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Abstract

The aim of the present study was to establish whether in healthy human subjects the actions of group
I muscle afferents arising from the same spinal segments as the soleus innervation (e.g., common
peroneal nerve; CPN) or from more proximal spinal segments (femoral nerve; FN) on the soleus H-
reflex are modified by changes in hip position. Control and conditioned soleus H-reflexes were
elicited and recorded via conventional methods. In seated subjects, CPN and FN stimulation resulted
in similar effects to the soleus H-reflex to that previously reported in healthy subjects. However,
during hip angle changes, CPN stimulation at the C-T interval of 2 ms resulted in soleus H-reflex
depression only when the hip was flexed at 30°, whereas with the hip flexed or extended at 10° the
H-reflex was facilitated. CPN stimulation delivered at 100 ms also induced soleus H-reflex
facilitation regardless of the hip angle tested. The heteronymous reflex facilitation (conditioned H-
reflex with FN stimulation) did not vary systematically with hip angle changes. These findings
indicate that hip proprioceptors interact with spinal inhibitory interneurons to enhance spinal reflex
excitability under static conditions. This neural switch might constitute an important feature of
movement regulation in humans.
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INTRODUCTION

Activity in specific spinal reflex pathways can be indirectly assessed in humans using specific
electrophysiological techniques (Pierrot-Deseilligny, 1997; Pierrot-Deseilligny & Mazevet,
2000), contributing to a better understanding of the neural control of movement in humans.
For example, earlier studies have described a reciprocal short latency inhibition of the soleus
H-reflex evoked by a conditioning, electrical low strength stimulus to the common peroneal
nerve (CPN), mediated via the muscle spindles of the flexor group la afferents (Tanaka,
1974; Crone et al., 1987; Crone, 1993). Further, presynaptic inhibition, which controls the
transmission from la afferents, gating in this way selectively the sensory feedback from the
periphery (Rudomin & Schmidt, 1999), can also be indirectly assessed in humans. A
conditioning volley to the CPN evokes in the H-reflex of the soleus muscle a long-lasting
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inhibition (Crone & Nielsen, 1994; Zehr & Stein, 1999). This reflex depression is attributed
to presynaptic inhibition of la afferents mediating the test volley (reviewed in Katz, 1999).
Moreover, presynaptic inhibition can be indirectly assessed by estimating changes in the
femoral nerve-induced soleus H-reflex facilitation in healthy subjects at rest (Hultborn et al.,
1987a).

Previous human studies have demonstrated diverse excitatory inputs onto la and presynaptic
inhibitory interneurons in man, with their inhibitory actions to decrease or to increase
depending on the direction of the movement (Petersen et al., 1999; Morita et al., 2001; Nielsen
& Kagamihara, 1993; Pierrot-Deseilligny, 1997; Hultborn et al., 1987b), or on the type of
excited afferents, for example, cutaneous afferents (lles, 1996). Hip-mediated sensory
feedback under static conditions modulates substantially the soleus H-reflex (Chapman et al.,
1991; Knikou & Rymer, 2002a), possibly mediated at a spinal level (Knikou & Rymer,
2002b), as well as actions of putative Ib inhibitory pathways and cutaneous afferent input onto
soleus o motoneurons in humans (Knikou & Rymer, 2002a).

To summarize, spinal reflex pathways and shifts in actions of spinal inhibitory interneurons
can be indirectly assessed in humans, providing information about sensorimotor integration
depending on the arrangement of the conditioning stimulus. In addition, hip-mediated sensory
feedback modulates substantially soleus H-reflex and actions of synergistic muscle afferents
and plantar cutaneous afferents in healthy subjects. However, changes in the pathway of
reciprocal la inhibition or on actions of presynaptic inhibitory interneurons during imposed
hip angle changes have not yet been reported in humans. Thus, the current study investigated
whether actions of these inhibitory interneurons are influenced by hip-mediated sensory
feedback. Some of the present results have been previously reported in abstract form (Knikou
& Rymer, 2003Db).

All experiments were approved by the Institutional Review Board (IRB), Office for the
Protection of Human Subjects at Northwestern University (Chicago IL, USA), and conducted
according to the 1964 Declaration of Helsinki. Informed consent was obtained from each
subject prior to testing. Twenty subjects participated in this study and none reported any sign
or history of neurological deficit.

Soleus H-Reflex Elicitation and Recording Protocol

The soleus H-reflex was elicited by stimulating the right posterior tibial nerve in the popliteal
fossa through a monopolar electrode using a 1-ms rectangular pulse generated by a constant
current stimulator (DS7A; Digitimer Ltd., UK) and triggered once every 5 s. The indifferent
electrode was placed just above the patella. The reflex responses were recorded with single
differential bipolar electrodes (DelSys Inc., Boston, MA) placed over the soleus muscle. Light
abrasion of the skin was performed before placement of surface electrodes, which were secured
with surgical adhesive tape.

At the start of each test, a hand-held monopolar electrode was used as a probe to establish the
correct site for stimulating the posterior tibial nerve. This site was identified as the one during
which the soleus H-reflex was present without the M-wave being present. The probe electrode
was then replaced by a permanent one (N-10-A, Ambu Inc., Denmark) and the evoked
responses were observed on the oscilloscope screen. In case the surface electrode did not evoke
the same response behavior the procedure was repeated. After this procedure was completed,
the maximal M-wave was measured. Then, the stimulus strength was adjusted to give an H-
reflex of 15-30% of the maximal M-wave. For each reflex recorded in this study (control or
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conditioned), 20 repeated reflex responses evoked every 5 s were acquired and saved for further
analysis.

The recorded electromyographic (EMG) signals were amplified 1,000 times and band pass
filtered (10 Hz-1 kHz), and subjected to an analogue to digital conversion (PCI-MIO 16E,
National Instruments Co., Austin, TX). The digitized EMG signals were rectified and the size
of the evoked M-waves and H-reflexes was measured as the area under the full-wave rectified
waveforms (Matlab vs. 5.3., Mathworks).

The susceptibility of the reflex to inhibition and to facilitation and the amount of reciprocal la
inhibition depend on the size of the test H-reflex (Crone et al., 1985, 1990), whereas imposed
hip angle changes influence substantially the magnitude of the soleus H-reflex in healthy
human subjects (Knikou & Rymer, 2002a). Accordingly, at each hip angle tested (30° flexion,
10° extension) the stimulus strength was carefully adjusted to evoke a control H-reflex
(Hohomonymousy that had the same amplitude as the control reflex recorded with hip flexed at
10°. These control reflexes were selected to have a size of 15-30% of the maximal M-wave,
elicited only on the ascending part of the recruitment curve, because H-reflexes within this
range have a minimal sensitivity to inhibition and facilitation (Crone et al., 1990). This allowed
a valid comparison to be made on the amount of facilitation/inhibition due to the conditioning
stimulation across hip angles and subjects tested.

The M-wave amplitude was used as a screening factor for accepting control H-reflexes across
hip angles and conditioned reflexes at different C-T intervals at each hip angle tested. By
keeping the M-wave amplitude stable, the number of group-la afferent fibers recruited by the
stimulus can be well controlled (Boorman et al., 1996). This resulted in a constant la afferent
test volley across hip angles tested. Control and conditioned soleus H-reflexes were recorded
with the subjects seated and supine with the ipsilateral hip positioned randomly at 10°, 30° of
flexion and at 10° of extension.

Conditioning Stimulation of the Soleus H-Reflex

Common Peroneal Nerve (CPN) Stimulation—Twelve subjects (aged 22—32 years, 4
females and 8 males) participated in this test. Methods for CPN stimulation used in the present
study were similar to those described in several studies conducted in healthy subjects (Crone
etal., 1987; Crone & Nielsen, 1994). The CPN was stimulated with a single shock of 1-ms in
duration through a bipolar electrode placed distal to the head of the fibula. The conditioning
stimulus was adjusted to 1 x motor threshold (MT) in the tibialis anterior (TA) muscle (Petersen
etal., 1999). The MT was determined by the appearance of EMG activity recorded by a
differential bipolar surface electrode (DelSys, Boston, MA) placed over the TA muscle. In all
subjects, TA M-wave amplitude was monitored on-line to ensure stability of the conditioning
afferent volley. Selective CPN stimulation was ensured on that activity in the peroneal muscles
was not present, and a pure ankle dorsiflexion without eversion was evoked with increases in
the stimulation intensity.

Ipsilateral CPN stimulation always preceded the soleus H-reflex at conditioning test (C-T)
intervals of short (2,4, and 6 ms) and long (60, 80, 100, and 120 ms) duration. Control and
conditioned H-reflexes at these intervals were recorded with the subjects’ seated. The effects
of CPN stimulation on the soleus H-reflex were then investigated using C-T intervals of 2, 80,
and 100 ms with the hip positioned in different angles of flexion and extension. These C-T
intervals were selected on the basis that in quiescent healthy subjects the reciprocal la inhibitory
pathway has the shortest latency with 2 to 3 ms between activation of the agonist and inhibition
of die antagonist (Crone et al., 1987; Crone & Nielsen, 1989), whereas the reflex inhibition
produced by this weak stimulation at such long C-T intervals (80 and 100 ms) is predominantly
presynaptic (lles, 1996; Zehr & Stein, 1999).
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Femoral Nerve (FN) Stimulation—Eight subjects (aged 22-52 years, 3 females and 5
males) participated in this test. The methods employed to condition the soleus H-reflex with
FN stimulation were similar to those developed by Hultborn and colleagues (Hultborn et al.,
1987a). The stimulus to the FN was a single shock of 1-ms duration adjusted at MT in the
vastus lateralis muscle. The conditioning stimulation strength was maintained stable at MT
level during the experiments, which was monitored on-line by estimating the peak-to-peak
amplitude of the M-wave in the vastus lateralis muscle. The stimulus was generated by a
constant current stimulator and delivered through a monopolar ball electrode placed in the
femoral triangle. The indifferent electrode was placed on the gluteus maximus muscle. Due to
the more proximal position of the conditioning electrode, tibial nerve stimulation occurred
before FN stimulation and these intervals were considered to be negative.

Earlier human studies have demonstrated that FN stimulation induces soleus H-reflex
facilitation (Hultborn et al., 1987a; Pierrot-Deseilligny, 1997) that is monosynaptic and largely
dependent on the size of the conditioning la monosynaptic excitatory postsynaptic potential
(Fournier et al., 1986; Hultborn et al., 1987a). Thus, in the present study changes in the FN-
induced soleus H-reflex facilitation were regarded as indicators of modifications in the ongoing
presynaptic inhibition of heteronymous la afferent terminals.

Experimental Procedures

With subjects seated (hip at 120° flexion, knee at 40° flexion, and ankle at 20° dorsiflexion),
the optimal stimulating site of the posterior tibial nerve was first established as described
previously. Then, the maximal M-wave was observed and adjustments on the stimulus intensity
were made to evoke a test soleus H-reflex that ranged between 15-30% of the maximal M-
wave. This H-reflex was then conditioned with CPN stimulation at short (2, 4, 6 ms) and at
long (60-120 ms) C-T intervals. Conditioned H-reflexes were recorded randomly with the
control reflexes.

For conditioning the soleus H-reflex with FN stimulation, the onset of the reflex facilitation
was initially established with subjects seated. The reflex facilitation was identified in
increments of .2 ms for all subjects. A representative example of FN-induced soleus H-reflex
facilitation is illustrated in Figures 1A & B. The heteronymous H-reflex facilitation for one
subject is presented in Figure 1A as the difference between the conditioned and the control H-
reflex expressed as a percentage of the maximal M-wave across C-T intervals. This reflex
facilitation is further illustrated in Figure 1B as EMG recordings of the control and conditioned
H-reflex. In the example shown in Figure 1A, the onset of reflex facilitation occurred at the C-
T interval of —8.0 ms. Changes in the FN-induced H-reflex facilitation for this subject with
hip positioned at different angles were investigated at the C-T interval of —7.8 ms (see arrow
in Figure 1A), for example, within the initial .4 ms after the onset of reflex facilitation. At this
short latency the reflex facilitation is monosynaptic and remains unchanged when the alpha
motoneurons responsible for the soleus H-reflex receive postsynaptic inhibition (Fournier et
al., 1986; Hultborn et al., 1987a). The onset of reflex facilitation was established in a similar
way with subjects supine.

Each subject was then transferred to the supine position and a knee ankle foot orthosis (KAFQ)
was attached to the right lower limb. Hip angle changes were imposed according to procedures
previously described in detail (Knikou & Rymer, 2002a). In the tests where the soleus H-reflex
was conditioned with CPN stimulation, the hip was positioned at 10° of flexion and conditioned
H-reflexes at C-T intervals of 2, 80, and 100 ms were recorded randomly with the control H-
reflexes at this hip angle. Then the hip was positioned at a new angle and control and
conditioned reflexes were recorded again.
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In the tests where the soleus H-reflex was conditioned with FN stimulation and having
established the onset of reflex facilitation with subjects' supine as described previously, the hip
was positioned at 10° of flexion by the experimenter. At this hip angle, the control and the
conditioned H-reflex were recorded. Conditioned H-reflexes with FN stimulation were
recorded with hip positioned in different angles only at the C-T interval that was within .4 ms
from the onset of reflex facilitation. Across subjects, conditioned H-reflexes with CPN and FN
stimulation were recorded with the hip positioned in different angles (10°, 30° flexion; 10°
extension).

Statistical Analysis

RESULTS

For each trial, the sizes of the M-waves of the control and conditioned H-reflexes were
expressed as a percentage of the maximal M-wave. A one-way analysis of variance (ANOVA)
was used to test for differences between the M-waves of the reflexes recorded under control
conditions and following sensorimotor conditioning. Statistical analysis was also performed
between the sizes of the M-waves in the Ho"omonymous reflexes. When significant differences
were identified in the aforementioned tests the trial was rejected.

For all tests in which the effects of CPN stimulation on the soleus H-reflex were investigated
with subjects seated, the conditioned H-reflexes were expressed as a percentage of the mean
size of the control H-reflex (Ho). A one-way analysis of variance (ANOVA) along with post
hoc Bonferroni tests was applied to the data to establish significant differences between control
and conditioned reflexes across C-T intervals. This analysis was done for each subject
separately but also for the pool data grouped according to the C-T interval tested. In the tests
utilizing CPN reflex conditioning during imposed hip angles, the conditioned H-reflexes were
expressed as a percentage of the mean size of the Hohomonymous, A gne-way ANOVA was used
to determine significant differences between the control and the conditioned H-reflexes at each
hip angle. The mean size of the conditioned H-reflex from each subject was then grouped by
the hip angle and C-T interval tested. A two-way ANOVA with repeated measures was applied
to the experimental data sets in order to establish changes in the magnitude of the conditioned
H-reflex across hip angles and C-T intervals investigated.

In the tests utilizing FN reflex conditioning during hip angle changes, the conditioned H-reflex
at each hip angle was expressed as a percentage of the mean size of the Hohomonymous A pajred
t-test was used to establish significant differences between the control and the conditioned H-
reflex recorded at each hip angle. A one-way ANOVA was used to determine significant
differences between the conditioned H-reflexes across hip angles.

For all tests, alpha was set at .05 to signify a statistically significant difference at 95% of
confidence interval. Results are presented as mean values along with the standard error of the
mean (SEM).

Effects of CPN and FN Stimulation on the Soleus H-Reflex with Subjects Seated

CPN stimulation resulted in the suppression of the soleus H-reflex across subjects, in line with
previous studies (Crone et al., 1987; Crone, 1993). A representative example of the reflex

depression is shown in the EMG records of Figure 2A. Note that the M-wave was stable during
reflex conditioning, which signifies stable stimulation and recording procedures. A summary
of the changes (pool data) in the conditioned H-reflex size following CPN stimulation at short
and at long C-T intervals is illustrated in Figure 2B. The soleus H-reflex was equally inhibited
at the C-T intervals of 2 and 4 ms (p = .4), whereas the reflex depression did not differ across
the long C-T intervals (60-120 ms) tested (F (3 21) = 0.22, p =.88). FN conditioning stimulation

Int J Neurosci. Author manuscript; available in PMC 2006 November 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

KNIKOU Page 6

resulted in a significant facilitation in the soleus H-reflex with subjects seated. The overall
magnitude of the conditioned H-reflex ranged from 118 to 140% of control reflex values across
subjects (data not shown graphically).

Effects of CPN Stimulation on the Soleus H-Reflex at Different Hip Angles

CPN stimulation delivered at the C-T interval of 2 ms induced a significant soleus H-reflex
depression only when the hip was flexed at 30° (88.7 + 5.5% of Hohomonymous n < 05) (Figure
3A). No significant changes in the size of the conditioned H-reflex were recorded when the
hip was flexed or extended at 10°, suggesting that at these angles the reciprocal la inhibition
was depressed.

CPN stimulation delivered at 100 ms induced a significant facilitation of the soleus H-reflex
compared to control reflex values across hip angles tested. This reflex facilitation can be clearly
seen in the full-wave rectified waveform averages (n = 20) of the control and conditioned H-
reflexes with hip positioned in different angles shown in Figure 3B (data are from a single
subject). Note that M-wave was stable during conditioning stimulation across hip angles tested.
Figure 3C shows the effects of CPN stimulation on the overall (pool data) size of the soleus
H-reflex for the C-T interval of 80 and 100 ms when the hip was positioned at 10° of flexion
and extension and at 30° of flexion. At the C-T interval of 100 ms, the reflex facilitation was
of equal strength with hip either flexed or extended (p > .05). For the C-T interval of 80 ms,
the amplitude of the conditioned reflex was not statistically significant different from control
reflex values and did not vary across hip angles tested (p = .21).

Effects of FN Stimulation on the Soleus H-Reflex at Different Hip Angles

The effect of FN stimulation on the soleus H-reflex at different hip angles is shown in the EMG
waveform averages for two subjects in Figure 4A. The conditioned H-reflexes (dashed lines)
are shown superimposed on the control H-reflexes (solid lines). Note that M-wave stability is
demonstrated by nearly identical M-responses in the control and conditioned reflexes of both
subjects. A summary of changes on the soleus H-reflex following FN stimulation with hip
positioned at different angles of flexion and extension is presented in Figure 4B. FN stimulation
with hip extended at 10°, or flexed at 10° and at 30° resulted in a significant increment in the
H-reflex size, reaching overall amplitudes of 127 + 10.91%, 120 + 7.3%, and 140 * 10.9% of
Hohomonymous respectively. FN-induced soleus H-reflex facilitation did not vary with changes
in hip angles (p = .28).

DISCUSSION

The primary new finding of this study is that hip-mediated sensory input interacts with spinal
inhibitory interneurons exerting either pre- or post-synaptic inhibition on soleus la afferents
and motoneurons to alter spinal reflex excitability during imposed hip angle changes. These
findings contribute to an understanding of the behavior of interneuronal circuits that might be
important for the regulation of movement in normal and in pathological states.

Earlier studies have reported diverse excitatory inputs onto la inhibitory interneurons in
humans (Jankowska, 1992; Baldissera et al., 1981). For example, the inhibitory actions of these
interneurons were shown to decrease during voluntary plantar flexion (Petersen et al., 1999;
Morita et al., 2001), and during co-contractions of antagonist muscles (Nielsen & Kagamihara,
1993). Similarly, presynaptic inhibition is depressed during ankle plantar flexion (Morita et
al., 2001), and at the onset of soleus muscle contraction (Pierrot-Deseilligny, 1997), whereas
it is increased during isolated dorsi flexion (Nielsen & Kagamihara, 1993). These findings
suggest that the strength of the inhibition is related not only to the stretch of the homologous

Int J Neurosci. Author manuscript; available in PMC 2006 November 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

KNIKOU

Page 7

muscle fibers that mediate the inhibition but also to the direction of the movement (e.g., flexion
or extension).

Consistent with the earlier observations, the short latency CPN-induced reflex inhibition,
involving principally the pathway of la reciprocal inhibition acting at a postsynaptic level
(Croneetal., 1987; Crone, 1993), was only active when the hip was positioned at 30° of flexion
(Figure 3A). This finding suggests that in quiescent healthy human subjects the number of
active la inhibitory interneurons is smaller at angles of 10° flexion and extension, whereas they
are more active when the leg adopts a more flexed position. In this respect, placing the hip into
flexion angles decreases the amount of postsynaptic inhibition exerted by medial
gastrocnemius group lb inhibitory interneurons onto soleus motoneurons in humans (Knikou
& Rymer, 2002a). Compared to the current findings, a different modulation pattern of
postsynaptic inhibition during hip flexion is evident when la or Ib afferents are involved in
mediating the reflex inhibition.

The CPN long latency-induced reflex depression, attributed mostly to presynaptic inhibition
acting on soleus la afferent terminals (lles, 1996; Crone et al, 1987), was abolished during hip
angle changes, suggesting that hip angle is critical for modulating actions of presynaptic
inhibitory interneurons, in agreement to studies proposing a premotoneuronal contribution to
the reflex modulation during imposed leg movements (Brooke et al., 1997). Thus, hip
proprioceptors appear to interact with spinal inhibitory interneurons intercalated in spinal reflex
pathways that involve distal muscle afferents. Similarly, the FN-induced reflex facilitation,
with its amount to reflect the ongoing presynaptic inhibition (Hultborn et al., 1987a), did not
vary across hip angles tested, suggesting of a differential control in the strength of presynaptic
inhibition exerted by distal or by proximal muscle afferents.

It is apparent that hip proprioceptors interact with spinal inhibitory interneurons to modulate
soleus H-reflex excitability. The current findings switch from net inhibitory to net facilitatory
reflex actions, might result from recruitment of excitatory interneurons or via depression of
intermediary inhibitory interneurons projecting to excitatory interneurons in group | reflex
pathways and triggered when hip-mediated sensory feedback is present. This possibility might
be correlated to the complex heteronymous connections between the ankle and thigh muscles
postulated in humans (Meunier et al., 1990, 1993), and that imposed hip angle changes
modulate not only the size of the H-reflex but also its latency and duration suggesting
recruitment of additional interneurons (Knikou & Rymer, 2002b).

Although the involved receptors are uncertain, at this point one should consider the most
prevalent ones. It has been reported that denervation of hip joint afferents does not affect the
ability of the hip position to entrain the fictive locomotor rhythm in the spinal cat (Kriellaars
et al., 1994), which signifies the importance of hip muscle afferents registering stretch and
position. In a similar way, static ankle angle changes in humans produce soleus H-reflex
modulation (Pinniger et al., 2001; Robinson et al., 1982), attributed mostly to muscle afferents
responding to stretch. It is worth noting that muscle spindle afferents are able to detect limb
position (Prochazka et al., 1989), with their static discharges to depend on the amount of the
muscle shortening or lengthening (Ribot-Ciscar et al., 2003). Further, in the absence of any
background force, it is unlikely that group Ib afferents were activated during static hip angle
changes. Thus, it is possible that muscle spindle afferents responding to stretch contributed to
the observed effects. This is further supported by the connections postulated between thigh and
ankle muscles in humans (Meunier et al., 1990, 1993).

It is possible that the observed effects on the soleus H-reflex induced by CPN and by FN
stimulation might also be related to the positions of the body (seated vs. supine). Changing the
body position from sitting to supine could induce a change in composition of the afferent volley
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generated by inputs from several joint, muscle, and skin receptors. It is known that descending
pathways excite spinal interneurons, which in turn influence the reciprocal inhibition of a
motoneurons (Crone & Nielsen, 1994), whereas changes in body position modulate
substantially soleus H-reflex excitability (Knikou & Rymer, 2003a). However, it has been
reported that the reciprocal la inhibition is increased after backward inclination of the body
(Rossi et al., 1988), whereas the current authors observed that the reciprocal la inhibition was
decreased during hip angle changes with subjects supine signifying further that the main source
that influenced the amount of reciprocal inhibition it was the hip proprioceptors and not the
body position. In addition, because the body position was not a tested variable in the current
study, throughout the experiment head and trunk were kept stable, whereas the reflexes were
recorded after the lower limb was positioned to a new hip angle by the experimenter. In this
respect, transcranial magnetic stimulation induces two separate phases of H-reflex facilitation
with subjects in supine and in seated position (Goulart et al., 2000), suggesting that these body
positions do not influence differently soleus H-reflex excitability. Nonetheless, it is possible
that descending influences might have contributed to the reflex modulation observed at
different body positions following both types of conditioning electrical stimuli.

To conclude, the present study provided evidence for modulation of heteronymous group |
inhibition and facilitation during hip angle changes. Hip proprioceptors have the potential to
change motor output of distant muscles, such as the soleus, and in addition to influence neuronal
pathways, such as group la reciprocal inhibition and heteronymous group | reflex facilitation,
interacting with interneuronal circuits acting at a post- or presynaptic level. These neural
switches might constitute an important feature of movement regulation in humans and warrant
further investigation using techniques that allow more precise measurements.
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Figure 1.

(A) Representative example of the time course of the effects of femoral nerve stimulation on
the soleus H-reflex in one seated subject. The arrow indicates the conditioning test interval (—
7.8 ms) during which the heteronymous reflex facilitation during hip angle changes in this
particular subject was established. The heteronymous H-reflex facilitation at each conditioning
test interval is shown as the mean difference (SEM) between the conditioned and the control
reflex expressed as a percentage of the maximal M-wave. (B) The full-wave waveform rectified
averages (n = 20) of the control and conditioned H-reflex following femoral nerve stimulation
at —7.8 ms are shown. Note that the reflex facilitation occurred without significant changes
in the size of the M-wave.
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Figure 2.

(A) The full-rectified H-reflex averages (n = 20) recorded under control conditions and
following common peroneal nerve (CPN) stimulation at a conditioning test (C-T) interval of
2 ms are shown. Note the significant reflex depression without changes in the M-waves of the
control and of the conditioned H-reflex. (B) Time course of the effects of CPN stimulation on
the soleus H-reflex for all subjects (pool data) seated at short (2-6 ms) and at long (60-120
ms) C-T intervals. Asterisks indicate cases of statistically significant differences between the
control and the conditioned H-reflex (p <.05). Error bars illustrate the standard error of the
mean.
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Figure 3.

(A) Effects of common peroneal nerve (CPN) stimulation at a conditioning-test (C-T) interval
of 2 ms on the soleus H-reflex with hip positioned at different angles. Only at 30° of hip flexion
was the conditioned H-reflex significantly different from the control reflex. (B) The average
H-reflex (20 responses) recorded under control conditions (solid lines) and following CPN
stimulation at 100 ms with the hip positioned at 10° of flexion, 30° of flexion, and at 10° of
extension (dashed lines) for one subject is shown, (C) Pool data showing the effects of CPN
stimulation delivered at 80 and at 100 ms on the soleus H-reflex with the hip positioned at 10°,
30° of flexion, and at 10° of extension. In both bar charts the conditioned reflexes are presented
as a percentage of the mean size of the HohomoNYMous \yhereas the abscissa identifies the hip
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angle. Asterisks indicate cases of statistically significant differences between the conditioned

and the control (Hoomonymous) reflexes (p < .05). Error bars illustrate the standard error of the
mean.
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Figure 4.
(A) Full-wave rectified EMG records showing the control (solid line) and the conditioned H-

reflexes (dashed lines) for two subjects and hip positioned in different angles. (B) Pool data
indicate the effects of FN stimulation on the soleus H-reflex with the hip positioned in different
angles. Asterisks indicate cases of statistically significant differences between the
Hohomonymous reflex and the conditioned reflex (p < .05). Error bars designate the standard
error of the mean.
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