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Effects of continuous and intermittent voluntary movement tasks
on the excitability of the corticospinal pathway
Manh Van Pham1, 2, 3, Shota Miyaguchi1, 4, Kei Saito1, 4, Shota Tsuiki1, 5, Hirotake Yokota1, 4,
Sho Kojima1, 4, Yasuto Inukai1, 4, Naofumi Otsuru1, 4, Hideaki Onishi1, 4
1

Institute for Human Movement and Medical Sciences, Niigata University of Health and Welfare, Niigata, Japan
Graduate School of Health and Welfare, Niigata University of Health and Welfare, Niigata, Japan
3
Department of Physical Therapy, Hai Duong Medical Technical University, Hai Duong, Viet Nam
4
Department of Physical Therapy, Niigata University of Health and Welfare, Niigata, Japan
5
Rehabilitation Center of Shiobara Hot Spring Hospital, Tochigi Medical Association, Tochigi, Japan
2

Keywords: continuous voluntary movement, intermittent voluntary movement, post-exercise depression,
corticospinal excitability
Received: 22 August 2019 / Accepted: 3 December 2019

Abstract
The corticospinal excitability changes transiently after brief finger movement task. Many
previous studies have examined the effects of particular elements of a movement task on the change
of corticospinal excitability; however, it has not
been determined whether the change of corticospinal excitability is affected by the movement pattern. The present study aimed to determine whether the corticospinal excitability depends on
movement patterns. A sample of 15 healthy adults
repeatedly performed right index finger abduction
at a frequency of 1 Hz and 10% of their maximum
voluntary contraction under three movement conditions as follows: continuously for 10 minutes
(Continue-10 min); continuously for 4 minutes
(Continue-4 min), and intermittently (4 seconds of
movement and 6 seconds of rest) for 10 minutes
(Intermittent-10 min). Excitability of the corticospinal pathway was assessed before and after the

movement task by transcranial magnetic stimulation. Results indicated that motor evoked potential
(MEP) immediately decreased after the movement
task in the Continue-10 min and Continue-4 min
conditions but did not change in the Intermittent-10 min condition. The present study demonstrated that corticospinal excitability decreases
following repetitive movement but not intermittent movement.
Introduction
Excitability of the corticospinal pathway is altered by voluntary movement [1-4]. The phenomenon whereby such excitability transiently increases after voluntary movement is called
post-exercise facilitation (PEF) [3, 5-7]. A previous study demonstrated that PEF occurs after isometric wrist extension at 10%-50% of the maximum voluntary contraction (MVC) for 30 seconds
[3]; furthermore, excitability of the corticospinal
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pathway increased by at least 2-fold immediately
after wrist extension at 20% of the MVC for 10
seconds [3]. In another study, PEF occurred after
isometric abduction-adduction of the index finger
at 1 Hz for 60 seconds [5]. By contrast, the phenomenon wherein the excitability of the corticospinal pathway decreases after voluntary movement is called post-exercise depression (PED) [1,
2, 8-10]. PED was observed following isometric
contraction performed at 50% of the MVC for 30
seconds until fatigue occurred [3]. In addition,
PED occurred for 2 minutes following repetitive
voluntary movement without fatigue (0.5 Hz, 10%
MVC for 10 minutes) [11]. Although indices of
spinal cord (F and H waves) and α-motor neuron
and muscle (M wave) excitability do not change
during PED [1, 3, 12, 13], short-interval intracortical inhibition (SICI) of the intracortical inhibitory circuit increases [10, 14]. This suggests that the
mechanism underlying PED involves changes in
intercortical interneuron excitability. However,
the elements of a movement task that cause PED
and PEF have not yet been identified.
Previous studies found that excitability of the
primary motor cortex changed following an intervention using peripheral electrical stimulation
(PES) [15-20]. Intermittent PES (4 seconds of
stimulation and 6 seconds of rest at 30 Hz with
intensity set as the exercise threshold) increased
the excitability of the corticospinal pathway [16,
21]. Andrews et al. [15] reported such an increase
following intermittent PES at 30 Hz for 20 minutes (4 seconds of stimulation and 6 seconds of
rest with intensity set as the motor threshold). By
contrast, continuous PES (for which intensity is
set at the sensory threshold) decreased excitability
of the corticospinal pathway [20, 22]. Furthermore, previous studies using repetitive transcranial magnetic stimulation found decreased and increased excitability of the corticospinal pathway
after continuous and intermittent theta burst stimulation (TBS), respectively [23]. On the basis of
these reports, interventions that produce intermit-
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tent stimulation may be involved in increased excitability of the corticospinal pathway. However, it
is unclear how corticospinal excitability is affected by intermittent voluntary movement. Therefore, the purpose of this study was to examine the
changes in corticospinal excitability after intermittent and continuous voluntary movements. We hypothesized that intermittent voluntary movement
would increase corticospinal excitability, as would
PES and TBS, whereas continuous voluntary
movement would decrease corticospinal excitability, consistent with the findings reported in previous studies. If intermittent voluntary movements
cause an increase in the corticospinal excitability,
it will lead to improved motor performance in patients with stroke.
Materials and Methods
1. Participants
A sample of 15 healthy subjects who were
right-handed (5 females; mean age ± standard deviation, 22.8 ± 1.3 years) participated in this study.
All participants were provided a sufficient verbal
and written explanation of the study, then signed
and placed their seals on a consent form. The present study was conducted in accordance with the
Declaration of Helsinki and was approved by the
Ethics Committee of Niigata University of Health
and Welfare (Approval No:18186-190613).
2. Measurements
1) Electromyogram (EMG) measurement
EMG measurement targeted the right first dorsal interosseous (FDI) muscle, which was monitored with disposable Ag / AgCl electrodes in a
belly-tendon montage. The earth electrode was
wrapped around the right forearm. The EMG signals were amplified by an amplifier (A-DL-720140, 4 Assist, Tokyo, Japan), processed by an A/D
converter (Power Lab, AD Instruments, Colorado,
USA) at a sampling frequency of 4 kHz, and then
stored on a computer. For EMG analysis, 20 Hz
high-pass filter was employed along with biologi-
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cal signal analysis software (Lab Chart 7, AD Instruments, Sydney, Australia).
2) Motor evoked potential (MEP) measurement
Transcranial magnetic stimulation (TMS) was
delivered through a figure-8 coil (9.5 cm diameter)
that was connected to a Magstim 200 stimulator
(Magstim, Dyfed, UK). The coil was held tangentially to the skull over the left primary motor cortex (M1) with the handle pointing posterolaterally
at 45° to the sagittal plane in the position producing the largest MEPs from the right FDI muscle.
The position and orientation of the coil were
marked by magnetic resonance imaging (MRI) using the Visor2 TMS neuronavigation system
(eemagine Medical Imaging Solutions GmbH,
Berlin, Germany), and held in place. T1-weighted
images were obtained using a 1.5 T MRI scanner

(SIGNA HD, GE Healthcare, Milwaukee, WI,
USA) before initiating the experiment. The TMS
intensity was set to evoke an MEP of approximately 1 mV in the right FDI muscle. Consistent
with previous studies [20, 24-26], TMS was delivered at a rate of 0.2 Hz during data collection,
which was performed 15 times at rest [26].
3. Movement task
During the experiments, participants were seated in a comfortable position with their right upper
extremity placed on an armrest and their wrist in a
pronated position. The movement task was conducted with the right hand placed on the voluntary
movement device (Figure 1). The subjects performed repetitive abduction movements of the
right index finger. The movement intensity was set

Figure 1. Illustration of the position of the participant while performing the movement task.
The participant was seated in a chair with correct posture and right hand placed on a table, and
instructed to perform the movement tasks while looking at the monitor. Abduction of the right
index finger at 10% of the maximum voluntary contraction (MVC) and a frequency of 1 Hz was
performed under three movement task conditions as follows: continuously for 10 minutes, continuously for 4 minutes, and intermittently (4 seconds of movement and 6 seconds of rest) for
10 minutes. The participant adjusted the contraction intensity to coincide with 10% of his or her
MVC in all three conditions.
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at 10% of the MVC, which the participant achieved
by tracking the rectified and smoothed EMG data
on a display while performing the movement task.
Abduction of the right index finger was performed
at 1 Hz in three movement conditions (Figure 2) as
follows: continuously for 10 minutes (a total of
600 repetitions; Continuous-10 min); continuously for 4 minutes (a total of 240 repetitions; Continuous-4 min); and intermittently for 10 minutes (4
seconds of movement and 6 seconds of rest for a
total of 240 repetitions; Intermittent-10 min) [16].
Each participant performed each condition in a
random order with a rest period of at least 3 days
between experiments.
4. Experimental protocol
The experimental protocol (Figure 3) began
with measurement of the MVC followed by a

30-second movement trial. The baseline MEP was
recorded (Pre), and the movement task in the designated condition was performed. MEP was recorded immediately (Post0), 5 minutes (Post5), 10
minutes (Post10), 15 minutes (Post15), and 20
minutes (Post20) after the movement task.
5. Data analysis
A mean peak-to-peak value was calculated for
13 MEP waveforms after subtracting 2 waveforms
with the maximum and minimum amplitudes from
15 waveforms that were recorded at each time
point. Two-way repeated-measures ANOVAs with
TASK factors (Continuous-10 min, Continuous-4
min, and Intermittent-10 min) and TIME factors
(Pre, Post0, Post5, Post10, Post15, and Post20)
were used to compare MEP amplitudes before and
after the movement task conditions. Tukey HSD

Figure 2. The three voluntary movement task conditions.
Abduction of the right index finger at 10% of the maximum voluntary contraction
and a frequency of 1 Hz was performed under three movement task conditions
as follows: continuously for 10 minutes (a total of 600 repetitions; Continuous-10
min); continuously for 4 minutes (a total of 240 repetitions; Continuous-4 min); and
intermittently for 10 minutes (4 seconds of movement and 6 seconds of rest for a
total of 240 repetitions; Intermittent-10 min).
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Figure 3. Experiment protocol.
After recording the maximum voluntary contraction (MVC) and determining movement intensity, an exercise trial was performed for 30 seconds (s). The motor evoked potential (MEP) of 15 waveforms was
recorded at baseline (Pre); then, the movement task was performed by the participant (Intervention).
The MEP of 15 waveforms was recorded immediately (Post0), 5 minutes (Post5), 10 minutes (Post10),
15 minutes (Post15), and 20 minutes (Post20) after the task. Continuous-10 min, abduction of the right
index finger performed continuously for 10 minutes; Continuous-4 min, abduction of the right index
finger performed continuously for 4 minutes; Intermittent-10 min, abduction of the right index finger
performed intermittently (4 seconds of movement and 6 seconds of rest) for 10 minutes.

Figure 4. The effects of continuous and intermittent movement tasks on motor evoked potential.
The amplitudes of motor evoked potential (MEP) before and after the three movement task conditions
are shown. Compared with baseline values (Pre), the MEP amplitude decreased significantly immediately after the movement task (Post0) in the conditions involving a) continuous abduction at 1 Hz for 10
minutes (Continuous-10 min; P < 0.01); and b) continuous abduction at 1 Hz for 4 minutes (Continuous-4 min; P < 0.01); c) there was no change in MEP amplitude before and after the movement task in
the condition involving intermittent abduction at 1 Hz for 10 minutes (Intermittent-10 min; all P >0.05).
** P < 0.01. Post5, 5 minutes after the movement task; Post10, 10 minutes after the movement task;
Post15, 15 minutes after the movement task; Post 20, 20 minutes after the movement task.
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test was used for post hoc comparisons to compare
the amplitudes of MEP before and after TASK. In
addition, the Tukey HSD test was also used to test
differences among TASK for significance. Statistical significance was set as P < 0.05 for all analyses.
Results
The MEP amplitudes in each TASK are shown
in Figure 4. The two-way repeated-measures
ANOVA demonstrated a significant effect of
TASK (F (2,28) = 4.433; P = 0.021; η2 = 0.241) and
TIME (F (5,70) = 12.876; P < 0.001; η2 = 0.479) as
well as a significant TASKs × TIME interaction (F
(10,140) = 8.730; P < 0.001; η2 = 0.384). The post hoc
test demonstrated that MEP amplitude at Post0
was significantly lower than that at Pre in the Continuous-10 min (P < 0.01; Figure 4a) and Continuous-4 min (P < 0.01; Figure 4b) of TASKs; however, no significant differences were found from
Post5 to Post20. In the Intermittent-10 min TASK,
no significant differences were found between
MEP amplitudes (all P > 0.05; Figure 4c). Moreover, Tukey HSD test revealed a significant difference between Intermittent-10 min and Continuous-10 min TASK (P = 0.016); however, there was
no significant difference between Intermittent-10
min and Continuous-4 min TASK and between
Continuous-10 min and Continuous-4 min TASK
(all P > 0.05).
Discussion
In the present study, the 10% MVC tasks
showed that the MEP amplitude immediately decreased after continuous repetitive movements but
not after intermittent repetitive movements. In addition, no difference was found in the changes in
MEP amplitudes after intermittent repetitive
movement. These results suggest that changes in
MEP amplitude depend on the preceding movement task pattern.
Findings from a previous study demonstrated
that corticospinal excitability decreased for 3 min-
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utes after a low-intensity repetitive movement task
[8], and are supported by our results demonstrating an effect of continuous movement conditions
on MEP. PED involves changes in excitability of
the intracortical inhibitory circuit [8, 10]; therefore, this circuit may have been altered after continuous repetitive movements in the present study.
In our study, PED occurred after continuous, but
not intermittent, repetitive movements, which suggests that the former may be one of the factors
causing PED. However, the degree of PED during
the 10% MVC was not different between 4- and
10-min continuous repetitive movements. This
finding was consistent with that of a previous
study that there was no difference in the change in
MEP amplitude between 2- and 6-min tasks [8].
MEP amplitude did not change in the intermittent movement condition, which involved repetitions of 4 seconds of movement and 6 seconds of
rest, while participants counted the number of the
movements. A previous study found that PED did
not occur after movement tasks which required attention or adjustment of movement [27]. Furthermore, other studies have found that short latency
afferent inhibition (SAI) and SICI are decreased
by attention [28, 29]. In an intermittent movement
task that requires participants to attend to the timing and number of movements, excitability of the
gamma-aminobutyric acid and cholinergic system
inhibitory circuits in M1 may be reduced. These
factors may explain why MEP amplitude did not
change after the intermittent movement task in our
study. However, we did not measure the degree of
attention, SAI, or SICI, and are therefore unable to
confirm why PED did not occur in the intermittent
movement condition; further studies are needed to
investigate this.
Previous studies have shown that corticospinal
excitability increases after intermittent PES [1517], whereas those phenomena did not occur under intermittent movement conditions in this
study. That is, it is possible that the simple intermittent movement did not lead to the increase in
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cortical excitability. The primary somatosensory
cortex, premotor cortex, the supplementary motor
area, the posterior parietal cortex and the cerebellum play an important role in motor learning, and
are closely related to M1 [30-33]. Corticospinal
excitability tendency will probably increase when
M1 and related regions were simultaneously activated by intermittent movements. Furthermore,
complexity of the task is also an extremely important factor [34]. Previous studies have demonstrated that MEP was larger in a series of complex
tasks compared with simple finger abduction [35,
36]. In this study, participants in the intermittent
movement showed adjusted levels of muscle contraction along with controlling 4 seconds of tasks
followed by 6 seconds of rest. We hypothesized
that MEP was enhanced with the increase in the
difficulty level of tasks in intermittent movements.
In the future, we would like to investigate the effect of complexity of tasks on corticospinal excitability.
The present study demonstrated that corticospinal excitability did not decrease after an intermittent repetitive movement task. Findings suggest
that PED may occur after continuous repetitive
movement patterns, but not those that are intermittent.
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