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Posture modulates the sensitivity of the H-reflex
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Abstract

The effect of body posture on the human soleus H-reflex via electrical stimulation of the tibial nerve at the popliteal fossa
was studied. All parameters that may influence the reflex were controlled stringently. H-reflexes were elicited in three dif-
ferent body postures while keeping the level of background muscle activation to a minimum. The H-reflex curve relative
to the M-wave curve did not change significantly in any of the body postures. However, the maximal H-reflex amplitude
significantly increased in the prone position compared with the sitting (p =0.02) and standing positions (p=0.01). The back-
ground level of electrical activity of the soleus muscle did not significantly change during varying body postures. Together,
these findings indicate that the effectiveness of the spindle primary afferent synapse on the soleus motor neuron pool changes
significantly in prone position as compared to sitting and standing positions. Given that we have controlled the confounding
factors excluding the head position relative to the gravity and the receptors that may be differentially activated at varying
body postures such as the proprioceptors, it is concluded that the tonic activity from these receptors may presynaptically

interfere with the effectiveness of the spindle primary afferent synapses on the soleus motor neurons.

Introduction

H-reflex has been used as a tool to study the effectiveness
of the spindle primary afferent (Ia fibers) synapse on moto-
neurons under many circumstances (reviewed in Pierrot-
Deseilligny and Mazevet 2000; Knikou 2008; Chen and
Zhou 2011) including varying body postures, static and
dynamic conditions (Schieppati 1987; Shimba et al. 2010).
The results on the effect of body posture on the H-reflex
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varied considerably even though similar H-reflex protocols
were used in these studies.

While some experiments showed an increase in the
H-reflex, others indicated either a decrease or no change
when the position of the body changed from laying posi-
tion to sitting or standing positions. For example, Knikou
and Rymer (2003) studied the H-reflex on a tilt table and
found that the reflex increased by 140-180% in any of the
positions compared with the supine position. Similar results
were reported by others (Aiello et al. 1983).

Using similar methodologies, however, several reports
claimed that the H-reflex decreased during standing com-
pared with the laying position (Hayashi et al. 1992; Koceja
et al. 1993). More interestingly, Shimba et al. (2010) found
that the H-reflex size reduced in the standing position com-
pared with the laying position while the opposite was the
case for the stretch reflex. This variance is reasonable since
the presynaptic effect is different between the stretch and
H-reflexes (Morita et al. 1998). It is worth noting that the
H-reflex amplitude can also be limited by the activation of
the tendon organ afferents (Ib fibers) during mixed nerve
stimulation (Pierrot-Deseilligny and Burke 2012).

There are other studies where it has been claimed that
the static body positions do not alter the H-reflex response
significantly (Trimble 1998). Therefore, we have three
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different results regarding the effect of the static body
position on the H-reflex.

Even though the above studies used tibial nerve stimu-
lation and recorded the H-reflex from the leg muscles, it
is possible that such dramatically varying findings can be
due to the following reasons: (1) not controlling the level
of background muscle activity preceding the stimulus; (2)
not normalizing the level of other receptor activity such
as the receptors in the soles of the feet during standing or
sitting; and (3) not normalizing the reflex findings to the
stimulus intensity.

The aim of this study therefore was to examine the
changes in the H-reflex in varying body postures using
a standardized approach, which attempts to minimize the
above mentioned possible confounding variables. The
principle hypothesis was that the effect of the body pos-
ture on the H-reflex could be demonstrated only when all
parameters that may influence the reflex are controlled
stringently. In this approach, the only uncontrolled vari-
able was the changes in body posture.

Methods

A total of 14 informed volunteer men aged 25.4 + 3.4 par-
ticipated in the study. The subjects were all healthy with
no medical condition affecting the sensorimotor system.
The participants gave written informed consents, which
conformed to the Declaration of Helsinki and the study
was approved by the Northern B Health and Disability
Ethics Committee of New Zealand (14/NTB/113/AMO03).

Experimental procedure

Each subject had their H-reflex and M-wave recruitment
curves recorded in their right soleus muscle three times.
This was done in three different body postures: while the
subject standing on their left leg with the right leg loosely
hanging to the side; sitting on a high chair without feet
touching to the ground; and lying prone with the subjects’
feet over the edge of the bench. In all postures, the aim
was to prevent any activity on the soleus muscle and any
involvement of the skin receptors on the sole of the right
foot. The order of the different positions was randomized,
and the subjects were instructed to relax their muscles
while they received electrical stimulations. Subjects were
instructed to keep the head position steady throughout the
experiment to avoid neck reflexes from confounding the
current study (Traccis et al. 1987).
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Recording

Bipolar surface electrodes (20 mm Blue Sensor Ag/AgCl,
AMBU A/S, Denmark) were placed on the right soleus
muscle (SOL) 2 cm below the lateral gastrocnemius mus-
cle and 2 cm apart (bipolar configuration). A ground elec-
trode was placed on the malleolus at the ankle of the same
leg. The surface electromyography (SEMG) signals were
amplified and recorded using a CED Power 1401 MK 2
data acquisition board at 5 kHz and band-pass filtered at
20-1000 Hz.

Electrical stimulation

The H-Reflex and M-wave of the soleus muscle were elic-
ited by stimulating the tibial nerve. The electrical stimula-
tions were delivered via an isolated stimulator (Digitimer
DS7AH, UK). The stimulating electrodes (PALs platinum
rectangular electrode, 75 X 100 mm; Axelgaard Man) at the
anode end and a custom made silver disc with a diameter of
10 mm at the cathode. The anode was placed proximal to
the patella and the cathode was placed on the tibial nerve in
the popliteal fossa both on the right leg. The exact position
of the cathode and the intensity of the stimulus needed to
elicit a response was manipulated until the greatest H-reflex
response with a minimum stimulus intensity was achieved.

Establishment of H-reflex and M-wave recruitment
curves

With the cathode set on the optimum position for the
H-reflex response, the intensity needed to achieve an M-max
was found at each of the three different body positions. The
M-max was found by progressively increasing the stimu-
lation intensity by 5 mA and delivering three stimulations
at each intensity. When the peak-to-peak amplitude of the
M-wave did not change over three consecutive trials, the
current intensity of the previous stimulation was considered
as the 100% stimulus intensity for the M-max.

To construct the H and M recruitment curves, the stimu-
lus intensity that achieved M-max was divided into 16 equal
steps between zero and M-max. Each of the 16 levels of
intensities were delivered three times at a varying time inter-
vals between 2 and 3 s in a random order, a total of 48 ran-
domized stimulations for each of the three positions. After
the delivery of 48 stimuli lasting for two minutes, subject
rested for five minutes and changed his/her body posture
for the next 48 stimuli. Using this approach the stimulus
intensity was also normalized according with the intensity
that induced M-max (method of Brinkworth et al. 2007).
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Data analysis

For the evoked potentials, peak-to-peak amplitude of the
H-reflex and M-wave was computed offline from the unrecti-
fied SEMG signals. To reduce inter-subject variability, H-
and M-waves were normalized to the corresponding maxi-
mal M-wave (M-max), thus the H-max/M-max ratio was
computed. For each recruitment curve, the current intensity
at H-max and M-max was identified.

The ascending part of recruitment curve was fitted by a
general least squares model, as described by (Brinkworth
et al. 2007). From the curve fit analysis, the following param-
eters were analyzed: current intensity at H-reflex threshold,
current intensity at 50% of the H-max; and the slope of
the ascending limb of the recruitment curve at 50% of the
H-max (Hslope). The dependent measures were; threshold
of H-reflex, M-wave at 50%, M-wave slope, H-reflex area
under curve normalized to M-max and H-max.

Surface EMG background level

Average rectified value (ARV) of the SOL SEMG was esti-
mated from each sweep for an epoch of 450 ms preceding
the stimulation and then integrated, after all of the 48 sweeps
were computed the result was averaged.

Statistical analysis

All changes were evaluated using one-way ANOVA with
factor condition (Prone, sitting, and standing). Post hoc
pairwise comparison was done using Tukey’s HSD tests if
required. Statistical significance was set at P <0.05 for all
comparisons.

Results

The H/M curves were obtained in 14 healthy informed vol-
unteers. Peak-to-peak values of the H-reflex and M-wave
were calculated for each of the 16 stimulus intensities and
for each of the three body positions. Stimulus—response
curves were constructed that normalizes the amplitude of
the H-reflex to the maximal M-wave and also normalizes
the stimulus intensity to the current that induces maximal
M-wave. With these ‘double’ normalization procedures
(see Methods for the details) M-wave curves for all body
positions superimposed, hence allowing any shifts in the
H-reflex curves to be distinguished clearly. This unique
approach also allows the results of different subjects to be
pooled so that average response from a group of individuals
to be illustrated.

This is exactly what is shown in the first figure. Figure 1a
shows the pooled results for all 14 experiments. We also
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Fig.1 The M-wave and H-reflex curves for the experiment. The
traces are the curves depicting average changes in all three positions
(Standing, Sitting, and Prone) for a all subjects; b one subject

illustrate results from an individual subject for comparison
(Fig. 1b).

Figure 2 illustrates the changes in the H-reflex (area under
the curve and threshold) and M-wave parameters. There were
no significant differences between the parameters for most
of the conditions: H-reflex area under the curve (p=0.21);
threshold for eliciting H-reflex (p =0.67); M-wave at 50%
(p=0.22); M-wave slope (p=0.34) and average rectified
value (ARV) of the prestimulus background surface EMG
(p=0.11).

The only exception for this rule was the size of the maxi-
mal H-reflex response (H-max). Normalized H-max in prone
position was 0.49 +0.23 as compared with sitting 0.32+0.17
and standing 0.30+0.14 positions. Hence, H-max was sig-
nificantly larger in the prone posture compared with both
sitting (p =0.02) and standing (p =0.01) postures (Fig. 3).

Discussion

The aim of the current study was to examine any potential
posture related changes in the effectiveness of the spindle
primary afferent synapse on the motor neurons of the soleus
muscle. To achieve this aim, standardized H-reflex method-
ology was utilized. H-reflexes were induced in three different
body positions; prone, sitting and standing. While inducing
the H-reflex, three different standardizations were applied to
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Fig. 3 Effect of the position (Standing, Sitting and Prone) on the nor-
malized H-max values. Normalized H-max value in the prone posi-
tion was significantly higher than the values in sitting (p=0.02) and
standing (p=0.01) positions

obtain reliable results; amplitude normalization to M-max,
stimulus normalization to the stimulus intensity that gen-
erated M-max, and background EMG level normalization
preceding the stimulus.

The results indicated that the efficacy of spindle primary
afferent synapse on the soleus motor neuron pool changes
with a change in the body posture, by becoming significantly
stronger in the prone position. However, we must stress that
the H-reflex results were only significant for the H-max val-
ues. The body posture did not significantly alter the values
for the H-reflex area under the curve and the threshold for
eliciting H-reflex.

We speculate that this discrepancy may be due to the dis-
tribution of presynaptic inhibition (PSI) on different sized
motor neurons. It is possible that the PSI originating from
the vestibular apparatus and other posture activated proprio-
ceptors on the spindle primary afferent synapses is differen-
tially distributed and is stronger on the larger motor neurons
compared with the smaller motor neurons. We reason this
speculation to the following rationale:

1. We know that the spindle primary afferent synapses
inject twice as much current into the smaller motor
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neurons compared with the larger ones (Heckman and
Binder 1988). This differential distribution strengthens
the size principle of recruitment and makes sure that
under the circumstances where muscle spindles are con-
tributing to the recruitment of motor units the small size
motor units will be recruited earlier.

This differential distribution of spindle primary affer-
ent synapses has been suggested to be compensated for
by a weaker PSI originating from the Ia fibers on the
spindle primary afferent synapses on larger motor units
compared with the smaller ones (Aimonetti et al. 2000).
Although we have no direct evidence on the distribu-
tion of PSI originating from the vestibular apparatus /
proprioceptors on the spindle primary synapse, it is pos-
sible that they may be also be differentially distributed
but this time to be more effective on the larger motor
units. If the PSI from these posture activated receptors
are distributed to be more effective in the larger motor
units, their release during lying would generate larger
H-reflex responses from the larger motor units, hence
increasing the size of the H-max.

The literature on this subject is vastly variable, as three
different findings have been reported. While some research
groups claimed that the H-reflex in the laying position was
weaker than the sitting or standing positions (Knikou and
Rymer 2003; Aiello et al. 1983; Chan and Kearney 1982),
others suggested that the H-reflex in the laying position was
stronger than when it is elicited in other positions (Shimba
et al. 2010; Hayashi et al. 1992; Koceja et al. 1993; Fox
and Koceja 2017). There is another group of researchers,
however, who found no change in the H-reflex in different
body postures (e.g., Trimble 1998). The likely factors that
may be responsible for such varying results are discussed
below. The current findings in the light of such confounding
factors are discussed.

Most of the work was performed on the lower leg mus-
cles, as it is easier to elicit the H-reflex in these muscles.
Therefore, the chosen muscle is not the problem for these
varying results. Furthermore, most researchers used simi-
lar stimulating and recording techniques, and hence these
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should also not be responsible for the vastly different results
found.

Level of prestimulus background muscle activity

Since it is well established that the level of background elec-
trical activity of a muscle influences the size of the reflex
response recorded (Miles and Tiirker 1986; Tiirker 1988;
Stein et al. 2007) most researchers seriously considered this
issue while studying the H-reflex (Kyung-Min et al. 2013).
To achieve this, some researchers controlled the level of
background muscle activity using various feedback meth-
ods (Kyung-Min et al. 2013; Cattagni et al. 2014). Oth-
ers normalized the reflex response to similar EMG levels
(Mynark and Koceja 1997). Still others used leg devices
such as orthosis that reduced the increase in the EMG level
in the standing position (Shimba et al. 2010). These EMG
normalizations were done “in order to remove the effects
of background muscle activity from the obtained H-reflex”
Kawaishi and Domen (2016).

However, despite these warnings many researchers have
taken little consideration regarding the background level
of muscle activation into account. Even though it is known
that the background EMG level of the posture muscles does
change during standing compared with laying (Mynark and
Koceja 1997) and it becomes about 10% of the MVC activity
levels (Billot et al. 2010), some researchers only instructed
the subjects to “...relax throughout the experiment” (Shimba
et al. 2010) or stated that “No spontaneous EMG activity of
the tibialis anterior, medialis gastrocnemius or soleus mus-
cles was present” (Knikou and Rymer 2003) when studying
the H-reflex under various body positions. It is therefore
possible that muscle activation levels were not as carefully
controlled as could be. In the current experiments, the level
of background activity of the muscle was minimized using
a special protocol (Methods) to overcome the postsynaptic
influences on the effectiveness of spindle primary afferent
synapse on the motor neuron.

Receptor activity from the soles of the feet

During upright standing, cutaneous mechanoreceptors
from the soles of the feet are expected to be activated
as they respond to the mechanical stimulation on them
(Trulsson 2001; Strzalkowski et al. 2015). When activated,
these receptors form multisynaptic reflex connections with
the motor neurons of the lower leg muscles (Aniss et al.
1992) and also influence the discharge pattern of the spin-
dle afferents from the these muscles (Aniss et al. 1990).
Therefore, it is expected that in the standing and sitting
positions where the mechanical pressure from a part or
all of the weight of a person stimulates the receptors in

the soles of the feet, and that this would influence the syn-
apses on the motor neurons that supply the muscles of the
lower leg.

During the current study this was carefully controlled for.
The weight of the subject was not applied on the right foot at
all so that any synaptic/presynaptic effect that may originate
from the tonic activation of mechanoreceptors in the sole of
the foot was prevented.

Normalizing the reflex findings to the stimulus
intensity

Researchers were aware of the changes in the stimulating
electrode against the nerve when the body posture was
changed and attempted to normalize the stimulus intensity
to a M-wave value that induces a percentage of the M-max
amplitude (Fox and Koceja 2017; Knikou and Rymer 2003).
This approach is justifiable since it insured that each stimu-
lus activates a percentage of the motor axons, and hence
any change in relative position between the stimulating elec-
trodes and the nerve could be accounted for.

Besides using a stimulus intensity that insures delivery
of similar stimulating currents to the nerve, in most of the
previous studies on the H-reflex modulation with body pos-
ture the H-reflex amplitude was normalized to the maximal
M-wave; and thus H/M curves were established (Mynark
2005; Cattagni et al. 2014). However, in most of the previ-
ous studies in this area of research such a normalization of
the H/M curves to the stimulus intensity was not performed.

In 2007, Brinkworth and colleagues established a meth-
odology where the normalization can be done not only for
the M-max amplitude but for the stimulus intensity that
induces the M-max (Brinkworth et al. 2007). This stand-
ardization procedure insures that the M-wave curves belong-
ing to different experiments/subjects are superimposed. This
procedure allows any shift on the H-reflex curve to be clearly
illustrated. It is then possible to pinpoint any changes in the
threshold for activation or the effectiveness of the Ia synapse
on the motor neuron pool via examining the shifts in the
H-reflex curve relative to the M-wave curve.

In this study, all these standardization methods were used,
including establishing H-reflex / M-wave recruitment curves
(Brinkworth et al. 2007). Using this method, a curve was
fitted on the raw values of the H-reflex and the M-wave.
Since the M-wave was normalized to its maximum size on
the ordinate and the stimulus intensity that induced 100%
M-wave on the axis, M-wave curves superimpose on top of
each other when varying body posture experiments were per-
formed. In this way, it is possible to determine any change
in the position and area under the curve of the H-reflex that
would indicate changes in effectiveness of the Ia synapse on
the homonymous motor neurons.
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Vestibular and other tonically active receptor
systems and their influence on the effectiveness
of spindle primary afferent synapses on soleus
motor neurons

Since changing the body posture also involves changes
in the activity of the vestibular apparatus it is difficult
to separate their various effects. To study the effect of
vestibular input on the excitability of motor neurons that
innervate lower leg muscles Dakin et al. (2016) stimulated
the vestibular apparatus and showed that it influenced the
discharge activity of them. In particular, galvanic stimula-
tion affected the motor neurons that innervate the medial
gastrocnemius muscles more than the motor neurons that
innervate the soleus muscle.

Lowrey and Bent (2009) studied the effect of galvanic
stimulation of the vestibular apparatus on the H-reflex
and found that such a stimulus increased the reflex by as
much as 20%. Scarpini et al. (1991) stimulated the ves-
tibular apparatus by a movement of a rotating chair and
illustrated that the H-reflex increased in relation with the
velocity and acceleration, and concluded that the changes
described in motoneuron excitability could represent a
vestibulospinal reflex response originating from the hori-
zontal semicircular canals. Therefore, it is clear that the
vestibular apparatus does influence both the excitability
of motor neurons and effectiveness of the spindle primary
afferent synapse on these motor neurons.

Since the current experiments controlled for all the
above mentioned parameters except the tonic input from
many receptor systems including the vestibular apparatus
and the receptors that may be differentially activated at
varying body postures such as the cutaneous receptors,
it is concluded that the tonic input from these receptors
may presynaptically interfere with the effectiveness of
the spindle primary afferent synapses on the soleus motor
neurons.

Limitations of the study

We used three different body postures that may affect the
tonic discharges from not only the vestibular apparatus
but also from the cutaneous, joint and muscle receptors.
Although our protocol limited the electrical activity of
right leg muscles, discharges from the proprioceptors
especially from the left leg (during one-leg standing)
and discharges from cutaneous receptors (during prone
and sitting positions) may also presynaptically affect the
effectiveness of the spindle primary afferent synapse on
the motor neurons.
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Conclusion

To resolve the conflicting results in the literature regarding
the effect of static body position on the H-reflex, the stand-
ardized method put forward by Brinkworth et al. (2007) was
utilized in this study. Other confounding factors were also
controlled for, such as the prestimulus background activa-
tion of the muscle and the natural stimulation of the mecha-
noreceptors in the soles of the feet. The results indicated
that the efficacy of spindle primary afferent synapse on the
soleus motor neuron pool does change with the change in the
body posture becoming significantly stronger in the prone
position. We speculate that this change can be due to the
differential distribution of PSI from the vestibular apparatus
and the proprioceptors on spindle primary synapse. If the
PSI from these posture activated receptors are distributed
to be stronger on larger motor units, its release in lying pos-
ture would generate larger H-reflex responses from the large
motor units, hence increasing the size of the H-max.
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