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Selective effects of vibration on monosynaptic and
late EMG responses in human soleus muscle after
stimulation of the posterior tibial nerve or a tendon
tap
A. VAN BOXTEL
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S UM M A RY In normal subjects it was possible to evoke tendon and Hoffman reflexes which
were followed by late EMG responses with a latency of 150-250 ms after the reflex stimuli.
Analysis of the covariations of reflexes and late responses revealed that muscle spindle sensi-
tivity and strength of the preceding twitch are not essential factors in determining the occurrence
of the late responses as opposed to excitability changes within the spinal cord. Inhibition of
monosynaptic reflexes and facilitation of late EMG responses to vibration indicate a difference
in central pathways. A polysynaptic pathway may be involved in the late responses.

In normal subjects, electrical stimulation of the
posterior tibial nerve or a tap to the Achilles
tendon is, under isometric conditions, in the re-
laxed soleus muscle usually only followed by a
monosynaptic EMG response. During a weak iso-
metric voluntary contraction of the calf muscles,
the monosynaptic reflex may be followed by one
or more late EMG responses at regular intervals
of 150-250 ms (Agarwal and Gottlieb, 1972; Stein
and Bawa, 1976; Hayes and Clarke, 1978). The
late responses niay be viewed as weakly damped
oscillations in the monosynaptic stretch reflex arc.
It has been found that primary muscle spindle
endings discharge during the relaxation phase of
an electrically induced twitch, both during a weak
isometric contraction (Hagbarth and Vallbo,
1968) and in relaxed muscles (Wallin et al.,
1973; Szumski et al., 1974). The response of the
primary spindle endings may elicit a succeeding
EMG discharge. In agreement with this view, the
latency of the late response was found to be re-
lated to the duration of the preceding contraction
and the results of linear systems analysis were
consistent with the presumed role of primary
endings (Stein and Bawa, 1976).
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The same mechanism is involved in ankle
clonus in spastic patients. The muscle spindles are
silent during the contraction phase and fire dur-
ing the relaxation phase of the clonus twitches
(Szumski etal., 1974; Hagbarth etal., 1975b). The
clonic oscillations might be explained by an in-
creased dynamic fusimotor tone which is
postulated in spastic patients (Dietrichson, 1973;
Szumski et al., 1974).

It has been argued that, in addition to twitch-
evoked input, long-loop responses to the original
reflex stimuli may also contribute to the late
response which follows a monosynaptic reflex
(TIabofikova and Sax, 1969). Based on findings
with the recovery of monosynaptic reflex ampli-
tudes after subliminal conditioning stimuli in
normal and spinal man, it may be concluded
provisionally that long latency (150-250 ms)
facilitatory effects may occur in normal subjects
(Tabotikova and Sax, 1969; Gassel, 1970a;
Delwaide, 1971; Robinson et al., 1979) and in
patients with complete spinal transection
(Masland, 1972), while type Ia nerve fibres are
not involved in these effects (Katz et al., 1977).
This supports Gassel's (1970b) hypothesis that
long latency facilitatory influences are transmitted
by cutaneous fibres at the spinal level. However,
if the conditioning stimulus elicits a monosynaptic
reflex, the stimulus-evoked input will be of less
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importance than the twitch-evoked input in
evoking a late EMG response.
Although clonic afterdischarges may be easily

conceived as monosynaptic responses to relaxation
of twitches, vibration of the muscle gives para-
doxical results. Monosynaptic reflexes are generally
suppressed during vibration, largely because of
presynaptic inhibition (Gillies et al., 1969; Del-
waide, 1971; Dindar and Verrier, 1975) and, in
the case of the tendon reflex, of a less effective
response of the primary endings to the tendon
tap during vibration (Burke et al., 1976). On the
contrary, clonus-like oscillations may be initiated
or exaggerated by vibration, both in spastic
patients and normal subjects (Hagbarth and
Eklund, 1966; Burke et al., 1972; Kanda et al.,
1973). The discrepancy between the effect of
vibration on monosynaptic reflexes and on clonic
oscillations is not consistent with the assumption
that both are transmitted by the same mono-
synaptic pathway.

In this study monosynaptic reflexes, followed
by late EMG responses, were evoked in the soleus
muscle of normal subjects. The relationship be-
tween Hoffmann (H) and Achilles tendon (T)
reflexes on the one hand and the late response
on the other was analysed to uncover common
central and peripheral influences on both types
of responses. We also tested whether they reacted
in a similar way to vibration of the soleus
muscle.

Methods

The experiments were carried out in a soundproof
electrically shielded room. The subjects were com-
fortably seated in a specially designed armchair
with hip and knee flexed at about 1200 and the
ankle at about 1000. The feet were strapped rigidly
to the foot pedal to obtain nearly isometric con-
ditions. Tendon reflexes were evoked by a Bruel
and Kjaer 4809 vibration exciter, which produced
tendon taps of 8 ms duration. Hoffmann reflexes
were evoked by stimulating the posterior tibial
nerve percutaneously in the popliteal fossa with
a 1 ms rectangular electric current wave. Surface
recording electrodes were placed 40 mm apart on
the distal part of the soleus muscle and on the
belly of the anterior tibial muscle. The intensity
of the reflex stimuli was adjusted to obtain sub-
maximal reflex amplitudes: H reflexes were not
preceded by a direct motor response or only a
small one.

Vibration was applied by strapping a Heiwa
TVR HV-lID cylindrical vibrator to the belly of
the triceps surae muscle. Initially vibration fre-

quencies of 50 and 100 Hz were tested. Since no
systematic differences in results were obtained, a
frequency of 100 Hz was used in the further
experiments.
The EMG potentials were amplified (response

3 dB down at 5.3 and 1000 Hz) and recorded on
magnetic tape. Signals which marked events like
vibration and instructions to start and stop
voluntary contractions were also recorded. The
data were analysed by a PDP 11/10 computer.
The EMG potentials were sampled at a rate of
2048 Hz and could be shown on a visual display.
By applying time windows the monosynaptic
potential and the late EMG response could be
distinguished from the rest of the sample record.
Subtracting the lowest from the highest values
within the time windows yielded the prak-to-peak
amplitudes of reflexes and late re'ponses. The
results were recorded on an X-Y reccrder.
The subjects were instructed to keep the legs as

relaxed as possible throughout the experiment
unless they were asked to make isometric con-
tractions. Several types of experiments were done.
(1) T and H reflexes were evoked at rates varying
between 1/s and 5/s in eight and seven subjects
respectively. The influence of the stimulus fre-
quency on the occurrence of late EMG responses
was studied. (2) T and H reflexes were evoked at
a rate of 3/s in 10 and eight subjects respectively.
At least 1000 reflexes were recorded to study the
relation between the spontaneous variations in
reflex and late response amplitudes. The same was
done in five subjects but now T and H reflexes
were evoked alternately in the same leg. In this
case at least 2000 reflexes (1000 T and 1000 H
reflexes) were recorded. The latter type of ex-
periment was repeated in four subjects while
relaxation was alternated with weak isometric
contraction of the calf muscles on a signal given by
the experimenter. (3) T and H reflexes were evoked
at a rate of 3/s (in eight and six subjects respec-
tively) while two minute periods of muscle
vibration were alternated with control periods
of two minutes. The duration of the experiments
was at least 12 minutes.

Results

INFLUENCE OF REFLEX REPETITION RATE ON LATE
EMG RESPONSES
When T or H reflexes were evoked in the relaxed
soleus muscle with frequencies lower than 3/s,
late EMG responses were seldom seen. However,
at higher frequencies they could be observed
regularly, mostly not immediately at the beginning
of an experiment but after a number of reflexes,
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varying from several hundreds to several
thousands. had been evoked. Figure la sihows T
reflexes, evoked at 300 ms intervals. at the begin-
ning of an experiment. After 5 min the reflexes
were followed regularly by a small asynchronous
disch,arge with a latency of 180 ms frcm the reflex
stimulus (Fig. Ib). If the stimulus frequency was
suddenly lowered during the presence of late
responses. clonus-like oscillations could be seen
(Fig. 1 c). Although sucIh oscillations generally
damped out rapidly. they persisted longer in pro-
portion to the duration of the experiment. At the
onset of the recording shown in Fig. Id. the inter-
stimulus interval was .suddenly increased frcm
3CO to 400 ms. In this case the oscillations damped

a F i 3 m

300 m

b

c

300 ms

out within a few seconds. If the stimulus fre-
quency was then increasecl, the laLte response
appeared again. The EMG recordings from the
anterior tihiaLl muscle showed that the antagonists
were not involved in the late responmcs.

Late responses were clearly scen in 37"O of all
investigated subjects. The\ appcared as fre-
quently after T as aIftcr H reflexes. In the calse of
T reflcxes we lhad the impression thalt they were
related to the briskness of the reflex. In somle of
the suLibects the background EMG was not coIml-
pletelv silent, in spite of the instruction to remaiin
relaxed. We agree with the obs'-ervation of Stein
ancl Bawa (1976) that late responses arc generally
mcre prcminent at shorter muscle kcn-ghs. We
worked under conditions which favCoUred aI rather
short length cf the soleus mus.cle. ThIP; has, th-'e
adv;-ntage that the duration of the contraction is
relal-ivelv short (Bawa anid S.ein, 1976) so that
successive monosx naptic reflcx contrac-lons do not
influence each other.

RiEi,iTION 1E-iL FEN AM\PLITUI)E OF RIAlEXES ANM)

LAT:. E-M'I RESPONSES
Once the laite ENIG responss hald appearecl the r
malgnitude wvas fre- luentlv related to the amiplituLCde
c,f the T or Fl reflexes (Figs. 2 and 3). St-arting
from the as,sumption that T1 and H reflexes aLre

________ r1

I 1 mV

550 ms

d
IrIIT

403 ms

Fig. 1 7 reflexes in soleus muscle, evoked at

intervals of 300 ints, at the beginning of an experiment
(a) and after S miz of continuous tenidon tapping (b).
If thlereafter the interval was suddenly increased,
clonus-like oscillations could be seeni (c). At the onset

of record d thle interval was .suddenlv increased from
300 to 4,f00 ins. The oscillations dampiDed out within a

fewt, seconds.
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ecv,okcd at a ratc of 3/s. (b) Peak-t-o-p;a/k a177p.Tiulldes
of T rcflexe.s andl late EAMG rc .ponxc,.
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Fig. 3 (a) H reflex, followed bY a late EMG response,
and forming part of a sequenc e of 1000 reflexes
evoked at a rate of 3/s. (b) Peak-to-peak amplitudes of
H reflexes and late EMG responses.

transmitted via the same monosynaptic circuit, we
have attempted to uncover common sources of
variation. Variations in the muscle spindle sensi-
tivity cannot be considered as such a common
factor because the H reflex bypasses the muscle
spindles. A plausible explanation of the covariation
is that the amplitude of the late response is
determined by the strength of the preceding
twitch contraction. To test this hypothesis we
have done experiments in which a large direct
motor response and small H reflexes were evoked.
In this case the strength of the twitch is almost
completely determined by the motor response.
Nevertheless the late response still covaries with
the amplitude of the H reflex (Fig. 4). We con-
clude that the common source of variation must
be sought in central parts of the reflex arc and
that the strength of the twitch is not of primary
importance in determining the late response.
When the central factors mainly concern changes
in alpha motoneurone excitability, possibly caused
by small but unintentional isometric contractions.
the alpha-gamma coactivation principle (refer-
ences in Hagbarth et al., 1975a) predicts that
muscle spindle sensitivity covaries with the
strength of the late response. However, this would
be an indirect correlation. There is no causal
relationship.
Our tentative conclusion, that the strength of

the twitch is unimportant compared with central

b

£I

Fig. 4 (a) Smnall H reflex, preceded b/y a large direct
motor response and followed by, a late EMG response,
and forming part of a sequence of 1000 H reflexes
evoked at a rate of 3/s. (b) Peak-to-peak amplitude.s
of motor responses, H reflexes and late EMG
re.spon se.s.

factors in determining the late EMG response. is
strengthened by results of experiments in which
T and H reflexes were evoked alternately in the
same leg. It is interesting to observe the variations
in the late response amplitudes when the ampli-
tudes of T and IH reflexes alter in opposite direc-
tions. Figure 5 s}lows such an experiment. The H
reflex slhows a few transient increases in amplitude
which are accompanied with a decrease of T
reflexes. When T and H reflexes are elicited alter-
nately at intervals of 333 ms they may be expected
to have reciprocal inhibitory influences because of
the dominating autogenic inhibitory effects of
secondary spindle endings immediately after the
end of the relaxation phase of the twitch con-
traction (Bianconi et al., 1964). As a consequence.
an increase in H reflexes will be accompanied by
a decrease of T reflexes or vice versa. It is essential
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Fig. 5 (a) H and T reflex, followed by late EMG responses, and forming part of a sequence of 2000
reflexes (1000 H and 1000 T reflexes), alternately evoked at a rate of 3/s. (b) Peak-to-peak amplitudes of
reflexes and late responses. The part of the curve within the dashed line shows reciprocal changes in H and
T reflex amplitudes and is shown at the right on an extended scale.

to the results that late responses, after T reflexes,
do not vary with T reflex but with H reflex
amplitude.
The parallel modulation of skeletomotor and

fusimotor outputs during isometric contractions
(Hagbarth and Vallbo, 1968; Vallbo, 1974) implies
that a weak voluntary contraction of the soleus
muscle may be expected to result in a parallel
increase in T and H reflexes and late responses

when T and H reflexes are evoked in the same
leg. The results were generally in agreement with
this expectation (Fig. 6).

EFFECT OF VIBRATION ON LATE EMG RESPONSES
Vibration of the muscle belly is less effective than
vibration of the tendon in eliciting a tonic vibra-
tion reflex (TVR) (Hagbarth and Eklund, 1966).
In most of the subjects we have tested, a TVR
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Fig. 6 (a) T and H reflex,
followed by late EMG
responses, and forming part of
a sequence of 1000 reflexes
(500 T and 500 H reflexes),
alternately evoked at a rate of
3/s. (b) Peak-to-peak
amplitudes of reflexes and late
responses. The bars indicate
weak isometric contraction of
the calf muscles.
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could be avoided during vibration of the soleus
muscle. In some subjects vibration seemed to
have a cumulative effect: a TVR gradually de-
veloped over subsequent two minute periods of
vibration.
The effects of vibration were identical for T

and H reflex conditions and were rather variable.
When vibration was applied while there were no
late EMG responses, three types of effects could
generally be observed: (1) suppression of mono-
synaptic reflexes, (2) an increase of monosynaptic
reflexes parallel with the emergence of late re-
sponses, (3) the appearance of late responses but
a decrease of monosynaptic reflexes (Fig. 7). In
the second type of effect inhibitory influences on
the monosynaptic reflexes were probably over-
ruled by facilitatory influences. A small voluntary
soleus contraction in reaction to the vibration
could explain the facilitation of both monosynap-
tic and late responses. Despite the dissociation

between reflexes and late responses in the third
type of effect, we observed that their amplitudes
were correlated during vibration. In some subjects
we repeatedly observed that the late responses, a
few tens of seconds after they had appeared,
gradually merged into a small tonic contraction.
This relation in time gave the impression that
they were dependent, at least partly, on the same
neural mechanisms which determine the TVR. In
such cases the monosynaptic reflexes generally
showed further depression.

In two cases (T reflex experiments) in which
late responses were already present before vibra-
tion was applied, they were facilitated while the
T reflex showed a small inhibition. We did not
observe that monosynaptic and late responses were
both inhibited by vibration unless the T reflexes
were completely suppressed, which confirms that
twitch-evoked input is a necessary condition for
late responses.

a
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Fig. 7 T (a) and H reflexes (b) evoked at the onset, in the middle and at the end of a 2 min period of
100 Hz vibration of the calf muscles (indicated by bars). The H reflex does not immediately recover after
the end of vibration but regains its initial value after about 30 s.
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Discussion

Our results are in accordance with those of Stein
and Bawa (1976) in so far as they did not find4 late
EMG responses when twitches were evoked elec-
trically at rest at a rate of one every three seconds.
However, we regularly found them at frequencies
higher than 2/s. Two different explanations may
be advanced. The first is that the subjects uninten-
tionally made weak voluntary contractions in the
calf muscles in response to the imposed perturba-
tions. The absence of background EMG activity
in surface recordings is no guarantee that extra-
fusal activity never occurs (Hagbarth et al., 1975a).
Another explanation is proposed by Gottlieb and
Agarwal (1977) who found that passive oscillatory
movements of the foot, when applied for at least
several minutes, can produce sustained ankle
clonus lasting for many seconds. They presume
that rhythmic stretching increases the excitability
within the spinal cord. Both explanations are
compatible with the observed correlation between
monosynaptic reflexes and late responses in this
study.
The dissociation of monosynaptic and late re-

sponses during vibration, which we found in some
of the subjects, is not consistent with the view that
both are transmitted by the same monosynaptic
pathway. We suggest that the late responses are
transmitted, at least partly, by the spinal poly-
synaptic pathway which plays an important role
in the TVR (Kanda, 1972). Vibration of the tri-
ceps surae muscles generates a steady excitatory
postsynaptic potential (EPSP) in the homonymous
motoneurones which increments during sustained
vibration and slowly decays after vibration has
stopped (Homma and Kanda, 1973). This poten-
tial is presumably the result of activation of a
polysynaptic pathway by primary endings. The
steady EPSP and the late responses show simi-
larities in time course: both develop gradually
and persist some while after removal of stimu-
lation. The fast sequence of Ia afferent volleys in
our experiments might have resulted in a steady
EPSP. Homma et al. (1975) electrically stimulated
nerves to the gastrocnemius muscle in the cat
with frequencies as low as 16 Hz and also found
an incremental steady EPSP which made the
motoneurone discharge after some time of stimu-
lation. Activation of the polysynaptic circuit
could explain our results as follows. The con-
current rise of monosynaptic reflexes and late
EMG responses, when no vibration was applied,
would be the result of increased biasing of the
alpha motoneurones through the polysynaptic
circuit. The emergence of late responses during

vibration, while monosynaptic reflexes were pre-
synaptically blocked, would be caused by twitch-
evoked excitation of the polysynaptic pathway,
superimposed on excitation by the vibratory
afferent impulses. This would result in sufficient
depolarisation of the alpha motoneurones to cross
the discharge threshold, synchronously with the
twitch-evoked afferent volleys.

This explanation is reconcilable with that of
Gottlieb and Agarwal (1977) mentioned above. It
may be questioned why, during vibration, the
polysynaptic circuit would be excited by twitch-
induced volleys in the primary spindle endings and
not by responses to tendon tap or electric shock.
In the former case, asynchronous volleys of rather
long duration may be expected while in the latter
case there will be short synchronous volleys
(Granit and Van der Meulen, 1962; Wallin et al.,
1973; Szumski et al., 1974; Hagbarth et al., 1975a).
It is conceivable that only the twitch-induced
volleys are able to make the motoneurones dis-
charge through the polysynaptic pathway because
of temporal summation at the level of the
interneurones.

In general, our hypothesis on the role of a poly-
synaptic circuit in ankle clonus in spastic patients
is consistent with earlier findings: (1) spasticity is
accompanied by faster recovery of H reflexes to
conditioning stimuli, indicating increased central
excitability (Diamantopoulos and Zander Olsen,
1967; Delwaide, 1971); (2) spastic patients do not
show signs of increased dynamic spindle sensitivity
(Hagbarth et al., 1973); (3) the TVR in spastic
subjects develops more rapidly than in normal sub-
jects (Hagbarth and Eklund, 1968; Burke et al.,
1972); (4) vibration of spastic muscles may induce
clonus superimposed on a TVR (Kanda et al.,
1973).
We would suggest that exaggerated clonic

oscillations in spastic patients are related to hyper-
excitability of the polysynaptic connection be-
tween Ia afferent nerve fibres and alpha
motoneurones. Other disturbances, such as a re-
duction of presynaptic inhibition acting on the
Ta afferent fibres (Delwaide, 1971) may also
contribute.
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