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Modulation of Soleus H-Reflex across different levels of
voluntary isometric contractions

Lalitha Aditya Sri Raman Amujuri, 5289440

Abstract— This study investigates ”How does the mod-
ulation of the Soleus H-reflex vary across different levels
of isometric voluntary contractions?” The hypothesis
that the Soleus H-reflex amplitude follows a biphasic
response, with an initial increase at lower contraction
levels, followed by a plateau or decrease at higher levels
of contractions. To test this, ten healthy subjects were
recruited to perform isometric voluntary contractions at
different levels of maximal voluntary contraction (MVC)
(0%, 20%, 40%, 60%, and 80% MVC). The H-reflex
peak-to-peak amplitude was measured and normalized
as a percentage of the maximum M-wave (H/Mmax). The
data were analyzed using a repeated measures ANOVA
to assess the effect of MVC level on the Soleus H-
reflex amplitude, followed by pairwise comparisons to
identify significant differences between contraction levels.
A repeated measures ANOVA revealed a significant effect
of MVC level on Soleus H-reflex amplitude (H/Mmax)
(F(4,32) = 4.82, p < 0.05). Pairwise comparisons showed
a significant increase in H-reflex amplitude between
0% and 20% MVC (p = 0.013), while no significant
differences were observed between higher contraction
levels (20%, 40%, 60%, and 80% MVC). This pattern
is indicative of the biphasic hypothesis, suggesting that
the reflex amplitude significantly increases initially but
plateaus as contraction intensity increases. These findings
suggest that the initial increase and subsequent plateau in
reflex amplitude may be influenced by changes in spinal
excitability and inhibitory mechanisms as contraction
intensity increases.

Keywords: Soleus H-reflex, voluntary isometric con-
tractions, excitatory, inhibitory.

I. INTRODUCTION

The modulation of the soleus H-reflex across
different levels of isometric voluntary contractions
is a substantial area of research in neurophysiol-
ogy, particularly in understanding the mechanisms
of motor control and reflexive responses. The
Hoffmann reflex, or H-reflex, is an electrically
induced reflex analogous to the mechanically in-
duced spinal stretch reflex and thereby provides
insights into spinal cord excitability and the func-

tional integrity of the neuromuscular system [7]
[12]. The H-reflex in Soleus is elicited by stimulat-
ing the Ia-afferent fibres of the tibial nerve, which
in turn activates the motoneurons responsible for
innervating the soleus muscle. The H-reflex is
especially important because it provides insights
into the excitatory and inhibitory processes that
govern muscle activation during various physical
activities [5] [8].

The Soleus muscle, located in the lower leg,
plays a crucial role in maintaining posture and
performing locomotor activities such as walking
and standing. The muscle is primarily composed
of slow-twitch, type I fibers, which are well-suited
for endurance activities and are often activated
during sustained, isometric contractions. Voluntary
muscle contraction involves the activation of motor
neurons via descending cortical input, modulating
the excitability of the motor neuron pool and reflex
pathways. As muscle contraction increases, neural
mechanisms adjust reflex excitability to control
motor output effectively. Previous studies have
demonstrated that the H-reflex amplitude can vary
significantly with different levels of voluntary con-
traction, suggesting an interplay between voluntary
and reflexive mechanisms [20].

The research question guiding this thesis is:
”How does the modulation of the soleus H-reflex
vary across different levels of isometric voluntary
contractions?” This inquiry is essential for eluci-
dating the relationship between voluntary muscle
activation and reflex excitability. The hypothesis is
that the Soleus H-reflex amplitude demonstrates a
biphasic response to increasing levels of isometric
contraction, characterized by an initial increase at
lower contraction levels followed by a decrease or
plateau at higher levels. This expected biphasic
behavior arises from the recruitment of motor
neurons at lower contraction levels, which leads



to an initial increase in reflex amplitude and,
the decrease or plateau in H-reflex amplitude at
higher contraction levels may be explained by
central inhibitory mechanisms, such as presynaptic
inhibition and recurrent inhibition, which modulate
reflex excitability as muscle contraction intensifies.
This hypothesis is supported by findings [6] [27]
that indicate an interplay between excitatory and
inhibitory mechanisms at the spinal level.

By addressing this research question, the study
aims to provide deeper insights into the neural
control of reflex excitability and contribute to our
understanding of motor control and reflex modu-
lation during voluntary muscle activity.

II. MATERIALS AND METHODS

A. Participants
The study involved 10 male participants (-aged

22 to 30 years), whom self-reported no neuro-
logical deficits. All participants provided written
consent, and the study was approved by the Hu-
man Research Ethics (HREC) committee of Delft
University of Technology (Approval number: Ap-
plication number: 4308).

B. Experimental Setup
The study utilized the Achilles device (Moog,

Nieuw-Vennep, the Netherlands), a single-degree-
of-freedom haptic ankle manipulator capable of
applying mechanical perturbations such as position
and torque perturbations. The device’s angular
encoder measured the footplate’s angular position
and velocity, which corresponds with the ankle an-
gle and angular velocity, while the force transducer
measured the rotational torque.

Muscle activities (electromyography, EMG) of
the tibialis anterior, soleus, gastrocnemius later-
alis, and gastrocnemius medialis were recorded
using the Porti EMG device (Porti7-8b8at) (TMSi,
Oldenzaal, the Netherlands). Surface electrodes
(Ag/AgCl, 0.8 cm diameter) were placed approxi-
mately 2 cm apart over the corresponding muscle
belly and aligned with the assumed direction of the
muscle fibers to record EMG signals. The ground
electrode was positioned on the bony landmark of
the lateral malleolus.

H-reflexes and direct muscle (M) responses were
elicited by electrical stimuli delivered via a Mi-
cromed bipolar surface stimulator, using 6 mm

Fig. 1. The figure illustrates the experimental setup. A seated
participant places right leg on an ”Achilles Device,” which stabi-
lizes the foot or ankle during the experiment, likely to set joint
angles and, provide support and resistance. Electrical stimulation
is delivered to the leg via a stimulator, targeting the tibial nerve
to elicit the Soleus H-reflex . The EMG signals are captured by
the Porti EMG device (Porti7-8b8at) , a data acquisition system
connected to the participant through electrodes. An optical fiber
links the PORTI to the FUSBI, an interface that facilitates data
transfer to the computer via USB. The EMG system, consisting
of the PORTI, FUSBI, and power supply, processes the muscle’s
electrical activity. A real-time torque feedback to the participant is
provided through a desktop display, helping participant to maintain
specific contraction levels during voluntary isometric contractions.

diameter felt electrodes spaced 25 mm apart. The
posterior tibial nerve was stimulated with bipolar
electrodes placed longitudinally on the skin above
the tibial nerve in the popliteal fossa, positioned
at the point where the weakest stimulus intensity
elicited an H-reflex. The M-wave is a direct muscle
response caused by the activation of alpha motor
neurons through direct electrical stimulation of the
motor axons, while the H-reflex originates from



the activation of Ia-afferent fibers, which produce
a reflexive activation of motor neurons via the
spinal cord. All data were stored using MATLAB
(MathWorks, Natick, MA, USA) .

C. Procedures
The participant was seated in an adjustable chair

as shown in Figure 1, with the right leg semi-
flexed at the hip to 80 degrees (where 0 degrees
represents full hip extension), the knee flexed to
60 degrees (with 0 degrees representing full knee
extension), and the ankle positioned at 10 degrees
of plantar flexion (with 0 degrees representing the
neutral position of the ankle, where the foot is
perpendicular to the leg). The participant’s right
foot was placed and secured using Velcro straps
on the footplate of an Achilles device, aligned with
the axis of rotation of the ankle joint. Electrodes
were placed on the soleus, tibialis anterior, gas-
trocnemius lateralis, and gastrocnemius medialis
muscles to record muscle activity. Additionally,
stimulation electrodes were placed at the back of
the knee to allow for electrical stimulation of the
posterior tibial nerve. This setup was designed
to elicit an H-reflex in the soleus muscle with
minimal stimulation intensity.

At the start of the experiment, the initial ankle
joint angle and torque generated by the partici-
pant’s right foot were recorded by the Achilles
device. Electrical stimulation (a 1-ms rectangular
electrical pulse) was applied using a Micromed
bipolar surface stimulator to the posterior tibial
nerve (at the back of the knee) to determine the
maximum peak-to-peak amplitude of the H- and
M-waves, as well as the intensity required to elicit
50% of the maximum peak-to-peak amplitude of
the H-wave in the soleus muscle at rest. This was
achieved by gradually increasing the stimulation
intensity from 0 mA in 2 mA increments until the
M-wave reached its maximum amplitude without
further increase in response to higher stimulation
intensities. A minimum gap of 10 seconds was
maintained between stimuli to minimize the effects
of post-activation depression [21].

Maximal plantar flexion torque was measured
under isometric conditions, where the participant
was instructed to push against the footplate with
maximal effort for 5 seconds. The highest value
recorded from these three trials was taken as the

participant’s MVC. The main experiment consisted
of 5 sets (with rest periods of 1-5 minutes between
sets), and each set comprised 5 trials (with rest
periods of 30-60 seconds between trials). During
each trial, the participant was instructed to main-
tain a specific torque level, corresponding to 0%,
20%, 40%, 60%, or 80% of their maximal plantar
flexion torque, using visual feedback displayed on
a screen. The torque exerted during plantar flexion
was presented on a computer screen placed in front
of the participant as visual feedback. Once the
participant reached the required torque level and
maintained it for at least 2 seconds, a submaximal
electrical stimulus (a 1-ms rectangular pulse at the
intensity required to elicit 50% of the maximum
peak-to-peak H-wave amplitude in the soleus at
rest) was delivered to evoke H-reflex responses.

D. Data Acquisition
The post-processing of the recorded Soleus

EMG data for each trial was carried out to identify
the H-wave and M-wave. The data were first
converted to the time domain using a sampling fre-
quency of 2048 Hz. This signal was filtered using
a Butterworth band-pass filter with a low cutoff
frequency of 30 Hz and a high cutoff frequency of
400 Hz. To calculate the root mean square (RMS)
value of the Soleus background EMG (BEMG),
an EMG window of 1000 ms duration, including a
1000 ms pre-stimulus period, was used.This signal
was then rectified, and the RMS envelope was
computed using a 100 ms window size. An EMG
window of 100 ms was extracted, comprising a 30
ms pre-stimulus period and a 70 ms post-stimulus
period.

The peak-to-peak (P-T-P) amplitudes of the H-
reflex and M-waves were automatically determined
based on their respective latencies. The peak-to-
peak (P-T-P) amplitude was calculated as the abso-
lute difference between the maximum positive and
negative values of the response as shown in Figure
2. The M-wave and H-wave magnitudes were
defined as the P-T-P amplitudes of the unrectified
EMG signal within the 3 ms to 25 ms window for
the M-wave, and the 25 ms to 60 ms window for
the H-wave, with 0 ms representing the time of
stimulus elicited.

The H-reflex peak-to-peak amplitude values
obtained under all conditions were normalized



to each participant’s maximal M-wave (M-max)
recorded at rest to account for variations between
participants due to anatomical differences, nerve
conduction, and electrode placement. Similarly, the
M-wave peak-to-peak amplitude values obtained
under all conditions were normalized to each par-
ticipant’s maximal M-wave (M-max) recorded at
rest. For one participant, the maximal M-wave
at rest could not be determined; therefore, this
participant’s data was excluded from the statistical
analysis.

E. Statistical Analysis

H/Mmax, M/Mmax and RMS data of soleus
were collected for each subject across different lev-
els of voluntary isometric contraction (0%, 20%,
40%, 60%, and 80% MVC). Descriptive statistics
(mean and standard deviation) were calculated to
summarize H/Mmax, M/Mmax and RMS at each
contraction level both within each subject and
across all subjects. Before selecting a statistical
test, normality checks were performed to assess
whether the data were normally distributed at each
MVC level. If the data were found to be normally
distributed, a parametric test—Repeated Measures
ANOVA (Analysis of Variance) was chosen; if not,
a Friedman test would be applied. Upon finding a
significant effect, a post-hoc test was performed to
conduct pairwise comparisons between the differ-
ent contraction levels.

Fig. 2. A graphical representation of the M-wave and H-wave of
Subject 2 at 0% MVC

Fig. 3. A graphical representation of the Soleus BEMG RMS
value with error bars (SEM) across % MVC

Fig. 4. A graphical representation of the mean H/Mmax with error
bars (SEM) across different levels of MVC (%)

TABLE I

PAIRWISE COMPARISONS BETWEEN MVC LEVELS FOR

H-REFLEX AMPLITUDE (H/MMAX)

MVC Level 1
(%)

MVC Level 2
(%)

pValue

0 20 0.0039
0 40 0.0039
0 60 0.0039
0 80 0.0078
20 40 0.8203
20 60 0.4258
20 80 0.3594
40 60 0.7344
40 80 0.7344
60 80 0.8203



Fig. 5. A graphical representation of the mean M/Mmax with error
bars (SEM) across different levels of MVC (%)

III. RESULTS

Normality checks were performed on RMS data
and found out that the RMS data was not normally
distributed. Friedman test was used. Upon finding
a significant effect, pairwise comparisons using
Wilcoxon Signed-Rank test was performed. The
Root Mean Square (RMS) of the Soleus back-
ground EMG (BEMG) was significantly increased
with the increase in contraction level as shown
in Figure 3. This was supported by Friedman
test which returned a significant result with a
p-value of 2.8937e-07, indicating that the MVC
levels show highly significant differences in RMS
value. Thus, the participants may have successfully
executed the task, as indicated by the background
EMG data of Soleus muscle.

A graphical representation of the mean H/Mmax
with error bars is shown in Figure 4. Normal-
ity checks were performed on H/Mmax data and
found out that the H/Mmax data was not normally
distributed. Friedman test was used. Upon find-
ing a significant effect (p = 0.0014194), pairwise
comparisons using Wilcoxon Signed-Rank test was
performed. The direction of the effect indicated a
significant increase in H-reflex amplitude between
0% and 20% MVC. Pairwise comparisons revealed
a significant difference between these two levels.
No significant differences were observed between
higher contraction levels (20%, 40%, 60%, and
80% MVC) as shown in table II, suggesting that

the H-reflex amplitude plateaued after the initial
increase. The initial significant increase from 0%
to 20% MVC, followed by non-significant differ-
ences across higher MVC levels (20%, 40% , 60%
, 80% MVC), suggests a biphasic response.

A graphical representation of the mean
M/Mmax with error bars is shown in Figure 5.
Normality checks were performed on M/Mmax
data and found out that the M/Mmax data was
not normally distributed. Since the M/Mmax data
were not normally distributed, a Friedman test
was used. A Friedman test indicated no significant
effect of MVC level on M-wave amplitude (p =
0.28053). This result confirms that the M-wave
remained stable regardless of the increase in MVC
levels.

IV. DISCUSSION

This study aimed to investigate how the modula-
tion of the Soleus H-reflex amplitude varies across
different levels of isometric voluntary contractions.
Specifically, the study hypothesized that the Soleus
H-reflex amplitude would exhibit a biphasic pat-
tern, with an initial increase at lower contraction
levels, followed by a plateau or decrease at higher
levels. The main finding was that the H-reflex
amplitude significantly increased from 0% to 20%
MVC, followed by a plateau at higher contraction
levels (20%, 40%, 60%, 80% MVC), with no fur-
ther significant changes. This indicate a interplay
between excitatory and inhibitory mechanisms at
the spinal level.

A. Neural Mechanisms
The change in the Soleus H-reflex amplitude

with the level of voluntary contraction can be
explained by the interplay of multiple neural
mechanisms:

1) Motor Neuron Excitability: As the levels
of voluntary contraction increases, the motor
neurons become progressively more depolarized,
bringing them closer to the activation threshold.
At lower contraction levels, this results in a
higher probability that excitatory postsynaptic
potentials (EPSPs) generated by the H-reflex
stimulation will reach threshold, leading to an
increase in reflex amplitude [1]. This is the
mechanism underlying the initial increase in



H-reflex amplitude with increases in low-level
contractions [11]. This is because with further
increase in low-level voluntary contraction, the
motor neurons become further more excitable. At
around 20% MVC, enough motor neurons are
brought near their activation threshold,leading to
maximal recruitment from the reflex pathway.

2) Motor Neuron Recruitment and Saturation:
At higher levels of contraction, many motor
neurons are already firing as a result of the
voluntary input. Fewer motor neurons are thus
available to be recruited by the reflex pathway,
leading to a peak in reflex amplitude followed
by a reduction or plateau in reflex amplitude,
since motor neurons already fired may become
refractory or hyperpolarized and less responsive
to further stimulation [9]. Already at 20% MVC,
a considerable portion of the motor neuron pool
is activated due to voluntary contraction. During
higher levels of contraction-say, 40% MVC-most
of the motor neurons are already recruited by
the voluntary input and thus fewer are available
to be excited by the reflex, which in turn has a
tendency to plateau or decrease.

3) Inhibitory mechanisms: These inhibitory
processes may also contribute to the modulation of
the H-reflex amplitude across different contraction
levels.

(a). Presynaptic Inhibition:
Presynaptic inhibition is a mechanism that con-

trols the amount of neurotransmitter released at the
synapse between an afferent neuron (sensory neu-
ron) and a motor neuron. This reduces the efficacy
of synaptic transmission to prevent overexcitation
of the motor neuron due to excessive sensory input
[16]. The Ia afferent fibers (which carry sensory
information from muscle spindles) synapse on
alpha motor neurons in the spinal cord to produce
the H-reflex.In presynaptic inhibition, an interneu-
ron (typically a GABAergic interneuron), forms a
synapse on the axon terminals of the Ia afferent
fibers, not the motor neuron directly. The in-
terneuron then releases gamma-aminobutyric acid
(GABA), which binds to GABA-A receptors on
the presynaptic terminal of the afferent fibre [14].

Activation of these receptors increases chloride
(Cl) conductance, leading to a shunting effect that
reduces the amplitude of action potentials arriving
at the terminal. Thus, less calcium (Ca²) enters
the terminal, reducing neurotransmitter (glutamate)
release into the synapse. Eventually, the motor
neuron would get an overall weakened excitatory
signal and hence eventually decrease the H-reflex.
Presynaptic inhibition fine-tunes sensory input to
prevent excessive reflex responses. It plays a role
in tasks requiring smooth movement, allowing
selective modulation of reflexes depending on the
motor task or posture [24].

As voluntary contraction increases, the nervous
system requires greater fine-tuning of motor
neuron excitability to prevent excessive reflex
responses and ensure smooth and controlled
movements. Presynaptic inhibition allows for
this fine control by adjusting the amount of
sensory input from Ia afferents reaching the motor
neurons. This inhibition increases with voluntary
contraction in order to modulate reflex excitability
and prevent over-activation of the motor neurons.
At lower levels of voluntary contraction (0-20%
MVC), the amount of presynaptic inhibition is
relatively low, thus, allowing the Ia afferents to
transmit strong excitatory signals to the motor
neurons. Because strong inhibition does not
occur, amplitude of the H-reflex can increase as
more motor neurons are recruited and excited
by the afferent input. As voluntary contraction
level increases, he activation of GABAergic
interneurons increases, leading to increasing
presynaptic inhibition, which in turn decreases
the amount of excitatory input reaching the motor
neurons, contributing to the decrease or plateau
in H-reflex amplitude at higher contraction levels
which is observed in between 20% to 80% MVC
in figure. The increased presynaptic inhibition
prevents the reflex pathway from over-exciting
motor neurons, thus dampening the reflex despite
the stronger voluntary contraction.

(b) Recurrent Inhibition
Recurrent inhibition is a feedback mechanism

that involves the firing of the alpha motor neu-
rons to stimulate a specialized group of inhibitory
interneurons called Renshaw cells in the spinal



cord. In return, these Renshaw cells inhibit the
same alpha motor neurons or other nearby motor
neurons, preventing excessive and prolonged motor
neuron firing using a form of negative feedback
[10] [19]. This mechanism has great significance
in the limitation of the duration and intensity with
which the motor neurons can fire during sustained
contractions. Recurrent inhibition therefore plays
a very significant role in the stabilization of the
activity of motor neurons and in the prevention of
overexcitement during voluntary contractions. As
the motor neurons fire more rapidly with increased
contraction, the Renshaw cells become more ac-
tive, exerting greater inhibitory influence on the
motor neurons to prevent them from becoming
over-excited. This increase in recurrent inhibition
helps regulate motor output and prevents exces-
sive motor neuron activation, ensuring smooth and
controlled contractions without excessive reflex
activity.

At low levels of voluntary contraction,motor
neuron activity is relatively low, and recurrent
inhibition is minimal since the frequency of
motor neurons firing is not high enough to
fire the Renshaw cells at any significant rate.
This minimal recurrent inhibition allows motor
neurons to be more excitable, contributing to
the increase in the H-reflex amplitude which is
observed, as motor neurons are more readily
recruited by the reflex pathway. As levels of
voluntary contraction increase, alpha motor
neurons fire more frequently to sustain the
increasing muscle contraction. The increase in
firing causes Renshaw cells to become active that
provide feedback inhibition either to the same or
surrounding motor neurons [28]. This recurrent
inhibition decreases motor neuron excitability,
thereby restricting the responses of the motor
neurons to reflexive input from the Ia afferents,
which contributes to the reduction or plateau in
the H-reflex amplitude at higher contraction levels.

(c) Reciprocal Ia Inhibition
Reciprocal inhibition is a neural mechanism that

involves the contraction of an agonist muscle,
causing the inhibition of its antagonist muscle.
This promotes smooth, coordinated movements
and helps prevent the co-contraction of opposing

muscles.the spinal cord sends signals via Ia in-
hibitory interneurons to inhibit the motor neurons
that activate the antagonist muscle [29]. For exam-
ple, during plantar flexion (when the Soleus con-
tracts), reciprocal inhibition reduces the activity of
the tibialis anterior (dorsiflexor) [18].

Fig. 6. A graphical representation of the Tibialis Anterior (TA)
BEMG RMS value with error bars (SEM) across % MVC

At lower levels of contraction, the agonist
muscle, Soleus, is being activated while its
antagonist, Tibialis Anterior, is relatively at rest.
Minimal reciprocal inhibition occurs because there
is little or no activation of the tibialis anterior [18].
This allows for strong activation of the Soleus
and a higher Soleus H-reflex amplitude. As the
level of voluntary contraction increases (beyond
20% MVC), the tibialis anterior (antagonist to the
Soleus) may begin to activate as shown in Figure
6. This would therefore increase the reciprocal
inhibition of the Soleus due to the activation
of the tibialis anterior through the Ia inhibitory
interneurons [27]. The Ia inhibitory interneurons
inhibit the motor neurons of the Soleus. This
reduces the amplitude of the H-reflex despite the
increasing voluntary contraction of the Soleus.
Reciprocal inhibition becomes more relevant at
higher levels of contraction where the activation of
the antagonist muscle (tibialis anterior) increases
[18]. This activation leads to greater inhibition
of the Soleus motor neurons, contributing to the
decrease or plateau in the H-reflex amplitude.
Therefore, reciprocal inhibition works alongside
presynaptic and recurrent inhibition to regulate
the reflex response as voluntary contraction levels



increase.

(d) Ib Inhibition
Ib inhibition, also called Golgi tendon organ

(GTO) inhibition, also may contribute to the de-
pression of the Soleus H-reflex with increasing
voluntary contraction levels. Such inhibition would
be mediated by Ib afferents from the Golgi tendon
organs which monitor muscle tension rather than
muscle length (like muscle spindles). Ib inhibition
occurs when sensory information from the Golgi
tendon organs (located in the tendons of muscles)
activates Ib afferents, which then synapse onto in-
hibitory interneurons in the spinal cord [2]. These
interneurons inhibit the alpha motor neurons that
control the same muscle (autogenic inhibition) [3].
This system prevents excessive force production
and protects muscles and tendons from damage
due to excessive tension.

At lower levels of contraction, the tension in the
muscle is relatively low, and Golgi tendon organs
are not highly activated. This reflects a minimal Ib
inhibition, freeing more motor neurons to be ex-
cited via the H-reflex pathway, resulting in the ini-
tial increase in H-reflex amplitude with increased
voluntary contraction [19]. As contraction levels
increase, the tension in the muscle rises, leading to
more activation of the Golgi tendon organs [17].
The Ib afferents activate inhibitory interneurons
that decrease the excitability of the alpha motor
neurons in the Soleus, contributing to a reduction
in the H-reflex amplitude. This Ib inhibition is
increased when the level of muscle contraction
becomes higher-for example, beyond 20 percent
MVC-wherein the reflex response begins to decline
or plateau.

The demand for inhibition is low at low levels
of contraction because the motor neurons are not
highly excited. Hence, presynaptic inhibition, as
well as recurrent, reciprocal and Ib inhibitions,
are weak or minimal. This allows the H-reflex to
increase with increasing levels of contraction. At
higher contraction levels, as more motor neurons
are recruited and muscle activity increases, these
inhibitory mechanisms are activated to prevent
excessive muscle activation, ensure coordinated
movement, and protect muscles from damage
due to over-tension. This leads to a decrease or

plateau in the H-reflex as voluntary contraction
increases.

B. Peak at 20 percent

Where precisely this peak (according to results
H-reflex peaked at 20% MVC) occurs might vary
between individuals. It is observed that those sub-
jects with larger H-reflex amplitudes at rest (0%
MVC) tend to peak at lower contraction levels,
while individuals with smaller reflex amplitudes
at 0% MVC peaked at higher contraction levels,
which was also noticed in previous study [27]. For
example in this study, H-reflex amplitude peaked
closer to 20% MVC in subjects who exhibited
larger H-reflex amplitudes at 0% MVC. Consider-
ing such variability, it seems reasonable to suggest
that the H-reflex peak-to-peak amplitude around
20% MVC is influenced by individual neural ex-
citability and muscle recruitment patterns. Thus,
20% MVC is a general value where the balance
between excitation and inhibition is optimized for
most subjects, but this can shift depending on the
individual’s baseline reflex excitability.

The H-reflex peaked at 20%-30% MVC
is specifically observed in the Soleus muscle
for most investigations [27], but for other
muscles, such as the medial gastrocnemius, this
may be quite different due to differences in
muscle function, neural control, and motor unit
recruitment. The Soleus muscle is primarily
composed of slow-twitch, type I muscle fibers,
which are recruited early during voluntary
contractions. These fibers are suitable for
endurance and very sensitive to reflex pathways
such as the H-reflex. This makes the Soleus more
likely to show a peak in the H-reflex amplitude
around moderate contraction levels at around 20
- 30% MVC. For instance, medial gastrocnemius
contains a greater proportion of fast-twitch, type
II fibers, which are recruited during higher levels
of voluntary contraction than the Soleus. Thus,
the 20-30% MVC peak is more characteristic of
the Soleus muscle, while muscles like the medial
gastrocnemius may have their peak H-reflex
amplitude at different MVC levels due to distinct
functional roles and neural recruitment patterns.



C. No significant change from 20% MVC

The H-reflex typically plateaus at higher levels
of voluntary contraction instead of continuously
declining, even though inhibitory mechanisms
(presynaptic, recurrent, reciprocal, and Ib
inhibition) increase. This plateauing behavior
occurs due to a balance between excitatory and
inhibitory influences on the motor neurons. While
inhibition does increase at higher contraction
levels, other factors limit the extent of this
inhibition, allowing the reflex to stabilize at a
certain level instead of completely declining.

1. Saturation of Inhibitory Mechanisms
Inhibition does not continue to increase

indefinitely. Each of these inhibitory mechanisms
such as presynaptic inhibition, recurrent inhibition,
reciprocal inhibition, and Ib inhibition, has a
maximum level of effectiveness [23]. Once this
maximum is reached, these inhibitory influences
cannot further reduce the excitability of the motor
neurons [25]. As a result, once these mechanisms
reach their saturation point, the reflex can no
longer be significantly reduced by inhibition,
leading to a plateau in the H-reflex amplitude.

2. Persistent Excitatory Drive
The excitatory inputs from the voluntary

contraction continue to drive the motor neurons,
even at higher levels of contraction. This
means the descending drive from the brain (
corticospinal input) remains strong to ensure
that motor neurons are still activated to maintain
the voluntary contraction [13]. This represents
a balancing excitatory input to the inhibitory
mechanisms that are trying to reduce motor
neuron excitability. This persistent drive from
voluntary contraction help to sustain the motor
neuron activity at the same level, leading to
plateauing rather than continuous decline of the
H-reflex. This persistent excitatory input means
the motor neurons still respond to some extent to
the reflex pathway, even though they are under
inhibitory control.

3. Reduced Motor Neuron Recruitment Pool
At high contraction levels, most of the motor

neurons are already recruited and actively firing

due to the voluntary contraction. Thus, there are
fewer available motor neurons left for recruitment
via the reflex pathway. With so many motor
neurons already firing, the additional contribution
of the reflex pathway becomes limited, leading to
a plateau in reflex amplitude as there are fewer
motor neurons that can be reflexively recruited
[4]. Thus, when maximal recruitment of motor
neurons is combined with inhibitory inputs, the
H-reflex may stabilizes at plateau level.

4. Nonlinear Recruitment of Motor Neurons
The motor neurons are recruited in a nonlinear

fashion [26] such that for low levels of contraction,
a moderate increase in excitatory drive may recruit
many additional motor neurons and result in a
large increase in the H-reflex. However, at higher
levels of contraction, most of the low-threshold
motor neurons are already recruited and further
excitatory drive recruits only a small number of
high-threshold motor neurons [15]. This nonlinear
recruitment provides a basis for diminishing
returns and thus causing the H-reflex to plateaus.

5. Reduced Sensitivity of Motor Neurons to
Reflex Input

At higher contraction levels, the motor neurons
are less sensitive to input from the reflex pathway
because, they have already been activated by
voluntary contraction. This limiting effect,
due to the reduced sensitivity [22], prevents
further increases in H-reflex amplitude and thus
contributes to the plateau. In other words, the
motor neurons are less sensitive to the reflexive
input due to previously occurring strong excitatory
input of the descending motor commands.

6. Compensatory Mechanisms to Maintain
Functionality

The nervous system is designed to optimize
movement and control, not to completely suppress
reflexes. The plateau in the H-reflex amplitude at
high contraction levels likely reflects a balance that
allows the nervous system to maintain functional
motor output without causing excessive inhibition
that could interfere with motor performance [27].
The nervous system fine-tunes reflexes to prevent
reflexive overactivity while ensuring that volun-



tary movement remains smooth and controlled,
contributing to the stabilization of the H-reflex
response at higher contraction levels [27].

V. LIMITATIONS

While this study provides valuable insights into
the modulation of the Soleus H-reflex across dif-
ferent levels of isometric voluntary contraction,
several limitations must be acknowledged. First,
the sample size is relatively small, and was lim-
ited to 10 male participants between 22 and 30
years of age, reducing the generalizability of the
findings. Future studies should entail even larger
and more varied populations in an effort to ob-
serve the relationship between the H-reflex and
MVC more closely. Second, the use of surface
electrodes introduces variability in stimulation and
recording, particularly at higher contraction levels,
where slight movements of the electrodes can
affect consistency. Employing more precise meth-
ods, such as intramuscular electrodes, in future
research could reduce this variability. Additionally,
this study only measured MVC levels up to 80%,
leaving uncertainty about whether higher levels
(e.g., 90% or 100%) would produce a plateau in
reflex amplitude. Future studies should also look
at the influence of larger levels of MVC on the
H-reflex. Fatigue was also not explicitly measured
in this study, even though participants were given
designated breaks. Fatigue, especially at higher
contraction levels, may have influenced reflex ex-
citability and should be accounted for in future
research. It was also observed (Figure 6) that the
TA RMS increased significantly with increasing
MVC levels, which indicated co-contraction of the
muscles, especially at higher contractions; hence,
participants were unable to maintain constant TA
activation. Future experiments should be designed
in such a way that the activation of TA remains
consistent throughout the contraction levels inorder
to study about Soleus H-reflex.

VI. CONCLUSION

In conclusion, this study demonstrates that the
modulation of the Soleus H-reflex across different
levels of voluntary isometric contraction follows
a biphasic response, with a significant increase
in reflex amplitude between 0% and 20% MVC,

followed by a plateau at higher contraction lev-
els. These findings suggest that motor neuron re-
cruitment and inhibitory mechanisms play critical
roles in modulating the excitability of the neural
components of the reflex arc, during voluntary
contraction.

The present study also shows that M-wave
amplitude (M/Mmax) remained significantly un-
changed across different contraction levels. As
such, it also indicates that the M-wave itself does
not significantly influence H-reflex modulation in
this context. Besides this, the present study in-
fer that H-reflex amplitude, especially from the
Soleus muscle, becomes independent of contrac-
tion strength at higher levels of contraction, mean-
ing that the H-reflex may reliably reflect motor
neuron excitability only below 20% MVC. This
finding agrees with previous studies [6] [27] that
has proposed that the H-reflex is less representative
of motor neuron behavior during higher intensities
of contraction. Therefore, when the H-reflex is
used as a tool in experimental settings or for
clinical purposes, it is important to consider that it
provides a more reliable measure of the excitability
of the neural components of the reflex arc, below
20% MVC.
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VII. APPENDIX

Fig. 7. A graphical representation of the M-wave and H-wave of
Subject 2 at 20% MVC



Fig. 8. A graphical representation of the M-wave and H-wave of
Subject 2 at 80% MVC

Fig. 9. A graphical representation of the mean H/Mmax with error
bars across different levels of MVC (%) of Subject 1

Fig. 10. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 2

Fig. 11. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 3

Fig. 12. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 4

Fig. 13. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 5



Fig. 14. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 6

Fig. 15. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 7

Fig. 16. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 8

Fig. 17. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 9

Fig. 18. A graphical representation of the mean H/Mmax with
error bars across different levels of MVC (%) of Subject 10

TABLE II

PAIRWISE COMPARISONS BETWEEN MVC LEVELS FOR SOLEUS

BEMG RMS

MVC Level 1
(%)

MVC Level 2
(%)

pValue

0 20 0.0039
0 40 0.0039
0 60 0.0039
0 80 0.0039
20 40 0.0039
20 60 0.0039
20 80 0.0039
40 60 0.0039
40 80 0.0039
60 80 0.0039


