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The effects of robot-assisted
gait training combined with
non-invasive brain stimulation
on lower limb function in
patients with stroke and spinal
cord injury: A systematic review
and meta-analysis

Wataru Kuwahara'?, Shun Sasaki!, Rieko Yamamoto'?,
Michiyuki Kawakami! and Fuminari Kaneko?*

*Department of Rehabilitation Medicine, Keio University School of Medicine, Tokyo, Japan,
2Department of Physical Therapy, Graduate School of Health Sciences, Tokyo Metropolitan
University, Tokyo, Japan, *Department of Artificial Environment, Safety, Environment and System
Engineering, Graduate School of Environment and Information Sciences, Yokohama National
University, Kanagawa, Japan

Objective: This study aimed to investigate the effect of robot-assisted gait
training (RAGT) therapy combined with non-invasive brain stimulation (NIBS)
on lower limb function in patients with stroke and spinal cord injury (SCI).

Data sources: PubMed, Cochrane Central Register of Controlled Trials, Ovid
MEDLINE, and Web of Science were searched.

Study selection: Randomized controlled trials (RCTs) published as of 3 March
2021. RCTs evaluating RAGT combined with NIBS, such as transcranial direct
current stimulation (tDCS) and repetitive transcranial magnetic stimulation
(rTMS), for lower limb function (e.g., Fugl-Meyer assessment for patients
with stroke) and activities (i.e., gait velocity) in patients with stroke and SCI
were included.

Data extraction: Two reviewers independently screened the records, extracted
the data, and assessed the risk of bias.

Data synthesis: A meta-analysis of five studies (104 participants) and risk of bias
were conducted. Pooled estimates demonstrated that RAGT combined with
NIBS significantly improved lower limb function [standardized mean difference
(SMD) = 0.52; 95% confidence interval (Cl) = 0.06—0.99] but not lower limb
activities (SMD = —0.13; 95% Cl = —0.63-0.38). Subgroup analyses also failed
to find a greater improvement in lower limb function of RAGT with tDCS
compared to sham stimulation. No significant differences between participant
characteristics or types of NIBS were observed.

01 frontiersin.org
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Many stroke patlents suffer from motor Impairments
due to paralysis, and consequently, motor paralysis of
upper limbs seems to be particularly prone to resid-
nal impairment compared to that of lower limbs, Al-
though ‘learned non-use’ that by managing reason-
ably well using only the unaffected upper limb in their
actions, the patients can achieve their desired behay-
for, and these snccess experiences strengthen this pat-
tern of behavior can be interpreted as a post-siroke
adaptation, physiotherapy may lead to poor recovery
of motor impairment. This review article discusses
the impact of upper Hmb physiotherapy after stroke
on behavioralbrain adaptations, Our previous stud-
ies demonstrated that patients with severe post-stroke
sensorimotor Impalrments In a chronic phase might
have abnormal fTunctional connectivity. To prevent
such adaptation after stroke, upper Hmb physiother-
apy is important. In rehabilitation practices, hyper-
adaptation has been often observed in not only behav-
ioral but also brain changes. Although several studies
are reporting clinical efficacy in patients with mod-
erate to mild paralysis, there might be no effective
treatment for patients with severe motor paralysis. To
overcome these serious we have developed
a novel approach, Kinesthetic illusion induced by vi-
sual stimulation (KINVIS) therapy. We showed that
the effects of KINVIS therapy with therapeutic exer-
cise on upper limb motor functions were mediated by
spasticity, and functional connectivity in the brain was
also changed with the improvement of motor function
after KINVIS therapy, Brain changes underlying be-
havioral changes need to be more examined, and the
adaptation of stroke patlents needs to be clarified in
detail.

Keywords:  stroke, rehabilitation, Kinesthetic illus:on,
virtual reality, resting-state brain functional connectivity
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1. Introduction

Maortor impairments of post-stroke patents ¢an ofien re-
sult in pegative adaptation. Many patients with stroke
sutfer from these impairments due w paralysis, It was
reparted that about 290000 individuals per year experi-
enced a stroke cach year in Japen [1]. Annually, 13.7 mil-
lion people worldwide suffer a stroke [2], and the social
and economic impact of the discase is extremely high, Tm-
pairments after stroke can result in a variety of sensory,
motor, cognitive, and psychological symptoms, The most
common and widely recogmzed impairments afler stroke
are motor impairments, in most cases affecting the control
of the movement of the face, arm, and keg on one side of
the body known as hemiparesis. Upper limb motor paral-
¥§is aller stroXe seerns [ be particularly prone 10 reswduil
impairment, In 804 of stroke cases, upper limb motor
function is not restored to a practical ievel [3], It has
alse been reported that 83% of patients with stroke had
sensorimotor paralysis of the upper limb, and 55%-75%
had residual upper limb dysfunction at 3-6 months after
the onset of stroke, which was associated with decreased
health-related quality of life {41, For humans, the upper
limbs, especially the hands and fingers, are the interface
between the environineat and thenselves, and using the
hands a8 intended in life is an essential reguirement for
improving the quality of life.

Changes in the affected upper limb ane often more pro-
nounced than those in the affected lower limb [5]. Specif-
ically, many post-stroke patieats cannot control grasping,
finger-tip fovce, and timing during the manipulation of an
obgect (6], Potents with such disability can oflen expe-
rience failures (e.g.. spilling food/drinks and/or dropping
objects on the foor) in their daily actions, which require
upper limb control, because of their upper Iimd paraly-
sis. These failure experiences can result in suppression
of the use of the affected linb, Moreover, by managing
reasonably well using only the unaffected upper limb in
their actions, the patients can achieve their desired behav-
ior {i.c., compensatory behavioral puttern). Conseguently,
these successtul experiences lead to strengthening this

Jowrnal of Robotics and Mechatronics Vol.34 No.4, 2022
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VISUALLY INDUCED KINAESTHETIC ILLUSION COMBINED WITH THERAPEUTIC
EXERCISE FOR PATIENTS WITH CHRONIC STROKE: A PILOT STUDY

Ryosuke TAKAHASHI, MSt, Motoki KOIWA, MS!, Wataru IDE, MD?, Megumi OKAWADA, MS!3, Kazuto AKABOSHI, MD, PhD?

and Fuminari KANEKO, PhD?

From the ‘Department of Rehabilitation, Hokuto Hospital, Obihiro, Hokkaido, ?Department of Neurosurgery, Hokuto Hospital, Obihiro,
Hokkaido and *Department of Rehabilitation Medicine, Keio University School of Medicine, Shinjuku-ku, Tokyo, Japan

Objective: Kinaesthetic perceptional illusion by
visual stimulation (KINVIS) combined with neuro-
muscular electrical stimulation (NMES) and con-
ventional therapeutic exercise (TherEX) has been
shown previously to enhance motor function in
stroke patients with chronic hemiparesis. The aim
of this preliminary study is to assess the effects
of a repetitive KINVIS intervention combined with
TherEX, but without NMES, on upper limb motor fun-
ction of patients with stroke-induced hemiparesis.
Design: A quasi-experimental study, with pretest—
posttest for 1 group

Patients: Ten patients with stroke-induced, chronic,
severe upper limb hemiparesis.

Methods: Patients were evaluated before and after
a 10-day intervention, during which KINVIS and
TherEX were applied for 20 and 60 min, respecti-
vely, for 5 days per week (Monday to Friday). Upper
limb motor function was assessed using Fugl-Meyer
Assessment (FMA) and Action Research Arm Test
(ARAT), and resistance to passive movement in flexor
muscles was assessed using the Modified Ashworth
Scale (MAS). In addition, the amount of use and qua-
lity of movement of the affected upper limb in daily
life were assessed using Motor Activity Log (MAL).
Results: Clinical assessments with FMA, ARAT, MAS,
and MAL significantly improved after the interven-
tion period.

Conclusion: A repetitive KINVIS intervention combined
with TherEX may improve upper limb motor function in
patients with chronic stroke and severe hemiparesis.

Key words: stroke; upper limb motor function; rehabilitation;
augmented reality; illusion.
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pper limb motor dysfunction is a common problem
in stroke patients. It disrupts the patient’s activities

(LAY ABSTRACT )
Kinaesthetic perceptional illusion by visual stimulation
(KINVIS) combined with neuromuscular electrical stimu-
lation (NMES) and a conventional therapeutic exercise
(TherEX) enhance muscle use in stroke patients with
chronic paralysis. This preliminary study assessed the
effects of a repetitive KINVIS intervention with added
TherEX, but without NMES, on the use of the arm in Ten
patients with stroke-induced paralysis. Ten patients with
stroke-induced chronic paralysis were evaluated before
and after a 10-day intervention, during which KINVIS and
TherEX were applied for 20 and 60 min, respectively, for 5
days per week (Monday to Friday). The use of the paraly-
sed arm improved significantly after the intervention. The
repetitive KINVIS intervention combined with TherEX may
improve the use of the arm in patients with chronic para-

\Iysis due to stroke. )

of daily living (ADL) and reduces their quality of life
(QOL). Kinaesthetic perceptional illusion by visual
stimulation (KINVIS) can be applied as a neurorehabi-
litation approach, which restores the upper limb motor
function in post-stroke survivors. KINVIS is defined as
a psychological phenomenon in which a resting person
feels as if their own body part is moving or feels the
desire to move a body part while watching a video of
the same body part being moved (1). This is a implicit
motor imagery that is carried as a result of cognitive
substitution of the paralysed real body with a functio-
ning virtual body. We have demonstrated previously that
primary motor cortex excitability is increased during
KINVIS (1). Moreover, previous studies have shown
that motor-related areas are activated when experiencing
KINVIS more than during simple observation of a
similar movement (2). The psychological experiences
in KINVIS and neurological effects may contribute to
recovering post-stroke upper limb motor dysfunction.
KINVIS has been shown to immediately improve mo-
tor function in patients with chronic stroke exhibiting
severe hemiparesis (3).

We reported recently that an intervention of combi-
ned KINVIS and neuromuscular electrical stimulation

Published by Medical Journals Sweden, on behalf of the Foundation for Rehabilitation Information. This is an Open Access article distributed under the terms of
the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)
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Effects of kinesthetic illusion induced by visual stimulation (KINVIS) therapy on
patients with stroke in the subacute phase: a visual analysis based on paralysis

severity

Megumi Okawada®®, Toru Inada¢, Naoki Matsuda?, Seiji Motozawa©, Masaki Yoneta?, Shun Sasaki?, Eriko Shibata®

and Fuminari Kaneko?®
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ABSTRACT

We explored the effect of kinesthetic illusion induced by visual stimulation (KINVIS) therapy on motor
function in patients with stroke during the subacute phase based on paralysis severity. The study was
performed using an ABAB design (A1, B1, A2, B2; for 10 days each). KINVIS therapy was additionally
administered in periods B1 and B2. Ten patients with stroke were classified according to severity. The
improvement in upper limb motor function was higher after B1 and B2 than after A1 and A2 in the
moderate group. The effect of KINVIS therapy increases the degree of improvement in motor function,

especially in the moderate group.

Introduction

Clinically, kinesthetic illusion induced by visual stimulation
(KINVIS) therapy with therapeutic exercise in paralyzed patients
after stroke has shown beneficial effects on motor function and
spasticity (Aoyama et al., 2020; Kaneko et al., 2016a, 2019;
Maruyama et al., 2020). This vivid kinesthetic perception without
accompanying voluntary movement can be induced while pla-
cing a virtual body aligned on an actual own body and observing
its movement (Kaneko et al., 2007). This causes the subject to
make a cognitive substitution that the movement of the virtual
body is own. Several studies have indicated that KINVIS has
physiological effects on the central nervous system, which may
clinically affect motor function. KINVIS has shown that corticosp-
inal excitability increases depending on the direction of joint
movement of the observed virtual body (Aoyama et al., 2012;
Kaneko et al., 2016b, 2007). Notably, accumulating evidence
indicates that KINVIS shares a common neural substrate for
brain activity as real movement (Kaneko et al., 2015). As observed
in electroencephalography (EEG) studies, event-related desyn-
chronization of the alpha band around the sensorimotor cortex,
which occurred during exercise or motor imagery, also occurred
during KINVIS (Shibata & Kaneko, 2019). A study using EEG in
stroke patients with severe upper limb paralysis also reported
that adaptation of KINVIS therapy caused an immediate improve-
ment in the ability to induce motor imagery (Okawada et al.,
2020). Because of the neurophysiological effects of KINVIS, recov-
ery of motor function has been reported in chronic stroke
patients with severe hemiparesis (Kaneko et al., 2016a, 2019).

ARTICLE HISTORY
Received 25 August 2021
Accepted 4 April 2022

KEYWORDS

Stroke; upper limb motor
function; kinesthetic illusion
induced by visual
stimulation; ABAB study
design; subacute phase

Mirror therapy demonstrates moderate-quality clinical evi-
dence on promoting better improvement of motor function
than other interventions for post-stroke upper limb paralysis
cases (Pollock et al., 2014; Thieme et al., 2018). In mirror ther-
apy, a mirror is placed in the patient’'s midsagittal plane to
reflect the unaffected side, thereby providing an illusion of
normal movement in the affected limb (Thieme et al., 2018).
The point where the kinesthetic perception is represented in
the brain is common to that in KINVIS. Furthermore, action
observation is a common element to both mirror therapy and
KINVIS therapy as a stimulation. The human experiment indi-
cated action observation involves brain areas of the inferior
frontal gyrus including the ventral premotor cortex, and inferior
parietal lobule with intraparietal sulcus (Cook et al., 2014;
Rizzolatti & Craighero, 2004). As both therapies may share
common neural bases involving the mirror neuron system. In
contrast, the kinesthetic perception of the participant during
the mirror therapy is largely triggered by the proprioceptive
input from the contralateral extremity (Chancel et al., 2016).
The major difference between mirror therapy and KINVIS ther-
apy is whether to move the unparalyzed hand while inducing
kinesthetic illusion. During KINVIS therapy, kinesthetic percep-
tion is purely induced by comparing between visual informa-
tion and the proprioceptive state on the involved side. Resting
the unparalyzed hand during KINVIS does not enhance abnor-
mal interhemispheric inhibition associated with non-paretic
hand movements (Murase et al., 2004; Nowak et al., 2009),
which may be beneficial in the treatment of patients with

CONTACT Fuminari Kaneko @ f-kaneko@keio.jp
© 2022 Informa UK Limited, trading as Taylor & Francis Group
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Model-Based Analyses for the Causal
Relationship Between Post-stroke
Impairments and Functional Brain
Connectivity Regarding the Effects of
Kinesthetic lllusion Therapy
Combined With Conventional
Exercise

Yu Miyawaki'?%, Masaki Yoneta!, Megumi Okawada, Michiyuki Kawakami', Meigen Liu’
and Fuminari Kaneko"*

'Department of Rehabilitation Medicine, Keio University School of Medicine, Tokyo, Japan, ?Neurorehabilitation Research
Center, Kio University, Nara, Japan, *Research Fellow of Japan Society for the Promotion of Science, Tokyo, Japan

Aims: Therapy with kinesthetic illusion of segmental body part induced by visual
stimulation (KINVIS) may allow the treatment of severe upper limb motor deficits in
post-stroke patients. Herein, we investigated: (1) whether the effects of KINVIS therapy
with therapeutic exercise (TherEx) on motor functions were induced through improved
spasticity, (2) the relationship between resting-state functional connectivity (rs-FC) and
motor functions before therapy, and (3) the baseline characteristics of rs-FC in patients
with the possibility of improving their motor functions.

Methods: Using data from a previous clinical trial, three path analyses in structural
equation modeling were performed: (1) a mediation model in which the indirect effects
of the KINVIS therapy with TherEx on motor functions through spasticity were drawn,
(2) a multiple regression model with pre-test data in which spurious correlations between
rs-FC and motor functions were controlled, and (3) a multiple regression model with
motor function score improvements between pre- and post-test in which the pre-test
rs-FC associated with motor function improvements was explored.

Results: The mediation model illustrated that although KINVIS therapy with TherEx did
not directly improve motor function, it improved spasticity, which led to ameliorated
motor functions. The multiple regression model with pre-test data suggested that rs-FC

Abbreviations: aIPS, Inferior parietal sulcus in the affected hemisphere; ARAT, Action Research Arm Test; ARAT-F,
finger-related ARAT score; ARAT-FD, degree of ARAT-F score improvements from the pre-test to the post-test; ARAT-S,
shoulder-related ARAT score; ARAT-SD, degree of ARAT-S score improvements from the pre-test to the post-test;
aSMG, supramarginal gyrus in the affected hemisphere; FMA, Fugl-Meyer Assessment; FMA-D, degree of FMA score
improvements from the pre-test to the post-test; KINVIS, kinesthetic illusion of segmental body part induced by visual
stimulation; MAS, modified Ashworth Scale; rs-FC, resting-state functional connectivity; TherEx, therapeutic exercise;
ulPL, inferior parietal lobule in the unaffected hemisphere; ulPS, inferior parietal sulcus in the unaffected hemisphere;
uPMd, dorsal premotor cortex in the unaffected hemisphere.
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Influence of Visual
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Brain on Motor Paralysis After Stroke

Toshiyuki Aoyama’, Atsushi Kanazawa?, Yutaka Kohno?, Shinya Watanabe*,
Kazuhide Tomita’ and Fuminari Kaneko*

" Department of Physical Therapy, Ibaraki Prefectural University of Health Sciences, Ibaraki, Japan, 2 Department of Physical
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Finger flexor spasticity, which is commonly observed among patients with stroke,
disrupts finger extension movement, consequently influencing not only upper limb
function in daily life but also the outcomes of upper limb therapeutic exercise.
Kinesthetic illusion induced by visual stimulation (KINVIS) has been proposed as a
potential treatment for spasticity in patients with stroke. However, it remains unclear
whether KINVIS intervention alone could improve finger flexor spasticity and finger
extension movements without other intervention modalities. Therefore, the current study
investigated the effects of a single KINVIS session on finger flexor spasticity, including
its underlying neurophysiological mechanisms, and finger extension movements. To this
end, 14 patients who experienced their first episode of stroke participated in this study.
A computer screen placed over the patient’s forearm displayed a pre-recorded mirror
image video of the patient’s non-paretic hand performing flexion—extension movements
during KINVIS. The position and size of the artificial hand were adjusted appropriately
to create a perception that the artificial hand was the patient’s own. Before and after
the 20-min intervention, Modified Ashworth Scale (MAS) scores and active range of
finger extension movements of the paretic hand were determined. Accordingly, MAS
scores and active metacarpophalangeal joint extension range of motion improved
significantly after the intervention. Moreover, additional experimentation was performed
using F-waves on eight patients whose spasticity was reduced by KINVIS to determine
whether the same intervention also decreased spinal excitability. Our results showed
no change in F-wave amplitude and persistence after the intervention. These results
demonstrate the potential clinical significance of KINVIS as a novel intervention for
improving finger flexor spasticity and extension movements, one of the most significant
impairments among patients with stroke. The decrease in finger flexor spasticity
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The Effects of Transcranial Direct
Current Stimulation on Dual-Task
Interference Depend on the
Dual-Task Content

Takehide Kimura'?, Fuminari Kaneko3+* and Takashi Nagamine®
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Recently, some studies revealed that transcranial direct current stimulation (tDCS)
reduces dual-task interference. Since there are countless combinations of dual-tasks,
it remains unclear whether stable effects by tDCS can be observed on dual-task
interference. An aim of the present study was to investigate whether the effects
of tDCS on dual-task interference change depend on the dual-task content. We
adopted two combinations of dual-tasks, i.e., a word task while performing a tandem
task (word-tandem dual-task) and a classic Stroop task while performing a tandem
task (Stroop-tandem dual-task). We expected that the Stroop task would recruit the
dorsolateral prefrontal cortex (DLPFC) and require involvement of executive function to
greater extent than the word task. Subsequently, we hypothesized that anodal tDCS
over the DLPFC would improve executive function and result in more effective reduction
of dual-task interference in the Stroop-tandem dual-task than in the word-tandem dual-
task. Anodal or cathodal tDCS was applied over the DLPFC or the supplementary motor
area using a constant current of 2.0 mA for 20 min. According to our results, dual-task
interference and the task performances of each task under the single-task condition
were not changed after applying any settings of tDCS. However, anodal tDCS over the
left DLPFC significantly improved the word task performance immediately after tDCS
under the dual-task condition. Our findings suggested that the effect of anodal tDCS
over the left DLPFC varies on the task performance under the dual-task condition was
changed depending on the dual-task content.

Keywords: dual-task, dual-task interference, dual-task content, transcranial direct continuous stimulation,
dorsolateral prefrontal cortex

INTRODUCTION

When an individual performs two tasks simultaneously, the performance of either one or both
tasks may often be impaired. This impairment of performance under a dual-task condition is
defined as dual-task interference (Ebersbach et al., 1995). In our daily life, dual-task interference
is known to cause various accidents, such as falls or traffic accidents (Lundin-Olsson et al.,
1997; Chaparro et al., 2005). For example, when elderly individuals perform a cognitive task while
walking, a reduction in gait speed and an increment in the cadence and stride duration has been
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Abstract.

Background: Repetition of motor imagery improves the motor function of patients with stroke. However, patients who
develop severe upper-limb paralysis after chronic stroke often have an impaired ability to induce motor imagery. We have
developed a method to passively induce kinesthetic perception using visual stimulation (kinesthetic illusion induced by visual
stimulation [KINVIS]).

Objective: This pilot study further investigated the effectiveness of KINVIS in improving the induction of kinesthetic motor
imagery in patients with severe upper-limb paralysis after stroke.

Methods: Twenty participants (11 with right hemiplegia and 9 with left hemiplegia; mean time from onset [ = standard
deviation], 67.0 = 57.2 months) with severe upper-limb paralysis who could not extend their paretic fingers were included
in this study. The ability to induce motor imagery was evaluated using the event-related desynchronization (ERD) recorded
during motor imagery before and after the application of KINVIS for 20 min. The alpha- and beta-band ERDs around the
premotor, primary sensorimotor, and posterior parietal cortices of the affected and unaffected hemispheres were evaluated
during kinesthetic motor imagery of finger extension and before and after the intervention.

Results: Beta-band ERD recorded from the affected hemisphere around the sensorimotor area showed a significant increase
after the intervention, while the other ERDs remained unchanged.

Conclusions: In patients with chronic stroke who were unable to extend their paretic fingers for a prolonged period of time,
the application of KINVIS, which evokes kinesthetic perception, improved their ability to induce motor imagery. Our findings
suggest that although KINVIS is a passive intervention, its short-term application can induce changes related to the motor
output system.

Keywords: Motor imagery, event-related desynchronization, electroencephalography, stroke, kinesthetic illusion, virtual
reality
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Primary motor cortex

Muscle spindles provide the greatest contribution to kinesthetic perception. Primary motor cortex (M1) excit-
ability changes in parallel with the intensity of kinesthetic perception inputs from muscle spindles; M1 is
therefore involved in kinesthetic perception. However, the causal relationship between changes in kinesthetic
sensitivity and M1 excitability is unclear. The purpose of this study was to test whether artificially and sus-
tainably modulated M1 excitability causes changes in kinesthetic sensitivity in healthy individuals. We evaluated
motor evoked potentials (MEP) in Experiment 1 and joint motion detection thresholds (JMDT) in Experiment 2
before and after quadripulse transcranial magnetic stimulation (QPS). Nine healthy right-handed male volunteers
were recruited. In each experiment, participants received QPS or sham stimulation (Sham) on separate days. MEP
amplitude and JMDT were recorded before and at 0, 15, 30, 45, and 60 min after QPS and Sham. Our results
showed that M1 excitability and kinesthetic sensitivity increased after QPS, whereas neither changed after Sham.
In the five subjects who participated in both experiments, there was a significant moderate correlation between
M1 excitability and kinesthetic sensitivity. Thus, the long-lasting change in kinesthetic sensitivity may be due to
changes in M1 excitability. In addition, M1 may play a gain adjustment role in the neural pathways of muscle
spindle input.

1. Introduction with the intensity of kinesthetic perception in studies using tendon vi-

bration [18]. Furthermore, a previous study showed that subjects

Peripheral sensory input plays an important role in motor control
[1-5] and motor learning [6]. Kinesthesia encompasses three main
sensations: position and movement of joints; force, effort, and heaviness
associated with muscle contractions; and the perceived timing of muscle
contractions [7]. Subjects whose kinesthesia has been blocked by
ischemia or anesthesia have shown decreased interjoint coordination or
inability to accurately detect movement direction [1-5]. Therefore,
kinesthesia is necessary for coordinated movement. Muscle spindles
provide the greatest contribution to kinesthetic perception [8-13]. Pri-
mary motor cortex (M1) excitability has been shown to be associated

perceived limb movements when repetitive transcranial magnetic
stimulation (rTMS) was applied over M1, dorsal premotor cortex (PMd),
or inferior parietal regions, despite the absence of sensory afferents and
actual limb movement [19]. M1 is therefore involved in kinesthetic
perception. However, the causal relationship between changes in
kinesthetic sensitivity and M1 excitability is unclear.

M1 excitability can be modulated using rTMS, a noninvasive brain
stimulus that induces neural plasticity [20]. Quadripulse TMS (QPS)
modulates M1 excitability; this effect lasts longer and is more pro-
nounced than that of other rTMS techniques [21]. The purpose of this

Abbreviations: QPS, quadripulse transcranial magnetic stimulation; M1, primary motor cortex; rTMS, repetitive transcranial magnetic stimulation; PMd, dorsal
premotor cortex; MEP, motor evoked potential; JMDT, joint motion detection threshold; EMG, electromyography; APB, abductor pollicis brevis; CM, carpometa-
carpal; TA, tibialis anterior; MVC, maximum voluntary contraction; FDI, first dorsal interosseous; SEP, somatosensory evoked potentials.

* Corresponding author at: Fuminari Kaneko Department of Rehabilitation of Medicine, Keio University School of Medicine, 35 Shinanomachi, Shjinjuku-ku, Tokyo

160-8582, Japan.
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Feasibility Case Study for Treating a Patient with Sensory
Ataxia Following a Stroke with Kinesthetic lllusion
Induced by Visual Stimulation

Toshiyuki Aoyama, PhD, PT ? Atsushi Kanazawa, MSc, PT " Yutaka Kohno, PhD, MD ¢

Shinya Watanabe, OT ¢ Kazuhide Tomita, PhD, PT ? Takehide Kimura, PhD, PT ©
Yusuke Endo, MSc, PT f and Fuminari Kaneko, PhD, PT ¢

Background: Sensory ataxia is a disorder of movement coordination caused by sensory deficits,
especially in kinesthetic perception. Visual stimulus-induced kinesthetic illusion (KINVIS) is a
method used to provide vivid kinesthetic perception without peripheral sensory input by using
a video showing pre-recorded limb movements while the actual limb remains stationary. We
examined the effects of KINVIS intervention in a patient with sensory ataxia. Case: The patient
was a 59-year-old man with a severe proprioceptive deficit caused by left thalamic hemorrhage.
During KINVIS intervention, a computer screen displayed a pre-recorded mirror image video of
the patient’s unaffected hand performing flexion—extension movements as if it were attached to
the patient’s affected forearm. Kinematics during the flexion—extension movements of the paretic
hand were recorded before and after 20-min interventions. Transcranial magnetic stimulation
was applied to the affected and non-affected hemispheres. The amplitude of the motor-evoked
potential (MEP) at rest was recorded for the muscles of both hands. After the intervention, the
total trajectory length and the rectangular area bounding the trajectory of the index fingertip
decreased. The MEP amplitude of the paretic hand increased, whereas the MEP amplitude of the
non-paretic hand was unchanged. Discussion: The changes in kinematics after the intervention
suggested that KINVIS therapy may be a useful new intervention for sensory ataxia, a condition
for which few effective treatments are currently available. Studies in larger numbers of patients

are needed to clarify the mechanisms underlying this therapeutic effect.

Key words: body ownership; kinesthetic illusion; sensory ataxia, stroke; transcranial magnetic

stimulation

INTRODUCTION

Sensory ataxia is a disorder of movement coordination
caused by sensory deficits, especially deficits in kinesthetic
perception. Previous studies have shown that sensory ataxia
occurs in patients with peripheral neuropathy'-? and fol-

lowing thalamic stroke.” Several studies have shown that
rehabilitation can improve some sensory functions, such as
tactile sensation and positional sense,*> but a systematic
review by Doyle et al.%) concluded that there is insufficient
evidence to support its effectiveness in improving sensory
impairment. Furthermore, there have been very few reports
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ABSTRACT

The acquisition of high-level motor skills beyond a “plateau” is important in sports training and
rehabilitation. We aimed to investigate whether motor skills close to a plateau state can be im-
proved further by performing motor imagery (MI) training while observing movements with
difficulty levels optimized for individual motor skills. The subjects were divided randomly into
four groups (n = 10 per group): the control group and three groups of MI combined with action
observation (MI + AO) training with varying difficulty levels. The task was to rotate the two cork
balls 20 times counterclockwise using the left hand. The subjects performed 30 and 10 successful
trials of this task before and after MI + AO training, respectively. In the three training groups, MI
training was performed while observing videos showing ball rotation movements adjusted to the
same level, a moderately higher level, or a remarkably higher level of difficulty than that
achieved by the individual subjects. The improvement rate of the ball rotation time after
MI + AO training was significantly higher in the moderate-difficulty than in the control group
and remarkably higher level of difficulty group. The other two MI + AO training groups did not
differ significantly compared with the control group. The vividness of the MI during MI + AO
training was significantly greater in the moderate-difficulty vs. the remarkably-high-difficulty
group. These results suggest that performing MI training while observing movement at a level
that is moderately higher than an individual's ability can promote improvements in motor skills
(close to a plateau state) in rehabilitation and sports training. The vividness of MI may be an
important index for determining the difficulty level of the movement to be observed during
MI + AO training.

1. Introduction

Humans have the ability to enhance their motor skills by repeatedly practicing certain motor actions. As motor learning pro-
gresses, the degree of improvement in motor skills gradually decreases and eventually reaches a nearly steady state, which is called a
“plateau” (Adams, 1987). Recently, Gray (2017) defined the limits caused by “the mechanism for the function itself” as asymptotes
and the spurious limits, “which could be surpassed,” as plateaus and distinguished between them. The acquisition of a higher level of
motor skills beyond the plateau state is a crucial issue in sports training (Smith, 2003) and rehabilitation (Page, Gater, & Bach, 2004).

* Correspondence author.

E-mail addresses: aoyamato@ipu.ac.jp (T. Aoyama), f-kaneko@keio.jp (F. Kaneko), kohno@ipu.ac.jp (Y. Kohno).
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ABSTRACT

Background: The ability to manipulate the excitability of the network between the inferior parietal
lobule (IPL) and primary motor cortex (M1) may have clinical value.
Objective: To investigate the possibility of inducing long-lasting changes in M1 excitability by applying
quadripulse transcranial magnetic stimulation (QPS) to the IPL, and to ascertain stimulus condition- and
site-dependent differences in the effects.
Methods: QPS was applied to M1, the primary somatosensory cortex (S1), the supramarginal gyrus (SMG)
and angular gyrus (AG) IPL areas, with the inter-stimulus interval (ISI) in the train of pulses set to either
5ms (QPS-5) or 50 ms (QPS-50). QPS was repeated at 0.2 Hz for 30 min, or not presented (sham con-
dition). Excitability changes in the target site were examined by means of single-pulse transcranial
magnetic stimulation (TMS).
Results: QPS-5 and QPS-50 at M1 increased and decreased M1 excitability, respectively. QPS at S1
induced no obvious change in M1 excitability. However, QPS at the SMG induced mainly suppressive
effects in M1 for at least 30 min, regardless of the ISI length. Both QPS ISIs at the AG yielded significantly
different MEP compared to those at the SMG. Thus, the direction of the plastic effect of QPS differed
depending on the site, even under the same stimulation conditions.
Conclusions: QPS at the IPL produced long-lasting changes in M1 excitability, which differed depending
on the precise stimulation site within the IPL. These results raise the possibility of noninvasive induction
of functional plasticity in M1 via input from the IPL.

© 2019 Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

[2,3]. Even without direct connections to the spinal cord, the role of
the PPC in movement control is suggested by interconnections with

The parietal lobe is divided into an anterior and a posterior
cortex (PPC). The latter is positioned rostral to the primary and
secondary visual cortex and caudal to the somatosensory cortex [1].
In humans, PPC defects induce misreaching (optic ataxia) and
misgrasping not attributable to a basic sensory or motor deficit

Abbreviations: aMT, active motor threshold; AG, angular gyrus; ECR, extensor
carpi radialis; FCR, flexor carpi radialis; FDI, first dorsal interosseous; IPL, inferior
parietal cortex; M1, primary motor cortex; MEP, motor evoked potential; MVC,
maximum voluntary contraction; QPS, quadripulse transcranial magnetic stimula-
tion; PPC, posterior parietal cortex; S1, primary sensory cortex; SMG, supramarginal
gyrus.

* Corresponding author. Department of Rehabilitation of Medicine, Keio Univer-
sity School of Medicine, 35 Shinanomachi, Shjinjuku-ku, Tokyo, 160-8582, Japan.

E-mail address: f-kaneko@keio.jp (F. Kaneko).

https://doi.org/10.1016/j.brs.2019.10.016

premotor areas and coactivation with frontal areas during move-
ment execution and planning [4]. The PPC is particularly well-
developed in primates, where it includes a superior and an infe-
rior parietal lobule (IPL); the latter is particularly involved in visual
spatial processing [4,5].

The IPL is the ventral part of the parietal lobe, located below the
intraparietal sulcus. The supramarginal gyrus (SMG), situated in the
IPL, anterior to the angular gyrus (AG), arching upward at the end of
the lateral fissure, participates in reaching toward both visible and
nonvisible targets [4]. The AG arches over the posterior end of the
superior temporal sulcus in the posterior IPL, and is consistently
activated in various motor tasks [6]. Furthermore, the IPL is
involved in action observation, especially during object-related
action [7]. The SMG is activated during mouth and hand move-
ments, and the AG during foot as well as mouth and hand actions

1935-861X/© 2019 Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Abstract

The purpose of this study was to investigate the effects of local muscle fatigue during moderate prolonged dynamic
contraction on the delay in reaction time obtained using visual stimulation. Twelve healthy men exerted 40% MVC maximum
voluntary contraction of isotonic knee extension in 60 degree per second using isokinetic machine (Cybex). The fatigue tasks
were set up as 1 min X 20 times. Reaction tests to visual stimulation were conducted after each fatigue task. The random
stimulations were delivered five times per 1 min. Subjective degree of fatigue sensation graded five steps was examined during
tasks. The surface EMG signals were recorded from muscles knee extensors. Reaction time (RT), Pre-motor time (PMT) and
Motor time (MT) were calculated based on the relationship between EMG signals and stimulation pulse. The subjective fatigue
sensation was increased, and MVC was decreased after knee extension for 20 sets, indicating the fatigue had developed in the
muscles. RT was increased significantly, but the standard deviation in RT was not change as fatigue progressed. Significant
increases were seen in PMT, but not seen in MT. These results suggest that the delayed RT due to muscle fatigue after dynamic

contraction was caused from central factors in neuromuscular system.
(Tokai J. Sports Med. Sci. No. 31, 29-37, 2019)
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A Case Series Clinical Trial of a Novel
Approach Using Augmented Reality
That Inspires Self-body Cognition in
Patients With Stroke: Effects on
Motor Function and Resting-State
Brain Functional Connectivity

Fuminari Kaneko "?*, Keiichiro Shindo %, Masaki Yoneta %%, Megumi Okawada %%,
Kazuto Akaboshi’?® and Meigen Liu’

'Department of Rehabilitation Medicine, Keio University School of Medicine, Tokyo, Japan, ?Department of Rehabilitation,
Shonan Keiiku Hospital, Fujisawa, Japan, *Hokuto Social Medical Corporation, Obihiro, Japan

Barring a few studies, there are not enough established treatments to improve upper
limb motor function in patients with severe impairments due to chronic stroke. This
study aimed to clarify the effect of the kinesthetic perceptional illusion induced by
visual stimulation (KINVIS) on upper limb motor function and the relationship between
motor function and resting-state brain networks. Eleven patients with severe paralysis
of upper limb motor function in the chronic phase (seven men and four women;
age: 54.7 + 10.8 years; 44.0 + 29.0 months post-stroke) participated in the study.
Patients underwent an intervention consisting of therapy using KINVIS and conventional
therapeutic exercise (TherEX) for 10 days. Our originally developed KiNvis™ system
was applied to induce KINVIS while watching the movement of the artificial hand.
Clinical outcomes were examined to evaluate motor functions and resting-state brain
functional connectivity (rsFC) by analyzing blood-oxygen-level-dependent (BOLD) signals
measured using functional magnetic resonance imaging (fMRI). The outcomes of motor
function (Fugle-Meyer Assessment, FMA) and spasticity (Modified Ashworth Scale, MAS)
significantly improved after the intervention. The improvement in MAS scores for the
fingers and the wrist flexors reached a minimum of clinically important differences. Before
the intervention, strong and significant negative correlations between the motor functions

Abbreviations: KINVIS, Kinesthetic perceptional illusion by visual stimulation; TherEX, Therapeutic exercise; rsFC,
Resting-state brain functional connectivity; fMRI, Functional magnetic resonance imaging; CIMT, Constraint-induced
movement therapy; M1, Primary motor; S1, Somatosensory; BOLD, Blood-oxygen-level-dependent; ROIs, Regions of
interest; TFO, Time from onset; U/L, Upper Limb; SIAS, Stroke impairment assessment set; NMES, Neuromuscular
electrical stimulation; EDC, Extensor digitorum communis; FMA, Fugl-Meyer assessment; MAS, Modified ashworth scale;
ARAT, Action research arm test; BBT, Box and Block Test; MAL, Motor activity log; AOU, Amount of use; QOM,
Quality of movement; MNI, Montreal Neurological Institute; SMG, Supramarginal gyrus; FDR, False discovery-rate; IPL,
Inferior parietal lobule; IPS, Intra parietal sulcus; LOC, Lateral occipital cortex; PMd, Dorsal premotor cortex; SMA,
Supplementary motor area; SFG, Superior frontal gyrus; SPL, Superior parietal lobule.
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Abstract

Muscle synergy is important for simplifying functional movement, which constitutes spatiotemporal patterns of activity across
muscles. To execute selective finger movements that are independent of synergistic movement patterns, we hypothesized
that inhibitory neural activity is necessary to suppress enslaved finger movement caused by synergist muscles. To test this
hypothesis, we focused on a pair of synergist muscles used in the hand opening movement, namely the index finger abductor
and little finger abductor (abductor digiti minimi; ADM), and examined whether inhibitory neural activity in ADM occurs
during selective index finger abduction/adduction movements and/or its imagery using transcranial magnetic stimulation and
F-wave analysis. During the index finger adduction movement, background EMG activity, F-wave persistence, and motor
evoked potential (MEP) amplitude in ADM were elevated. However, during the index finger abduction movement, ADM
MEP amplitude remained unchanged despite increased background EMG activity and F-wave persistence. These results
suggest that increased spinal excitability in ADM is counterbalanced by cortical-mediated inhibition only during selective
index finger abduction movement. This assumption was further supported by the results of motor imagery experiments.
Although F-wave persistence in ADM increased only during motor imagery of index finger abduction, ADM MEP amplitude
during motor imagery of index finger abduction was significantly lower than that during adduction. Overall, our findings
indicate that cortical-mediated inhibition contributes to the execution of selective finger movements that are independent of
synergistic hand movement patterns.

Keywords Transcranial magnetic stimulation - Hand synergy - F-wave - Selective finger movement - Inhibitory neural
activity

Introduction

Selective finger movement plays an important role in pro-
ducing coordinated and dexterous finger movements. Previ-
ous studies have demonstrated that inhibitory neural activity,

Communicated by Winston D Byblow.

<" Toshiyuki Aoyama
aoyamato@ipu.ac.jp
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Center for Medical Sciences, Ibaraki Prefectural University
of Health Sciences, 4669-2 Ami, Ami-Machi, Inashiki-gun,
Ibaraki, Japan

such as surround inhibition (Sohn and Hallett 2004; Beck
et al. 2008) and short-interval intracortical inhibition (SICI)
(Stinear and Byblow 2003, 2004), contribute to the control
of selective finger movement. However, humans cannot per-
form their intended movements completely independently,
and movements of other body parts not directly related to
that movement may occur. This unintended finger move-
ment is called “enslaving.” A number of previous studies
have investigated the anatomical, biomechanical, and neu-
rophysiological mechanisms of this phenomenon (Schieber
1991; Zatsiorsky et al. 1998; Slobounov et al. 2002; Reilly
and Schieber 2003). In particular, the strength of enslav-
ing depends on which finger is instructed to move as well
as its movement direction (Hager-Ross and Schieber 2000;
Reilly and Hammond 2000; Park and Xu 2017). For exam-
ple, considering the combination of index and little finger
movement, index finger abduction is often accompanied by
little finger abduction during hand opening movement in
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Abstract

Visual stimulation of a repetitive self-movement image can evoke kinesthetic illusion when a virtual body part is set over the
actual body part (kinesthetic illusion induced by visual stimulation, KINVIS). KINVIS induces activity in cerebral network,
similar to that produced during motor execution, and triggers motor imagery passively. This study sought to identify a bio-
marker of KINVIS using event-related desynchronization (ERD) to improve the application of KINVIS to brain—-machine
interface (BMI) therapy of patients with stroke with hemiparesis. We included healthy adults in whom KINVIS could be
induced. Scalp electroencephalograms were recorded during the KINVIS condition, where KINVIS was induced using a
self-movement image. The findings were compared to signals recorded during an observation (OB) condition where only the
self-movement image was viewed. For the signal intensity of the a- and low p-frequency bands, we calculated ERD during
a movie period. The ERD of the a-frequency band in P3 and CP3 during KINVIS was significantly higher than that during
OB. Furthermore, using the ERD of the a-frequency band recorded from FC3 and CP3, we could discriminate illusory per-
ception with a 70% success rate. In this study, KINVIS could be detected using the ERD of the a-frequency band recorded
from the posterior portion of the sensorimotor cortex. Furthermore, adding ERD recorded from FC3 to that recorded from
CP3 may enable the objective discrimination of KINVIS from OB. When applying KINVIS in BMI therapy, the combina-
tion ERD of FC3 and CP3 will become a parameter for objectively judging the degree of kinesthetic perception achieved.

Keywords Kinesthetic illusion - Event-related desynchronization - Electroencephalogram - Brain—machine interface -
Embodiment - Body ownership

Introduction visual stimulation (KINVIS). This system can be viewed as a

virtual reality (augmented reality) intervention using embod-

Kinesthetic illusion, the sensation of movement in one’s
own body, is induced by various sensory inputs, even in the
absence of voluntary or passive movement. Kaneko et al.
(2007) reported that visual stimulation using a repetitive
self-movement image evokes a kinesthetic illusion when a
virtual body part is set over its actual counterpart; this phe-
nomenon is referred to as kinesthetic illusion induced by

< Fuminari Kaneko
f-kaneko @keio.jp

First Division of Physical Therapy, Sapporo Medical
University, West 17-South 1, Chuo-ku, Sapporo, Japan

Department of Rehabilitation Medicine, Keio University
School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo,
Japan

ied-visual feedback, which can induce embodied cognitive
change in self-body and physiological effects on motor-
associated areas in the brain (Kaneko et al. 2007; Aoyama
et al. 2012; Kaneko et al. 2015, 2016a, b). In other words,
kinesthetic illusion may represent a cognitive stimulation
to the embodied-brain system for body ownership, sense of
agency, and kinesthetic perception. We have used electro-
physiological methods and functional magnetic resonance
imaging (fMRI) to reveal that KINVIS increases activation
of cerebral networks, including higher-order motor and
sensory processing areas of the superior and inferior pari-
etal lobes, and excitation of the corticospinal tract (Kaneko
et al. 2007; Aoyama et al. 2012; Kaneko et al. 2015); such
enhancement of cerebral network activity resembles that
which corresponds to motor execution and occurs when the
self-movement image is viewed. These reports suggest that
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Dissociation between cortical and
spinal excitability of the antagonist
muscle during combined motor
Imagery and action observation

Toshiyuki Aoyama?, Fuminari Kaneko?, Yukari Ohashi® & Yutaka Kohno?

Inhibitory neural control of antagonist muscle is one of the fundamental neural mechanism of
coordinated human limb movement. Previous studies have revealed that motor execution (ME) and
motor imagery (MI) share many common neural substrates; however, whether inhibitory neural activity
occurs during MI remains unknown. In addition, recent studies have demonstrated that a combined

Ml and action observation (Ml + AO) produces strong neurophysiological changes compared with Mi

or AO alone. Therefore, we investigated inhibitory changes in cortical and spinal excitability of the
antagonist muscle during Ml + AO and ME. Single-pulse transcranial magnetic stimulation (TMS)
experiments revealed that corticospinal excitability of the antagonist muscle was decreased during

MI+ AO. Conversely, F-wave experiments showed that F-wave persistence of the antagonist muscle
increased. Paired-pulse TMS experiment also demonstrated that short-interval intracortical inhibition
(SICI) did not contribute to this inhibition. Therefore, cortical mediated inhibition, except for SICI, may
be related to this inhibition. Conversely, such clear inhibition of the antagonist muscle was not observed
during ME, presumably owing to the effects of muscle contraction to decelerate the movements and/or
sensory input accompanying the joint movements. These findings provide important insights into the
neurophysiological differences between MI+AO and ME.

Motor imagery (MI) is defined as the mental simulation of a given movement that is internally reproduced within
brain without any muscular output"?. Previous studies using functional imaging have demonstrated that motor
execution (ME) and MI share many common neural substrates, including the primary motor cortex, supple-
mentary motor area, premotor cortex, parietal cortex, and cerebellum®. TMS studies have also revealed that the
corticospinal excitability of the prime mover of the imagined movement increases during MI*~°. However, little is
known regarding the effect of MI on the non-prime mover, such as the antagonist muscle.

Usually, MEP amplitude obtained from the agonist muscle increases before the movement onset'’. Since this
corticospinal excitability change is not accompanied by an increase in agonist EMG activity, as well as during MI,
the neurophysiological changes during MI and before movement onset are similar. On the other hand, a previous
study revealed that the corticospinal excitability of the antagonist muscle is suppressed before movement onset'!.
Therefore, considering such neurophysiological similarities occurring during MI and before movement onset in
the agonist muscle, we hypothesized that corticospinal excitability of the antagonist muscles would be suppressed
during MI. However, no study has reported a significant reduction in MEP amplitudes of the antagonist muscle
during MI®81213,

Recent studies have examined the effect of MI during action observation (AO). At the behavior level, MI
during AO (MI+ AO) task has more potential to improve motor function, such as muscle strength or upper limb
function, in stroke patients compared with MI or AO alone'*'>. Other studies using fMRI have revealed higher
brain activity in MI+ AO than AO or MI alone'®?°. In addition, TMS studies have demonstrated that MEP
amplitude increases in MI+ AO in agonist muscles of the imagined movement compared with during AO or MI

1Department of Physical Therapy, Ibaraki Prefectural University of Health Sciences, 4669-2 Ami, Ami-Machi, Inashiki-
gun, Ibaraki, 300-0394, Japan. 2Department of Rehabilitation Medicine, Keio University School of Medicine, 35
Shinanomachi, Shinjuku-ku, Tokyo, 160-8582, Japan. 3Center for Medical Sciences, Ibaraki Prefectural University of
Health Sciences, 4669-2 Ami, Ami-Machi, Inashiki-gun, Ibaraki, 300-0394, Japan. Correspondence and requests for
materials should be addressed to T.A. (email: aoyamato@ipu.ac.jp)
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Efficacy and safety of multiple sessions of quadripulse stimulation in N

Check for

patients with stroke: A report of two cases

Dear Editor

Quadripulse stimulation (QPS) is a new patterned repetitive
transcranial magnetic stimulation (rTMS) protocol. In particular,
QPS induces long-term effects [1], with low inter-individual vari-
abilities, in healthy individuals [2,3]. Recently, various rTMS proto-
cols have been used to improve motor function in patients with
stroke [4]. However, there are no reports on the application of
QPS in stroke patients. This study aimed to investigate how multi-
ple sessions of QPS to the lesioned primary motor cortex (M1)
combined with other therapies change motor function and electro-
encephalograms (EEGs) in stroke patients.

Two patients with chronic cerebral infarction were included in
the trial after obtaining written informed consent (Table 1). The
paretic finger functions as scored with the Stroke Impairment
Assessment Set (SIAS) were 1C (partial individual movements,
shown in the thumb and the index finger) in Case 1 and 1A (mass
flexion) in Case 2. Both patients could not pick up the marble
used in the Action Research Arm Test. The study was performed
in accordance with the Declaration of Helsinki, was approved by
the local Ethics Committee, and was registered to the UMIN Clinical
Trial Registry (UMIN0O00032286).

The TMS was performed using four monophasic stimulators
(Magstim 2002, The Magstim Company, Ltd., Whitland, Carmar-
thenshire, UK) integrated through a connecting module, and
attached to a 70 mm figure-of-eight coil while subjects were seated
comfortably. Motor evoked potentials (MEPs) were recorded from
bilateral first dorsal interosseous muscle via surface electromyo-
gram. Neuronavigation (Brainsight, Rogue Research, Inc., Montreal,
Quebec, Canada) ensured a consistent coil position during all ses-
sions. No MEPs were elicited from the affected hemisphere in
both cases, and the active motor threshold (AMT) of the unaffected
M1 was determined. The QPS protocol of four successive monopha-
sic pulses delivered with an interstimulus interval of 5 milliseconds
(QPS-5) was applied to a symmetric position (mirror region) of the
unaffected M1 hotspot. One therapeutic session consisted of 360
trains of four pulses (total, 1440 pulses) at the intensity of 90%
AMT and an intertrain interval of 5 seconds. To maximize clinical
benefits, we used QPS for 30 minutes and Kkinesthetic illusion
induced by visual stimulation [5] for 20 minutes (40 minutes
including preparation), 5 times a week for 2 weeks. Task-oriented
training for 60 minutes and Hybrid Assistive Neuromuscular Dy-
namic Stimulation therapy [6] was conducted once every day.

Resting-state EEGs were recorded before and after the interven-
tion with subjects sitting relaxed in an armchair, while keeping
their eyes open without blinking. The EEG data were acquired using

https://doi.org/10.1016/j.brs.2019.02.017
1935-861X/© 2019 Elsevier Inc. All rights reserved.

Geodesic EEG system 400 MR (Electrical Geodesics Inc., Eugene,
OR) and Net Station v5.2 recording software, and sampling at
1000 Hz. We used 128-channel high-impedance HydroCel Geodesic
Sensor Nets, with an average of all channels as the reference. Nets
were positioned on each participant by aligning the vertex (Cz)
electrode with the vertex of the head. Electrode impedances were
<50 kQ, as recommended by the manufacturer. Analysis electrodes,
C3 and C4, were selected according to the international 10—20 sys-
tem. For offline analysis, we used a bandpass of 0.5—120 Hz, and a
notch of 50 Hz, and removed noisy epochs manually. Data were
segmented into epochs of 2 consecutive seconds (20 points). Power
was calculated using MATLAB (MATLAB R2018a; The MathWorks
Inc., Natick, MA, USA). Fast Fourier transformation (averaged win-
dow, 2 sec) was used to calculate power (uV2) for the following
EEG bands and sub-bands: delta (1—3 Hz), theta (4—7 Hz), alpha
(8—13 Hz), and beta (14—30 Hz), low alpha (8—10 Hz), high alpha
(1113 Hz), low beta (14—20 Hz), and high beta (21—30 Hz). Two-
way repeated measures ANOVA and Bonferroni post hoc compari-
son was performed using IBM SPSS Statistics version 25 (IBM Cor-
poration, Armonk, NY, USA) and the level of significance was set
at 0.05 (0.003, after Bonferroni adjustments).

After a 20 min rest period following the first QPS session, Case 1
could move the middle finger individually and Case 2 could
perform a mass finger extension (SIAS 1B) (Table 1). Restoration
of paretic finger functions was accompanied by reduction of spas-
ticity at the finger flexors (the examiner's subjective impression,
not as measured with Modified Ashworth Scale), which made it
possible for both patients to pick up and release the marble with
their thumb and index finger. After the two-week intervention,
the finger functions were SIAS 2 (able to move each finger but un-
able to extend and flex the fingers completely) in Case 1 and 1C
(partial individual movements, shown in the thumb and middle
finger) in Case 2. Both participants showed improved motor func-
tion with decreased spasticity of the paretic upper extremity. No
definite MEPs were recorded in the affected hemisphere. There
was no obvious adverse effect during the trial. Resting-state EEG
analyses showed that time, bands, and the interaction effect be-
tween time and bands were significant, with significantly reduced
powers in the beta band in both hemispheres (lesion side domi-
nant) in Case 2, whereas no significant changes were seen in Case 1.

Ten sessions of QPS-5 to the lesioned M1 combined with other
treatments achieved clinical improvements without any adverse ef-
fects. To our knowledge, this is the first report on multiple sessions
of QPS applied to the stroke patients. In healthy volunteers, the
after-effects of QPS-5 are longer (>75 minutes) [1] than those in
the other rTMS protocols. Although it is unclear how QPS works
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Abstract

Brain-derived neurotrophic factor (BDNF) plays several important roles in nervous system function including neuronal
growth and plasticity. The purpose of the present study was to clarify whether neuromuscular electrical stimulation (NMES)
and voluntary exercise to the same integrated force as by the NMES-induced exercise would enhance serum BDNF. Eleven
healthy male subjects completed three interventions (NMES, voluntary exercise, and resting interventions) for 20 min on
different days. In the NMES intervention, NMES was applied to the quadriceps femoris muscles. The stimulus intensity
of NMES was progressively increased to the highest tolerated intensity during the experiment. In the voluntary exercise
intervention, subjects performed an isometric knee-extension task; in this intervention, the target torque was calculated in
accordance with the integrated force of knee extension obtained during the NMES intervention. In the resting intervention,
subjects relaxed in a sitting posture. We measured serum BDNF, blood lactate, heart rate, oxygen uptake, respiratory ratio,
and blood pressure. Serum BDNF was increased in the NMES (p =0.003) and voluntary exercise interventions (p =0.004)
after each intervention. At the post-timepoint, serum BDNF in the NMES intervention was highest among all interventions
(»=0.038) and significantly higher than in the voluntary exercise (p =0.036) and resting (p =0.037) interventions. Our
results showed that NMES was more effective for enhancing serum BDNF than voluntary exercise at least when employing
the same method and integrated force.

Keywords Brain-derived neurotrophic factor - Voluntary exercise - Blood lactate - Neuromuscular electrical stimulation
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ABSTRACT

In the present study, the influence of simultaneous action execution on motor priming was in-
vestigated during movement observation using a simple-reaction task. Although previous studies
have reported various effects of priming on motor performance, it has not yet been clarified how
an additional source conveying kinetic information would modulate the priming effects. In the
experiment, participants were asked to respond to an auditory cue by flexing their wrist while
observing a line movement, which was slowly swinging like an inverted pendulum. In addition to
the observation of line movement, the participants executed wrist flexion-extension actions
synchronizing with line movement. The hand involved in pre-response wrist action varied with
the priming condition: no movement execution (observation only), contralateral hand, and ip-
silateral hand. In the contralateral condition, the stimulus-response congruency of movement
direction was conflicted depending on the frame of reference (visual vs. anatomical coordinates).
We found that all three priming conditions produced the compatibility effect, and the effect size
did not differ between them. Importantly, in the contralateral condition, participants responded
faster when the direction of line movement was congruent with the response movement in the
anatomical coordinates. That is, the reaction time was shorter when pre-response action ex-
ecution was in the flexion phase, even though the direction of observed movement and the re-
sponse action were incongruent from the participants’ view. These results suggest that kinetic
information has a great contribution to the motor priming system, which can reverse the vision-
based compatibility effect.

1. Introduction

In recent years, it has been well established that movement observation significantly affects both action execution and action-
related activation in the brain. This is referred to as motor priming or automatic imitation (Bertenthal, Longo, & Kosobud, 2006;
Boyer, Longo, & Bertenthal, 2012; Brass, Bekkering, & Prinz, 2001; Brass, Bekkering, Wohlschlédger, & Prinz, 2000; Edwards,
Humphreys, & Castiello, 2003; Heyes, 2011; Liepelt & Brass, 2010). Motor priming is modulated by stimulus-response compatibility
(S-R compatibility), which represents the degree of sharing movement components, including location, direction, and intention (e.g.,
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Abstract The afferent inputs from peripheral sensory
receptors and efferent signals from the central nervous
system that underlie intentional movement can contribute
to kinesthetic perception. Previous studies have revealed
that tendon vibration to wrist muscles elicits an excitatory
response—known as the antagonist vibratory response—in
muscles antagonistic to the vibrated muscles. Therefore, the
present study aimed to further investigate the effect of tendon
vibration combined with motor imagery on kinesthetic per-
ception and muscular activation. Two vibrators were applied
to the tendons of the left flexor carpi radialis and extensor
carpi radialis. When the vibration frequency was the same
between flexors and extensors, no participant perceived
movement and no muscle activity was induced. When par-
ticipants imagined flexing their wrists during tendon vibra-
tion, the velocity of perceptual flexion movement increased.
Furthermore, muscle activity of the flexor increased only
during motor imagery. These results demonstrate that kin-
esthetic perception can be induced during the combination
of motor imagery and co-vibration, even with no experience
of kinesthetic perception from an afferent input with co-
vibration at the same frequency. Although motor responses
were observed during combined co-vibration and motor
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imagery, no such motor responses were recorded during
either co-vibration alone or motor imagery alone, suggest-
ing that muscular responses during the combined condition
are associated with kinesthetic perception. Thus, the present
findings indicate that kinesthetic perception is influenced by
the interaction between afferent input from muscle spindles
and the efferent signals that underlie intentional movement.
We propose that the physiological behavior resulting from
kinesthetic perception affects the process of modifying ago-
nist muscle activity, which will be investigated in a future
study.

Keywords Kinesthetic perception - Motor imagery -
Tendon vibration - Proprioceptive input - Antagonist
vibratory response

Introduction

Kinesthesia is the sense that enables awareness of bodily
position, weight, or movement. Kinesthetic perception is
generated by afferent inputs from muscle spindles and skin,
or by the efferent signals from the central nervous system
that underlie intentional movement. For example, tendon
vibration applied to a biceps brachii in an appropriate pat-
tern can evoke a kinesthetic illusion of elbow extension
without any overt movement (Goodwin et al. 1972). Tendon
vibration mainly activates la-type afferents from the muscle
spindle primary endings (Burke et al. 1976; Roll and Vedel
1982; Roll et al. 1989), and consequently, humans can expe-
rience vivid kinesthetic illusions of limb movement in the
direction corresponding to the stretch of the vibrated muscle.
Thus, it is hypothesized that proprioceptive inputs from the
muscles contribute to generating kinesthetic perception.

@ Springer
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ABSTRACT. The authors investigated whether working memory
training improves motor-motor dual-task performance consisted
of upper and lower limb tasks. The upper limb task was a simple
reaction task and the lower limb task was an isometric knee exten-
sion task. 45 participants (age = 21.8 &£ 1.6 years) were classified
into a working memory training group (WM-TRG), dual-task
training group, or control group. The training duration was 2
weeks (15 min, 4 times/week). Our results indicated that working
memory capacity increased significantly only in the WM-TRG.
Dual-task performance improved in the WM-TRG and dual-task
training group. Our study provides the novel insight that working
memory training improves dual-task performance without specific
training on the target motor task.

Keywords: dual task, motor performance, working memory,

working memory training
D ual task refers to the performance of two or more tasks
simultaneously (Pashler, 1994). Dual-task situations
are common in daily life (e.g., walking while using a
mobile phone). However, performing a dual task is often
associated with a reduction of performance in each task
(Redelmeier & Tibshirani, 1997; Strayer & Johnston, 2001;
Yogev-Seligmann et al., 2010). This negative aspect is
termed named dual-task interference (Marois & Ivanoff,
2005; Watanabe & Funahashi, 2014). Because dual-task
interference might result in falls or accidents (Lundin-Ols-
son, Nyberg, & Gustafson, 1997), it is important to develop
a method of preventing dual-task interference. One such
method is dual-task training (Schwenk, Zieschang, Oster,
& Hauer, 2010; Silsupadol et al., 2009; Silsupadol, Siu,
Shumway-Cook, & Woollacott, 2006). However, there is a
problem with dual-task training for people at risk of falling
because the dual-task training in many previous studies
involved performing a cognitive task while performing an
activity such as walking. In the present study, to solve this
problem, we focused on working memory (WM) training.
WM training is a cognitive training to increase the WM
capacity. WM is a cognitive system that retains information
during short periods of time, and it consists of an active stor-
age component and a processing component that enables
manipulation of information necessary to perform a given
task (Baddeley, 1992). However, WM has a limited capacity
to store and process information (Cowan, 2001; Miller,
1956). This limitation of capacity is known as the WM capac-
ity. Several studies have reported that WM training increases
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WM capacity (Jaeggi, Buschkuehl, Jonides, & Perrig, 2008;
Klingberg, 2010; Olesen, Westerberg, & Klingberg, 2004;
Westerberg & Klingberg, 2007) and activates structures in
the frontal-parietal brain region (e.g., the dorsolateral pre-
frontal cortex [DLPFC] and intraparietal cortex), anterior
cingulate cortex, and striatum (Moore, Cohen, & Ranganath,
2006; Nee et al., 2013; Rottschy et al., 2012). Therefore,
WM training is not only mere cognitive training but also a
training that changes the activation of various brain regions.

Behaviorally, WM training has a broad impact on the per-
formance of various tasks. For example, WM training
improves other cognitive measures, such as reading compre-
hension (Chein & Morrison, 2010), fluid intelligence (Jaeggi
et al., 2008; Olesen et al., 2004), and attentional control
(Chein & Morrison, 2010; Salminen, Strobach, & Schubert,
2012; Westerberg & Klingberg, 2007). Although these previ-
ous studies reported the potential of WM training, few studies
have investigated the effect of WM training on dual-task per-
formance (Salminen et al., 2012). In addition, previous stud-
ies that investigated the effect of WM training on dual-task
performance adopt dual tasks where both tasks were cogni-
tive to assess the effect of WM training. However, in daily
life, dual-task situations consist of dual motor tasks. When
we drive a car, upper limb controls a steering wheel and lower
limb hits the gas or brake pedal. In other examples, we often
encounter a situation of stepping over an obstacle while hold-
ing a glass of water. Therefore, we focused on the motor-
motor dual-task consisted of upper and lower limb tasks espe-
cially. The purpose of the present study was to investigate the
effect of WM training on motor-motor dual-task.

In the present study, we used visuospatial WM training.
Previous studies showed that this visuospatial WM training
was associated with an increase in the hemodynamic
response in the prefrontal and parietal cortex including the
DLPFC (Olesen et al., 2004; Westerberg & Klingberg,
2007). Because the DLPFC was activated during
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Abstract: The hypothesis in this study was tested by conducting EMG experiments comparing the variability in muscle
activity during repetitive reaching movements in hemiplegic patients and healthy subjects. The present study investi-
gated the characteristics of reaching movements in hemiplegic patients using the variability in average electromyogram
(EMG) value. We studied 21 right-handed stroke patients with left-sided hemiparesis and 14 right-handed healthy
control subjects. Post-stroke patients (hemiplegic group) and normal subjects (control group) repeated a reaching move-
ment 10 times. The variability in average EMG value of each muscle was defined as the average standard deviation of
the average rectified values (nARV-SDave). During the reaching movements, the nARV-SDave values was significantly
higher in the hemiparesis group than in the control group for the biceps and triceps brachii (P < 0.05). In the hemipare-
sis group, significant negative correlations between the variability in nARV-SDave values and the Fugl-Meyer assess-
ment scores were observed in all muscle types (rs = —0.46 to —0.76; P < 0.05, P < 0.01). This study identified a direct
relationship between the variability in muscle activity and the severity of motor function deficit in post-stroke patients.
The selective impact on the biceps and triceps were related to the nature of the reaching task.

Keywords: stroke, upper extremity, reaching movement, electromyography, hemiplagia

Introduction

A stroke is a medical emergency because a severe
reduction or interruption of blood flow to the brain
causes the cell death within minutes. The most common
complication following a stroke is a transient or perma-
nent impairment of upper extremity functions, limiting
the patients’ autonomy [1]. As many daily activities in-
volve reaching for an object, it is important for physical
and occupational therapists to understand the kinematic
and kinetic characteristics of reaching movements in
post-stroke patients.
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Several kinematic studies revealed that reaching
movements in stroke patients are characterized by
enhanced variability, prolonged movements, and a
lower range of motion in the shoulder and elbow joints,
compared with healthy subjects or the non-affected side
[2—7]. The higher movement variability suggests that
stroke patients are not able to stably perform reaching
movements when asked to repeat them several times.
In other words, stroke patients assume kinematically
unstable reaching patterns, and the trajectory varies
during repetitive reaching movements. Electromyogra-
phy (EMG) studies identified muscle activation abnor-
malities in stroke patients, such as prolonged agonist
bursts associated with reduced speed during elbow
flexion and extension [8], simultancous co-contraction
of agonist and antagonist muscles [9—13], and abnormal
muscle tone [14]. Muscle synergy and spasticity in
stroke patients generate specific movement patterns
[15, 16]. Most studies characterized the patients using
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HIGHLIGHTS

® We examined the extent of surround inhibition (SI) during motor execution (ME) and motor imagery (MI).
® There was a moderate correlation between the extent of SI during ME and MIL.

® The extent of SI during MI was depended on the vividness of MI.

® A common neural substrate related to SI would be recruited during ME and MI.

ARTICLE INFO ABSTRACT

Article history:
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Surround inhibition (SI) is a neural mechanism to focus neuronal activity and facilitate selective motor
execution (ME). The aim of the present study was to investigate whether Sl is also generated during motor
imagery (MI). Furthermore, we investigated whether the extent of SI during MI depends on the strength
of SI during ME and/or vividness of MI. The extent of SI was examined during MI and ME of index finger
flexion. Transcranial magnetic stimulation was applied at rest, during initiation of the movement (phasic
phase) and during tonic muscle contraction of the index finger flexors. Motor evoked potentials (MEPs)
were recorded from a surround muscle, abductor digiti minimi (ADM) and a synergistic muscle, the first
dorsal interosseous muscle. The amplitude of ADM MEP was reduced during the phasic phase, which
indicates that SI occurred during ME. In seven of 14 subjects, SI was also observed during MI, although
this effect was not significant. There was a moderate correlation between the extent of SI during ME
and MI. Furthermore, good imagers who experienced vivid MI during the MI task showed stronger SI
than poor imagers. These results indicate that common neural substrates involved in SI during ME are
at least in part recruited during ML. In clinical situations, the therapeutic use of MI to generate vivid MI
may be one of effective tool to develop the strength of SI, which facilitate selective execution of desired
movements

Keywords:

Surround inhibition

Motor execution

Motor imagery

Transcranial magnetic stimulation

© 2016 Elsevier Ireland Ltd. All rights reserved.

tex and cerebellum [3]. Some electrophysiological studies using
transcranial magnetic stimulation (TMS) have shown increased

1. Introduction

Motor imagery (MI) is the mental simulation of a given move-
ment without any overt movement [1-4]. Functional imaging
studies [5-7] have revealed that motor execution (ME) and MI
share many common neural substrates, such as the primary motor
cortex, supplementary motor area, premotor cortex, parietal cor-

Abbreviation: ADM, abductor digiti minimi; ANOVA, analysis of variance; EMG,
electromyography; FDI, first dorsal interosseous; GABA, y-amino butyric acid; MVC,
maximum voluntary contraction; MEP, smotor evoked potentials; ME, motor exe-
cution; MI, motor imagery; SI, surround inhibition.
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E-mail address: aoyamato@ipu.ac.jp (T. Aoyama).

http://dx.doi.org/10.1016/j.neulet.2016.07.012
0304-3940/© 2016 Elsevier Ireland Ltd. All rights reserved.

corticospinal excitability of the prime mover of the imagined move-
ment during MI [8-13]. However, there have been conflicting
reports regarding the corticospinal excitability of surround mus-
cles not involved in the imagined movement. Some researchers
have reported that corticospinal excitability of surround muscles
increases during MI [8,13], whereas others have reported no change
in surround muscles [9-12,14].

There are two reasons related to methodology that could explain
these inconsistent results. First, most MI studies did not define
the stimulation site as a ‘motor hot spot’ of surround muscles
[9-12,14,15]. This may have resulted in an underestimation of
the change in corticospinal excitability of surround muscles [16].
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Abstract

A kinesthetic illusion induces a feeling as if an individual’'s own body is moving during sensory input, even though
the body is actually in a resting state. In a previous study, we reported that a visually induced kinesthetic illusion
(KINVIS) increases corticospinal tract excitability that is associated with activity of the motor-association regions. The
present study explored the acute effect of KiNVIS on motor function in five patients who had experienced stroke, as a
preliminary study. Five Japanese patients with stroke, who had been otherwise healthy, participated in the present trial.
During KiNVIS, a display was set over the forearm so that the position of the display would give the illusion that the
patient’s forearm was actually the same as that depicted in a movie. The movie showed a hand grasping and opening
on the uninvolved side, and was repeatedly played for 15 min. Motor function was evaluated with the upper extremity
section of the Fugl-Meyer Assessment (FMA-UE) as a primary outcome. Furthermore, we measured a performance of
an appropriate motor task for each patient to detect change in motor function as a secondary outcome. In each patient,
a positive effect on motor function was detected immediately after KiNVIS, and the appearance of reciprocal muscular
control was observed in surface electromyography. There was no difference in the FMA-UE score between before and
after the intervention; however, the score was slightly increased in two patients. Furthermore, upon comparison of the
individual measurement results, each examination indicated positive changes in motor function. KiNVIS may have an
acute positive effect in patients with stroke. The study provides, for the first time, evidence for the therapeutic potential

of KiNVIS in stroke rehabilitation.

Keywords: Kinesthetic sense; Rehabilitation; Stroke

Introduction

We previously reported that a kinestheticillusion, induced by a visual
stimulus using a movie video (KiNVIS), produces vivid kinesthetic
feeling in a healthy subject and in a patient with stroke, even though the
body is actually in a resting condition [1-3]. The subjective kinesthesia
felt in the first person during KiNVIS is generally vivid and, in our
experience, stronger than that experienced during mirror therapy. We
reported that, during KiNVIS, corticospinal tract excitability increases,
as determined by transcranial magnetic stimulation (TMS) [1,2].
Furthermore, we showed, by functional magnetic resonance imaging,
that a neural network is activated in the same brain regions during
KiNVIS as is activated during actual movement execution [3]. Thus,
the findings of our previous studies indicated that KiNVIS may induce
a cerebral state similar to that induced by motor imagery, even though
the kinesthetic perception during KiNVIS is “passively” induced. On
the other hand, motor imagery describes the conscious and active
psychological representation of movement. Motor imagery thus results
in the activation of movement execution-related neural networks in
healthy subjects [4-7].

A recently published consensus paper includes an approach to
rehabilitation of stroke patients, i.e., adjustment of the abnormal inter-
hemispheric inhibition [8] (for example, by repetitive transcranial
magnetic stimulation, transcranial direct current stimulation, electrical
neuromuscular stimulation, constraint-induced movement therapy
involving intensive use of the affected hand), combined with motor
relearning therapeutic exercises. Since KiNVIS increases corticospinal
tract excitability and induces similar cerebral network activation as
movement execution [3], we speculated that applying KiNVIS to a
patient with stroke could induce a positive effect on sensory-motor
function.

Additionally, mirror therapy and motor imagery are new tools that

are currently favoured as therapeutic interventions for sensory-motor
function recovery in patients with stroke. Several studies have indicated
that mirror therapy has a positive effect on motor function in patients
with stroke [9-12]. The neural substrate during mirror therapy and
KiNVIS may overlap somewhat, since these two approaches include the
psychological feeling of body ownership in the artificial body, in the
mirror or the movie, and kinesthetic perception. However, there is a
clear difference between these approaches in terms of the absence of
actual movement of the patient’s own body during KiNVIS, which may
be reflected in some difference in brain activity. Moreover, although
the efficacy of motor imagery on patients with stroke is limited by the
patient’s underlying pathophysiology [13] and is poorly reported [14],
there is evidence that suggests that motor imagery provides additional
benefits to conventional physiotherapy or occupational therapy [15].

Given this background, we speculated that KiNVIS may benefit
patients with stroke. We had already confirmed that watching this
type of movie could create an illusory perception of kinesthesia in a
subject who had experienced a stroke more than 10 years previously;
this patient also expressed a subjective feeling of desiring to move while
watching the movie, as he perceived it as movement of his own hand.
The aim of the present study was to assess the acute effect of KINVIS on
motor function in patients with stroke, as a preliminary study.
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kinesthetic illusion prolongs the effect of
transcranial direct current stimulation on
corticospinal tract excitability
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Abstract

Background: A kinesthetic illusion induced by a visual stimulus (KI) can produce vivid kinesthetic perception.
During K, corticospinal tract excitability increases and results in the activation of cerebral networks. Transcranial
direct current stimulation (tDCS) is emerging as an alternative potential therapeutic modality for a variety of
neurological and psychiatric conditions, such that identifying factors that enhance the magnitude and duration of
tDCS effects is currently a topic of great scientific interest. This study aimed to establish whether the combination
of tDCS with Kl and sensory-motor imagery (Ml) induces larger and longer-lasting effects on the excitability of
corticomotor pathways in healthy Japanese subjects.

Methods: A total of 21 healthy male volunteers participated in this study. Four interventions were investigated in the
first experiment: (1) anodal tDCS alone (tDCSa), (2) anodal tDCS with visually evoked kinesthetic illusion (tDCSa + Ki),
(3) anodal tDCS with motor imagery (tDCSa + MI), and (4) anodal tDCS with kinesthetic illusion and motor imagery
(tDCSa + KIMI). In the second experiment, we added a sham tDCS intervention with kinesthetic illusion and motor
imagery (sham + KIMI) as a control for the tDCSa + KIMI condition. Direct currents were applied to the right primary
motor cortex. Corticospinal excitability was examined using transcranial magnetic stimulation of the area associated
with the left first dorsal interosseous.

Results: In the first experiment, corticomotor excitability was sustained for at least 30 min following tDCSa + KIMI
(p < 0.01). The effect of tDCSa + KIMI on corticomotor excitability was greater and longer-lasting than that achieved in
all other conditions. In the second experiment, significant effects were not achieved following sham + KIMI.

Conclusions: Our results suggest that tDCSa + KIMI has a greater therapeutic potential than tDCS alone for inducing
higher excitability of the corticospinal tract. The observed effects may be related to sustained potentiation of resultant
cerebral activity during combined K, M, and tDCSa.

Keywords: Transcranial direct current stimulation, Motor imagery, Kinesthetic illusion, Visual stimulation,
Transcranial magnetic stimulation, Corticospinal tract
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ABSTRACT

Kinesthetic illusions by visual stimulation (KiNVIS) enhances corticomotor excitability and activates
motor association areas. The purpose of this study was to investigate the effect of KiNVIS induction on
muscular output function after short-term immobilization. Thirty subjects were assigned to 3 groups:
an immobilization group, with the left hand immobilized for 12 h (immobilization period); an illusion
group, with the left hand immobilized and additionally subjected to KiNVIS of the immobilized part dur-
ing the immobilization period; and a control group with no manipulation. The maximum voluntary con-
traction (MVC), fluctuation of force (force fluctuation) during a force modulation task, and twitch force
were measured both before (pre-test) and after (post-test) the immobilization period. Data were ana-
lyzed by performing two-way (TIME x GROUP) repeated measures ANOVA. The MVC decreased in the
immobilization group only (pre-test; 37.8 £ 6.1 N, post-test; 32.8 + 6.9 N, p < 0.0005) after the immobi-
lization period. The force fluctuation increased only in the immobilization group (pre-test;
2.19 £ 0.54%, post-test; 2.78 + 0.87%, p = 0.007) after the immobilization period. These results demon-
strate that induction of KiNVIS prevents negative effect on MVC and force fluctuation after 12 h of

immobilization.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Long-term immobilization of skeletal muscle decreases muscle
output function (Seki et al., 2001a,b). Preventing the acute negative
effect on muscular output function may be important to prevent
the long-term effects of immobilization. Thus, systematic
approaches for treating patients with immobilized extremities
are important. Previous reports have indicated that decreased
motor cortex excitability is associated with decreased muscle out-
put function after immobilization (Kaneko et al., 2003). Corticomo-
tor excitability is reduced by even short-term immobilization, in
the range of days or hours (Facchini et al.,, 2002; Huber et al.,
2006; Avanzino et al.,, 2011; Bassolino et al., 2014) and affects
motor behavior (Moisello et al., 2008; Bassolino et al., 2012).
Therefore, muscle output function may decrease in parallel with
reduction in corticomotor excitability. Therefore, we hypothesized

* Corresponding author at: First Division of Physical Therapy, Sapporo Medical
University, West 17-South 1, Chuo-ku, Sapporo, Japan. Tel.: +81 11 611 2111; fax:
+81 11 611 2143.

E-mail address: f-kaneko@sapmed.ac.jp (F. Kaneko).

http://dx.doi.org/10.1016/j.jelekin.2016.01.006
1050-6411/© 2016 Elsevier Ltd. All rights reserved.

that muscle output decline after several hours of immobilization,
even by means of a cast, can be prevented by motor cortex
activation.

We have reported that kinesthetic illusions induction by visual
stimulation (KiNVIS) significantly increases motor cortex excitabil-
ity (Kaneko et al., 2007; Aoyama et al., 2012). We used a visual
stimulus method involving a monitor showing a movie, on the sub-
ject’s distal forearm, of another individual’s index finger moving
(Kaneko et al., 2007). This method may prevent muscular output
function decline after cast immobilization, during which patients
must remain at rest without engaging in muscle contraction. KiN-
VIS induction appears similar to the action-observation technique
(Fadiga et al., 1995); however, Kaneko et al. (2015) indicated that
the motor-related areas of the fronto-parietal cortex, insula, and
striatum are more strongly activated during KiNVIS than during
simple action observation. Furthermore, subjects reported feeling
as if they were moving their own hand while watching a movie
that induced KiNVIS. Hence, we hypothesized that cerebral net-
work activation during KiNVIS induction prevents motor output
function impairment during immobilization. However, the exact
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Evaluation of the hamstring muscles activity under the semitendinosus muscle
fatigue condition.
Nobuhiro AQKI", Fuminari KANEKG®, Masaki KATAYOSE"
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This study simed to elucidate the activity of the hamstring muscles during isometric contraction
teske before end after semitendnosus muscle fatigue induced by neuromuscular electrical stimulstion
(NMES]. Thirteen healthy young men participated in this study. NMES of the samitendinosus muscle
was performed for 30 min to induce sslective muscle fatigus. Subjects parformed maximum voluntary
contraction and constant-force taska before and after NMES. In the constant-force tasks, subjects
performed isometric contraction at 25%, 50%, ond 76% maximum torgque level ot 106" knee flexion,
Kneo floxion torque and surface slectromyography (EMG), intsgrated EMG {IEMG), and median fre-
quency (MDF) during tasks were calculated, Maximum knee flexion torque declined significantly after
NMES for all joint angles. In the constant-force tasks, IEMG of the semitendinosus muscle increased
significontly after NMES, whereas MDF declined significantly. In contrast, while the IEMG of the
samimembranosus and biceps femaris musches increased sgnificantly aftar NMES, no significant change
was sean in MDF. These results sugpest that ssmitendinosus muscle fatigue due to NMES reduces
knee flexion torque. Maximum knee flexion torque declined after semitendinosus muscie fatigue Neverthe-
less, muscle activity of the semimembrancsus mascle during maximum voluntary contraction increased
significantly after synergist muscle fatigue,

Koy words | hamstring muscle, muscle fatigue, slectrical stimulation, electromyography, knee joint
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Abstract

It is well known that kinesthetic illusions can be induced by stimulation of several sensory sys-
tems (proprioception, touch, vision. . .). In this study we investigated the cerebral network
underlying a kinesthetic illusion induced by visual stimulation by using functional magnetic
resonance imaging (fMRI) in humans. Participants were instructed to keep their hand still
while watching the video of their own moving hand (Self Hand) or that of someone else's mov-
ing hand (Other Hand). In the Self Hand condition they experienced an illusory sensation that
their hand was moving whereas the Other Hand condition did not induce any kinesthetic illu-
sion. The contrast between the Self Hand and Other Hand conditions showed significant acti-
vation in the left dorsal and ventral premotor cortices, in the left Superior and Inferior Parietal
lobules, at the right Occipito-Temporal junction as well as in bilateral Insula and Putamen.
Most strikingly, there was no activation in the primary motor and somatosensory cortices,
whilst previous studies have reported significant activation in these regions for vibration-
induced kinesthetic illusions. To our knowledge, this is the first study that indicates that
humans can experience kinesthetic perception without activation in the primary motor and
somatosensory areas. We conclude that under some conditions watching a video of one's
own moving hand could lead to activation of a network that is usually involved in processing
copies of efference, thus leading to the illusory perception that the real hand is indeed moving.

Introduction

Kinesthetic sensations usually result from movements, whether voluntarily executed or pas-
sively imposed. It is therefore difficult to discriminate which components pertain to the motor

PLOS ONE | DOI:10.1371/journal.pone.0131970  August 19, 2015
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Motor imagery and electrical stimulation
reproduce corticospinal excitability at levels
similar to voluntary muscle contraction

Fuminari Kaneko'", Tatsuya Hayami'?, Toshiyuki Aoyama'~ and Tomohiro Kizuka®

Abstract

condition.

Background: The combination of voluntary effort and functional electrical stimulation (ES) appears to have a
greater potential to induce plasticity in the motor cortex than either electrical stimulation or voluntary training
alone. However, it is not clear whether the motor commands from the central nervous system, the afferent input
from peripheral organs, or both, are indispensable to induce the facilitative effects on cortical excitability. To clarify
whether voluntary motor commands enhance corticospinal tract (CoST) excitability during neuromuscular ES,
without producing voluntary muscular contraction (VMC), we examined the effect of a combination of motor
imagery (M) and electrical muscular stimulation on CoST excitability using transcranial magnetic stimulation (TMS).

Methods: Fight neurologically healthy male subjects participated in this study. Five conditions (resting, MI, ES, ES +
MI [ESMI], and VMC) were established. In the ES condition, a 50-Hz stimulus was applied for 3 to 5 s to the first
dorsal interosseous (FDI) while subjects were relaxed. In the MI condition, subjects were instructed to imagine
abducting their index finger. In the ESMI condition, ES was applied approximately 1 s after the subject had begun
to imagine index finger abduction. In the VMC condition, subjects modulated the force of index finger abduction
to match a target level, which was set at the level produced during the ES condition. TMS was applied on the
hotspot for FDI, and the amplitude and latency of motor evoked potentials (MEPs) were measured under each

Results: MEP amplitudes during VMC and ESMI were significantly larger than those during other conditions; there
was no significant difference in MEP amplitude between these 2 conditions. The latency of MEPs evoked during Ml
and VMC were significantly shorter than were those evoked during rest and ES.

Conclusions: MEP acutely reinforced in ESMI may indicate that voluntary motor drive markedly contributes to
enhance CoST excitability, without actual muscular contraction.

Keywords: Electrical stimulation, Motor imagery, Corticospinal tract, Rehabilitation, Physical therapy

Background

Many studies have shown that paired associative stimu-
lation with single transcranial magnetic stimulation
(TMS) and ES, repetitive transcranial magnetic stimula-
tion (rTMS), or transcranial direct current stimulation
can induce either short-term potentiation or a depres-
sive effect in the motor cortex [1-7]. These facilitatory
or suppressive effects are believed to accelerate motor

* Correspondence: f-kaneko@sapmed.acjp

'Laboratory of SensoryMotor Science and Sports Neuroscience, Second
Division of Physical Therapy, Sapporo Medical University, West 17- South 1,
Chuo-ku, Sapporo City, Japan
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( BioMed Central

recovery in patients with stroke [8,9] because cortical
plasticity plays an important role in motor recovery
[10,11], as well as motor learning in healthy individuals
[12,13]. In clinical situations, however, interventions
other than transcranial stimulation are needed to facilitate
cortical potentiation because of epilepsy, limited resources,
or patient preference. In such cases, we attempt to provide
some form of sensory input (e.g., visual input) [14] or ES,
which have been used to improve muscular strength for
purposes of rehabilitation.

The effect an exercise has on cortical excitability can
be augmented by ES [15,16]. Therefore, the combination

© 2014 Kaneko et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http:/creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.
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ABSTRACT

The purpose of this stody was to Imvestigate which muscle proup. the agomst o antagonist, coniributes
most to the shoulder posxion wenae |SFS) The SPS was tested under 2 conditions: fatigued shoulder tntes-
oal retatos (IR) suscles (pecrorals majoc and ltissioes dorsl) and fGatigued exteraal retator (EX) muscies
(infraspinatus § ln each condition, the SPS win measured befoce and after 4 fatiguing tisk involving the IR
of ER muscles by repeating shoudder joint rotacion. SPS was seasceed using 4 sethod in which sudjects
eopredoced 4 momorniaed shoulder joint rotaton angle. The position erroe valoes in all cenditions (G-
gued W and ER muscies) and measurement prnods |before- and after-fatigoe task) were compared useg
2-way analysis of varsance with repeated measures (IR/ER « befarefafver ). Position error Increased signif-
icantly after both fatigue tasks {before- vs. after-fangue: B muscle, 268" vs 4.19%; ER muscle, 232° v,
4067). Ia cther weeds, SPS accuracy decressed when either the agosist o antigosst muscle wis Gili-
gued This fiading indicated thar SPS may be alfected by an integrated information of the aflferent sgnals

I the aponist and Antagonist muscles.

1. Introduction

Different receptoss convey ecach somatosensory information
consists of the pain, temperature, and tactile sensaticns as well
as conscious proprioception [Hiemann and Lephert, 20022.0h) Rie
mann and Lephert (200022.b) described that proprioception coa-
sisted of 3 submedalities |Joint position sense, kinesthesia, and
the sense of tension). The position sense test measures the acos-
racy of position replication and can be comducted actively (active
posation sense) or passively (passive position sense} in both open
and dosed kineti chain positions [Riemann and Lephert, 20025, 5)

The mechanisms of the production of the position sense bave
been investigated using a tendon vibration and masscle fatigoe in
the wrist and elbow joints. As the resule of studies on a tendon
vibeation, it was indscated that jaint position Is determined by
the integration of afterent sigmals froe the muscle spindles of 2
antagonistic mascles (Figuitre et al. 1999; Cllhodes ¢ al., 1986)
Furthermare, # was suggested that the position sense decreased
even |f the shartening musde daring the posibon sense measure-
ment involved muscle fatigue (Alfen e al, 2007, 2010, Allen and
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Proske, 2006: Forvier et al, 2010; Walsh et af, 2004]. Thus, these
studies support the theary that the integration of afferent signals
from the muscle spaxdies of the 2 antagonistic musdes s impor-
tant In the productson of the position sense.

In the shoulder joint, when the internal and extermal rotator
muscles are concurrently fatigued, shoulder position sense (SPS)
decreases (Myers et al, 1999; Voight et a1, 1996). Moreover, mus-
cle fatigue of shoulder honzontal fexion and extension beads to
proproceptive deficit of the shoulder jowt (Bjorkiund et al,
2000, Pedersen of ol 1999), However, it has not been clarified
whether fatigue of the agonist or the antagomst mwscle has a
greaer effect on SPS. In the elbow joint, position sense Jccuracy
is decressed even when the shortening muscle is fatigued during
positson sense measurement (Allen ot al. 2007, 2010; Allen and
Proske, 2006, Fortter ¢t al. 2010, Walsh et al, 2004); however,
to our knowledge, no study of this kind has been performed for
the shoulder joint.

The purpese of this study was to investigate which muscle
group, the Intemmal rotator or the external rotator, contribates most
10 the position semse in the shoudder joant rotation using separaie
fatigue tasks for these muscles. We hypothesszed that accuracy
of the position sense of the shoulder is decreased Jike the elbow
Joint even when the shortening musche is fatigued during pasiton
SETYE Medstrements,
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Purpose: We compared electromyography (EMG) recorded from the shoulder joint muscles in the same
position for different movement directions.

Methods: Fifteen healthy subjects participated. They performed shoulder elevation from 0° to 120°,
shoulder depression from 120° to 0°, shoulder horizontal adduction from —15° to 105°, and shoulder hor-
izontal abduction from 105° to —15°. The target positions were 90° shoulder elevation in the 0°, 30°, 60°,
and 90° planes (0°, 30°, 60°, and 90° positions). EMG signals were recorded from the supraspinatus (SSP)
muscle by fine-wire electrodes. EMG signals from the infraspinatus (ISP), anterior deltoid, middle deltoid,
and posterior deltoid muscles were recorded using active surface electrodes.

Results: During elevation and horizontal abduction, the SSP showed significantly higher activity than that
shown during depression and during horizontal adduction in the 0°, 30°, and 60° positions. During ele-
vation, the ISP showed significantly higher activity than during depression and during horizontal adduc-
tion in the 90° position. During horizontal abduction, the ISP showed significantly higher activity than
during depression in the 90° position.

Conclusions: When the movement tasks were performed in different movement directions at the same

Keywords:

Rotator cuff
Shoulder joint
Electromyography
Movement direction
Motion analysis

speed, each muscle showed characteristic activity.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Shoulder surface muscles include the deltoid muscle and the
pectoralis major muscle, which enable the execution of shoulder
movements. The rotator cuff acts to stabilize the glenohumeral
joint in various limb positions (Kronberg et al., 1990; Inman
et al.,, 1996; Wuelker et al., 1998). It was reported that in shoulder
joint diseases such as subacromial impingement, frozen shoulder
and thrower’s pathologic shoulder, the function of the rotator cuff
is relatively less than the function of the surface muscles (Williams
and Kelley, 2000). Therefore, to understand the mechanisms
underlying shoulder joint diseases and to provide the optimal
rehabilitation for rotator cuff, a thorough elucidation of the func-
tional characteristics of the rotator cuff is necessary.

The functional characteristics of the rotator cuff have been
examined in the previous studies using techniques such as a cadav-
eric shoulder, electromyography, X-rays, and magnetic resonance
imaging (Kronberg et al, 1990; Inman et al., 1996; Wuelker

* Corresponding author. Address: West 17, South 1, Chuo-ku, Sapporo City, Japan.
Tel.: +81 11 611 2111.
E-mail address: f-kaneko@sapmed.ac.jp (F. Kaneko).

1050-6411/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jelekin.2013.08.010

et al.,, 1998). It was reported that the supraspinatus (SSP) muscle
contributes to shoulder abduction movement (Howell et al.,
1986; Otis et al., 1994; Alpert et al., 2000), and that the
infraspinatus (ISP) muscle pulls the head of the humerus into the
glenoid fossa (Alpert et al., 2000; Yanagawa et al., 2008).

These studies only focused on the rotator cuff’s functional char-
acteristics in a single movement direction. However, the shoulder’s
movements in daily living and sports activities are multidirec-
tional, and the movement direction that passes through the same
position in space is generally not one direction. In the previous
studies, it was not clarified whether shoulder muscle activity dif-
fers during different movement directions when the upper limb
is in the same position. The purpose of the present study was to
record electromyography from the shoulder joint muscles in the
same position for different movement directions.

2. Methods
2.1. Subjects

Fifteen healthy male subjects (aged 23.1 + 1.2 years) who re-
ported that they did not exercise regularly participated. The study
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Abstract

Background There are numerous reports and evidences to
suggest that exercise therapy is effective for knee osteo-
arthritis (knee OA). However, there is a lack of sufficient
research concerning the factors influencing its application
and effectiveness. The purposes of this study were to
evaluate effects of the mode of treatment delivery on the
improvement of symptoms in knee OA, and to analyze
potential risk factors affecting improvement after exercise
therapies.

Methods The 209 women applicants diagnosed with knee
OA were randomly allocated into either a group perform-
ing group exercise in a class or a group performing home
exercise. The 90 min exercise program was performed
under the guidance of physiotherapists as a group exercise
therapy. The Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) of the subjects of both
groups before and after intervention was compared to
examine the effect of exercise therapy. In addition, body
mass index, knee range of motion (ROM), the femorotibial
angle from radiographs, OA severity from Kellgren—
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Lawrence grade, and meniscus abnormality and subchon-
dral bone marrow lesions from MRI findings were statis-
tically analyzed as factors that may affect exercise therapy.
Results A significantly greater improvement in WOMAC
was observed in the subjects of group exercise (81 sub-
jects) as compared with the subjects of home exercise (122
subjects). There was a significantly high proportion of
subjects with knee flexion contracture among the subjects
participating in group exercise that showed only minor
symptom improvement (p < 0.05). In addition, exercise
therapy proved to be highly effective for subjects with
limited quadriceps muscle strength (p < 0.05).

Conclusions When prescribing exercise therapy for knee
OA, evaluation of a subject’s ROM and muscle strength is
important in deciding whether to commence exercise
therapy and what type of exercise therapy to apply; it is
also important in predicting the effect of exercise therapy.

Introduction

Knee osteoarthritis (knee OA) is a condition often seen in
the elderly; thus, the number of affected individuals has
consequently been increasing along with the aging of
society. It is imperative to systematize the treatment of this
condition, and it is clear that conservative treatment is
particularly important from a medical-economic perspec-
tive. Four items are listed as intervention strategies for
knee OA in the “National Strategy for OA 2010 published
by the US Centers for Disease Control and Prevention
(CDC) and Arthritis Foundation [1]: (1) self-management
education, (2) exercise therapy, (3) injury prevention, and
(4) weight management. In particular, exercise therapy is
viewed as being important in the treatment of knee OA. In
addition,

randomized prospective studies and the
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The present study sought to examine age-related differences in reaction time responses under
simple- and dual-task conditions in active middle-uged males, Fifty healthy males aged 42 to 64
vears who took part in public marathon events in 2010 or 2011, and who had participated in ski
marathon events for more than 2 years were assessed, and whole body reaction times (WBRT3s)
were measured by under simple-task and dual-task conditions, In the dual-task condition, par-
ticipants performed WBRTs measurements while they counted backwards aloud to 1, starting
from 100. Although reaction times in the simple-task condition were not associated with age (r =
0.21, p=0.14), u significant positive correlution was found between age and reaction times in o
dual-task tusk condition involving concurrent cognitive tasks (r=0.45, p <0.01), One-way anal-
ysis of variance revealed that older subjects (60 years and older) responded more slowly than two
younger groups (aged <50 and 50-59 years) in dual-task conditions (F=7.87, p<0.01).
However these age-related differences were not found in simple-task reaction times (F= 1.74, p
=10.19). The present findings suggest that attentional capacity assessed by reaction time in dual-

task conditions declined with age in active middle-aged males.

Keywords: reaction time, dual-task, middle age

1. Introduction

Many studies have reported that increasing physi-
cal activity can have physical and cognitive health
benefits (Buchman et al., 2012; Etgen e al., 2010;
Larson et al,, 2006; Nelson et al., 2007). A 25-year
longitudinal study recently reported that a healthy
lifestyle in midlife including high levels of physical
activity was associated with a Jower risk of dementia
in later life among Japanese-American men (Gelber
et al,, 2012). Thus, a high level of physical activity in
midlife may help to maintain cognitive health in
later life.

Poor reaction time responses under conditions
with cognitive demands are an important risk factor
for health problems among older people, especially
cognitive impairment. Attentional resources must be

divided to perform multiple tasks simultancously.
The dual-task paradigm can be used to examine the
extent of attentional resource sharing. Dual-task
performance can be measured while a person per-
forms two concurrent tasks, and reflects divided
attention, which is considered to be an important ex-
ecutive function (Baddeley et al., 2001; Logic et al.,
2004). In older adults, poor dual-tagking perfor-
mance is thought to be an indicator of age-related
changes in attentional capacity, and has been used as
a predictor of the risk of falling (Makizako et al.,
2010a; Woollacott and Shumway-Cook, 2002) and
developing Alzheimer’s discase (AD) (Baddeley ct
al., 1991; MacPherson et al,, 2007, Pettersson et al,,
2005; Sala and Logie, 2001). However, no previous
studies have cxamined whether reaction time
response under a dual-task condition with cognitive

International Journal of Sport and Health Science Vol.11, 33-38, 2013 33
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from antagonistic muscles with tendon vibration
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HIGHLIGHTS

» Kinesthetic illusion disappeared with co-vibration to two antagonistic muscles.

» Disappeared kinesthetic illusion was reappeared when motor imagery was applied.
» Each afferent input from antagonistic muscles was integrated with motor imagery.
» Kinesthetic perception interacted with the velocity of the imagined movement.

» Kinesthetic perception interacted with the frequency of tendon vibration.

ARTICLE INFO ABSTRACT

Article history:
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The perceptual integration of afferent inputs from two antagonistic muscles, or the perceptual integration
of afferent input and motor imagery are related to the generation of a kinesthetic sensation. However,
it has not been clarified how, or indeed whether, a kinesthetic perception would be generated by motor
imagery if afferent inputs from two antagonistic muscles were simultaneously induced by tendon vibra-
tion. The purpose of this study was to investigate how a kinesthetic perception would be generated

I[\(/fyw;)rds:_ al by motor imagery during co-vibration of the two antagonistic muscles at the same frequency. Healthy
Aflflesrcei: glgute subjects participated in this experiment. Illusory movement was evoked by tendon vibration. Next, the

subjects imaged wrist flexion movement simultaneously with tendon vibration. Wrist flexor and exten-
sor muscles were vibrated according to 4 patterns such that the difference between the two vibration
frequencies was zero. After each trial, the perceived movement sensations were quantified on the basis of
the velocity and direction of the ipsilateral hand-tracking movements. When the difference in frequency
applied to the wrist flexor and the extensor was 0 Hz, no subjects perceived movements without motor
imagery. However, during motor imagery, the flexion velocity of the perceived movement was higher
than the flexion velocity without motor imagery. This study clarified that the afferent inputs from the
muscle spindle interact with motor imagery, to evoke a kinesthetic perception, even when the difference
in frequency applied to the wrist flexor and extensor was 0Hz. Furthermore, the kinesthetic percep-
tion resulting from integrations of vibration and motor imagery increased depending on the vibration
frequency to the two antagonistic muscles.

Motor imagery
Kinesthetic perception
Tendon vibration

© 2013 Elsevier Ireland Ltd. All rights reserved.

1. Introduction kinesthetic perceptions. This study focused on the integration of
afferent inputs from the muscle spindle and efferent inputs from
the brain during motor imagery.

Goodwin et al. [5] reported that tendon vibration applied to a
given biceps brachii in appropriate patterns evoked a kinesthetic
illusion of elbow extension without any overt movement. Mainly
Ia afferents from the muscle spindle primary endings were acti-

vated by the tendon vibration [8]; consequently, humans could

Afferent inputs from peripheral tissues, i.e., muscle spindle,
or cutaneous, and efferent inputs before intentional movement
from the central nervous system contribute to the generation of

* Corresponding author at: Laboratory of Sensory Motor Science and Sports Neu-
roscience, Second Division of Physical Therapy, Sapporo Medical University, West

17-South 1, Chuo-ku, Sapporo city, Japan. Tel.: +81 11 611 2111;
fax: +81 11611 2143.
E-mail address: f-kaneko@sapmed.ac.jp (F. Kaneko).

0304-3940/$ - see front matter © 2013 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.neulet.2013.02.009

experience a vivid kinesthetic illusion of limb movement in the
direction which corresponded to stretch of the vibrated muscle. It is
suggested that afferent inputs from the muscle spindle contribute
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The effects of kinesthetic illusory sensation induced by a visual stimulus on the
corticomotor excitability of the leg muscles
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ARTICLE INFO ABSTRACT

Article history:
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A novel method of visual stimulus, reported by Kaneko et al. [14], induced a vivid kinesthetic illusion and
increased the corticomotor excitability of the finger muscles without any overt movement. To explore
the effect of this method on the lower limbs, motor evoked potentials (MEP) were recorded from the
left tibialis anterior (TA) and soleus muscles using transcranial magnetic stimulation (TMS). A computer
screen that showed the moving image of an ankle movement was placed over the subject’s leg, and
its position was modulated to induce an illusory sensation that the subject’s own ankle was moving
(illusion condition). TMS was delivered at rest and at two different times during the illusion condition

Keywords:
Kinesthetic illusion
Visual stimulus

MEP (ankle dorsiflexion phase: illusion-DF; ankle plantarflexion phase: illusion-PF). The MEP amplitude of the
T™MS TA, which is the agonist muscle for ankle dorsiflexion, was significantly increased during the illusion-DF
Lower limb condition. This indicated that the visual stimulus showing the moving image of an ankle movement could

induce a kinesthetic illusion and selectively increase the corticomotor excitability in an agonist muscle
for anillusion, as was previously reported for an upper limb. The MEP amplitude of the soleus, which is the
agonist muscle for ankle plantarflexion, increased during the illusion-PF condition, but not significantly.
Because of the vividness of the illusory sensation was significantly greater during the illusion-DF condition
than the illusion-PF condition, we concluded that the vividness of the illusory sensation had a crucial role
in increasing corticomotor excitability.

© 2012 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

It is well known that kinesthesia plays a crucial role in
motor execution and motor learning [2,9,16,23-25]. Previous study
has demonstrated that humans can experience vivid kinesthetic
sensations of limb movement as a result of an external stim-
ulus such as a proprioceptive or visual stimulus without any
overt movement[1,6-8,11-15,17-21,26,27]. Tendon vibration, one
of the most-investigated ways to induce kinesthetic illusions,
increases muscle spindle activity, so that the subjects experience
a kinesthetic sensation of the vibrated muscle being stretched
[11,15,17-21]. A number of neuroimaging and TMS studies have
revealed that vibration-induced kinesthetic illusions increase cor-
ticomotor excitability in a somatotopic manner [11,15,20]. On the
other hand, a visual stimulus can also induce a kinesthetic illusion.

* Corresponding author at: Division of Applied Physical Therapy, Sapporo Medical
University, West 17-South 1, Chuo-ku, Sapporo City, Japan. Tel.: +81 11 611 2111;
fax: +81 11611 2143.

E-mail address: f-kaneko@sapmed.ac.jp (F. Kaneko).

0304-3940/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.neulet.2012.02.069

A pioneering study by Tardy-Gervet et al. [26,27] demonstrated
segmentary vection, which is the induction of a kinesthetic illusory
sensation of forearm movement by means of a moving visual stimu-
lus under the forearm. Kaneko et al. reported another novel method
of visual stimulus in which a moving image of someone else’s fin-
ger movement is shown on a computer screen above the subject’s
real hand [14]. Using this method, the vivid kinesthetic sensa-
tion of finger movement was induced, accompanied by increasing
corticomotor excitability. Since, in contrast to a vibration-induced
kinesthetic illusion, this visual stimulus should not excite directly
muscle spindle afferents, the neurological mechanisms must be
different between the two methods of inducing kinesthetic illu-
sions. At the present time, however, little has been reported on the
mechanisms underlying visual-stimulus-induced kinesthetic illu-
sions, while vibration-induced kinesthetic illusions have been well
investigated. In particular, it has not been clarified if a visual stimu-
lus could induce a kinesthetic illusion in a lower limb accompanied
by increased corticmotor excitability. Since upper limb movement
has a strong relationship with visual input [10,14,22], there may
be functional differences between the upper and lower limbs in
visual motor coordination. Accordingly, it is uncertain whether a
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ABSTRACT

Motor imagery is well known to have a facilitatory effect on the corticospinal tract, but
conflicting opinions have arisen concerningits effect on spinal reflex excitability. The purpose of
this study was to clarify the effects of motor imagery on gain modulation of the spinal reflex by
focusing on the physiological differences between the H-reflex and the stretch reflex. In
experiment 1, there were three conditions: rest, motor imagery of ankle dorsiflexion (MI-DF), and
motor imagery of ankle plantarflexion (MI-PF). The subjects were instructed to imagine 100%
maximum voluntary isometric contraction (MI-100) in each direction of movement. To examine
the effects of the imagined effort level on spinal reflex excitability, the subjects also imagined
50% maximum voluntary contraction (MI-50) in experiment 2. The soleus H-reflex and the
stretch reflex amplitude and background EMG (bEMG) activity were measured. There were no
significant differences in bEMG activity between the H-reflex and stretch reflex measurements.
In experiment 1, although the H-reflex amplitude did not change significantly among the three
conditions, the stretch reflex amplitude increased significantly under the MI-DF and MI-PF
conditions compared to the rest condition. In addition, the stretch reflex amplitude under the
MI-100 condition was significantly larger than that under the MI-50 condition in experiment
2. These results indicate that motor imagery has a selective facilitatory effect on stretch reflex
pathways. Furthermore, this excitability change may occur in untargeted antagonist muscles
as well as targeted agonist muscles and may depend on the imagined effort level.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

conflicting opinions have arisen concerning the excitability of
the spinal reflex pathways during motor imagery. Yahagi et al.

A number of studies have revealed that motor imagery
facilitates the excitability of both the motor cortex (Porro et al.,
1996; Roland et al., 1980; Roth et al., 1996; Stephan et al., 1995)
and the corticospinal tract (Fadiga et al., 1999; Hashimoto and
Rothwell, 1999; Kasai et al., 1997; Kiers et al., 1997). However,

* Corresponding author. Fax: +81 11 611 2143.
E-mail address: f-kaneko@sapmed.ac.jp (F. Kaneko).

have reported that the H-reflex amplitude did not change while
the MEP amplitude was significantly increased during motor
imagery (Yahagi et al., 1996). They concluded that the excitabil-
ity change occurred mainly at the cortical, not the spinal level.
This interpretation is compatible with studies that have used

0006-8993/$ — see front matter © 2010 Elsevier B.V. All rights reserved.

doi:10.1016/j.brainres.2010.11.023
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EVALUATION OF THE MOTOR CONTROL IN AN ASCENDING PHASE AND A DESCENDING
PHASE OF THE PASSIVE FORCE ON THE BASIS OF KINETIC - EQUILIBRATING TASK

TATSUYA HAYAMIL FUMINARI KANEKO,
TAKASHE YORO! and TOMOHIRO KIZUKA

Abstract

The purpase of this study was to compare the motoe control against the passive {orce between
an ascend phase (AP) and a descend phase (DI'), and to0 mvestigate the effect of o subject's athletic
experience oo 1L Tharty~Jour subjects participated in the experimess, and they were classified into an
athiete groep ond » costrol group. We used a kinetsr-cquilibroting (K-E) task. Result of K-E task
depends oo the Kinesthesia because sublects are roquired 1o maintan thewr balacce aminst & passive
foree under condstsons of Hmited visual and aural fredbacks. Therelore, subjects were instroctid 1o
resist the passive farce. Their performance was evaluated using parameters soch as abaolute errore,
position flectuaten, snd variable vrror that were ¢aleulatod from poiticn data. Seenificantly higher
vidues on DIF than AP for vaech parsseter bn the control group were foond. However, the values of
both AP and DP were similar ia the sthiote grougs [t wis suggested thit the athlete group could per.
form the same lowl of sotor controd waiest passive foree between AF and DP, although it was moro

diffioudt in DE than in AP for the contred group.
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Effect of joint position on the electromyographic activity of the
semitendinosus muscle

J. Kubota ', F. Kaneko®, M. Shimada?, S. Torii*, T. Fukubayashi*

Abstract

The semitendinosus (ST) muscle has a tendinous intersection within the muscle belly that separates the ST
muscle into distinet proximal and distal compartments. Thus far, no study has compared the electromyographic
(EMG) activities between the proximal and distal compartments of the human ST muscle. This study aimed to
imvestigate the intramuscular EMG activity patterns of the proximal and distal compartments of the ST muscle
by altering the hip and knee joint positions. The study population comprised eight healthy male volunteers. They
performed ramp isometric knee flexion tasks form the relaxed state 1o the maximal voluntary contraction ( MVC)
state with (1) the hip and knee at 90° and 0°, respectively (90-0 position), (2) both the hip and knee ar 0°
(0-0 position), and (3] the hip and knee at 0° and 90°, respectively (0-90 position). Fine-wire electrodes were
inserted into the proximal and distal compartments of the ST muscle and the individual EMG activities were
recorded. In the 90-0 position, the EMG activity of the distal compartment was higher than that of the proxi-
mal compartment at 60%, 80%, and X% MVC. Moreaver, in the (0-90 position, the EMG activity of the prox-
imal compartment was higher than that of the distal compartment at 60%6 MVC. These results indicated that the
lengthened or shortened muscle conditions induced regional differences in the EMG activity patterns, while the

two compartments showed equivalent activity when the muscle length was moderate.

Keywords:  Fime-wire electrode ~ Intrarmusculur electronography - Semifendinoses muscle

Introduction

The hamstring muscle group comprises four
muscles: the semitendinosus (ST), semimembranosus
(SM), biceps femoris long head (BFI), and biceps
femoris short head muscles. These muscles function
during intense bursts of speed because the primary
role of the hamsiring muscles is locomotion rather
than postural control. The hamstring muscles con-
tract forcefully and repeatedly, and their activitics

| Sport Scence Reseasch Center, Wiveda Usivessity, Jupas

¥ lnstivese for Hussan Sdesce wod Biomedicsl Engineenag, National
Institete of Advanced Industrial Science and Technology, Japas.

' School of Health Scieoce, Sappoes Medical University Schood of
Modcine, Jopan.

¢ Tacelty of Sport Sciesces, Wasoda University, Japan.

Electromypogr. i, Newophysiod., 2009, 49, 149154

predominantly depend on the fitness of individuals
(5). Therefore, the hamstring muscles are one of the
significant contributors to a superior athletic per-
formance. On the other hand, acute muscle strain in
the hamstring muscles is & common injury observed
in many sports involving sprinting, jumping, or kick-
ing (2, 6).

Among the hamstring muscles, the ST muscic has
unique architectural characteristics. The ST muscle
has a tendinous intersection (T1) within the muscie
belly that separate the muscle into distinet proximal
and distal compartments (7, 10, 12). The two
compartments are innervated by two branches of the
tibial part of the sciatic nerve that are inserted into
the proximal and distal compartments of the T1 (12).
A previous study investigated the electromyographic
(EMG) activity patterns of the proximal and distal

149
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Knee muscle activity that is dependent on the direction of passive resistance
against the knee joint.

Fuminari KANEKQ, PhOD., PT., Yashivuki ASAL PhD., Nobuhiro AOKI, Tatsuya HAYAMI,
Aklhiro KANAMORI, Phi)., MD,

Abstract

The present research investigated the direction in which a paslicular muscle worked mark:
edly against a force applied at various directions on the knee joint.

Ten healthy young men parti¢ipated in the present study. The subject $31 in the front of a
haptic device for motor learning thac we produced. called "KINESTAGE™. One foor was fixed on
the fool-plate, and che subject was instructed to produce a certain muscular putput (o maintain
the eslablished faol posilion following force sense and position sense while the machine applied
specified target forces to the foot at various direction. The rosistance was applicd as a trapezoid
shapt, with the force bring gradually snereased at 6N per second. The peak force level was set
at 42N for 2 seconds. Passive force was applied w the subjects fout [rom eight directions [from
anterior 10 posterior (AP, anterolateral 1o posteromedial (AL-FM). lateral to medial (L-M),
posterolatera) to anteromedial (PL-AM), pesterior to anterior (F-A). posteromedial Lo anterofat-
eral (PM-AL), medial 10 lateral (ML), anteromedial to posteralateral (AM-PL;]. Bipolar surface
electromyographic {EMG} activities in 7 muscles were recorded.

Rectus Femoris recorded during ALPM and ANIPL rasks was significantly larger thar that
recorded during anocher task. [n che vastus medialis and lateralis, EMG was significantly in-
creased in the A-P directinn. Not anly P-A, PM-AL PL-38, but also the M-L and L-M tacks in-
creased EMG in the hamstring museles. The prefecred direction o increase EMG 1 the gasuree-
nemius was AM-PL,

These findings suggest that the examined muscles i the present study have a functional
diflerence depending on the diceclion from which foree 18 applied from the outade,

Key words : Knee paant. Electromyography. Fassive resistance.
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Fatigue of the shoulder external rotators affects shoulder joint force produced
during pitching — preliminary study —
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KINESTHETIC ILLUSORY FEELING INDUCED BY A FINGER
MOVEMENT MOVIE EFFECTS ON CORTICOMOTOR EXCITABILITY

F. KANEKO,** T. YASOJIMA® AND T. KIZUKA®

?Institute for Human Science and Biomedical Engineering, National
Institute of Advanced Industrial Science and Technology (AIST), 1-1-1
Higashi, Tsukuba City, Ibaraki 305-8566, Japan

bGraduate School of Comprehensive Human Sciences, University of
Tsukuba, 1-1-1 Tennoudai, Tsukuba City, Ibaraki 305-8574, Japan

Abstract—The present study aimed to clarify whether a kin-
esthetic illusion arises in our experimental condition (visual
stimulus) and whether corticomotor excitability changes in
parallel with the kinesthetic illusion. The visual stimulus was
a movie in which someone else’s limb was being moved. The
computer screen showing the movie was installed at an ap-
propriate portion of the subject’s forearm, so that the per-
former’s hand appeared as if it were the subject’s hand (illu-
sion). The experience of kinesthetic illusion under this con-
dition was verified by interview using a visual analog scale.
Healthy male subjects participated in this experiment. Trans-
cranial magnetic stimulation was applied to induce motor-
evoked potential (MEP) from the first dorsal interosseous and
abductor digiti minimi muscle. Each subject was instructed
to watch the same computer display shown as in the illusion,
with his own stationary hand in full view (non-illusion) and to
watch a display of non-biological movement (moving text)
(sham) as the control conditions. The present results showed
significant facilitation of MEP under the illusion compared
with the control conditions for the index finger abducting in
the movie, although not for adducting. MEP in the abductor
digiti minimi showed no change during either abduction or
adduction of the little finger. The present study demonstrated
that an illusion of self-motion can be created by a video of a
moving abstract index finger, and inputs to the corticomotor
pathways during the self-motion illusion facilitated the cortico-
motor excitability. The excitatory effect of the illusion depended
on the movement direction of the index finger. © 2007 IBRO.
Published by Elsevier Ltd. All rights reserved.

Key words: kinesthesia, illusion, transcranial magnetic stim-
ulation, motor-evoked potential, mirror neuron system.

It has been found that kinesthetic illusions of limb move-
ment induced by tendon vibration against the muscle spin-
dle alter sensorimotor cortex excitability with the reception
of sensory afferent input, despite the fact that the vibrated
limb remains immobile (Naito et al., 1999, 2002, 2005,
2006; Calvin-Figuiere et al., 1999, 2000; Romaiguere et
al., 2003, 2005; Naito, 2004; Naito and Ehrsson, 2001,
2006; Casini et al., 2006). We investigate whether a kin-
esthetic illusory sensation could be induced in a subject by

*Corresponding author. Tel: +81-29-861-7885; fax: +81-29-861-6660.
E-mail address: f-kaneko@aist.go.jp (F. Kaneko).

Abbreviations: ANOVA, analysis of variance; EMG, electromyography;
MEP, motor-evoked potential; TMS, transcranial magnetic stimulation;
VAS, visual analog scale.

our visual stimulus method in the present study. The
method of visual stimulus presentation was a movie in
which someone else’s limb (an index finger in the present
study) is moving. The computer screen on which the movie
played was installed on an appropriate portion of the sub-
ject’s forearm, so that the performer’s hand appears as if it
were the subject’s hand. The objective of our study was to
clarify whether an illusion originating from visual input af-
fects cortical level excitability: that is to say, whether a
“sensory” illusion induced by this novel approach has a
measurable “motor” effect. Since perceptual-to-motor trans-
formation during tendon vibration was demonstrated by
motor unit activity recording from an antagonist muscle of
the vibrated muscle (Calvin-Figuiere et al., 1999, 2000;
Romaiguere et al., 2005), if a similar effect were to be
found in our experimental visual stimulus, it may be useful
to provide a facilitatory effect to the corticomotor pathways
corresponding to rehabilitation of patients with motor dis-
orders of some kind.

Many experimental results stress a prevalent role of
vision over other senses in self-recognition, though it is
largely context-dependent: we feel our hand where we see
it, not the converse (Jeannerod, 2003). Various studies
have concurred upon an understanding of the dominance
of visual afferent information with respect to awareness of
somatosensory information, and also that such information
influences corticomotor excitability. The induction of a kin-
esthetic illusory sensation by moving visual stimulus of
ambient circumstances surrounding a subject’s static hand
was reported by Tardy-Gervet et al. (1982, 1984). Further-
more, it was shown that a kinesthetic illusion could be
induced in arm-amputees by their observing a motion ex-
ecuted by the opposite, intact hand in a mirror. Ramachan-
dran and Rogers-Ramachandran (1996) reported that
most of the amputees who participated in the experiment
felt an emerging, vivid kinesthetic sensation of the phan-
tom movement in the mirror. The condition in the present
study by which a movie is presented, is based on another
kind of knowledge, that is, the evidence about the domi-
nance of vision with respect to body image recognition that
is associated with having somatosensory information
(Botvinick et al., 1998; van den Bos and Jeannerod, 2002).
The necessary condition is for there to be a precise align-
ment between the subject’s actual body and the perform-
er's body in the display. The condition settings adopted in
the present study are basically different from those used in
previous studies. The body observed by the subject is that
of someone else; there is no voluntary action on the con-
tralateral side during the observation; the observed per-
son’s hand faces away from the subject, and the observed

0306-4522/07$30.00+0.00 © 2007 IBRO. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.neuroscience.2007.07.028



B O wiEMEEae 3408+ ¢) 160165, 2006

1 D F I B I S X 2 R R X $He e fe O
i TR 82 5 IR D BRI Ry A D 22 AL

Al B &7 RY LH

M| IEY AR

BWE  ATTRTIE, 1M TRBMEN C £ ENEEREE (short-latency stretch
reflex | SLSR) [GEHO® L, BRYSHORMIVFERE RN L 2, MltcEity
AOE TREEMRIZ, | NGO+ 7 2 BE T - L. MPRESEEC 7 2 L ieaiEo
ReEME £ TRk L At S, JEEANOE E SEheE O A UKD H  (maximum  voluntiaey
contraction : MVC), £ i@ SLSR (##85, 6, W) XU FR=G0G o R F
XL TBNRR A2 ZHEL L, RRIMEEESN O MVC it MTEERCHE
CAEF Lt SRRSO I F oS0 R SR M E R A A R L, B
WSR2 RELL S ole, CHEDZ ENS, SEIOHETRINE h 23 2R
AHCE D S MNEEFROREMISHTLER RV TS {, SLSR @¥ttomA ittho®

Eelb - Twus L% R,

izl

PHTFORF AT TIThh S MIBEEP~< v
FEEMe SicX-T 28550 RSHEENO S
WAt Sh, AWML TS, ZOMEOTER
PRI EICED, Mg HRESET L, B
HEOME T2 U 008, F 7, iR 2 WME IS o 5
RAENMTHEEREsELI L8R TY
68.&&8«1).

Fxid, TRILEMOHRESHFCERENEL
AR VIR F T, R PR - BRERAEPR 3 ik
TiEMOEREHEo o TS 2 L2 N, 1EMoO
FAABEBEETFTIMNRLLIBRB LT &
fora-enzan (L EE, twitch interpolation T
MR AHRIGED £ EL, 2o MBEEE:
REEETT S L eME L. CoNlikd, i

1) ARG ST A MISIRLN L OrRAT
2) WK FENTHENTH
0 W ERR A ACTATRSOR L HF IR
0 RIATF AN S FF R

RUH 061 H 100

FIH L 200684 19 H

FEEROMS ZEGLTRESHEO L OBRETRE
BRABNEREET S LOTH ALV, 2w, =
OUE T RRENTER T 2 s B c gt Trel,
]S pORMEESFERESHECECLDOTRILE
H 2 &, R, SHEEZWE (transcranial magnetic
stimulation : TMS) i= & 2831 Tk, POEE iz
WA (motor evoked potential | MEP) @&
OFELHKI L, THERMRIC X 3 ERNTRSGR
OFTEEMV SR ait 2 2 hs, EEFREROA
h—HhmEsEE L, R BKiEsmAcT 5
SEHERLILLEDZ b s, 180 L v 5 MREE
WM T RTINS SR L 2v L DD, BENLTIN
WNBETYEI L= &L THENTHCENT
MEIEOMAREL S Z LWt h- T E S Bl
EEPRT £ 0BT S 2 TR S W O S i e
X DMATIRIFGRM S TELR, KilEFLR
SEASTIAE, /IR U0 O fERDBYERIR 2 5 DA
KROFRCREACLRRTH S LH#ERL 2,
WA RREOS L2V TIE, a2 L T
2 LMEES L S BETERTE T L R L 2 ER

Presented by Medical*Online



Japanese Physical Therapy Association

HERESE $£32%%35 115~122H (2005 4)

® &
WEREMEIC BT A E R FBHER O
H R RYIEALICE T 5 454
&F xRy B O #? wm rEY
B EE P AR Y
EE

ABIZED B, —EDORKREIERICET 2HEH ORI OWT, BITHRICH 5 L 5 ITIkskiE
BT 5D TR RS, ERNFRYIF— 5 & LCBNELZRL, BEEEESEREZBR T2
B BEHHBOERIIOVTHRFT S L Tholo KFEEHREZT 1 L0k GREIZEIR) (2,
BSR4 M0 SHEBERZRE L2, 209 bR, A%, BRTFTHCETAY
BEEAEEALZ MTHICEEBHMRAERL2 A, HERIZIRES X OBt #5187
(nRMS)o &#MHIEBOMEE I TA A AT TRHRHL-EEISEH Lz, RELARKBIZBIT S,
nRMS DXL D E THLEHREKIL, HICLoTRRIEMERL 2. HIEHBROERERRIINELE
LT, 1037 DnRMS #F#H L7 (nRMSavg) HBORAMEBBEEERIL, HEICRLZ - Twl, &I
BUOTHMBEFEER SN R BEHEEHRKIZHE VT, nRMSavg 258 4 %) 2 & ANftb 28 T55
NI o7. BEOHBEDHOMEARHLRIILIoTERZD, MTHEINGIHREELTV, K
BLIRRIIBT 2HIEBHHRBOES DX, HHk RN % nRMSavg OZAL, L THEOHBY O

Bz, BARNTOBHEHHBORBERINT L7:00REL LTHMTHLTRENLH 2 L E 272,

¥—7-—F &K, FHEH, HEX

3L &I

BRI L B RBE OB R EE (RREE) &, 1
B 25 - BANOBM 2SI & o THiBIEE 2 Lo
WhWBEITHERT B, 2) BHFICHEF T RIEE
ROFRSMGREIET T2, 3) HOBMWREET
PIRE & 7% o THEBFMAIEA S, EVHIRBHAS=

Analysis on the Sequential Dynamic Change in Electromyogram
Recorded from Shoulder Muscles during Throwing
WUATERENEEBN R SRR AMEHE LEmHES™

(T 305-8566 HKIRWE> CIXTHH 1-1-1)

Fuminari Kaneko, RPT, PhD: Neuromuscular Assistive
Technology Group, Institute for Human Science and Biomedical
Engineering, National Institute of Advanced Industrial Science
and Technology

2) hRRFRFEREREETER

Hiroshi Kurumadani, OTR, MS, Tsuneji Murakami, MD, PhD:
Graduate School of Health Sciences, Hiroshima University
REEREHRE K¥bEBA MR 2Ry

Tadashi Masuda, PhD: School of Biomedical Science, Tokyo
Medical and Dental University

LEEREN—T

Masahito Yamane: Hiroshima Toyo Carp Co. Ltd.

E-mail: f-kaneko@aist.go.jp

(%fH 200245H27H  SHH 200542H26H)

1

-

3

=

4

=

ZANEZLRTWE Y, 21T, HIKICL 2RBAD
BFEO—D2E, LEOBHEIZHL LD TWE, T4
bhH, BIRORMMBENUNDOFE D S YHNIMZ %
T ThH, RBEORILICEESHOKENE, N
e, BLUOBHERMEES~NOETIIHH L TEROEIR
VIR RV SN, ZOBRRNSE A X ) #EE
BEZTHLEVHIZLTHBYY, 0 LhBREE
ZH9 5 A = X A ISR ERET R & FeBREE AT
HELOHRWICHESNTELDDOTHL, 2O E
M5, BEREETIICL DERRICED 2 HOBENEE
THLPITH I LIE, RIREEE TR - BRTHED
HERHED-DILEETHL LV B, 41X, ok
T EOBEFHMR L, BEIT - -BEHERERN
W™ »oEoh-mRles#26be, BHELHE
EEARICE T NAHEICBVNTY, BIERICR T
BRI OFEMIR L LD L DRI LT TV L, E
BIZE ) ThIUE, FoREHEE % Z8 LS RE
TOTGANIEENBENETHD, Lo, HEREHE
R EEGERZWICHE L2 hE To®mE*T T3,
el U THRERSEOMEBEIHERZE S L TRLTWA

NII-Electronic Library Service



(13)

872 EHRMFC S 3 ANERR OB EEIGE

MEAPaRMER K ¥ W M9,/ H K B B K

L -

AREEY A viFicaunT, SHIME L
M i s, ANDENR T S Sl
MECRAMT 22850, PTLESEFRE (X
VORLITUBYMETHSI RN BARENT
vid, BEISHIE i, WS E ERTERSNE
W, WFS, MHEHBRURP TR SRES LS
BROBKTHL, CHhoO&ER, WORMED
RECME TSR TR <, EMATIE W TR
g2ty SEIMEELE LIFRT 50,

O, ARETFNEHMELTHLIVIRIA
Y F—varusslnwEo-RLLT, E
MU T 8 = 2449 4 AHEL{THRT WS,
NP4 ZOWMELT, ECMBELYD

EAGSEDRRE
(WRET)

[ B GRIE
(Mt - ERR1T)
i

EeGRE s EREOSABY
[ ElRRE E €ofrm

(RExPHTETHLE A+ B 0 2
= ¥ X o

AFeireR) & O W b
(eRnERAEETH @ T X WM

(PR R PR 21T 5 = £ P, (G B ot
MOEHE 2D L) CHERABRVATNTERT S
EMRETENETY,

NGRS, WTR, MIBORES RIS
244 X LTHEMPORTED, WS 3~4
Nm (1.2~1.7%g) UTFOARKTHNEL, Hls
HBOFRE LD LG ENTHETY, gf, #
S ey MM PR BT S5 S Ot
BeEWTrsZ e 5e, BT, AHBORIE
EMMMSIES L T LTS SMMEE R
LiEEFELLS™,

—~%, MEBLEMBOFEBHEPCERTENS
AeEghi, feeboRErp EseL 7Y
YAXELTITOLRAZ LB N Jobe &
Moynes" i, WAEEMHI HR S “empty can™
OB T OGRS TR L = 2 v o AN
THLLEYUL TS, Townsend %' &, empty
can DEMTHAENDERHL LN, BEH =M
(CT 0 3 REE S N8 23 R L i R
OUMLRLTVE, ML, INEYT—
g /EEY SAMRO—RE LT empty can OfE
MrLr44f XLMETLE, AMPCHS RN
24, AR emits ¢ it H s L OWNE 6
HIV TNSOWESVC TR, AHEEHFS
HEE “fullcan” ORGETOL 2P 4 XEERL
THED, =294 XRACMT S RNE—RLT
Wi, 4, oA LeSELL
WY CHL TG, =M IR CERY VL
BOES MO EEKE 22 EORFT L5 =MFED



B R EMEERE 3200 :12-20, 2004

t O TFEPIEGE S & B B O A — ) R ZEAL

& T X m"

AE@WHME W

g m n.:”

BE AR IHEAISRYS X 2B AR ) SRR RS S TR L A S s
TEZIERHMEfT o, SRETEREFAELTTOROF 7 ABEEHBL -, M
SRR AEMRLL, EF7 A STHVRASEBRL 2, ¥ 7ABENRT, FRERX
BN (MVC), SFEEGSYNT L 2SR (MEP) oM. BXEURANR-L S
BRI S W L, MVC RRE#HE BHERCETL -, DL 22 MEP &R
12, EESCHAL 2, (SRS (G%MVO) O IcR L 2 MEP &612, A%
L TRCRML Tk, 20, ARSI O MEP MO ERCERE Ko
Tk, HHERIEEL S, BRI L0, SRGRESSVIRBTORFM Y
FAREE k- T, HEHREEO AL - HAMESEL L, ENHFRERNSsntY 3

ZENF SR,

LIS

PEERRSE & X O SRS E RN R IR 2ot T
7 =2 ADETHRWS N5, BRI,
F72kBELIEIL "2 AR TV SRBEL LW
P, "NEANS EHBPRLL"EEYORLEZBH NS
ML eH0, ZOFHNBEUTHL"BA"EL, B
HORED— TH LB IMIENOETELT,
AEHAROER L LIc L o THEEMICIRA S Z LTS
A1 DEROERASAT SR L L T REHR
H ) - FEPF S (root mean square : RMS) (DI
MBS SN D, & P BB MDD LS £ EL
T2, ¥ 7 ARES2KNET &0 cE U R
LRAOEEN SR lAE, ¥7ARERC IR
MRS OFEABEAE T+ 25, a0 Linb,
T RREE(LOKN £ L TiROBVEEZ 50D
LG, TR OS2 AR R

1) BUTEREASREERGERR  ANMENR LPFES
™

1) REXPHNEER

3 WMRAPHETETRTED

4) BB IR A R PR RE
ZHE L 20005EA N 5H
FIRH (2003 E8 HE H

OREEE LML T LD L EN TR S, W
PR ESN S 2, FEERBIEREEANF, WP
Hr~n, MBHHFR IS SNn5E7, AT,
WL AnnsOff s e 3—F{EL THRGERD
2= AMELCHRL, FRIC TR MK R
BS54 M PHRE (corticospinal tract : CST) @
BHHE (2L THEL R,

AIE O TR E NS B (transcranial  magnetic
stimulation : TMS) £ H L -8RI L >
T, AL EOTHREADRKOB L D EHY
N TSGHBEF (M) LTRSS o R R) 0t
R4 F S (reorganization) S 2 Z LS &
NnTaL AL, Liepert S 12 ERMIGE ¥ 7 A@IEL
Fefleis, M1 3502 RS XEFREsRANT 2 T
EmLi'e, 7, EEBE £ 30 BMER L2
GEM xR LT RIEE O W LT L 2 Zanette
5k, LYo CST BEtESMA T SRIRLRL, £
OFEREEOTIEEC L VBl s {as s
WEH LA, L Ll s ORER T, e s 5N
HOBRESBZISRTESY, BHAZMEL TWwa
D CSTHERSRELL-LOTIRL V. T4b
5, FEEO D R % K L T2 B CST

Presented by Medical*Online



(4)

ERIRHAEE) (S 5 RIENEH N L~ CREEERT O

mExT A § 9 9

el B/ big

ARERGERS & T X O, 6 ¥ F K
EmrEes M nE

WA & F o £

(NHERRHAT 0 H iE

1. UMK

BADTERC L - THRMMERER TS &1, %
ORTRFGHAEAREENTOUIERAL LV,
S ITTRBRZ Y, 23 ML EORNT RS L
LBHIHNAOAORT oSBT S { OFfRS
HaHa, 1 ANERONNTEROER WL
PR Z@E Lot —RIR, TREm
AF S THNET T S8E, O TR
FAOMBEE TR E 20, FSWH gL
BENL CHORGMEOREN XA LD LD
23, HEPELIERLGRTVETY,

T, MEMOELC S, BEERCIES
TwEOTEHS I, B L - THCTEHR
WAy S L, 28RN -2 AaERER
ROEL 2T LMONTVE 'S, ThoHeD,
LRGSR, TBMRAE, SR ImE, MR = 5 -
O AVAATOREE, LOPRr~AaTORERE
G¥, X2 X300 S0 Tl MEE RO RN I Rt
FUTIT L HA60S, White 5712 1 MM THE
OF FARELM, BRBIETFEEEL TV,
Miles & &, 9 EMOMBO ¥ 7 AWE £ M4, B8
HETERGELTVLE, INGOFRTIE, IHNN
EAOETFTLOGHETONSNSGELT, BhH
EFifMEfroms @l Ttvd, —8 Edgerton
54043, SEMOAR—R 734 b T b AN

WES L CAGREERP TSI EeRALTY
oA, LRSS LTy, Fuglevand
%It FSBMsSETAF T METSE, 8
RTRBMALHHETRRSAZVEREL TS,
Berg and Tesch® 12, 10 HMO FTHRSERL/A, &
ATOBHMHEN - PEREROREEIR P2 E
ETRRLTWS, LidaT, ENoFEMERT
G, TOEM, O HREE, BEhvarvck
STRAREL D, BEHIRS R VERTON
NETF L BHHERREOELSYDL I ML T
WEOH, RS TR,

72, BHETLR|ABNOETTHI, RX
FOMEIMEOSE 26 BRI RETHS,
RS, AMEFORELAYRBXTORELT
FEEHBC L TTbhTEY, ARMBEECHT 2
[BUFLMERTIZTH, 30T IO
=G, SEAR - R ORBGNY & R
HEMUTEILERBETHLIHLTEHS™Y, a6
K, SOLINI KRS RVICAMWA SO
i, A EEEMT S MNNRERE O MTENE L O
WET2LBbhd, LEti->T, MEFROREL
KRG InZFEMOIMT, HBRELEZLM
ORESEER LS - L2, HERWEMPE LR
PR CERSE L, NS ORI S TS,

FITAFRRTE, ANMTBTERLENT S0
i 7 HROFMMD S B0 7ABEL AV, B
— WM IER (first dorsal interosseous @ BT



(3)

BMEBTRERIC L - TE L 2 mREEIED OE TS

ROTTEEEARREERSETRN & T X K, W H FE &

1. @G

HOFEREER EHNPMETT &, BADET
e, BEEOBECLEFELEEBESLESKLD,
SHIEEZENT I RS LI RRE

S, COLSTREERFBIEFEREF L VIY, Th
HSWITT 2L, BRBMCRBL A DREEDE 2T
HLDHE, EMEORSICE, RRATHNSET
LTwa07T, Bt Yofmog s cuiiio A
HET2 M, RAEEEFSET T R5LH

RANESNIU EOL S REFRCL > T4EL
DT, ERWITT SR, ATILERIE 2T
PEHEEREORT SRS - LT e, B
REODTFMCLoRE L FRENG, Bio, &
DESEHNOARER D ESTET, BE
e BT 2 2 Mgk H =l
BARSR ORI E S,
—REPNCTERRSBOSE LI eI T, On
2 TORLOFRT, HERIWEET =2 S LN 5
BHOETHECE I Lt TN, B
RUOBATETE, BROSEEELLZ LI ENSE,
HEROBEERT 20 Tt <, HEFfEEH2
AWHHPROBEETREATSFTERLFL SN

O

v L Htem -
[t L2 :‘ <

o™

) ) f’;ﬁ?j}){a = "Hﬂ’ﬂ REEG S L, MG
MW raovelk, BHNETRERETLE
A2 oSO T 0885, Ll

REx?) K & @ 1€

FH5, COXSGRMEALERE, BLENC
LIoEMmECRRELTTSC
LIEEIETH S, 8, B2 L TGS
ity FETHARELER T SERLERZNAT
Lan S, SOME SR, BHLC L IR EREERE F
MREL 2R LTEFTCEFNTE O, BED
RYFSETRA W,

Lo, GHIETEMmMErOET 18- LT, @
WA ENRE LT FEOX 7 ABE 2 1 BT
Vi, TOHRETOELESHIEL.

-: 2D “J |L# ') 3} e~

R ¥7AREES



Clinically Relevant

Reductions in Basal Limb Blood Flow and
Lumen Diameter after Short-Term Leg

Casting

JUN SUGAWARA?, KOICHIRO HAYASHI*, FUMINARI KANEKO?, HIROSHI YAMADA?,

TOMOHIRO KIZUKAZ?, and HIROFUMI TANAKA*

ngtitute for Human Science and Biomedical Engineering, National Institute of Advanced Industrial Science and
Technology, Tsukuba, Ibaraki, JAPAN; 2 Department of Physical Education, Tokai University, Hiratsuka, Kanagawa,
JAPAN; 3Institute of Health and Sport Sciences, University of Tsukuba, Tsukuba, Ibaraki, JAPAN; and “Department of
Kinesiology and Health Education, University of Texas at Austin, Austin, TX

ABSTRACT

SUGAWARA, J,, K. HAYASHI, F. KANEKO, H. YAMADA, T. KIZUKA, and H. TANAKA. Reductionsin Basal Limb Blood Flow
and Lumen Diameter after Short-Term Leg Casting. Med. Sci. Sports Exerc., Vol. 36, No. 10, pp. 1689-1694, 2004. Purpose: We
tested the hypotheses that short-term casting immobilization of a leg would reduce basal blood flow and vascular conductance and
induces structural alterations in femora artery. Methods: Right knee and ankle joints of eight healthy young men were immobilized
with casting for 7 d. Before and immediately after casting, and 14 d after the cast was removed, femoral artery hemodynamics and
structure were measured using a high-resolution ultrasound. Results: Femoral artery lumen diameter in the immobilized leg decreased
after theimmobilization (P < 0.05) and returned to baseline during the recovery period, in which the subjects did not receive any special
rehabilitation treatment. Femoral artery intima-media thickness (IMT) and IMT/lumen ratio in both legs did not show significant
changes throughout the interventions. In the immobilized leg, femoral artery blood flow and vascular conductance decreased (—23 to
24%) after the immobilization (all P < 0.05). These parameters returned to the baseline during the recovery period, and there were no
significant differences between the baseline and recovery values. In the control leg, femoral blood flow and vascular conductance did
not change throughout the investigation. After 7 d of casting, femoral arterial distension, an index of arterial distensibility, tended to
decrease in the immobilized leg but not in the control leg. Conclusion: We concluded that a short-term immobilization of lower limb
decreases basal limb blood flow and arterial lumen diameter. These results suggest that basal limb blood flow and lumen diameter
decrease rapidly upon the cessation of muscular weight bearing and locomotor activity, and may be modulated by an ordinary level

of physical activity. Key Words: CASTING, DETRAINING, PERFUSION, ARTERIAL STIFFNESS

able ability of the cardiovascular system to respond

and adjust to the physiological demands of regular
exercise. For example, regular aerobic exercise induces the
expansive arterial remodeling in aorta (19) and femoral
artery (7,20) that are characterized by increases in lumen
diameter and reductions in intima-media thickness (IMT) (7).
Additionally, arteriad compliance and arterial blood flow in-
crease with regular exercise interventions (1,12,26,27). These

T he effects of exercise conditioning reveal the remark-
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functiona adaptations in the arterial system would act to im-
prove the tolerance for the type of exercise encountered in
training and would fecilitate the cardiovascular adjustment to
the particular exercise stress.

Much less is known about the effect of deconditioning on
arterial system. Most of the studies conducted to date have
used long-term deconditioning research model, including
spina cord injury and long-term casting of upper limbs
(9,14,24). These studies have demonstrated that arterial
blood flow as well as lumen diameter decrease with a
long-term period of disuse (9,14,24). These arterial changes
observed as results of long-term deconditioning are gener-
ally considered to be an epiphenomenon for muscle wasting
and indeed an appropriate response to reductions in meta-
bolically active tissue mass. Currently, it is not known if a
short-term (i.e., 1 wk) lower limb immobilization, that is
associated with a dlight atrophy in limb skeletal muscle
(8,16), affects arterial structure and function in humans.
Moreover, most of the previous studies in this area have
used subjects who had casts placed for bone fractures and
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Correlation ol effectiveness indices of mechanical work utili-
zation lor locomotion with the locamotion speed

Takashi YOKO!®, Toshiharu YOKOQZAWA®®, Hiroshi YAMADA®,
Fuminari KANEKO?, Kazunori HASE®, Kikue SATOM* ** ( *National
Institute of Advanced Industrial Science and Technology, © * Docloral
Program in Health and Sport Sciences, Univ. of Tsukuba, * * *Doctoral
Program of Comprehensive Human Sciences, Univ. ol Tsukuba}

The ellectiveness incex of mechanical energy utilization {EI) 1s detined
by the following aquatiun ;
Performance and / or Effective energy (and /or Work )
. Mechanical energy {and/or Wark)

The generic definition of 131 is useful for evaluating skilled mation in hu-
man mavement from the viewpoint of effective usage of mechanical en-
ergy and/or work.

Cerrain correlations between El and locomotion speed were observed
in several lucomotion studies using EL 1f the EI has conelations witly lo-
comotion speed, however, interpretation of the El is complicated. In the
present study, EI was applied to the evaluation of walking and running
mation in order to examine if EI correlates with locomotion speed.

Two subjects were usked to performi 15 walks and runs at several speed
levels. The trials in each speed leve) were measured nsing an automatic
coordinate acquisition system and a force platform. Then the Els with
severul numerators representing perfurmance and/pr effective energy
utilizatiun were caloulated. The numerators svere Py (= 0.5 % body nuwss
x {locomotion speed)®}, Pv { = body mass * locomotion speed), Py ( =
body mass x step length} and Pz { = body mass x step length # locomo-
tion speed). Wy (absolute wark in a cycle obtained based on joint torque
power) was used as the denominators of EL

The all EIs examined in this study have significant corelations with lo-
comotion speed. In these cases, cormrelation coefficients as well as regres-
sion cocflicients were different among subjects, movements and the no-
meratars of El. Based un these results, in order to appropriately examine

“YOKOI Takashi, YAMADA FHiroshi, KANEKO Fuminari,

HASE Kazunori : 7% HifiE & P30T

"*YOKOZAWA Toshiharu @ HUE R 2 (8 6 B T4 R

***SATOH Kikue D FEAEAMBERAIAH
MEMEETHMAEEN ST,

[EhiEE, STIMMIR, B (EFLne T

(Z{TA 20034 1 A 21 B, #3818 : 2003 3 A 31 1D

Key words :
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EI of the target locomotion, firstly we need to confirm correlation be-

tween EL and the locomotion speed. Then, If El correlates with locomo-

tion speed, it may be necessary lo consider the effect of locomotion speed

in the interpretation of EL

Key words : Ettectiveness index of mechanical work utlization. Loco-
mution, Locomotion speed, Correlaton, Mution  skill
evaluation
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“Uonttibution > Evaluatien of spree dimension based on kinessatic
wod paychological charscteristios of standing-up uad sitting-down
movements, by Takashi YOKOL Fuminasi KANEKO, Hiross
YAMADA, Kammorl HASE, Kikue SATOH & Takeshi AKTHIRD

IHEN)EBEICE T HENF - DEBFMEICH E DWW ZBRIHED

Syl
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The distance between & wall and the anterior side of the human body was evaluated based on
kinematic and paychulogical churacteristics of the standing up and sitting-down movement. The
experiment was carried out by setting up a variable experimental space. Both the chalr height and the
dlstance between a wall and the subject” s body were varied at random in the experimental setup, The
acult subjects were askad to perfarm standing -up and sitting-down movements. The body landmark
positions in these tral movements were measured using @ motion-capture system. Each subject was
asked to evaluate pressure sensation hased on the feeling of pressure given by the wall during the
motion.  Accarding to the above experiment, following results were obtained : 1) When distance
Lerween chalr and wall (D [m]) 20,8, the pressure sensation was felt both when standing up and sitting
down, while the movements were restricted by the wall. 2) In the case of 0.8< D < 1.7, the standing-
up amd =tting-down movements were pot restocted by the wall, bt a few pressure sensation was felt.
3) In the case of 1320, the muvements were able to be done nsturally without any presearn
sensation
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Abstract

Objective: The present study investigated the effect of joint immobilization on corticomotoneuronal excitability to only intracortical input
from a hierarchical level above the primary motor cortex.

Methods: Motor evoked potentials (MEPs) and H-reflexes in the flexor carpi radialis muscle were elicited from 8 orthopedic patients with
splints and 8 healthy volunteers. Each patient was examined on the day of splint removal (disuse stage) and 2 months after that day (recovery
stage). Both potentials were recorded under 3 conditions: at rest, while imagining motor movement (during motor imagery), and during 10%
of maximum voluntary contraction (10% MVC).

Results: In the patient group, the amplitude of surface electromyography during voluntary maximum wrist flexion was lower at the disuse
stage than at the recovery stage, although the supra-maximum M-wave amplitude did not change between stages. Compared to both the
patient group at the recovery stage and the control group, patients at the disuse stage recorded significantly lower MEPs, but only during
motor imagery. In contrast, the H-reflex amplitudes were not significantly changed under any of the 3 conditions for both patients and control.

Conclusions: The present results indicated a strict parallelism between motor execution (the reduction of electromyography during mvc
after immobilization) and motor imagery (the reduction of MEP-amps after immobilization). This parallelism suggests that a functional
reorganization or decreased excitability in the cerebral cortex area involved in executing movement likely decreases the motor capability to

produce voluntary muscular output after immobilization.

© 2003 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

Keywords: Transcranial magnetic stimulation; Motor evoked potential; H-reflex; Motor imagery; Disuse; Immobilization

1. Introduction

A number of studies have pointed out the involvement of
neurological factors [e.g. dysfunction at the neuromuscular
junction (Grana et al., 1996), reduced motor unit activation
(Duchateau and Hainaut, 1990; Seki et al., 2001), involve-
ment of the spinal reflex loop (Eccles and Mclntyre 1953;
Anderson et al., 1999)] in the disruption of voluntary output
following disuse. One such factor appears to be the intensity
needed for the central command to produce maximal
voluntary output (Enoka 1997; Kaneko et al., 1997; Suzuki
et al.,, 1994; White and Davis 1984). This suggests a
possibility that training solely at the level of the central

* Corresponding author. Tel.: +81-298-61-6658; fax: +81-298-61-6660.
E-mail address: f-kaneko@aist.go.jp (F. Kaneko).

nervous system — that is, without actual muscular contrac-
tion, as is the case during motor imagery — can lead to the
recovery of at least a little of the lost muscular output. A
study is therefore necessary to demonstrate a concrete
functional alteration in the central nervous system following
muscular disuse, as this would help to establish a therapeutic
theory by which to approach brain motor function without
actual voluntary contraction.

A few studies demonstrated the reorganization of the
primary motor cortex following disuse (Liepert et al., 1995;
Zanette et al., 1997). Liepert reported that the target
muscle’s motor cortex area, observed at rest with a
transcranial magnetic stimulation (TMS) technique, was
smaller after muscular disuse. Zanette showed that the
amplitude of motor evoked potentials (MEPs) after disuse

1388-2457/$30.00 © 2003 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/S1388-2457(03)00245-1
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MECHANISM FOR SLOWING SURFACE ELECTROMYOGRAFPHY
DURING FATIGUING CONTRACTION REVEALED BY
SUPERIMPOSED M-WAVE ANALYSIS

HirosHr Yamapa, Tomonso Kizuxa, Tapassl Masupa, TAKassl YoRor Fumisagl KANExO
Kistiin0 KANEKO and MOrimoKo OKADA

Abstract

We studied the mechanism for slowing serfsce electromyography (EMG) during fatiguing con-
traction using superimposed M-wave snslysis. Seves healthy male subjects exerted 60% naximun
woluntary contraction of isometric abductsons I the lefe first dorsal interosseous mypscle (FDI1) until
exhavation. Simultanesusly with voluntary contrachons. the ulnar nerve was electrically stimulated
at supramaximal intensity. and volitionsl EMG and superimposed M-waves were obtained, We ex:
amined the behavior of muscle fibee conduction velocity (MFCV) and median frequency (MDF) for
both EMG, with the following resalits

1) MFCV ealculated from volitional EMG of FDI was about 6 m/s during 60% MVC.

2) The wavelform of voluntary EMC detected from FDI slowed i=m all subjects during fatiguisg
contraction at 60% MVC. indscating {atigue Rad developed in the stascle

3) As fatigue progressed, the wavelorm of the superimposed M-wave teoded to decrease in am
plitude and increase in durstion,

4) As fatigue progressed. MDF and MFCY in volitsonal EMG decreased significantly (p<0.01)
The rate of ¢haage wis larger in MDF than in MFCV (p<0.01)

S) As latigue progressed. MDF and MFCV in the superimpeded M-wave decreased significantly
{p<0.01). The rate of change was larger in MDF thas in MFCV (p<0.05).

These reswlts suggested that MFCV and other peripheral {actors alfected the slowiag of veli-
tomal EMG. Elongation of the degolarization 20ne in muscle fiber is proposed as a peripheral facior

(pn. J. Phys Fitness Sporis Med. 2003, §2 1 29—42)
key word | muscle {iber condwction velocity. median [requency, FDI, maxinun volustary contraction
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1) BEERMTAONA, LU 2) SKE(E 2250, $REER(Median Frequency : MDF)
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EFFECTS OF SHORT-TERM IMMOBILIZATION ON THE MAXIMUM
VOLUNTARY CONTRACTION FORCE ANALYZED BY THE
TWITCH INTERPOLATION METHOD

Hikosin Yasana, Tosomno Kzek s, Taoasie Masooa, Kazomno Seki, Takasi Yoro,
Froamam Kaxexo and Mowiozso Osana

Abstract

The petpose of this stedy wos 1o vxasiine the effects ol short-term immobslization on the max
Imum voloniary contractine (MYC furer The first dorsal isterasseus (PO af 1Y healthy male
adults was immuobnalized for | week sy casting tape, Atruphy of the ruscle was estimated from »
cross sectional view of magnetic resonance images IMRY . To clarify the factors of a peripheral
neuromesculir sxstem contributing b the chanee (s the MVC force, twiteh foree ut rest was ses.
sured. The contributing of eentral lacturs was extinated from » voluntary activation (VA index,
which was ohizined by he tuiteh isterpedatson st hod,

The MBI showed no significant chanpes 10 the evoss sectional wrvn. The MVC loree deelined
after smmobilization [p< 0,000, und recovered afivr | week from the termination of immobilization
(p<0.01). Both the twitch force at rest and the VA at MVC declined after immobilization (p<
(L01), and recoveryd after | wiek (p<0, 050,

Thw results indicae st the temporary dectioe of the MVC force was not accompanied by atro
phy of the muscle. Furthermore the dechine of the MVC way ¢aused hoth hy the detesiarstion wf
peraphecal and central lumctions in the sewromusenlor system, Possibly factors in the peripheral und
rentral seurnmusculat systens alfected by the vsmobilization were descnssed

pn ). Phys. Fioness Sports Med. 2000, 52 ¢ §1~61)
key word - volusiary activation, twitch fovce, cruss sectional srea. FII, immobilization
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Muscle strength characteristies in baseball players with elbow osteoarthritis
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ORIGINAL ARTICLE

Factors of Functional Disruption in Quadriceps
Femoris Muscle Following ACL Reconstruction and
Providing Logical Support for Rehabilitation
Program Based on Evidence

Fuminari KANEKO *,Yoshikazu NAKAMURA **,
Kotaro KAWAGUCHI ***,Yukio URABE***,
Kiyoshi ONARI***

Key words: anterior cruciate ligament, quadriceps femoris muscles, rehabilitation

ABSTRACT

It was demonstrated that the functional
changes of human quadriceps femoris muscles
on the two kind of performance levels
(1.maximum voluntary contraction (MVC),
Z.reaction time during MVC) following

anterior cruciate ligament reconstruction. The

Morphological and physiological factors, for
explanation in examined parameters in our
previous studies, were discussed in the present
article. The goal of this article was o indicate a
part of the logical background of rehabilitation
program to improve the disrupted quadriceps
feroris muscles function during 2-4 months
following ACL reconstruction.
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An analysis of shoulder muscle strength in baseball player

with elbow throwing disorder
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Effects of body segment inertia parameters on hiomechanical
analysis of walking movement

Takashi Yokoi', Toshibaru Yokozawa®, Hiroshi Yamada", Fumipari
Kaneko", Kikue Satoh™ {"'National Institute of Advanced Industrial Sci-
ence and Techrolugy, “Dactoral Program in Health and Sport Sciences,
Univ. of Tsukuba, *Doctoral Program of Comprehensive Human Sci-
ences, Univ. of Tsukuba)

Effects of body segment ineriia parameters (BSP) on biomechanica) in-
terpretation were investigated through the hiomechanical analysis of
walking at four speed levels.

Two subjects were asked 1o perform 15 walks at each speed level, The
15 walking trials in cach speed level were measured using an automatic
coordinate acquisition system and a force platform. Kinematic and Kinetic
variables were computed using five sets of BSP: 1) BSPO: Average
value for young adult athletes reported by Ae et al. (1992), 2) BSP i :
Average value for the elderly male reported by Okada ct al. (1996}, 3)
BSP 2 : Average value lor the elderly female reported by Okada et al.
(1996), 4) BSP 3: Average value for the aged cadavers reported by
Chandler et al. {1975), 5} BSP 4 : Average value for three-year-old chil-
dren reported by Yokoi et al. (1986).

The significamt differences of mechanical varables of walking move-
ment appeared among BSP sets and among speed Ievels. However, the
tendencies of differences in the mechanical variables among BSP sets
were similar in all speed levels. Also, changes in the variables due Lo the
increase in speed level were observed to have similar tendencies in five
BSP sets. Thercfare, as fur as we apply one BSP to a cenain subject and
focus on relative characteristics of mechanical variables calculated by us-
ing a BSP set, the use ol innppropriate BSP values may have little eftect
on the results and their interpretation obtained through the biomechanicul
analysis of human movement,

Key words: Body segnent inertia paraneters, Biomechanical motion
analysis, Walking motion
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Electromechanical Delay After ACL
Reconstruction: An Innovative Method for
Investigating Central and Peripheral

Contributions

Fuminari Kaneko, PT, PhD'
Kiyoshi Onari, MD, PhD?
Kotaro Kawaguchi, PT, PhD?
Kazuhiro Tsukisaka, MD*
Serge H. Roy, PT, ScD°

Obijectives: The purpose of this study was to investigate the electromechanical properties of
atrophied muscle in patients with anterior cruciate ligament (ACL) reconstruction and to examine
the relationship of changes in these properties for a voluntarily elicited maximal isometric
contraction and peripherally stimulated twitch contraction.

Background: It is not known if, following ACL reconstruction, a prolonged reaction time to a
sudden stimulus is due to impaired proprioception in the knee joint, a prolonged processing
interval in the central nervous system, or a greater elasticity in the series elastic component of the
quadriceps femoris.

Methods: Seventeen patients were recruited 2 to 3 months following a unilateral ACL
reconstruction. Both the involved leg (ACL-invo group) and the uninvolved leg (ACL-uninvo group)
were studied. Twenty-two athletes (training group) and 18 control subjects (control group) were
also tested. These subjects performed voluntary maximal isometric contraction (MVC) of the
quadriceps femoris. Maximal twitch response was also elicited by a supramaximal electrical
stimulation to the femoral nerve, and surface electromyograms were recorded from the vastus
lateralis in all four groups.

Results: Total reaction time for MVC in the ACL-invo group (250.47 ms) was prolonged compared
to that of the control and training groups. Twitch response in the ACL-invo group (25.26 ms) was
prolonged compared to that of the other three groups. Premotor time during both MVC and twitch
response did not differ among the four groups. Electromechanical delay during MVC (53.62 ms)
and the evoked electromechanical delay in twitch response (20.04 ms) were prolonged in the
ACL-invo group as compared to the other three groups.

Conclusions: Prolonged electromechanical delay in twitch response may be due to peripheral
physiological disruptions (eg, stiffness of the series elastic component, changes of peripheral

" Research scientist, Neuromuscular Assistive Technology Group, Institute for Human Science and
Biomedical Engineering, National Institute of Advanced Industrial Science and Technology, Tsukuba,
Japan.

2 Professor, Institute of Health Sciences, Hiroshima University School of Medicine, Hiroshima, Japan.
3 Research associate, Institute of Health Sciences, Hiroshima University School of Medicine, Hiroshima,
Japan.

4 Physician, Division of Orthopaedics, Hiroshima Kyoritsu Hospital, Hiroshima, Japan.

5 Associate professor, Neuromuscular Research Center, Boston University, Boston, MA.

This study was approved by the Institutional Review Board of the Faculty of Medicine at Hiroshima
University.

Send correspondence to Fuminari Kaneko, National Institute of Advanced Industrial Science and
Technology, Institute for Human Science and Biomedical Engineering, 1-1-1 Higashi, Tsukuba, Ibaraki
305-8566, Japan. E-Mail: f-kaneko@aist.go.jp

muscle fiber-type composition, or a decrease in
function of the excitation-contraction coupling
process). A prolonged electromechanical delay
in twitch response can also explain the
prolonged electromechanical delay observed
for MVC. These findings suggest that prolonged
total reaction time in MVC, when secondary to
a visual stimulus in atrophied human
quadriceps femoris muscle after ACL
reconstruction, may be principally due to
prolongation of electromechanical delay
produced by peripheral physiological
alterations. However, the contribution of
premotor time to prolonged total reaction time
was not revealed. Our results do not
completely eliminate the possibility that central
nervous system processing time and other
neural factors are involved in the prolongation
of reaction time. J Orthop Sports Phys Ther
2002;32:158-165.

Key Words: anterior cruciate
ligament, electromechanical delay,
electromyography, muscle atrophy,
series elastic component

reduction in muscle
strength is often ac-
companied by muscle
atrophy.2’6’13’20’23’25‘
28303133 owever, this
reduction in strength may be rela-
tively greater than the decrease
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The musele strength characteristic around elbow joint in baseball players

— A comparison with elbow osteoarthritis players —
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Recover of muscle strength following medial

collateral ligament reconstruetion surgery in elbow joint
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The relationship between electromyographic activity

and movement velocity during arm elevation in shoulder joint
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exercise physiology and serum biochemistry
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b > ABSTRACT

The purpose of the present study is to determine
whether athletic characteristics can be discriminated by
changes in serum components during exercise which are
considered to reflect systemic endurance capacity, muscle
strength, and the energy metabolism system. Thirteen
male long-distance athletes and 8 male short-distance and
field athletes performed an incremental exercise test,
muscle strength, and endurance test. They were also
observed for changes in serum components during
exercise. According to data analysis, the discriminant
function thus obtained was:

Z=0.8220 X peak\}Oz + 0.0037 X AT + 0.0010 X
MVC + (-0.0276) X 60 deg/sec + 0.2629 X
MVC 50% time + (-0.8715) X UN + 36.1659

(peakVOQz2: measured value of peak VO2, AT: % peakVOz,
MVC: measured value of the isometric muscle strength,
60 deg/sec: peak torque of the isokinetic muscle
contraction at 60 deg/sec, MVC 50% time: the time for
the previously determined isometric muscle strength
value to become less than 50%, UN: the increase rate of
UN from the value at rest to the maximum value) .

Subjects were classified into the actual group correctly,
while the erroneous discriminant rate was 0.73%. In
particular, weighting of the discriminant coefficient of
peakVO2 and UN was large, indicating that these are
useful as parameters for discriminating athletic
characteristics.

p * INTRODUCTION

It is well known that in athletic sports the results are
largely dependent on physical strength and skill (11) .
Ikai has demonstrated that from the standpoint of the
ability to display energy, the three elements involved in
physical strength are muscle strength, speed, and
endurance (8) . A number of reports have been made on
the muscle strength and endurance of athletes (2-4,7) ,
and a consistent relationship has been observed between
slow twitch fibers and maximum oxygen consumption (V
O2max) . It can therefore be understood that the muscle
fiber type of athletes shows a characteristic pattern
according to the type of sport.

Histochemical evaluation of specimens obtainec! by
muscle biopsy is commonly employed in evaluating
muscle fiber type (14) . Muscle biopsy, being an invasive
procedure, constitutes a considerable burden on athletes,
and thus, considerable difficulty is faced in its use in
sport. From this viewpoint, Gerdle et al. (6), Moritani et
al. (13), and Nagata (15) have ‘developed non-invasive
muscle fiber type evaluation procedures with the use of
electromyography. It has become possible with these
procedures to predict a muscle fiber type ratio, but as this
muscle fiber type ratio is only one of the factors which
expresses athletic characteristics, analysis from various
angles is necessary to adequately ascertain athletic
characteristics.

The purpose of the present study is to determine
whether athletic characteristics can be discrinﬁnated by
changes in serum components during exercise, which are
considered to reflect systemic endurance capacity, muscle
strength, and the energy metabolism system.

R LB AFEEFSREERY BYTEREA EREHRAMENY LEKEXREREERTRM

CLBRREREES v —F L Vol 1(1) : 78~84, 2001

78



PEENGEETE WTRWLE 9~ 1670 (200000

# 9«

BERIPENS AT & S 4 BRI 515
WA FINEE T 2™

&F T’ [[TNF 5N S A e CEE I F S

ww
HMEOHMNE, WANEMEFEVLMITIIECED, HIERLRF L ¥ 5 £ FARSHn
EWLT, A AOGHRRCERE L2 RT3 ETO - AORWKBRIZHITSRENOT(L L WN
THIETHE, HRUMRTTHRNERER2 HLEAL, KAROBELBIFHEIIRLLTVS
BLwas L, BHRk Qe SRERAMENE T irbd, RANPHEREEN L, TOM
B0 R LTS LER AR T S 2 CORR N IR L T, Shicth, Ch
BOEMTIENENSHRICE T LIRRE S BN S LA N AORm S i, (2) AR TR
RGN AERL A b, KRS LMMO TS 2 > 708El Ty S wigttssrm s il
(3) 50 WA FNREDERD S, IR LR Y 7O, WPIHEEEORIL,
BLUBRRARC B 0ARNELL EWECTOSEMRMS N, () 2) BXT (1 oW
Rz, SHEHLLINIETSNERILEHRMOIE S0 380 MBI ORIINE LT 22, i

NENEFLINIEZA —2ONETRSLOEELSNL,

F-T7=F RNTELIET, WAXFENER, SR

Lsic

IR0 T R - KR Y 12 4501 5 iSO B
LT 2BIRIE, 1960 F(CHRT IR MERE T BT
mRsnTwEY, 28 wDHOREIZE ) BEIS
MR TFCLINERBOKFARESATEIY, BH
B FRERORPIZL S THARI SNLZT
24, NEREDBEFLMbaTwAZ 2N LR
2TV,

SOEHLHEMIEOE Fi2. EEMIE i oW
ROBRPUECHOPEFTE®T, vobsfgho
ENGFIRFTSEHTHL L EDNLS, L, =
LRI SHTU T £ F L3 Y OYNMROR P

The Sindy for Becrromechancal Reganse of Human Qeardraceps
1 LRAFAPR TR
(F 7385 LARMESHMKE -2
Fuminan Kaoeko RPT. M& Gradote Schoul of Medcise
Heroskasn Universily
9 ERAPETENETH
Ketary Kawaguchi RPT, MS Kivosts Onari. MO, Phit Tostiute
of Menlth Soences Hinwhims Universdty
AR YRS ENR
Kazubiro Tsokisaka, MO Dvkion o Orhopedios Hirmhims
Kyoritsu Mospital
RHE IWSEAN IS HZNN 19mE T )

LIV ok, TEFAD) AR BEEST
AT L THMcH S S e STV A", B8,
Rk REOEL"™, bofEZCliBHAC" &
GRAUEOCHIELSNTVWEY, ZoZeds,
BN ORAHENR F IR RSREOR Fis L350
T d, MEDSONE A0S gL YA
LD -AOBRERIMOaTHELELBZENT
L

£, WIZZhRELSERI M LVF—RBRT IV
F— (sreain energy) & LT BB L A, fh
EMsna™. o, HPEHERTHO AN
WELEANSZTRONMEBAHORIMGEIZM L
A TVALDEEMENS. FEHRIKFIZL RN
ENELTRREZINZTF—Y Y REOMPAY,
29-¥rBBORCMLSTINERIORF VLS
o BV A BFEL XAAERE SR TYwD, TaloOHRE
MR R Y2 E LTS, SBEROWEFIZL Dl
PP S B OWIERE FAYE LTy 2 BN H 2 X il
B

A ERSTEAZ Y, K2 HOMHEGTIWE
RENRUB L2 L LCRETSETO - BOB/UEN
Lo T, SRRICT IS & D IRSEMSILA T &
ERSHL. L L, BT LARER

Presented by Medical*Online



RESEREE CH T 550454

Musecle strength characteristics in the ulnar nerve disorder

HiE ¥, &1 ok, & HaTY

Hiroshi KURUMADANI Fuminar: KANEKO Natsuko TomoMURA

M R, Wk s

Tatsunori SAwapa  Tsuneji MURAKAMI

1) APPSR RF R

Institute of Health Sciences Faculty of Medicine, Hiroshima University

2 E B FIRF R MER

1, 2) ¥734-8551 EMimiE®i-2-3

Key word: Ulnar nerve disorder, Muscle strength characteristie, Rehabilitation

(RE] RRPERFOELHELEN TS0, WEE (208) - ERPHEEERE (02) RURH
MERNEER (0% oERMMEENS, MBS —2 | o2 8/ RE T L S8 THEE
STL A TPMUEE SRR RGN EOANEEN G A, BN S RO NERILL
dafe. SOIERG, BHAMROMTRITRGERLLED)NENF -3 2 DNRFH2L6DLFEL

st

i LwC

EEFERIIBVT, ERLZEFRIAFOMNRRE
B AN LB Lt oRBR S s, R
ANEEE AT LRFORNEEEH LG
DI EA LS ONE . AfROBME, HE
MR E A SRR T OB R o8
NH LY, R8s 2 g hRei+
HA2ZETHE,

ECS

MRIBLBAFRBMEE ) Y 7 - Y oa 2,
M« B2 R 2 SLRIEERE I, HBIRS I ERBYAR %
AR, RS RS & BT S hu 2 IR0 I AR
OFFRET oS (LUFHREFELN), WMy
ROV ETFo L UNTHEELNT), &2
R RO OO 2 WEFRIEF29% (MLF
MiBR LT THot.

MO SRR B L FARRE I OEBNT
b,

WAREL, SRS OGSO 1T CREET
;ats

Manit, STOEBHTERIFEOON,
BREH L TEOSBEMIT L1

h &

I 0 85 0 T il 32 X OF 0 R AK ) il iE Cybex
NORM™ &/ L, #858RE60dey/se0 b= T 46 L
7o, BUEREGC LWL £ L, SEskic i titNe
CU[EAMY L R L0, ATy 7TH
WrEET LM, WEI L AR LEES
Z 7z AMEEAEORED O, FTHA
DRAHE e a i Ed - R0 " 2L
fo. MIEBTEMALEESE, MRMEER -1 ~
M@120" OFEM L L, BMEIL Cybex T 3 [Fl04E
VS L | [oEfAFHTORFIIFIARKWT

LB —JEPTWREE Vol 1 No.t, 2000 25



HEFICH T 2REHEMEOZIICDONT

Analysis of movement of baseball pitching during game

BHZERTY , &7 oR?, HEr 5=

Natsuko ToMOMURA

Fuminari KANEKO |

Tsunejs MURAKAMI

i @#EY , NosLs? |, s S

Kiyoshi ONaRI

1) IRBASERFEREE R SH

Kotaro Kawacuc

Hideyuki IsHiBASHI

(Institute of Health Sciences, Faculty of Medicine, Hiroshims University)

2l INBKRFEEBRREH
3) REB¥EFA—F

Key Words -

Pitching motion, Number of pitching. Analysis of pitching

(EE) RT3 A0 7RI F LA, ERB0MNCH ) HNNEROEL T ERCIRL S
SEEBEMELE 2HOEFAAATENNT, TSCOERBMOSHEAEMALNVEREL, #60n:
BELHEMONE, S6E:E TREROZTHE RRBESAELE L CEMBEESEAETRMNL, 2%
BEDEMEEEH L, FORE BAZRD ST TOHEFCSEVTME 20 MEREAELTVE

CEFROLAL

@LBDIC

SREE TRCER L TV ENLE
KT peF—r WA eACTLEERPHAN %
NEWHEL(HKREHT D EV) —ROBET
BHEERON, 1 BOEMRBEL T LA ME
CHEBCRKSRBLE TIBENHL L
bATWE, EFRHAOATLEROKREE
WTIO0ERE € AV 1003RL B 6 85 & RIEER
MEETLTRESY, ROELTOLIER
Lo THHICIREL ZRESAI OGNS, O
DL R ROVET LT oTELS
CEFFIZ L0, & T ROEED M G OB E
L, SoicEicd LT AT be®L, &
BMEAECHEAWEN2NE. ZOH LR
Tl LRSI CoWwT, FO8E AN
ZACHEONFEER, 26 CHRETH 2R
T3 L CHRBESEOSFIIFNRTH Y, HES

57, EMG, MBEROHL LFETS (OWE
MFhhTwa" ™% L L ZnsngfTwe
NDEF {5 ] FIOEEEZ 2V TEBH LTSS
DTHN, oML ERET 2S5 TIRERmT
EALTED, RSOz SR i
EBEQELCo2nTEHLTWELDIIEEA
Fabhgw, FIT0HRRREEROMEPIZE
FEAERE ORI HEmEDORLE, E
BT % FTIRIZOHB LT, Wi
Rzl ELL

HREIUAE

1. ¥R
F&I21999E 4 A4 6 9 BiZfrbn s 7oK
TRAARICARER L CREOETF IR E
L NREFo7o74—LERILTT.

2. EF4R¥

P+ RELERORSPIIBT LT <TOR

LA R~ JERRAERE Vol.1 Not, 2000, 21



Bl TFEHHEMEOBRD
MEHNEAREORFRICOVT

Relationship between knee extensor muscle strength

after anterior eruciate ligament reconstructions and knee joint angles
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The Main Factor Causing Prolonged Reaction Time
on Force Producing Process
Following Anterior Cruciate Ligament Reconstruction

Fuminari KANEKO", Kiyoshi ONARI", Kotaro KAWAGUCHI" and Kazuhire TSUKISAKA®

1) Institute of Health Sciences, Hiroshima University Faculty of Medicine
2) Dineston of Orthopedies, Hiroshima Kyoritsu Hospital

ABSTRACT

This study investigated the electromechanical properties of atrophied human quadriceps
femoris muscle during a voluntarily elicited maximal isometric contraction (MVC) and a periph-
erally stimulated twitch contraction, Nineteen patients were recruited 2-3 months following &
unilateral anterior cruciate ligament (ACL) reconstruction. Both the involved leg as well as the
uninvolved leg were studied. Maximal twitch response was elicited and surface electromyo-
grams (EMG) were recorded from the vastus lateralis. Total reaction time (TRT) for bath MVC
and twitch on involved leg was prolonged (251.47 msee, 26,01 msec), This prolongation suggests
an extended lag in aveiding injury such as during sports. Pre-motor time during both MVC and
twitch (PMTmve, PMTtwitch) did not differ between both groups. Electromechanical delay dur-
ing MVC (EMDmve) was prolonged on involved leg (53.42 msec), and also evoked twitch EMD
(EMDetwitch) (20,04 msec) as compared to the opposit side. Prolonged EMDtwitch may be due to
a decrease in stiffness of the series elastic component, changes of peripheral musele composition
to containing more slow type muscle fibers, or a decrease in function of the excitation-contrac-
tion (E~C) coupling process. A prolonged EMDtwitch can also explain the prolonged EMDmve,
These findings also suggested that prolenged TRTmve to visual stimulus during MVC in atro-
phied human quadneeps femoris muscle after disuse was principally due to prolongation of
EMDmve. Prolonged EMDmve may have resulted from decreased muscle stiffness, which was
evident in the prolongation of the EMDtwitch.

Key words: Anterior Cruciate Ligament, Electromechanical delay, Disuse, Electromyography

A reduction in muscle strength is often accom-
panied by muscle atrophy*Ausssssisin however
this reduction in strength may be relatively
greater than the decrease in the muscle mass due
to atraphy“*?“, Therefore, the loss of muscle
strength ie considered to be caused not only by the
quantitative decrease in the muscle mass but also
by a reduction in the efficiency of the muscle to
generate force, Loss of muscle efficiency has been
associated with factors that include the neuro-
muscular function and musele stiffness®.

Karpakka et al reported that activities of prolyl
4-hydroxylase and gslactosylhydroxylyvsyl gluco-
syltransferase which are used for éstimating alter-
ations in the rate of collagen bicsynthesis under
different experimental and clinical conditions,
decreased after three weeks of immobilization™.
The biochemical studies by Karpakka et al™ and
Nakagawa et al™ indicated that decrease of colla-
gen fiber thickness leads to decrease in the tensile

strength of series elastic components following dis-
use after orthopedic surgery in humans. Widrick
and Fitts reported a reduction of muscle fiber stiff-
nessz following non-weight-bearing in rats™. A
decrease in the stiffness of series elastic compo-
nents may lead to a decrease in the efficiency of
propagation of contractile tension to bones. This
may result in & reduction in the muscle strength
and delayed responses in physical activities. These
studies have lead us to a hypothesis that alter-
ations of electromechanical properties following
disuse contributes significantly to the clinical find-
ings in these patients.

Several studies have identified a proprioceptive
deficit in knee articular structures following ACL
reconstruction® 0723 Tegholm et al showed sig-
nificant deficits of postural control and prolonged
reaction time in the ACL deficient group™.
Though prolonged reaction time is commonly
understood to be the result of a proprioceptive
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Institute of Health Sciences, Hiroshima University Faculty of Medicine, 1-2-3 Kasumi, Minami-ku, Hiroshima
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Muscle fatigue has various kinds of symptoms,
decrease in strength is thought to be a major problem
in many clinics. Most studies of muscle fatigue have
reported about EMG changes over a short period of
time, but not much is known about ENG changes over
a long penod. In this study, we defined muscle fatigue
was decreased muscle strength. The purpose of this
study was investigated the relationship between
muscle fatigue and EMG analysis, to evaluate the
changes in mean force amd EMG of knee extensors for
& days.

{Materials and Methods ]

The subjects were five healthy maies. All subjects
were dedicated right knee quadriceps muscle. They
had no history of injury in the lower extremity.
Average of datas were age 23.6x1.5year(range, 22 to
26), height was 170.22:2.3 em{range, 16590 to 174.2)
and weight was 64+56.3 ky (range, 57.5 to 72.0). All
subjects let them to know a purpose of this experiment,
and then got agreements. We measured strength of
knee extensors during isemewic maximal contraction
for each six days. We used KIN-COM AP. The subjects
were asked to hold the knee .in 60 degrees flexed for 5
zeconds. This test was carried out for 5 times. The
resting time was given to the subjects for 10 seconds
during each test. At the same time we recorded
surface EMG of the rectus femoris(RF), vastus
medialis(VM), and vastus lateralistVL). We asked the
subjects to report each lest when ever they felt any
pain.

After the intial isometric test, the subjects were
asked to repeat the isokinetic exercise in  sitting
position for 10 times as one set. Angular velocity was
60 degrees per second and the exercise range was 90
o 10 degrees in flexed position. The subjects were
given 10 seconds for the testing «uring the experiment
The muscle fatigue was julged when the subjects could
not complete one set uxercise,

ENMG recordings
locations{RT, VM, VL). Bipolar surface electrodes were

were  tken from three muscle

consistently placed over the mid region of each muscle

wroup oriented along the muscle belly. The raw EMG
signils were stored in data recorder. The digitization of
the analog signals was performed at a sampling
frequency of 2000 per second with Mac Lab analog to
digital converter,
personal computer, The EMG signals were processed

Analysis of data was done on a

by integration (IEMG) and by calculating mean power
frequency (MPF)(Fig 1). '

.
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Fig 1. EMG recording

EMG signals and force curve that was provided by
isometric test recorvtded in data recorder. On the basis
of peak force, mean force was calculated for front and
back 0.5 seconds, towl sum of 1 second. IEMG and
MPF were calculated during the same | seconds(Fig 2).
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Fig 2. Data analysis
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Changes in mean force, [EMG amd MPF  were
compared using one way repeated measures ANOVA
and Tukey test,
[Resuits ]

" The mean repeated  isokinetic  exercise  until
exhaustion of the extensors were 228+£25times (range,
190 to 260), Muscle sorepess was not reported during
this study. Changes of mean force is shown on Fig 3.
In initial test, the mean force was 431 N. On the 1st
345 N. Mean force
decreased ‘about 20%. On the 2nd day after, it was 252

day after initial test, it was
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Isokinetic muscle strength of shoulder internal
rotators and external rotators has been studied
by many investigators. Many of these studies
used peak torque (PkT) as the parameter for
analysis. Although isokinetic testing is used for

(1.3.5.6.8.9.10)

shoulder dysfunction, a standard profile

of normal muscle activity for shoulder rotators

during isokinetic testing has yet to be established.

So, it is not clear whether PkT reflects rotator
muscle function.

The purpose of this study was thus to examine
normal muscle activity durning isokinetic exercise
in relation to how peak torque is generated, and
to reconsider for availability of PKT as pararneter
for shoulder rotator function.

[Methods]
Subjects

We studied five subjects for isokinetic testing

and EMG examination. They had no history of.

injury in the upper extremity, nor were they
athletes. Their age, height and weight show at
the slide. The right side was the dominant side
for all subjects.

Isokinetic Examination

The dominant shoulder of each subject was
examined with a KIN-COM AP isokinetic
dynamometer at an angular velocity of 60
Each subject was

degrees per secconds.

examined in supine with the shoulder abducted
to 90 degrees and the elbow flexed to90 degrees.
The forearm was positioned midway between
supination and pronation. We selected this
particular position because it roughly simulated a
throwing motion and thus would be applicable to
assessment of a throwing shoulder. With the
subject supine, we set 0 degrees as the vertical
position of the forearm. Isokinetic trials began
from 70% of the passive range of motion at both
internal and external rotation. The subject
initially performmed four submaximal repetitions
and only one maximal contraction as an isokinetic
warmup, to minimize any learning effect before
actual testing.

EMG

EMG activity was recorded via bipolar platinum
wire electrodes. The insertion sites of these
electrodes were based on Delagi et al.? for the
infraspinatus, teres major, and teres minor.
Before insertion of the electrodes into the teres
major and teres minor, these muscles were

distinguished by palpation. For the subscapularis,

fine wire electrodes were inserted following a

— 53—

method described by Kadaba ®. EMG signal,
torque, and joint angle were recorded online by
an FM tape recorder. The analog signals were
subsequently digitized at 2000 samples per
second by a Mac Lab analog-to-digital converter.

Analysis of data was done on a personal
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