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Abstract The present study was designed to examine the
effects of median nerve stimulation on motoneurones of
remote muscles in healthy subjects using H-reflex,
averaged EMG and PSTH methods. Stimulation of the
median nerve induced facilitation of soleus H-reflex from
about 50 ms and it reached a peak at about 100 ms of
conditioning-test interval. Afferents that induced the
facilitation consisted of at least two types of fibres, the
high-threshold cutaneous fibres and the low-threshold
fibres. When the effects were examined by the averaged
surface EMG and PSTH, no facilitation but rather
inhibition or inhibition-facilitation was induced in all
tested muscles except for the upper limb muscles on the
stimulated side. The inhibition latency was shortest in
masseter muscle and longest in leg muscles, while values
for the contralateral upper limb muscles were in the
middle, indicating that the onset of inhibition was delayed
from rostral to caudal muscles. Inputs from the median
nerve converged to inhibitory interneurones, which me-
diate the masseter inhibitory reflex. Our findings sug-
gested that inputs from the median nerve initially ascend
to the brain, at least to the brainstem, and then descend to
the spinal cord. Therefore, inhibition induced by median
nerve stimulation was not considered as an interlimb
reflex mediated by a propriospinal pathway, but long-loop

reflex, at least via the pons. The discrepancy between the
results of reflex and motor units suggests that facilitation
of soleus H-reflex following median nerve stimulation
was mainly due to reduced presynaptic inhibition.

Keywords Long-loop reflex · Interlimb reflex ·
Masseter inhibitory reflex · Presynaptic inhibition

Introduction

In decerebrate cats, forelimb afferent nerve stimulation
elicits two types of motor responses in bilateral
hindlimbs; one is the propriospinal reflex and the other
is the spinobulbospinal (SBS) reflex (Shimamura and
Livingstone 1963). Electrical stimulation of forelimb
afferents induces both excitation and inhibition of
hindlimb motoneurones in high spinal cat, and the final
effect is dependent on the phase or position of the
hindlimb (Schomburg et al. 1978). Propriospinal inter-
limb connections are thought to coordinate the forelimbs
and hindlimbs of the cat during locomotion (Miller et al.
1975). On the other hand, the functional implications of
SBS reflex are not known in the cat and human.

Several studies have investigated reflexes from affer-
ents of upper limb muscles onto motoneurones of lower
limb muscles (and vice versa) by clinical examination of
reflex characteristics and recording of electromyographic
(EMG) activity in intact man (Gassel 1970; Meier-Ewert
et al. 1972; Delwaide et al. 1977; Piesiur-Strehlow and
Meinck 1980; Meink and Piesiur-Strehlow 1981; Kearney
and Chan 1981; Delwaide and Crenna 1984; Zehr et al.
2001). Reflex latency in arm muscles by ankle displace-
ment was short and the difference from the latency of
stretch reflex in leg muscles was only 12–17 ms (Kearney
and Chan 1981). Latency of early response between upper
and lower limbs was shorter than the earliest possible
latency for transcortical reflex (Zehr et al. 2001). Such
results indicate indirectly that these reflexes are interlimb
reflexes within the spinal cord and are at least not
transcortical reflexes. Although the reflex pathways
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between upper and lower limbs in normal man are not
identified at present, there are two possible reflex
pathways; one is interlimb reflex mediated by a proprio-
spinal pathway and another is long-loop reflex via the
supraspinal centre, not including the transcortical reflex.

The present study was designed to investigate the
reflex responses from arm afferents onto motoneurones of
the face, upper and lower limbs in healthy subjects. The
long-latency reflex could be evoked on the face and all
limb muscles and its reflex pathway was considered not to
be interlimb reflex but the long-loop reflex, at least via
the pons.

Materials and methods

A total of 32 experiments were carried out in 8 healthy subjects
aged between 21 and 47 years. All subjects gave informed consent
to the experimental procedure, which had been approved by the
local ethics committee.

General experimental arrangement

The subject was seated in an armchair; both lower limbs were
semiflexed at the hip (120 deg), the knees flexed to 160 deg, and
the ankle in 110 deg of plantarflexion. EMG signals from the test
muscles were rectified, integrated, and displayed on an oscilloscope
placed in front of the subject.

H-reflex

Surface electrodes were used for both stimulation and recording.
Paired electrodes for recording (10 mm in diameter) were placed
2.0 cm apart over the bellies of the soleus muscles and connected to
conventional amplifiers (frequency band, 50–3 kHz). The soleus H-
reflex was evoked by stimulating the posterior tibial nerve through
a monopolar electrode (1 ms rectangular pulse) by isolated constant
current stimulation (electric stimulator and isolator, model SS–
104 J, Nihon Kohden, Tokyo, Japan). The reflex response was
measured as peak-to-peak amplitude of the H-reflex. The size of the
maximal motor response (Mmax) was measured at the beginning of
each experiment. During the experiment, the stimulus strength of
the soleus H-reflex was adjusted to yield an H-reflex that was 15–
25% of that value because the sensitivities of small size H-reflexes
vary with the amplitude of the unconditioned reflex (Crone et al.
1990).

The conditioning stimulus was delivered to the right median
nerve at the wrist joint. Conditioning stimuli usually consisted of
trains of three rectangular pulses (pulse duration: 0.5 ms, pulse
interval: 4 ms). The intensities of the stimuli were expressed as
multiples of the threshold for the direct M response (�MT) of the
abductor pollicis brevis (APB) muscle. The stimulus was applied
every 3 s in a randomized, alternating conditioned and uncondi-
tioned test stimuli sequence. At least ten reflexes (conditioned and
unconditioned) were measured in every series for later statistical
analysis (mean, standard error of the mean, and differences between
groups by Student’s paired t-test).

Ischaemia was induced by inflating a tourniquet placed around
the forearm above the wrist joint. Series of measurements were then
performed until the size of Mmax of APB muscle began to
decrease, signifying that the ischaemia affected the transmission in
alpha motor axons; the tourniquet was released thereafter. The cuff
was inflated to 160 and 180 mmHg, because higher pressure
directly pressed the nerve and decreased the size of the M response
of the APB muscle immediately after ischaemia. The duration of

ischaemia was about 15–20 min depending on the subject. The
measurements were then continued for at least another 15 min.

Averaged EMG

In the averaged EMG study, the subjects were instructed to
maintain weak steady contractions (about 10–20% of maximal
EMG) of both the right and left tested muscles; the integrated EMG
was displayed in front of the subject as a feedback. The activities of
the following muscles were recorded bilaterally using disposable
surface electrodes: masseter, biceps brachii, triceps brachii, exten-
sor carpi radialis (ECR), flexor carpi radialis (FCR), quadriceps
(Q), tibialis anterior (TA), peroneous longus (Per), and soleus (Sol)
muscles. Conditioning stimuli to the median nerve usually
consisted of trains of three rectangular pulses as in the H-reflex
study and were applied every 1 s. The rectified EMG triggered by
the conditioning stimulus was averaged over a period extending
50 ms prior to and 150 ms after, usually for 100–200 sweeps
(model ATAC 3300, Medical Data Processor, Nihon Kohden). The
background EMG was measured from the 50-ms period preceding
the stimulus.

Poststimulus time histograms

The method used for recording poststimulus time histograms
(PSTHs) was described previously by Founier et al. (1986). In this
method, the time of stimulation is set with respect to the discharges
of the single unit. In this way, a stimulus can be delivered at a time
when the probability of a new discharge of the unit is high, thus
considerably reducing the number of stimuli necessary to evoke
obvious peaks or troughs in the PSTH.

The PSTH of the discharge of voluntarily activated soleus motor
units (recorded with monopolar concentric needle electrodes:
DANTEC) was constructed for the 40–120 ms following stimula-
tion of the right median nerve. The bin width of the histograms was
1 ms in all cases.

The EMG potentials of the motor units were converted into
standard pulses using a spike discriminator with a variable trigger
level and were fed into a computer (NEC PC-98XL2), which was
then programmed to trigger the stimulator. Stimuli were delivered
every 1 s.

Since stimuli at a fixed interval following the previous motor
unit discharge were used, the probability of discharge in the PSTH
not only reflects the effect of the stimulation but also the membrane
trajectory in the motoneurone during the interspike interval.
Histograms were therefore constructed for both the occurrence of
spikes following the stimulation and for the background firing
probability in a control situation without stimulation (see Fig. 6).
Measurements with and without stimulation were regularly alter-
nated. To elucidate the effect of stimulation, the background firing
probability was subtracted from the firing probability following the
stimulus and a new histogram was constructed. Changes in bin
counts were determined from inflections in the cumulative curve
derived from the histogram (Ellaway 1978).

Results

Figure 1A shows the time course of soleus H-reflex
following ipsilateral median nerve stimulation at rest. The
strength of conditioning stimulus used was 1.9�MT (solid
circles) and 1.3�MT (open circles) of APB muscle. In this
example, the subject complained of a slight painful
sensation at 1.9�MT but did not feel pain at 1.3�MT.
Facilitation started at 50 ms and reached a peak at around
100 ms in both situations although the amount of
facilitation at 1.9�MT was larger than that at 1.3�MT.
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Figure 1B, C shows the relation between the amount of
facilitation and strength of conditioning stimulus. Data
shown in Fig. 1B were from the subject whose data are
shown in Fig. 1A. Facilitation started at 0.8�MT and its
level increased steeply above 1.6�MT. The subject
complained of a slight painful sensation at the strength
indicated by the arrow. However, facilitation started
above 1.0�MT in most subjects but enhancement of
facilitation was seen at a strength above painful sensation
as shown in Fig. 1C. Appearance of facilitation evoked
painful sensation when the conditioning stimulus was a
single shock except for one subject. The time course was
investigated in seven subjects and all showed clear
facilitation, which started at 50–70 ms and reached a
peak at 100–120 ms, by the conditioning stimulus without
painful sensation. Facilitation with a similar time course
could be induced by stimulation of the contralateral
median nerve, and thus median nerve stimulation induced
facilitation of the soleus H-reflex on both sides.

Next, we investigated the type of afferent fibres
involved in the facilitation. Figure 2A shows the time
course of soleus H-reflex following ipsilateral median

nerve stimulation (three shocks, 1.3�MT) and stimulation
of the second fingertip by ring electrodes at 3.0�PT
(perceptional threshold). The subject complained of
painful sensation by cutaneous stimulation but did not
complain of pain by median nerve stimulation. Cutaneous
stimulation associated with painful sensation could induce
facilitation of soleus H-reflex (open triangles), similar to
median nerve stimulation (solid circles). On the other
hand, when the second finger was stimulated with 1.5�PT
without painful sensation, no significant facilitation was
recognized (data not shown). Similar observations were
made in three other subjects. These results suggested that
high-threshold cutaneous fibres involved in pain sensation
act as afferent fibres, contributing to the appearance of
facilitation.

Figure 2B shows the effect of ischaemia on facilitation
following median nerve stimulation. Data are from four
experiments on three subjects. The median nerve was
stimulated at 1.2�MT, which produced no painful sensa-
tion. The conditioning-test interval was chosen at 100 ms.
The test H-reflex was maintained at a constant size during
all experiments (approximately 20% of Mmax). Facilita-

Fig. 1 A Time course of effects of the soleus H-reflex evoked by
conditioning stimulus to the ipsilateral median nerve (0.5 ms
duration, three shocks) at rest (subject NI). The strength of the
conditioning stimulus was 1.9�MT (solid circles) and 1.3�MT
(open circles) of the APB muscle. The abscissa and ordinate
respectively show the conditioning and test stimulus intervals in
milliseconds, and the size of the conditioned reflex, expressed as a
percentage of its unconditioned value. Each bar represents 1 SE of

the mean. B Relation between the amount of facilitation and
strength of conditioning stimulation at a CT interval of 100 ms in
the same subject as A. C The same relation is shown for another
subject (YK) in B. The abscissa is the strength of the conditioning
stimulus, expressed as multiples of the threshold for the direct M
response (�MT) of abductor pollicis brevis (APB) muscle. Each bar
represents 1 SE of the mean
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tion began to decrease gradually from 13 min after
inflation of the tourniquet placed above the wrist joint and
completely disappeared at 16 min after induction of
ischaemia. Since the size of the maximal M wave of APB
muscle began to decrease at 19 min after ischaemia, the
tourniquet was released. The latter was associated with a
gradual recovery of the facilitation. Similar results were
observed in the other two subjects. These results
suggested that low-threshold afferent fibres are involved
in mediating the facilitation observed following median
nerve stimulation. The results also suggest that plural
types of afferent fibres are involved in facilitation of the
soleus H-reflex.

In order to investigate other muscles, we examined the
effects of median nerve stimulation by recording the
averaged EMG. Data were generated from 12 experi-
ments performed in four subjects. The subjects were
instructed to contract the tested muscles bilaterally.
Figure 3 shows the results of responses of muscles of
the face, and upper and lower limbs on both sides. In
these studies, the right median nerve was stimulated at
1.2�MT without painful sensation. This elicited segmen-
tal reflex responses in the upper limb muscles on the
stimulated side (Fig. 3B–D, E), consisting of facilitation
of biceps brachii and FCR muscles and inhibition of
triceps brachii and ECR muscles (Cavallari et al. 1992).
However, inhibition was seen in the masseter and lower
limb muscles on both sides and the upper limb muscles of
the contralateral side (Fig. 3). Stimulation strength above
1.0�MT of APB muscle could induce inhibition of the
averaged EMG as well as facilitation of soleus H-reflex.
Although it is difficult to measure exactly the latency of
inhibition from the averaged EMG by visual inspection, it
was clear that the onset of inhibition showed gradual
prolongation from the rostral to caudal muscles. The onset
of inhibition is shown on the right side by the open arrows
in Fig. 3. Figure 4A shows the relation between latency of
inhibition and tested muscles, and Fig. 4B–D shows
motor responses of the masseter, FCR and TA muscles of
the contralateral side. The latencies of inhibition were the
shortest in the masseter, the longest in TA and in the
middle in FCR muscle.

The masseter muscle is inhibited by stimulation of the
mental nerve, a sensory branch of the trigeminal nerve.
This inhibition has been known as the masseter inhibitory
reflex and the inhibitory interneurones exist in the pons
(Ongerboer et al. 1989). Figure 5A shows the averaged
EMG of the left masseter muscle following mental nerve
stimulation (1.2�PT, three shocks). At this strength, the
stimulus could not evoke the masseter inhibitory reflex.
Figure 5B shows the response of the same muscle to
median nerve stimulation (1.08�MT, three shocks). At
this strength, the stimulus evoked a slight inhibition of the
masseter muscle. When both the median and mental
nerves were stimulated with a delay time of 10 ms, a clear
inhibition could be evoked in the masseter muscle
(Fig. 5C). These results suggest that inputs from the
mental and median nerves converged at the level of
pontine inhibitory interneurones, which mediate the
masseter inhibitory reflex. These results were confirmed
in three subjects.

We also investigated the effect of median nerve
stimulation on the motor units using PSTH. The exper-
iments were carried in three subjects and the results of ten
motor units from the soleus muscle are reported. Inhibi-
tion was noted in seven of ten motor units while the other
three motor units were equivocal. Figure 6 shows the
results of PSTH and averaged EMG in one subject. This
motor unit was recruited early during weak tonic plan-
tarflexion, and its mean interspike interval and 1 SD was
150.9€24.2 ms. Stimulation of the median nerve was
triggered with a delay time of 70 ms by the previous

Fig. 2 A Time course of effects of the soleus H-reflex evoked by
conditioning stimulus to the median nerve (1.3�MT, 0.5 ms
duration, three shocks; solid circles) and the second fingertip by
ring electrodes (3.0�PT, 0.5 ms duration, three shocks; open
triangles) at rest. Each bar represents 1 SE of the mean. B Effect of
ischaemia on facilitation of the soleus H-reflex evoked by
conditioning stimulus to the median nerve (1.2�MT) at a condi-
tioning-test interval of 100 ms. Ischaemia was induced by inflating
a tourniquet placed just above the wrist. The start and end of the
ischaemic period are marked by the dotted line and arrow. The
abscissa is the time course of the measurements in relation to the
onset of ischaemia. Each bar represents 1 SE of the mean
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motor unit discharge. The subject did not complain of
painful sensation. Figure 6A, B shows the histograms of
the control basal condition without stimulation and during
stimulation, respectively. Figure 6C shows the difference
between the counts per bin obtained in the stimulation and
basal conditions. The histogram shows the appearance of
inhibition from about 50 ms. Inhibition was determined
from inflections in the cumulative curve derived from the
histogram of Fig. 6C (Fig. 6D), which clearly shows the
extent of inhibition. In this experiment, rectified surface

EMG of the soleus muscle during tonic plantarflexion was
averaged at the same time. The result is shown in Fig. 6F,
and Fig. 6E shows the averaged EMG between 40 and
120 ms. The profile of averaged EMG (Fig. 6E) was very
similar to the cumulative curve derived from PSTH
(Fig. 6D). These results indicate that stimulation of the
median nerve reduced the firing of motor units in the
soleus muscle similar to the averaged EMG.

Finally, Fig. 7 shows the time course of H-reflex of
soleus muscle and averaged EMG following medial nerve

Fig. 3A–H Averaged surface
EMGs triggered by a condi-
tioning stimulus to the right
median nerve (1.2�MT, 0.5 ms
duration, three shocks) during
tonic contraction of tested
muscles for 200 sweeps. A
Masseter; B biceps brachii; C
triceps brachii; D extensor carpi
radialis (ECR); E flexor carpi
radialis (FCR); F quadriceps
(Q); G tibialis anterior (TA); H
soleus (Sol) muscles. The ordi-
nate shows the amplitude of
rectified EMG (�V). The ab-
scissa is the latency after the
conditioning stimulation of the
median nerve
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stimulation (Fig. 7A, C) and ipsilateral sural nerve
(Fig. 7B, D). The strength of sural nerve stimulation
was 2.7�PT (three shocks, 250 Hz) with painful sensation.
In the case of sural nerve stimulation, the time course of
H-reflex was similar to the averaged EMG, taking
account of the latency of H-reflex. However, in the case
of median nerve stimulation, the results of H-reflex and
averaged EMG were completely different.

Discussion

The present study examined the effects of median nerve
stimulation on the motoneurones of remote muscles by
examination of the H-reflex, averaged EMG and PSTH.
The major findings can be summarized as follows.
Stimulation of the median nerve induced facilitation of

soleus H-reflex from about 50 ms and it reached a peak at
about 100 ms of conditioning-test interval. At least two
types of afferent fibres induced the facilitation; one was
high-threshold cutaneous fibres with painful sensation
and the other was low-threshold fibres compared with
motor fibres. When the effect of median nerve stimulation
was examined by using averaged EMG and PSTH, no
facilitation but inhibition of the face, upper and lower
limb muscles was noted, with the exception of the
ipsilateral upper limb muscles. The onset of inhibition
was prolonged from the rostral to caudal muscles.
Furthermore, inputs from the median nerve converged
on the brainstem inhibitory interneurones, which mediate
the masseter inhibitory reflex. Thus, the reflex from
ipsilateral median nerve to remote muscles in this study is
not due to interlimb reflex mediated by a propriospinal
pathway, but long-loop reflex, probably via the pons.

Previous studies demonstrated that electrical stimula-
tion of the mixed nerve and mechanical stimulation of the
upper limb muscles induced facilitation of the tendon
reflex and H-reflex in the lower limb muscles (Meinck
and Piesiur-Strehlow 1981; Delwaide and Toulouse 1981;
Delwaide and Crenna 1984). In the present study, we

Fig. 4 A Latencies of inhibition on averaged EMG in four subjects:
(1) masseter; (2) biceps brachii; (3) triceps brachii; (4) extensor
carpi radialis (ECR); (5) flexor carpi radialis (FCR); (6) quadriceps
(Q); (7) tibialis anterior; (8) peroneus longus; (9) soleus (Sol)
muscles. B–D show the results of masseter, FCR and TA muscles.
Solid arrows show onset of inhibition. The ordinate shows the
amplitude of rectified EMG (�V). The abscissa is the latency after
the conditioning stimulation of the median nerve

Fig. 5A–C Motor response of masseter muscle upon stimulation of
the mental and median nerves. A Mental nerve stimulation
(1.2�PT, 3 shocks, 200 sweeps); B median nerve stimulation
(1.08�MT, 3 shocks, 200 sweeps); C stimulation of median and
mental nerves with 10 ms delay stimulation (200 sweeps). The
ordinate shows the amplitude of rectified EMG (�V). The abscissa
is the latency after the conditioning stimulation
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investigated facilitation in only the soleus H-reflex.
However, the time course of facilitation was almost the
same as that recorded in the above studies, after taking
into account the stimulus position. Based on the results of
previous studies and our findings, showing decreased
facilitation before reduction of the M response of APB
muscle during ischaemia, the afferents for facilitation are
probably group Ia fibres. However, since painful stimu-
lation of cutaneous nerve fibres induced facilitation, high-
threshold cutaneous fibres could also be involved in
inducing facilitation.

The stimulation effects of the mixed nerve and
cutaneous nerve in the upper limb on the averaged EMGs
in the lower limb muscles have also been reported (Meier-
Ewert et al. 1972; Piesiur-Strehlow and Meinck 1980;
Meinck and Piesiur-Strehlow 1981; Zehr et al. 2001). Our
results are almost similar to those studies, and showed
that at least the initial response was inhibition or
inhibition-facilitation. So far, these reflexes have been
considered as interlimb reflexes, mediated by a proprio-
spinal pathway. Meinck and Piesiur-Strehlow (1981)
delivered conditioning stimulus to the dorsal roots of C4
and Th9, and stimulation of dorsal root at Th9 could evoke
earlier H-reflex facilitation and inhibition of averaged
EMG than stimulation of C4. Based on this finding, they
reported that this reflex was mediated via a directly
descending, long spinal pathway. Zehr et al. (2001)
reported that responses of remote muscles could be
evoked by electrical stimulation of cutaneous nerves in
the hand and foot. They suggested that these cutaneous
reflexes were interlimb reflexes that involve a proprio-
spinal pathway since the latency of early response was
shorter than the earliest possible latency for transcortical
reflex. On the other hand, Meier-Ewert et al. (1972)
reported that electrical stimulation of the sole of foot and
fingertips resulted in motor responses from head, neck,
upper and lower limb muscles by averaged EMGs. The
latencies of inhibitory responses were short in the order of
head, neck, upper and lower limb muscles. They
mentioned that these inhibitory responses were examples
of spino-bulbo-cranial and spino-bulbo-spinal reflexes in
man. Our results are similar to those of Meier-Ewert et al.
(1972); the responses of the masseter, upper and lower
limb muscles, as well as inhibition, could be evoked in all
muscles except for the upper limb muscles on the
stimulated side, and the latencies of inhibition progres-
sively increased from rostral to caudal muscles (Figs. 3,
4). The latencies of inhibition in this study were within
75 ms in all tested muscles, and these values are in
agreement with the early response reported by Zehr et al.
(2001).

The masseter muscle is inhibited by mental nerve
stimulation, one of the sensory branches of the trigeminal
nerve, and this inhibition is known as the masseter
inhibitory reflex. Inhibition consists of early (10–15 ms)
and late (40–50 ms) phases of electrical silence, inter-
rupting the voluntary EMG activity in the masseter
muscles on both sides. Studies in patients with localized
brainstem lesions suggested that this reflex is abnormal in
patients with lesions involving the pontine tegmentum
and represents a brainstem inhibitory reflex (Ongerboer et
al. 1989). Other studies reported that the masseter
inhibitory reflex could be evoked by median nerve
stimulation through the spinotrigeminal reflex (Deriu et
al. 2002). In the present study, early and late inhibitions
could be evoked following median nerve stimulation in
only one subject. Probably two phases of inhibition were
fused into a single broad inhibitory phase in other subjects
by the long distance between stimulating and recording
positions, and conditioning stimulation of three shocks.

Fig. 6A–F Effect of conditioning stimulation of the median nerve
(1.1�MT, three shocks) on the firing probability of a single
voluntary activated soleus motor unit (A–D) and on the averaged
EMG (E, F). The abscissa is the latency after the conditioning
stimulation of median nerve. The ordinate is the number of counts
as a percentage of the number of triggers (A–D) and the amplitude
of rectified EMG (�V, E, F). Mean interspike interval, 151 ms,
number of counts, 1000. A Histogram obtained during basal
condition without stimulation; B histogram obtained following
stimulation; C the difference between A and B; D the cumulative
curve derived from the histogram shown in D; E, F the averaged
surface EMG of soleus muscle
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Stimulation of the median nerve converged to the
inhibitory interneurones, which mediated the masseter
inhibitory reflex (Fig. 5). The masseter inhibitory reflex
induced by median nerve stimulation as well as mental
nerve stimulation could not be evoked in patients with
pontine lesions (Kagamihara and Hayashi, unpublished).
These findings suggest that inputs from the median nerve
initially ascend to the brain, at least to the level of the
pons, and then descend to the spinal cord, and thus
inhibition of the averaged EMG and PSTH was a long-
loop reflex via the supraspinal centre.

The discrepancy of the results of H-reflexes and motor
units following stimulation of the median nerve might be
explained by the differences between rest and tonic
voluntary contractions. We compared changes in H-reflex
of soleus muscle following median nerve stimulation at
rest and during tonic plantarflexion in three subjects. H-
reflexes were slightly depressed just before facilitation
during tonic plantarflexion (data not shown). However,
the size and duration of facilitation was far larger than
that of inhibition during tonic plantarflexion. Although
descending motor commands, associated with voluntary
contraction, might activate the inhibitory circuit, it is
difficult to explain entirely the discrepancy of H-reflexes
and motor units by this mechanism. Stimulation of sural
nerve results in postsynaptic inhibition of soleus mo-

toneurones, mediated by a spinal inhibitory reflex (Man-
coni et al. 1998; Logigian et al. 1999). The effects of
soleus H-reflexes from sural nerve stimulation were
similar to those of averaged EMG (Fig. 7B, D). Therefore,
facilitation of H-reflex might be induced by a different
mechanism with inhibition of motor units, and it is
possible that it is mainly reduced presynaptic inhibition of
the Ia terminal.

Motor responses such as the facilitation of H-reflex
and inhibition of average surface EMG and PSTH
following median nerve stimulation noted in the present
study are considered to be generated by a long-loop
reflex, probably via the pons. So far the existence of
interlimb reflex in normal man has not been confirmed.
The interlimb reflex has been demonstrated only in
patients with chronic cervical spinal cord injury (Calancie
1991). In that study, EMG responses in the hand and
forearm could be evoked by electrical stimulation of the
mixed nerve in the lower limb. However, this interlimb
reflex pathway is reorganized and redistributed by a new
synaptic connection within the remaining spinal cord
(Calancie et al. 2002). Further studies are necessary to test
the existence of interlimb reflex and its physiological role
in normal man.

Fig. 7A–D Effects of conditioning of median and sural nerve
stimulation on the size of the soleus H-reflex and the averaged
surface EMGs. A, C Results of median nerve stimulation (1.1�MT,

three shocks). B, D Results of sural nerve stimulation (2.7�PT,
three shocks). In A and B, each bar represents 1 SE of the mean
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