of the cerebral SEP? were measured.

In addition, control experiments were also
performed after the left hand had been cooled by
means of ice cubes placed over the skin under the
vibrator for different periods of time (2 to 15
minutes), while both cutaneous and intramuscular
temperatures were measured by an electronic
thermometer (DISA 14 G 05).

Statistical evaluation of data was performed by
Student’s ¢-test for paired data.

Results

During vibration the subjects experienced illusions
of a continuing movement, described as a slow
hand pronation, associated with a decreased
intensity of the sensation induced by the electrical
shocks.

The mean latencies of the cerebral SEP com-
ponents under investigation (that is N,,, N,
and P,;) were not modified by hand muscle
vibration. The same was true for both S,; and
S,; components of the response concurrently
recorded over the upper neck. In either case only
minor, statistically not significant, latency shifts
could be observed.

In all the subjects the vibratory stimulation
induced a marked decrease in the amplitude of
N,., N,, and P,; components of the cerebral SEP
evoked either by median nerve stimulation at the
wrist (fig 2A) or by cutaneous stimulation of
finger I (fig 3A), table 1). In contrast, the mean

Table 1

Comy Amplitude decrease ( %) during vibration (LF+ HF)*
Mean+SD t-test (n=20)

S 6-4+23-9 N.S

Si3 11-34259 N.S.

Ni7 38-9422-9 p <0-001

Nao 41-14+16-2 p <0-001

Pas 43:04+25-7 p <0-001

*Recordings at low frequency (LF) and high frequency (HF) vibration
were pooled together.

Table 2
Amplitude decrease (%) during vibration (LF vs HF)*
Components  Low frequency High frequency
Mean + SD Mean + SD t-test (n=10)
S 8-3+274 4-4+21°1 N.S.
Si3 5:1+£30-3 17-54£20-3 N.S.
N7 52:4417-2 25-5420-1 p <0-001
N2o 51-14+11-7 31-14+14-2 p <0-001
Pys 53-3421-7 32:74262 p <001

*Recordings at low frequency (LF) and high frequency (HF) vibration
were compared.
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Vibration

Fig 2 Concurrent recordings
of: cerebral response (A),
cervical response (B) and
peripheral nerve potential at
Erb’s point (C) evoked by
stimulation of the left median
nerve at the wrist, before (left)
and during (right) vibration
(60 Hz) of the left hand
muscles. N,,, N,, and P,
components of the cerebral
response showed a marked
amplitude reduction during
vibration, while S,, and S,
components of the cervical
response did not show signifi-
cant changes; the peak-to-peak
amplitude of the median nerve
potential was slightly reduced.
Calibration: 1 uV in A, B and
C. 256 responses were
summated.
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amplitude of the S,, and S,; components of the
cervical response was slightly, but not signifi-
cantly reduced (see figs 2B, 3B and table 1). It
should be pointed out, however, that the cervical
response may be contaminated by the muscle

noise associated with the developing ‘‘tonic
vibration reflex”. The large positive deflection
following S,;was constantly reduced (figs 2B and 3B).

The changes in amplitude of the cerebral SEP
components were dependent on the vibration

Vibration

Fig 3 Concurrent recordings
of: cerebral response (A),
cervical response (B) and
peripheral nerve potential at
Erb’s point (C) evoked by
stimulation of the left finger I,
before (left) and during (right)
vibration of the left hand
muscles. N,,, N,, and P,
components of the cerebral
response showed a marked
reduction of amplitude during
vibration, while S,, and S
components of the cervical
response did not show
significant changes; the
peak-to-peak amplitude of the
median nerve potential was
unchanged. Calibration:

03 uVin A and B, 0-5 puV in
C. 256 responses were
summated.
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frequency, the decrease being always more
pronounced at 60 Hz than at 120 Hz (see table
2). Neither S,; nor S,; were significantly affected
by the vibration frequency (see table 2).

The median nerve neurogram during vibration
varied with the site of stimulation. In particular,
no change could be observed upon cutaneous
stimulation of finger I (fig 3C), while a slight
but significant (p <0-01) reduction in amplitude
occurred when the median nerve was stimulated
at the wrist (fig 2C). In both cases, however, the
mean latencies were not modified during
vibration.

Vibration had no extended, long lasting effect
on the cerebral SEP: both latency and amplitude
of the SEP components, recorded immediately
after the end of vibration, were unchanged as
compared to the pre-vibratory controls.

No modification of the cervical and cerebral
SEP was observed when vibrating the contro-
lateral hand muscles or the ipsilateral triceps
surae muscle.

The cerebral responses recorded during vibra-
tion were unaffected when cooling was performed
for two to three minutes, to cause a 15°C
(approximately) decrease of the cutaneous
temperature, but no significant change in the
intramuscular temperature. After a longer period
of cooling (10 to 15 minutes), however, which
lowered the intramuscular temperature by about
10°C, the cerebral SEP components were larger
than the responses recorded during vibration at
the normal intramuscular temperature, at least
in some subjects.

Discussion

We have shown that mechanical vibration of
hand muscles reduces the amplitude of N,,, N,,
and P,; components of the cerebral somatosen-
sory response evoked by median nerve stimula-
tion. It should be pointed out that N, is supposed
to reflect the activity of the thalamo-cortical
radiation,® while both N,, and P,; represent the
first cortical events of the SEP.2 It may be sug-
gested, therefore, that mechanical vibration affects
both the thalamo-cortical input and the primary
cortical response evoked by stimulation of the
median nerve.

On the other hand, neither S,, nor S,; com-
ponents of the response concurrently recorded
over the upper neck were changed. Any tendency
to a reduction of the amplitude during vibration
may not have reached statistical significance
because of the unfavourable signal to noise ratio
occurring in cervical recordings, as compared
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to both peripheral and cortical recordings. So,
assuming that the S,;; and S,; components are
related to the activity of the cervical dorsal
columns and of the dorsal columns nuclei re-
spectively,12 13 one cannot definitely be sure that
the conduction in the lemniscal pathway is not
modified by mechanical vibration either at spinal
or at bulbar levels. As to the amplitude reduc-
tion of the large positive deflection following S,,,
this deflection is due largely to a far field poten-
tial generated at both thalamic and cortical
levels,* 15 so changes in this wave are related to
the behaviour of N,; and N,, SEP components.

Concurrent recordings of the median nerve
neurogram, on stimulation at the wrist, showed
a slight but statistically significant reduction in
amplitude during vibration, not observed by
Delwaide?® in the sciatic nerve. Such a reduction
could be due to a “busy line” occlusion of Ia
afferents, owing to the engagement of the
primary endings by vibratory stimulation, as
suggested by Hagbarth.1” It must be noted, how-
ever, that during vibration the N;;, N,, and P,
components of the somatosensory response
evoked by stimulation of finger I were modified
in a way similar to that occurring on stimu-
lation at the wrist, though the amplitude of
the median nerve potential remained unchanged.
It can be safely assumed, therefore, that vibra-
tion-induced peripheral ‘occlusion” per se does
not affect the cerebral SEP components. Inhibi-
tory mechanisms, acting at a more rostral level,
should be, therefore, considered.

Mechanical vibration of a human limb is
known to excite muscle as well as skin and joint
receptors. The Pacinian corpuscles, however,
are most sensitive to high frequency vibration,®
while the strongest effect in our experiments was
obtained at low frequency vibration. Moreover,
the results of cooling-tests showed that the
effect of vibration on the cerebral SEP com-
ponents was not modified at a temperature
impairing skin but not muscle receptor sensi-
tivity. In contrast, after prolonged cooling, which
is likely also to affect muscle receptor sensi-
tivity,1® the reduction of the cerebral SEP com-
ponents was less pronounced than at the normal
intramuscular temperature.

Our results seem consistent with the hypothesis
that vibration activates muscle receptors. This
activation may interfere with conduction in the
lemniscal pathway, either directly (as the Ia
afferents have been shown to project along the
dorsal columns to the cerebral cortex2°2l) or
through the spino-cerebellar system. The inter-
action might occur at the thalamo-cortical level,
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thus accounting for the reduction in the ampli-
tude of N,,;, N,, and P,; SEP components, but
the possibility of an interaction at dorsal columns
nuclear level cannot be ruled out.

The different effect of low versus high fre-
quency vibration on the cerebral SEP compo-
nents cannot be explained on the basis of the
present findings. The more pronounced effect of
the lower vibration frequency could depend,
however, on the simultaneous activation of both
primary and secondary endings.2 The possible
relevance of this finding to the different per-
ceptual effects at low and high frequency vibra-
tion described by McCloskey?2 should be
investigated.

In conclusion, our results suggest that an
interaction between lemniscal and spino-cere-
bellar inputs may occur, possibly at the thalamo-
cortical level, supporting the hypothesis that
muscle spindle afferents do contribute to kinaes-
thesia and rosition-sense.8 23

We thank Prof. Karl-Erik Hagbarth (Department
of Clinical Neurophysiology, University Hospital,
Uppsala) for his helpful suggestions and criticisms.
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