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Cutaneous nerve stimulation and motoneuronal
excitability: I, soleus and tibialis anterior excitability
after ipsilateral and contralateral sural nerve
stimulation
P J DELWAIDE, P CRENNA,* AND M H FLERON

From the Section of Neurology and Clinical Neurophysiology, Department of Internal Medicine,
University of Liege, Belgium

SUMMARY Modification of soleus and anterior tibial anterior horn cell excitability following
ipsilateral and contralateral stimulations of the sural nerve was studied by either the H reflex
(for the soleus and anterior tibial muscles) or the F response (for the anterior tibial muscles).
Several intensities of stimulation were employed. In every instance the recovery curves showed
two distinct peaks of facilitation, which appeared with the same delay in muscles with antagonist
functions. Also, reciprocal facilitation and inhibition phenomena which occurred after a 25 ms

delay and which lasted more than 1000 ms were observed. The intervention of suprasegmentary
neuronal mechanisms is proposed to explain the facilitation peaks, while the longer lasting
phenomena are probably dependent on spinal processes.

In man, the role of exteroceptive afferents in
motor control has been analysed by various
methods. The first has consisted of testing, in the
absence of voluntary contraction, motoneurone
excitability by means of its monosynaptic reflex
and of studying the recovery curves following
electrical stimulation of a sensory nerve. The
soleus Hoffman reflex particularly has been used
as it is considered a good measure of motoneurone
excitability.' 2 The second technique has employed
elici'tation of flexor reflexes.3 4 The third has con-
sisted of a study of the changes in voluntary
activity following graduated stimulation of sensory
nerves. 5-8

Despite these earlier investigations, a number
of questions remain unanswered. Even limiting
consideration to exc'itability curves, there are dif-
ferences not only in the techniques used but also
in the results obtained. With the exception of
Hugon9 no investigators have systematically
studied the effects produced both by low intensity
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(non-painful) and high intensity (painful stimuli).
The spinal afferents activated in these two con-
ditions are different because electrical stimula-
tion recruits fibres of different calibre which
transmit impulses at different velocities. In some
cases, experimental findings concern only very
brief intervals'0 or are derived from very restricted
regions of the body, for example, a single motor
nucleus or stimulation of an isolated sensory
nerve. Systematic study of two motor nuclei with
antagonistic function has not so far been under-
taken. For all these reasons, it remains difficult
to define clearly in man the functional role of
exteroceptlve afferents in motor control, and to
understand the physiological mechanisms which
are involved following stimulation of a sensory
nerve. The results of most earlier studies per-
formed in man have been interpreted by mech-
anisms utilising polysynaptic spinal circuits.9 11
New experimental findings indicate that proprio-
ceptive afferents can modulate motor excitability
through suprasegmental, cortical or sub-cortical,
circuits.12'16 The latency of the effects observed
after exteroceptive stimulation raises the question
of the role of supraspinal structures in their
genesis, in terms of the long loop concept.
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In the present work, we have investigated the
excitability of the antagonistic soleus and tibialis
anterior motor nuclei following electrical stimu-
lation of the purely sensory sural nerve. The ex-
citability of the soleus and tibialis anterior moto-
neurone pool were tested by means of the Hoff-
mann (H) reflex. The H reflex is inconstant for
the tibialis anterior; when it could not be elicited,
the F response was used.'7 18 Three intensities of
stimulation were systematically employed: a
threshold stimulus, a stimulus giving rise to a sen-
sation of touch, and a painful stimulus. We have
studied the changes induced during one second
after the conditioning stimulus by exploring a
large number of intermediate delays. Finally, we
have compared the effects of identical stimuli
applied to the ipsilateral and contralateral sural
nerves respectively.

Subjects and methods

Twenty-five volunteer subjects of both sexes, aged
between 14 and 30 years (average 22), free from any
neurological disorder, were studied-some of them
several times. The height of the subjects was
measured; they were seated in an examination chair
specially adapted for reflex testing of the flexed lower
limbs, with the foot fixed in a special holder. The
lower leg made an angle of l0-120° with the thigh
and 1200 with the foot. The slightly extended head
rested on a headrest, with the eyes open. The sub-
jects were in a room maintained at constant tempera-
ture and with low lighting; examinations were carried
out in silence. Electrical activity in the soleus muscle
was recorded by skin electrodes fixed in the midline
of the calf 100 and 11-5 cm above the calcaneum.
For the tibialis anterior, the electrodes were fixed
over the motor point and a point 2-0 cm below re-
spectively. Potentials were amplified by a plug-in
Tektronix 3A9, then visualised on the screen of a
Tektronix 565 oscilloscope. Potentials were measured
peak-to-peak by a Tektronix 230 Digital Unit and
numerical values were transcribed by a Hewlett
Packard printer. Stimulation was by a Grass S88
through constant current isolation units.
The soleus Hoffmann reflex was elicited by a 1 ms

shock applied to the posterior tibial nerve in the
popliteal fossa, observing the precautions described
in Desmedt.19 Reflex contraction took place under
isotonic conditions. The value H max/2 was taken
as test. The monosynaptic reflex in the tibialis anterior
was elicited only in seven subjects by inframaximal
stimulation of the peroneal nerve at the head of the
fibula (1 ms shock). The evoked response was always
of small amplitude (on average 100 ,uV), and the ratio
H max/M Max also was small. When expressed as a
percentage of control values, facilitations of amplitude
reached high values because the reference levels were
low. When the H reflex of the tibialis anterior could
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not be elicited, 'the F response was evoked by a supra-
maximal shock applied to the same site.
The sural nerve was stimulated at the level of the

external malleolus by Disa cutaneous electrodes l10 cm
apart, ipsilateral or contralateral to the lower limb
in which the H or F responses were elicited. Place-
ments were sought which elicited a sensation of touch
on the outer border of the foot at the lowest inten-
sities of stimulation. Unless otherwise stated, stimu-
lation consisted of a train of seven 1-ms shocks at
300 Hz. In some experiments, the number of shocks
varied between one and 12. The stimulus intensity
which elicited a feeble but perceptible tactile sen-
sation was regarded as threshold. Subsequently, the
intensity was increased until a clearly tactile sensation
was evoked; this usually was two or three times the
threshold value. Finally, stimuli evoking frank pain
were applied; they were generally above three times
the threshold. Sural stimuli were repeated in random
fashion over 7 5 to 9-0 s. From the beginning of each
stimulus sequence (time 0), electric shocks evoking
an H or F response were applied after delays usually
increasing by 10 ms from 0 to 200 ms, then every
50 ms. Sometimes progression was made in 5 ms
steps in order to study more carefully certain critical
periods. At each delay, 10 amplitudes of the con-
ditioned H response were measured peak to peak and
compared with 10 unconditioned values. The F re-
sponses of the tibialis anterior were rectified and
integrated. The amplitude variations of the con-
ditioned responses (expressed as a percentage of
reference values) were plotted on the ordinate of a
graph, the abscissa of which consisted of the delay
in ms between the stimulation of the sural nerve and
that of the posterior tibial or lateral popliteal nerves.
A semilogarithmic scale was usually employed. In a
single experimental session, which never exceeded
3 hours, it was usually possible to complete two excit-
ability curves.

Results

A CONDITIONING OF THE SOLEUS H REFLEX
I Ipsilateral stimulation
Figure 1 illustrates an example of the variations
in amplitude of the monosynaptic reflex of the
soleus (Hoffmann reflex) following stimulation of
the ipsilateral sural nerve. The test reflex had an
amplitude of H Max/2, and sural stimulation
evoked a feeble tactile sensation (15 Xthreshold).
During the first 40 ms, the amplitude of the H
reflex remained similar to control values. Sub-
sequently, there was facilitation which attained its
maximum between 60 and 70 ms. Then the
amplitude of the conditioned reflex fell to 95% of
control values after 100 ms. After this there was
a new facilitation which was maximal after 150 ms
and had disappeared after 200 ms. A similar
time course was seen in all cases, exhibiting two
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Fig 1 A: An example of a control H reflex. B: The
reflex observed 120 msec after ipsilateral sural nerve
stimulation is enhanced. C: Recovery curve of the
soleus H reflex after stimulation of the ipsilateral sural
nerve. Test reflex: H Max/2. The intensity of
stimulation=15Xtactile threshold intensity. In
abcissa (semi log): delays in ms between the
stimulation of the sural nerve and that of the posterior
tibial nerve. In ordinate, the amplitudes of the
conditioned responses expressed as a percentage of
reference values. The standard deviations are

indicated on both sides of the control values.

peaks of facilitation which we will call F(a) and
F(b).

Changes in the intensity of stimulation
Figure 2 (A, B, C) illustrates the influence of an

increase in the intensity of sural stimulation in a

single subject. In A, the stimulus intensity was

just above sensation threhold. The effects observed
were weak, and amplitude changes did not exceed
10%. However, two periods of facilitation were

distinguished, corresponding in time to F(a) and
F(b) in fig 1.

In B, sural stimulation was at 2'5Xthreshold,
giving rise to distinct tactile sensation. Between
20 and 25 ms after the beginning of stimulation
there appeared an inhibition which increased up to
40 ms. Then the amplitude again increased pro-

gressively to reach a facilitation level of 133%
after 80 ms, that is after the same time interval
as F(a). The facilitation then diminished, and after
about 110 ms was at control levels. Then a new

facilitation appeared which culminated in values
of 130% after 140 ms. This delay corresponds to
F(b) in fig 1. Finally, there was a rapid decrement
and conditioned values again became smaller than
reference values between 170 and 500 ms.

In C, the stimulus was at 4'5Xthreshold, and

110
%
100

90

2,5 Thr

1000100
ms

Fig 2 Recovery curves of the soleus H reflex
(H Max/2) after stimulation of the ipsilateral sural
nerve at different intensities. A: at threshold;
B: at 2-5X threshold intensity and C: at 4*5X the
threshold intensity. In abcissa (semi log): delays in
ms between the stimulation of the sural nerve and
that of the posterior tibial nerve. In ordinate, the
amplitude of the conditioned responses expressed as

a percentage of reference values. The limits of
standard deviations appear on both sides of the
control values.

evoked a painful sensation. The initial inhibition
was more marked than in B. At a delay cor-

responding to F(a), the amplitude of the con-

ditioned reflex increased, and at 70 ms conditioned
amplitudes were equal to controls. Subsequently
the inhibition was reinforced over some tens of
milliseconds, and at a latency corresponding to
F(b), there appeared a facilitation of 20%. Later,
the conditioned reflex was again inhibited, and this
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inhibition lasted beyond 1000 ms. The curve ob-
tained on painful stimulation (fig 2C) appeared
clearly to result from a background of intense and
prolonged inhibition on which supervened, at the
same latencies as F(a) and F(b), two phases of
disinhibition and/or facilitation.
With similar intensities of stimulation, on

several occasions in the same subject, moderate
variations in the excitability curves were observed.
On the other hand, in different subjects the
differences were more marked. These differences
were mainly in intensity; sometimes in latency and
duration of the phases of facilitation when the
stimulus intensity was at tactile level, and in
intensity and duration of inhibition when the
stimulus was painful. Thus in some subjects the
facilitation shown in fig 2C did not appear, and
there was merely a disinhibition of the conditioned
reflex at latencies corresponding to F(a) and F(b).
When the intensity of stimulation was just above
threshold, it was never possible to observe a single
peak of facilitation; the two peaks always appeared
together.
Following tactile stimulation, F(a) reached its

maximum after an average of 81 with SD of
+7.2 ms and showed a mean facilitation of 138
(SD+I=22%) (29 curves). When the stimulus was
painful, the peak latency of F(a), supervening on
a background of inhibition, was reduced to 70
(SD48-2 ms), but the facilitation had practically
disappeared (102% of control). In the same 29
curves, following stimulation at tactile intensity,
F(b) reached its maximal amplitude (133.5+19%)
after 148+17 ms. When stimulation was of pain-
ful intensity, the peak latency of F(b) was at
140-+15 ms and the facilitation at 124+21. Under
any conditions of stimulation, the duration of F(a)
(mean 52*7i5.2 ms) was shorter than that of
F(b) (125+1=19 ms). We were unable to establish
any correlation between the height of the subjects
and the variations in latency of the F(a) and F(b)
peaks.

Stimulus duration
The number of shocks applied to the sural nerve
was varied and curves drawn for the same subjects
following 1, 2, 7 and 12 conditioning shocks of
1 ms (frequency of 300 Hz). The intensity of a
single shock, eventually repeated in a train, was
fixed at 2Xtactile threshold. Increase in the num-
ber of shocks changed the sensation of touch,
which became painful with 12 shocks. An increase
in the number of conditioning shocks gave rise to
an increase in the initial inhibition and its earlier
appearance. On the other hand, the F(a) phase

began at the same latency while the F(b) phase
was of shorter duration; however, the peak ap-
peared at the same latency. This reduction in the
duration of F(b) was related to an increase in the
inhibitory phase which appeared between the two
phases of facilitation.

II Contralateral stimulation
Figure 3 (taken from the same subject as fig 2)
illustrates changes in amplitude of the H reflex
(value of H Max/2) following stimulation of the
contralateral sural nerve. The results shown in the
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Fig 3 Recovery curves of the soleus H reflex after
stimulation of the contralateral sural nerve at
different intensities. A: at threshold intensity; B: at
2-5Xthreshold intensity and C: at 4-5Xthreshold
intensity. Co-ordinates as in figs I and 2. The curves
of this figure and of fig 2 were obtained from the
same subjects at two different experimental sessions.
The limits of standard deviations appear on both
sides of the control values.
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figure were obtained during a single experimental
session. Curve A corresponds to stimulation at
threshold. Reflex amplitude was little changed, but
was facilitated at 70 and 140 ms. Curve B repre-
sents a stimulus eliciting a tactile sensation. Two
well-marked peaks of facilitation are seen, the
first at 70 ms and the second at 140 ms. This curve
is very similar to that illustrated in fig 1 following
ipsilateral stimulation of the same intensity, com-
plete with phases F(a) and F(b). Curve C was
obtained following frankly painful stimulation.
In this case, no early inhibition was seen, thus
clearly distinguishing it from similar ipsilateral
stimulation (fig 2C). On the contrary, there seemed
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200

100 -------------

B
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in the case of contralateral stimulation to be a
slight facilitation of 10% at the latency where
inhibition was observed on ipsilateral stimulation.
There were two peaks of facilitation F(a) and
F(b) falling at the same time intervals as with
less intense stimuli. In six subjects, recordings fol-
lowing ipsilateral and contralateral stimulation of
the same intensity were made during the same
experimental session. The facilitation peaks fell
at the same latencies.

B CONDITIONING OF THE TIBIALIS ANTERIOR
MOTONEURONE POOL

The excitability of this motoneurone pool was less

100 1000 100 1000
ms ms

Fig 4 Recovery curves of the tibial anterior H reflex after stimulation of the ipsilateral (on the
left) and the contralateral (on the right) sural nerves. Abcissa (semi log): delays in ms between
the stimulation of the sural nerve and that of the peroneal nerve at the head of the fibula.
Ordinate: the amplitudes of the conditioned responses expressed as a perecentage of the
reference values. Note that the high values of facilitations are due to the low level of the
reference values. In A, the conditioning sural nerve intensity equals SX threshold intensity;
in insert, examples of reflexes recorded from the tibialis anterior: upper: control; lower:
conditioned at a latency of 150 ms (arrow). Calibration: 100 ,V and 10 ms. In B, 4SX threshold
intensity. In C (contralateral stimulation), the stimulation intensity is 2-5X threshold and in D,
45X threshold.
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Fig 5 Recovery curves of the tibial anterior F
responses after stimulation of the ipsilateral sural
nerve. Interrupted line: conditioning stimulation
intensity: 2-5Xthreshold intensity; continuous line:
45X threshold intensity. Co-ordinates: as in preceding
figures.

easy to test than that of the soleus. A Hoffmann
reflex, of small amplitude, was found in seven
subjects. The ratio of H Max/M Max is from 2
to 4%; the latency was the same as for the soleus
H reflex. Other subjects exhibited a well developed
F response. Either of these responses was used to
explore the excitability of the tibialis anterior
motoneurone pool following ipsilateral or contra-
lateral sural nerve stimulation.

I Ipsilateral stimulation
A low intensity stimulus (fig 4A) did not alter the
amplitude of the H reflex before 30 ms. After this,
there was a facilitation which reached its maxi-
mum at 60 ms. Subsequently, between 90 and
110 ms, the amplitude returned to control values.
Another, less well-marked, facilitation then de-
veloped culminating at 15 ms and disappearing

Table Contralateral sural nerve stimulation

Tibialis anterior H Soleus

F(a) interm F(b) F(a) interm F(b)

M... Christine 90 120 190 80 100 130
G... Pascal 80 110 140 90 120 140
B... Dany 70 140 160 90 120 160
H... Henriette 90 120 150 70 120 170
G... Anne 60 90 150 60 90 110
C... Paolo 60 80 120 70 90 130
D... Henri 50 100 140 80 100 140

m= 71 108 150 77 106 140

100 1000
ms

Fig 6 Comparison of soleus and tibial anterior H
reflexes recovery curves after the same conditioning
(contralateral sural nerve stimulation at 2-5X threshold
intensity) in one given subject. Co-ordinates: as in
preceding figures. In both curves, two peaks can be
identified occurring at the same latencies. The
intermediate point is indicated by an arrow.

after 180 ms. When the intensity of stimulation
was increased (fig 4B), an early facilitation of
moderate degree was seen after 20 ms, with a peak
of facilitation following between 30 and 80 ms.
Subsequently, there was a 20% inhibition lasting
for 40 ms. A second phase of facilitation followed,
with its maximum at 150 ms. From 200 ms on-

wards, amplitude returned to pre-conditioning
levels. It can be seen that the two peaks of facili-
tation fell at latencies very similar to those of F(a)
and F(b) as described above. The amplitude of
the F response developed in the same way as that
of the H reflex illustrated in fig 5. In fact there
were two well-differentiated phases of facilitation;
they were more evident when the stimulus became

painful.

II Contralateral stimulation
Stimuli of medium (2-5Xthreshold) or high (4-5
Xthreshold) intensity elicited two peaks of facili-
tation at latencies between 50 and 60 ms for the
first and 130 to 15 ms for the second. Intraindi-
vidual variations, as for the soleus muscle, were

small, while those between subjects were more

marked, as can be seen in the table. In the table, a

comparison was made between the latencies of the
facilitation peaks F(a) and F(b) for the tibialis
anterior and the soleus following stimulation of
the contralateral sural nerve. In addition, to see

0/0
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whether the curves develop in phase with one
another, the latency of the lowest amplitude (inter-
mediate point) between the two peaks was
measured. On average, the first peak appeared
6 ms earlier in the tibialis anterior than in the
soleus. The latencies of the intermediate point
were very close to one another, while the second
peak was 10 ms earlier in soleus. Thus there were
only slight differences, indicating that facilitation
occurred in phase in the two antagonistic moto-
neurone pools represented by the tibialis anterior
and soleus. This was confirmed by fig 6 which
shows an illustrative example.

Discussion

One general point emerges from our results:
sural stimulation elicits not one but two distinct
phalses of facilitation, which we have called F(a)
and F(b). Two peaks appear, whatever the in-
tensity of stimulation employed, the only exception
being that sometimes painful ipsilateral stimu-
lation gives rise only to a simple disinhibition. This
double facilitation is not limited to the ipsilateral
soleus, since it is also seen after contralateral
conditioning stimulation, with quantitatively com-

parable results. It is not even limited to foot
extensors since excitalbility curves for the moto-
neurone pool of tibialis anterior exhibit the same

biphasic facilitation occuring at the same latencies.
Confining our consideration to the excitability

curves for the soleus, it may be thought that there
are not in fact two separate facilitations depending
on two different mechanisms, but a single facilita-
tion interrupted by activation of the antagonist
motoneurone pool according to the established
rules of reciprocal innervation. But if excitability
changes in the motoneurone pools of both soleus
and tibialis anterior are considered together (com-
pare figs 2 and 4, and 3 and 6, and the table) it
can be seen that the facilitations are strictly syn-

chronous with one another, as are the lower ampli-
tude events between the peaks. Such results make
it possible to exclude the possibility of a single
phase of facilitation interrupted by the activation
of an antagonist motoneurone pool. Despite
earlier investigations on the influence of sural
stimulation on the excitability of the soleus moto-
neurone pool, biphasic facilitation has not been
reported as a systematic phenomenon, though it
has been incidentally mentioned by Gassel and
Ott. 11

The effects of ipsilateral sural stimulation on the
soleus H reflex have been investigated by Bathien
and Hugon,20 Hugon,9 Gassel, Gassel and Ott,"

and Castaigne et al;21 Hugon9 also studied the
effects of contralateral stimulation. The results
reported by these various authors are not all in
agreement. Bathien and Hugon20 observed mono-
phasic curves for both the Hoffmann and tendon
reflexes exhibiting a strongly marked inhibition,
maximal 100 ms after ipsilateral non-painful
stimulation. Hugon9 described the same inhibitory
phenomenon following painful stimulation, while
reporting facilitation after non-painful stimulation.
On painful stimulation of the contralateral sural
nerve, the same author observed facilitation at
200 ms; he did not observe two distinct peaks of
facilitation although he took into consideration
the influence of the intensity of the conditioning
stimulus. Gassel and Ott" studied recovery curves
of the soleus tendon reflex following cutaneous
stimuli applied respectively to the dorsal and
plantar surfaces of the ipsilateral foot. They
described two changes in excitability: one early,
between 40 and 90 ms, the other later between
110 and 250 ms. The first phase indicates either
facilitation or inhibition, according to the site of
cutaneous stimulation. Unlike Hugon, these
authors did not systematically explore variations
in the intensity of stimulation.

Gassel et a121 described intense inhibition of the
ipsilateral H reflex, maximal at 70 ms and dis-
appearing at about 100 ms, following painful
stimulation of the little toe. The influence of sural
stimulation on the tibialis anterior motoneurone
pool has not been described hitherto, although
Hugon9 studied the effects on the short head of
biceps.
The demonstration of the two peaks F(a) and

F(b) of facilitation in our study is doubtless re-
lated to the technical conditions employed, which
involved the investigation of excitability by re-
peated tests at very brief intervals, sometimes less
than 10 ms; the existence of these two peaks is
an unexpected phenomenon. However, certain
comparisons can be made with these results. It is
well known that in man motor activity elicited by
exteroceptive stimulation exhibits two distinct
phases, in the case of lower limb flexion reflexes,4
of the short biceps reflex,9 upper limb flexion re-
flexes22 and modulation of flexor EMG.8 The
appearance of activity simultaneously in antagon-
istic muscles such as tibialis anterior and soleus
does not appear to obey the classical rules of re-
ciprocal innervation. However, our results also
demonstrate the existence of reciprocal innerva-
tion. This appears when consideration is given to
the curves obtained after ipsilateral painful stimu-
lation. In that particular situation, a background
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of inhibition of the soleus H reflex is observed
(fig 2'C); it begins early, after 20 ms, and lasts
more than a second. In the tibialis anterior moto-
neurone pool, the same stimulus, instead of caus-
ing an inhibition, evokes a slight facilitation which
appears after a short latency (fig 4B). Thus in our
results, a distinction must be drawn between a
general phenomenon, independent of the side of
stimulation or of the motoneurone pools involved,
represented by the two peaks of facilitation; and a
more particular phenomenon, obeying the rules
of reciprocal innervation, represented by the inhi-
bition engendered in soleus by ipsilateral noxious
stimulation and mirrored by facilitation of tibialis
anterior. It was also seen, particularly in the curve
shown in fig 2C, that the facilitation was some-
times replaced by a disinhibition. Given the simi-
larity of the latencies and general appearance of
the phenomena, we have classed these two
together.
With respect to crossed phenomena, Robinson

et a!2 have shown that the excitability curve of the
soleus H reflex following conditioning evocation
of another H reflex indicates the prevalence of
inhibition after ipsilateral stimulation while con-
tralateral stimulation elicits only facilitation. These
recall mirror phenomena.
The neurophysiological mechanisms of the part

of the inhibition which exhibits a reciprocal
nature, and the peaks of facilitation which appear
not to obey this rule, merit separate discussion:

I Ipsilateral inhibition
The human sural nerve23 contains essentially two
types of fibre. The first, belonging to group II
(A beta), is formed by axons whose diameter lies
between 9 and 13 ,um; the second, belonging to
group III (A delta), has axons with diameters
between 3 and 6 sum. There are few C fibres, and
to activate them requires intensities of stimulation
which have not been used in this study. Conduc-
tion velocities of group II and III fibres are from
30 to 55 m/s and 7 5 to 30 ms/s. The distance from
the ankle to T12-LI being about 1 metre, impulses
in group II fibres arrive at the spinal cord with a
minimum latency of 181 ms, while those in slower
fibres arrive after 34 ms or later. Since the inhi-
bition sometimes appears within 20 ms, group III
fibres cannot be involved. Group II fibres, on the
other hand, are a component of the flexor reflex
afferents (FRA), and may activate the soleus
motor nucleus by means of interneurones, perhaps
IA. However, such a mechanism cannot account
for the long duration of the inhibition. Further-
more, it is unlikely that there is a single mech-
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anism of inhibition; different components may
either sum or succeed one another. Thus presyn-
aptic inhibition exerted by cutaneous fibres on
IA axons may be involved,24 and later impulses
transmitted by group III fibres. Finally, an in-
hibitory mechanism of the type described by
Shimamura et a125 acting via a spino-bulbo-spinal
circuit, may be involved. However, purely spinal
mechanisms cannot be excluded since inhibitory
phenomena lasting for several seconds have been
demonstrated following exteroceptive stimulation
in patients with spinal transection.4 It may be that
long lasting transmitters should henceforth be
considered in the interpretation of long lasting
inhibition.

2 Facilitation peaks F(a) and F(b)
Gassel and Ott" described two phases of excit-
ability change in soleus and attributed them to the
desynchronisation of messages, particularly those
in groups II and III, arriving at the spinal cord.
This hypothesis is however unlikely because even
low-intensity conditioning stimuli (figs 2A and
3A), which are unlikely to activate group III
fitbres, cause appearance of the two peaks. It may
therefore be concluded that both peaks of facili-
tation, after either ipsilateral or contralateral
stimulation, are related only to group II (A beta)
afferents. The suggestion may therefore be made
that the two peaks are related to separate central
processing of a single afferent message. Segmental
spinal interneuronal circuits may be involved in
this mechanism. However, this is difficult to en-
visage, since it does not take account of the effects
observed after contralateral stimulation; it is
believed-at least in the cat-that A beta primary
afferents are never involved in crossed effects.26
Non-segmental neuronal mechanisms must there-
fore be considered. The latencies of the peaks are
compatible with a supraspinal effect, since they
appear at more or less the same latencies as the
activities attributed by Marsden et a!27 to trans-
cortical reflexes involving the soleus. Further ex-
periments are necessary to determine the circuits
responsible for the transmission of the two waves
of facilitation. The results of such research are
described in a succeeding article.
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