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The status quo and transition in Japanese sports injury by the
Patient Survey from 1999 to 2011
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Abstract

The purpose of this study is to investigate the actual situation and features of
Japanese sports injuries of the patients who use hospitals and clinics and to consider
strategies for sports injury prevention. Patient data for nonfatal sports injuries avail-
able from the Patient Survey in 1999, 2002, 2005, 2008 and 2011 were used. It is
the purpose of Patient Survey to obtain basic data for the promotion of medical and
health services, and published by the Statistics and Information Department,
Ministry of Health, Labour and Welfare every 3 years. In 2011, the leading cause of
inpatient/outpatient visits of injury under 1 year old, among 1-4, 5-9, 50-54, 55-59,
60-64 year olds and over 65 year olds were unintentional falls, but among 10-14, 15-
19 olds were sports injuries. Also, sports injuries have occurred to male than female
and the leading cause of sports injury both inpatient and outpatient visits were
sprain, dislocation and strain. The number of outpatients in sports injury increased,
but inpatients decreased from 1999 to 2011. The average days of inpatient with
operation decreased, but inpatient without operation has been stagnant situation. To
decrease sports injury, it is important for not only student but also parents, teachers
and doctors to learn supports injury facts and statistics. Therefore, it is necessary to
analyze sports injury data including the mortality rate, the hospitalizations, practice
visits comprehensibly, particularly in children and seniors for effective sports injury
prevention.
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Superficial venous vascular response of the inactive limb during
static handgrip exercise at different work load in women

ANNA OOUE!, AKI SATO!, SAORI TSUNOZAWA !, Al HIRASAWA?2,

KOHEI SATO!, AND TOMOKO SADAMOTO'!

Abstract

It is unclear whether the venous vascular response to static exercise depends on the
exercise intensity. We examined the change in cross-sectional area (CSAw,) in the
superficial vein of the inactive limb during static exercise with wide varying degrees
of work load. Ten young women in supine position were performed I-min static
handgrip exercise at maximal voluntary contraction (MVC) of 15, 30 and 50% at ran-
dom. The longitudinal and transversal vessel diameters of the basilic vein in the
inactive upper arm under constant subdiastolic pressure (45 mmHg) were measured
by B-mode ultrasound technique, and the CSA.«., was calculated by these diameters.
The increases in heart rate and mean arterial pressure (MAP) during static muscle
contractions depended on exercise intensities. CSAw: at 30% and 50%MVC signifi-
cantly decreased from baseline (— 5.5 £ 1.7% for 30%MVC, — 11.2 & 3.4% for
50%MVC ; P < 0.05), but CSAwn at 15%MVC did not change. CSAwn during exercise
at 50%MVC was significantly smaller than that at 15%MVC. In addition, during exer-
cise CSAw, decreased with an elevation of MAP during exercise (r = — 0.999, P <
0.05). These results suggest that conduit superficial venoconstriction of the inactive
limb during static handgrip depends on exercise intensity, which may be due to the
incremental increase in the sympathetic nerve activity.

Key words: Sympathoexcitation, Transmural pressure, Ultrasound technique

Introduction

Dynamic cycling exercise causes the
exercise intensity dependent-superficial
venoconstriction of the inactive limb,
which was measured by a venous pressure
change due to invasive techniques during

arterial occluded condition (Bevegard and
Shepherd 1965; Rowell et al. 1971). On the
other hand, during static handgrip contrac-
tions, a disagreement result was reported
by Lorentsen (1975) that the venoconstric-
tion in the inactive limb was independent
on the exercise intensity, because the
venous vascular responses during static

'Research Institute of Physical Fitness, Japan Women’s College of Physical Education,
8-19-1 Kitakarasuyama, Setagaya-ku, Tokyo, 157-8565, Japan.

2Graduate School of Engineering, Toyo University
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contractions were similar between 10% and
20% of maximal voluntary contraction
(MVC). It is therefore of importance to
investigate whether the degree of venocon-
striction during static exercise under a
wide range intensities is dependent on the
exercise intensity as similar observed dur-
ing dynamic exercise. Exercise-induced
superficial venoconstriction of the inactive
limb is thought to be controlled, in part,
sympathetically (Bevegard and Shepherd 1966;
Lorentsen 1975). In addition, the increase in
skin and muscle sympathetic nerve activity
of the inactive limb during static exercise
depends on the exercise intensity (Saito et
al. 1986; Seals et al. 1988; Vissing and Hjortsg
1996; Wilson et al. 2006). Thus, it is hypothe-
sized that static exercise with graded inten-
sities would produce graded effects on the
venoconstriction of the inactive limb.

In order to verify our hypothesis, we
used the ultrasound technique to measure
the cross-sectional area (CSAw. in the
superficial vein of the inactive limb during
static exercise at different wide range work
load. We measured CSAw. under constant
venous congestion of subdiastolic pressure
(45 mmHg), because when venous pressure
remains constant, changes in venous diam-
eter directly reflect change in venous tone
(Aellig 1994).

Methods

Subject

Healthy 10 women volunteered to partic-
ipate in this study. Their mean age, height
and weight were 21.1 £ 0.6 (SD) years,
159.1 4.4 cm and 52.2 &= 7.1 kg, respec-
tively. All subjects participated in this

study in the follicular phase (3-10 days
after the onset of menstruation). The pur-
pose, procedures, and risks of the study
were explained to the subjects, and their
informed consent was obtained. The study
was approved by the Human Ethics
Committee of the Japan Women’s College
of Physical Education.

Procedures

Subjects entered experimental room, and
then kept the supine position. Each subject
performed two MVC of the left arm using a
handgrip dynamometer. We used higher
value to determine the relative workload
(%MVC). Thereafter, the cuff for venous
occlusion was placed on the inactive (right)
upper arm (for measurement of venous
vessel response to static exercise). Subjects
rested in the supine position for at least 20
min before data collection began.

Immediately before the baseline data
measurement the cuff placed on the right
upper was inflated to 45 mmHg, and then
the collection of baseline data was record-
ed for 5 min. After baseline data recording,
each subject performed 1-min isometric
handgrip exercise of the left arm at 15, 30
and 50%MVC in a random order. During
the sustained static exercise, the subject
used a visual feedback system to maintain
the force of the handgrip. A rest of at least
15 min was allowed between trials. During
this time, circulatory parameters [heart rate
(HR) and blood pressure (BP)] returned to
pre-exercise levels. In all trials, subjects
controlled the respiratory frequency at 15
breaths/min by using a metronome,
because the movements of respiration
influence the sympathetic nerve activity.
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Measurements

Pulsatile blood pressure was recorded
from the middle finger of the right hand
using an automatic manometer. Beat-to-
beat changes in arterial blood pressure
were assessed by finger photoplethysmog-
raphy (Finometer; Finapres Medical
Systems). The monitoring cuff was placed
around the middle finger. HR and mean
arterial pressure (MAP) were determined
from blood pressure waveform using the
Modelflow software program, incorporating
sex, age, height and weight (BeatScope 1.1;
Finapres Medical Systems BV, Arnhem,
Netherlands).

Longitudinal and transversal diameters
(Diong and Duas) in the basilic vein of the
right arm were measured from images of
transversal venous vessel using B-mode
ultrasound with a mean transmission fre-
quency of 8.7 MHz (Vivid e, GE Health-
care, Japan). Before the experiments, we
confirmed how pressure of probe caused
the deformation of venous vessel, and how
did it change. Based on this confirmation,
we attached carefully the probe to the skin
in order not to compress the veins, and if
the deformation of venous vessel was
caused by pressure of probe, we amended
immediately the measurement. After
venous vessel images were recorded con-
tinuously, Dy and Duwas were determined
three points per 15 s at random, and then
these points were averaged. CSAw.» was cal-
culated from the formula; CSAw. (cm?) =
(Ding/2) X (Dua/2) X 1. The ratio of Dimg to
Duans [= (Diong/Duan)*100] was 88.9 = 2.0% at
baseline, 89.2 = 1.8% at exercise and 88.1
+ 2.1% at recovery during 15%MVC, 90.5
+ 2.7% at baseline, 91.3 = 3.2% at exer-

cise and 91.2 £ 2.6% at recovery during
30%MVC, and 91.8 = 1.9% at baseline,
94.1 = 2.9% at exercise and 90.6 = 2.5% at
recovery during 50%MVC. There were no
significant differences among baseline,
exercise and recovery during each condi-
tion. This indicated that the deformation of
venous vessel by pressure of probe did not
occur in present study.

Data analysis and statistics

HR, MAP and CSA.. were averaged for
60-240 s before exercise as baseline value.
Each variable was averaged last 30 s dur-
ing exercise and recovery period, respec-
tively. The relative change in HR, MAP
and CSA..» during exercise and recovery
period from baseline was calculated. To
assess the relationships between MAP and
CSA.n, the value of exercise was plotted.
Data are expressed as the mean = standard
error (SE).

To compare the time-course changes,
two-way ANOVA with repeated measures
was applied to the parameters among exer-
cise intensities, using time (baseline, exer-
cise and recovery) and exercise intensities
(15, 30 and 50%MVC) as fixed factors. To
compare HR, MAP and CSA.. during exer-
cise or recovery period with baseline data,
one-way repeated-measures ANOVA was
performed (Bonferroni’'s test when F value
was significant). Moreover, to compare HR,
MAP and CSAw» among exercise intensities,
one-way repeated-measures ANOVA was
performed (Bonferroni’s test when F value
was significant). A value of P < 0.05 was
considered significant.
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Table 1 Heart rate, mean arterial pressure and cross sectional area of the basilic vein during baseline, static

handgrip exercise and recovery.

Baseline Exercise Recovery

Heart rate (bpm)

15%MVC 61 £2 61 + 2 61 £ 2

30%MVC 60 £ 2 69 £2* 7 61 £ 2

50%MVC 59 + 2 84 £4* 1% § 60 += 2
Mean arterial pressure (mmHg)

15%MVC 82 2 81 £ 2 80 £ 2*

30%MVC 83 +2 89 +3* T 82 + 2

50%MVC 82 +3 103 +3* % § 81 £ 2
Cross sectional area of the basilic vein (cm?)

15%MVC 0.28 + 0.02 0.28 + 0.02 0.29 + 0.02

30%MVC 0.27 + 0.02 0.25 £ 0.02 * 0.27 £ 0.02

50%MVC 0.27 = 0.02 0.24 £ 0.02 * ¥ 0.27 £ 0.02

Value are mean = S.E. *: P < 0.05 different from baseline, T: P < 0.05, different between 15%MVC and
30%MVC, %: P < 0.05, different between 15%MVC and 50%MVC, §: P < 0.05, different between 30%MVC and

50%MVC.
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Results

There was no significant difference of
HR, MAP and CSAw. during baseline among
exercise intensities (Table 1). Although HR
and MAP at 15%MVC did not change,
these variables at 30% and 50% significant-
ly increased during exercise from baseline
and rapidly returned to the baseline during
recovery period (HR: 14.8 = 1.5% for
30%MVC, 42.4 +4.7% for 50%MVC, P <
0.05; MAP: 6.8 = 2.5% for 30%MVC,
25.6 £ 4.0% for 50%MVC, P < 0.05) (Table
1 and Fig. 1). CSAw: at 15%MVC did not
change, but CSAw.. at 30% and 50% signifi-
cantly decreased during exercise from
baseline and returned to the baseline dur-
ing recovery period (— 5.5 £ 1.7% for
30%MVC, —11.2 £ 3.4% for 50%MVC,

Fig. 1 The relative change in heart rate (HR), mean
arterial pressure (MAP) and cross sectional area in
the basilic vein (CSA.wn) during handgrip exercise at
15%, 30% and 50%MVC.
Values are means = SE. *: P < 0.05, significant dif-
ference from baseline. T : significant difference
between exercise intensities.
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P < 0.05) (Table 1 and Fig. 1).

CSAwn during exercise decreased with the
increasing in MAP (Fig. 2). There was a sig-
nificant negative linear relationship
between MAP and CSAwn (r = — 0.999, P <
0.01).

Discussion

The primary findings in our study were
that 1) CSAw. of the inactive limb during
static handgrip exercise at 15%MVC was
unchanged, but that at 30% and 50%MVC
significantly decreased from baseline, 2)
the decrease in CSAw. at 50%MVC was sig-
nificantly greater than that at 15%MVC,
and 3) decreased CSAw. depended on the
elevation of MAP. These results might sug-
gest that static exercise-induced conduit
superficial venoconstriction of the inactive
limb depend on exercise intensity, and
exercise intensity-dependent superficial
venoconstriction of the inactive limb was
caused, in part, by the degree of sympa-
thetic nerve activity. This is first study that
used a noninvasive ultrasound technique to
investigate the superficial venoconstriction
of the inactive limb during static exercise
with wide varying degrees of work load.

The change in CSAw«. is modulated by not
only sympathetic nerve system but also the
venous volume change (Oberg 1967).
However, in our study, we measured CSAuwn
under constant subdiastolic pressure (45
mmHg) through the protocol, because the
change in venous vessel diameter or area
corresponds directly to that in venous
tone, when venous pressure unchanged
(Aellig 1994). Many previous studies have
used this technique to determine the
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Fig. 2 The relationship between mean arterial pres-
sure (MAP) and cross sectional area in the basilic
vein (CSAw.) during handgrip exercise at 15%, 30%
and 50%MVC.

Values are means =+ SE.

response of the human dorsal hand vein
(Abdelmawla et al. 2001; Aellig 1981; Bléchl-
Daum et al. 1991; Nachev et al. 1971; Pan et al.
1986). Thus, we believe that the changes in
CSAw» might reflect that in venous tone
which is controlled by sympathetic nerve
system in present study.

In our study CSAw. in the inactive limb
during static exercise at 15%MVC did not
change, although Lorentsen (1975) report
that superficial venoconstriction of the
inactive limb is caused by the static hand-
grip exercise at both 10% and 15%MVC.
The difference between our and previous
result might be caused by the following dif-
ferences. First, the method of venous ves-
sel response was different between our and
previous studies. Our study measured non-
invasively superficial venous cross-section-
al area by ultrasound technique, whereas
Lorentsen measured invasively the venous
pressure under arterial occluded condition.
Second, the site of measurement also dif-
fered between our and previous studies.
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We used the basilic vein of the upper arm,
although Lorentsen selected a superficial
vein on the dorsum of the hand. In addi-
tional to low intensity, we furthermore
investigated the change in CSAwn. during
static exercise at 30% and 50%MVC, result-
ing that CSAw. during exercise decreased
significantly from baseline level at both
exercise intensities, and CSAw. during exer-
cise at 50%MVC was smaller than that at
15%MVC (Table 1). These results suggest
that the degree of superficial venoconstric-
tion in the inactive limb depends on the
%MVC of static contraction, and this find-
ing is in agreement with the previous stud-
ies obtained during dynamic exercise
(Bevegérd and Shepherd 1965; Rowell et al. 1971).

Superficial venous vessels have smooth
muscle and are provided with autonomic
innervations (Abdel-Sayed et al. 1970), and
contain «a-adrenoceptors (Abdelmawla et al.
2001; Blochl-Daum et al. 1991; Pan et al. 1986;
Stevens and Moulds 1981; Steen et al. 1986).
Thus, it is inferred that superficial venous
vessel of the limb might be innerved by
skin and/or muscle sympathetic nerve sys-
tems. Both skin (Vissing and Hjortsg 1996;
Wilson et al. 2006) and muscle (Saito et al.
1986; Seals 1989) sympathetic nerve activity
during exercise increase with the enhance-
ment of exercise intensities. Although we
did not record these sympathetic nerve
activities, the intensity-dependent changes
in HR and MAP in our study was similar to
those in previous studies which measured
sympathetic nerve activity (Saito et al. 1986).
Thus, it is speculated that the sympathetic
nerve activity was also increasing with the
increment in exercise intensities in our
study. In addition, the CSAw» of the inactive

limb during static exercise decreased with
an elevation of MAP (Fig. 1), suggesting
that the exercise intensity-dependent
superficial venoconstriction of the inactive
limb might be associated with the degree
of sympathetic nerve activity, because
there is positive linear relationship
between increase in MAP and sympathetic
nerve activity during static handgrip exer-
cise (Sealset al. 1988).

The superficial venous vessel response
contributes to the thermoregulation and is
influenced by the change in temperature
(Vanhoutte and Lorenz 1970; Vanhoutte and
Shepherd 1970; Webb-Peploe and Shepherd 1968).
However, in this study the room tempera-
ture kept a constant at approximately
25°C. Moreover, core and skin tempera-
ture does not change during 60s of static
handgrip exercise at range from 15% to
60%MVC (Kondo et al. 2000; Kondo et al. 2002).
Thus the change in body temperature is
not considered to influence the venous ves-
sel response in this study.

The neural mechanisms during exercise
are thought to involve 1) a reflex arising
from activation of afferent nerve endings in
the contracting muscles (muscle metabore-
flex and mechano reflex; Mark et al. 1985;
Mitchell 1990; Rowell and O’ Leary 1990; Victor et
al. 1988; Wallin et al. 1989) and 2) a central
mechanism influencing descending auto-
nomic pathways (central command;
Goodwin et al. 1972; Mitchell 1985). However,
in our study, it could not identify which
factors are related to conduit superficial
venoconstriction of the inactive limb dur-
ing static exercise.

Limitation of this study. There are sever-
al limitations in our study. First, we did not
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measure the venous pressure measuring
CSA.n. However, because antecubital intra-
venous pressure is dependent on the
venous occlusion pressure (Halliwill et al.
1999), we believe venous pressure under
the subdiastolic (45 mmHg) inflation of cuff
maintained constant through protocol.
Second, we did not measure directly sym-
pathetic nerve activity. However, by con-
sideration of previous reports (see above),
sympathetic nerve activity might increase
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E75 Xy Ekot,

6) HUERELZ L T3 E»%E HODIHMET
Z 515 ik 2 a1 5.

HAE[MZ Db DI, EEFHEOMNEL
ERBETIREIND =D, KMEETIZD %03,
FATOEEREIZWEFTCEBDEFHINT
Wl EEbN S,

4, EHFANZG - WET 588
EHEHEYOSTFICB VLT, 2HFATD
REBEROBERKIGEIRBTH D, »OnET
SEELPETFT—~=D12THY, ZDHIE
WGEBOMECAEZERT 2720124 D
HRECHEHAINTVS, FHAR—VERE
DI TIE~ 7V VR D A% 5T,
ERMICOZ 2 GEB0BEH 20 E T2 TR
TDAR=YDIRT7 x—< v AZHHT 5k
NI L CGEFOFiPa vy T4 a =
JIWHHENTwD, £, BERFEDSE
TIE, AIEEEROFIE LR A O ML T HIK
FLLTREZESL 74y P 2RI F77TD
EREOFEH I N TS, AT, &
SR A % 5l 5 72 @ 12 1 i 72 o b 3
PEVLESTE b o L BKME BB ETH D, B
RETHWIFECHZOHG CIHHTS 2L
PRHETH2 I LOHETH S, FFATOH
E BN 7 4 =P EY T4 ZEDDDHD
WD DIETH 5.
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DFRATT & T30V F — Gl
— 21 HIE D 7 Z Mg h ORI - EEDHifF AN kL
— =Y T IHDFANE & OH R CGHRE I RIEIE —

ENI <y

(EWVAE=YRIYRey ¥ —F =L Ty By 2 LFHE—FHE)

FHMITPLRYIEVK 72 £ O B RIS H O T
W2k, HiZEMeHIMETIREI 22 L&
(HsnTw3, 7, GEEEOMK TRIC
B 2HRLHHOBR TP OLOD ML —
=V ZIHETAMREL LT TS, L
LS, FEREHOETRICE T 25D
FANE L OEBENREEOLZ{S, L —
STk B IS OBBBET I T 3
AMEEZ L, 22 TARIFE T, BHORA
N ERBERBICERE H T, HONEKEE
T E LT 21 HREOHIBEX 7" A & % 17,
Z QMM BT 2 R - R D A
L —=> 72, MoHBRENHE FA
NE LN T IO TG L %
(Homma et al. 2009).

fEEE 2 BN ME 15 4 (4R 21 ~ 29 %)
ZRgic, 21 HREOIER Z BiO | X 7° A [
ExRITV, ¥ 7RAEEDAORE (Imm#; n
=7) &, X7 ABEEMEPICHE2 B OFREA
WL —=v27%495# (Imm + Tr# ;
n=38) 2T F. PL—=viF, ¥
7" A [ i O e KB EINE S (MVC) @
30 %ET, 60E/ DTV RTONY RS
Yoy TEBRESREE CITOE b0 L L
7o, PLu—=v 7 1HdH kb oEB)IRH X
51.7 £ 3.4 % (CPEMEEHERAE) TH D,
21 HiMlo ¥ 7AW@ M 28 L T2 L b
o7, Vv 31 -WRIMLE G (P - MRS)
ZHOTHZ 2L X —RE@Z2MEL, KT
BETONY P 7Yy THEEIBOMNI LT

F ) vgoRERER (taPCr) 25 HiE
B ANHTRE 2 51l L 72, ¥ 7" AMEERTD 30 %
MVCEE-T, 601/73DF Y RTDONY R
V) 7 ) D Rt IRG I & i 4E K ) O BT 5
Ll TXRTCOHEE, 21 Ho A » % —
Ry v avopi (Pre) &# (Post) & Tfio
7.

ToPCrit, ImmETIEFERICERE L 72
(Pre : 42.0 +2.8%, Post : 64.2 £ 5.1 %,
P<0.01) iz LT, Imm+ TrETIzZ
s snzh -7 (Pre : 50.3 3.0,
Post : 48.8 £ 5.0, ns) (IX1). MBI
Rl i, Imm BECIIEREICENE L 72 (Pre
55.1 £5.1 %, Post : 44.7+4.6%, P<
0.05) Dz L <, Imm + TrEECIHEREF X
07 (Pre : 47.9 £3.0%, Post : 51.7 +
4.0%, ns). Mtz GbE 21 HEOX 7
Z [ EHIE TD ToPCr D24t (ATuPCr) &
EH R 02t (AEndurance) & D[
WKIFERREE»A SN (r=0.71, P<
0.01) (X2). MVC IZMiFECRBICET L %
(Imm # : Pre 373.1 £ 29.4 N, Post
318.5£22.7N, P<0.01 ; Imm + Tr# :
Pre 430.5 = 19.8 N, Post 368.2 = 23.0 N,
P < 0.01),

AW B W, #M2m, 1MH7% D50
PR CEFHEIC WE 38 AN L —= v )
AT AR, HORANE L OHBFENAH
Bl s ng, Inm+TrEO L —= v
JREEL, ¥ 7 AEERTD 30 % MVC EEET
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Hh, 21 HEDA v & =Ry a v %8
LC&8bE®hhrot, LEd->7T, Imm+
Tr#EclE, L —= v 7 OifiEEz2 &I
o7 2 EDHORMBENRBER X ORAT
FHFFcELERELTCEZONS, i,
Imm # & Imm + Tr#fZ & o8 7 AtaPCr &
AEndurance & ORI I3 EZELHEBRA S N
726, HoRAT EABFENRBBE L X
BERRICBEE L T2 5 2 R I N,

Imm + TrEfiZ L —= v 7 2fFo712d
b 53, MVCId Imm #E & FERICET L
7-. Hamaoka & (1998) %, {#EEZ#EE
ZXRIC, WEOEIFIS A TARMIETH
b —=v 7 ERBELNITOE R, Hio
BERNHEES L OCRAPEE cm L L 7%
HDD, MVCIZIZZ LB ANl 2 &
FWE L, Lo T, AR THWZ b
L—= v 73 x 7 AMEICHE ) BiE T ol
HTHZ IR\ 2 LRI E T,

PlbEoZ s, APFETlwE 20, 1
[ 72 1 #9 50 PO T 97 RIS W 72 B i O Ff
AL —=v 7%, 21 HEOHiKEX 7° A [
TENS A D e K 71 DAL T I T & 228,
A OEHBENRBEES L CRADOET 2P0
TELZLEBRINT,

23 (iR

Hamaoka, T., Katsumura, T., Murase, N., Kurosawa,
Y., Shimomitsu, T., Kuwamori, M., Kagaya, A. and
Chance, B.: Exercise induced improvement in
muscle oxidative function in young females meas-
ured by 31phosphorus magnetic resonance spec-
troscopy (*P-MRS). Jpn. J. Appl. Physiol., 28: 1-
9, 1998.

Homma, T., Hamaoka, T., Murase, N., Osada, T.,
Murakami, M., Kurosawa, Y., Kitahara, A.,
Ichimura, S., Yashiro, K. and Katsumura, T.:
Low-volume muscle endurance training prevents
decrease in muscle oxidative and endurance func-
tion during 21-day forearm immobilization. Acta
Physiol., 197: 313-320, 2009.

ﬂ 11d i Pra
£ POr B AL BETE 8
¥ 1 &
B RS LEL
Y immB
o5 < I 7
- P
R TaFCr B BATERT 8™
E Tk
- 120 180 340 J00  J6§
110
2 7 i ¥ai.®
e S ety
E
HE i Imm+TrE
i
Eu - :.';n'- 5034305
i I:..::: @ELuls
Tl TnPGr =
#
a
1] 63 130 180 40 oD 26§

s {8
1 21 HB®DA v —Xv ¥ a viig oy Lo
SEBROMNZ L7 F Y v (PCr) D4k
a ¥ 7AMEDOART-> 78 (Imm#E), b : ¥ 7 AME
WMl 2 MOFEAN L —= v 7217 0
(Imm + Tr ). ** P<0.01 Pre lcd2HELE
(Hamaoka et al. 1998 X ) —yBeZs).

20
& i
E 10 ."} “h.-:' L Imm*'l'rﬂ-
o o
2
m
_'g Ao {}‘i
g *e%e
-E -ED o ‘
L., |
A0 -20 90 © 40 20 30 40 50
AnyPCr (B

K2 21 HBlDA v =~y a Vil TOMmN T L7 F
V) VIBNEREBDE (AtaPCr) EEBRIFEIRE D
%4t (AEndurance) & DBt
Imm #f & Imm + Tr 2 GbE786HE, AtaPCr & A
Endurance & DRI HEEEMBEBA SN (r=0.71,
P <0.01) (Hamaoka et al. 1998 X b —{KdZ).
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I 2 K S 8 % EE) 5 O BaT

B T

(BE B K2 AR s~ L 2 Fa ' —s a vk v ¥ —)

iR AT % BLE T 2 7 Cd 2 a3,
M55 OIRIRMER T & WEER 7, R &
NHEZ EDOMAERICE > TkE 2720, E
BN o I B IRPHZE R 1k 2 2 AR I
BIRIC X 2 MR ARMEICIZEL v, 2
DI, BEBHIRFIC & O D IR % BN &
L EBTEL0EVI)EENIL, HEEFETR
PR KM ED S FHli T 2 2 & 2303 L 7%
%, Lo Ladis, #EBYEEFME ORI &
R I 2 EEISGAITEFHs I NT
Vg, SHEENRF O I R, EEEE, E
BREE, KB ERA ST T B,
TEE] & TR By k% D R 3 B EE) O T
g MR %, F2STEE) L T\ % R T
AL, EEZTIELTW» 2 E X ICEEE RN
%7 Y (Kagaya and Ogita 1992). # LT, IfL
i A TR & b AR s R I 0
3 EDEE IR TED (Hodting et al. 2001),
IS E 1) 2 A TGS R A I R
W5 Z 3B IFREVWEEZONS, LI
> T, EHOME, T4bbT v RILIEHT
~NOMREEZLEATL2EBLRFETH S
(Kagaya 1992), T ETICdH, TEBSHEEANE
MR IS5 2 2 BT O W TG L Tw
LMEDDH D08, ZNODEEBETHVWLNT
W % EEN SR, AR o S B R 2 M PR
HMELZLDZHWTED, ZATlERE)NIC
Y B IS DA ENEE S w, L
LAY S, #EEIROMKICE XA X >
THELZZEPMEINTV S (Ohmori et al.

2007). ZD7zd, HADMIRIEEIZAGbE T
HENGAE RS T 2 2 L, EBEERNE
BRI R % F B X ¢ 2 #HB 5 fF o B iz
BRHEEZOND,

AT & b, SEBERZIMRE L #H L oL
R 2 BT R DOUE % BAIR 9 213 9 23, i
L ARVICR - 722 ISR T 2 & 0 b EB) I
WMEOMMBKELI EBREINTVS
(Corcondilas et al. 1964)., % Z TAM%ETIZ,
75 1% By o L 300 I B o0 R 7 284G % R R,
Z 0 EORHTROIEE BTN 2 LR
BRI 30285 L7 (Ohmori et al.
2007). # L ¢, IMREAUisd CesmL,
REMEICET 5 2 &, B X OUES IR
I E T 2R EAIC L > TR A3
EWHEHL, 2ol o EE) 7 2
JEAE L U CHEENERE & e, MR & DBIfR
EHOMICTEZ ERHME L .

AL (74) 285 LT, B
{3 C D B I JE I e ) % 5 7 R & <7 o 7.
HEEH %, BEEIRINE R E X OV
LU, MED» o EEHIRMEEZHH L2, 4
OB R (RKRE-G o 15, 30,
50, 70 %) & 4B OEBBEE (5155 RE
M : 0.5, MiGE)H LRER @ HEHE R
DR EIC#E L 2R o 10, 30, 50, 70 %
DM Z2FEL (K1), EHKFICEBT 25
&1~ D IR AL AR % e KIS TR & 2 @B 50 %
NS N

Z OFGR, HEEB MR REEICET 5
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_ Single contraction

-
=

BF{ml/min)
Tl
=

Indil exhaustion

essive ¢ ctions
10% interval | |
30%% Interval * 8 @
50% interval | H R
0% interval | !. . .. shoe wr v
B ENONN SN TEN I (The e o s rekch o pesk

X1 jEs7aba—n

R D 10 % DRI 2 S B B 12 FH o 72 S Eh AR
JE & B AR D 50 % % o> 72 Sl B iR
ZHlAG O ER ST, MR RS H
M3 22 EBHEPIZHR T, L2LEDS,
EEN A 1 EFREL Tk id, 06
DTG % B I T 2 L, 40 0]/
FEVLIHIEHEETH -, SBIZE S ICEHE
EOMBHIEEZBRE L, EEHEOBND S,
TEBIRGIZ BT B E AT~ D MRS % R
0 2B WS T B EBRET
Hs., LT, ZOEBEEEZHSPIZTS
Zrickh, BENEEE XU DM ERE
DHMIZ DY LB IR % 7 X8 2 b
V==V PEREE W EEZ TS,

Tithar o' hlaced fhow Whcy § LS CoDaRC Lo |

E = EN

Corcondilas, A., Koroxenidis, G.T. and Shepherd, J.T.:
Effect of a brief contraction of forearm muscle on
forearm blood flow. J. Appl. Physiol., 19: 142-
146, 1964.

Hoelting, B.D., Scheuermann, B.W. and Barstow T.:
Effect of contraction frequency on leg blood flow
during knee extension exercise in humans. J.
Appl. Physiol., 91: 671-679, 2001.

Kagaya, A. and Ogita, F.: Blood flow during muscle
contraction and relaxation in rhythmic exercise at
different intensities. Ann. Physiol. Anthrop., 11:
251-256, 1992.

Kagaya, A.: Reduced exercise hyperaemia in calf mus-
clesworking at hight contraction frequencies. Eur.
J. Appl. Physiol., 64: 298-303, 1992.

Ohmori, F., Shimizu, S. and Kagaya, A.: Exercise-
induced blood flow in relation to muscle relax-
ation period. Dynamic Medicine, 6: 5, 2007.
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B O PINZAE S HEBOD & Gk

afff e

(HARAA A 2E T2

1. GHBHERIN OGBS & ke H E)iE &

DI DNT

SEBR OIEEFENIZ, EEDNI U £ B ETD
LITIHmINTE D, @0 T Ek
WAEAE U 2 D5 o BEIN 0 55 ML o0 38 0 1%
ZORENLIGTH 5. HEENHEfFIH OIE B
BOCHETEBIR & 1322 ) filGH?EL Tk
W ED S, EBEIEBR K % VIREE TR
WIS (v bonawvF) BEBELAEC
EILEBRIETHD EVAZS, YT a
~ v Foldifld, WA, KT R
CICHET B EDNTRBINT VS, DIEP
IS TA U 2 IEBRINE O whfedae & LT,
Yy b ILaey FREAMRESEE N L T
FIERALICE L Twa 2 E s ik h o
2H B0, kv ILawy FoiK ki
g 2 b O KN B EEB) SIS O IR 1ZH S >
iZE3nTwuizw.Larl, kv F7raey R
IZ & D D I FHIEICE S E T Tw b
& &, HEBH I BT 2 KK R s pE
B WTIE, TTIEMPAET T2 Egk
WEZ SN,

2D L) BIRMOPT, bitbiuk, Tk
o1k (NIRS) % F v TR E O g F 8
R b2 IMIRIG DI RL & U, Si2EB) o % (i
W B BIEERIKE & ORI 2G50 5
ZOBEZ R L CTE R, £7, HBORK
#9132 & O KM B 5 B 5H 7 i 55 Bh g,
DA, FHIME, AR, wibEgE
Bhie FRFRLER L, 2o ORIGEIR % BET

L7, ZO®E, MHERMGE LTI, LK
BinE X OHIMEEE ERPA N, I
WL, RN BEGHEFHEY < lE, BR{k~T
JuErvBIOBR~NESOEVEED LR,
BigEL~NE /o E VBEOE T E & v,
PHRETE ENIRTG 12 O LY N 2 SO 3 2 i i
FHEE P A SN, ZofER» S, EH)
FHICE Iy Forae vy FICB#EL T,
TEER S D 2T 7o < RN BB B iHET O Bk TG
bRBHICAEL Twa 2 EnnBans (g
fif £ FEA 2008).

X 6T, HERFIH O SO SEBIH A~ IE T 5
Rt T 570, 15 RHEOHEMHO®%,
#iHEE) (60 % MVC) z2f7) i@z 10k v b
TV, ZORTHRICE7 74 vicBWT, #
i O BN DS IRK T H - 73T & Jmd
THolilfT2mM O L, EEHT OMENl
e 2 MG L7z, 2 ofGHE, #Efihic-o
W, bbb DT & FERRIC, DA
BIEMDBTRK T H - 72347 Tl RN B ES)
HWDOBBENA~NET O E VIBEED FRMELD
7228, DMABOEND R/ANT & - 73T TR
F~ET O EVIREDOZ(LB A SN W E
VI FEREBRE N, 20X REHRH O N
J xR U OETIHIC oW, D iaEeEings
R TH - I IT ER/INTH - 7T O #H
B W, HEEIHTET O NEEE LB IS 203 A
SN0t ZOI NS, EHHBED
SEBEY O MG E X DB ORMIL, #EfHE
WMoty bI)Na<wy FICIZEES S, J#Hb)
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| Frapeenley pares] | [ = |
< un,,r.._ T =
EETTiE N S |
Ji. £ :w’iﬁ:ﬁﬂ-h:*
Vol OHE R DL TSR M A¢
o 8 8 = B THoERIT
| A r-n.r“:” - -Em!ﬁm{ﬁmmiimﬂ{
T e BATHT-EE
L'.?EH -E: . :‘ - Fﬂii ] e zpf D- DE
u T . e '-i"h
L ”::g:ﬁbnﬂﬁcﬁnﬁ&‘ } g

11}

1 KMBCEOMFEE~NE I 1 E VIRE L DIROZE Cafis 2010)

BHERBICAE L 22 v I a2 v R
IR R AR KE S EEI NS
L E N (Affis 2010) (K1),

2, JHEBE)HEE I OMEEEOG & SS9 5 KM
B DRI W T
EEEGIAIC B W, DIAEE X OILTR

DM 7z £ O FHPEAGERBOG & R BeEL 58 )

I ORIESIE L TAHA SN S 2 L, ki

WO E BT 2B FEL~ETBE VY OE

fLEE DmEoBmEICIIHE»H 2 Z £ %

BHS 22 LT &, EBFET Ao, #lz

X, EBI OB PEE) S v 7T Lk ST

b3S IER R Z b ORITHEL & D

PHOIZOVTIFHS TR o7, HiH

AU, B KL D b 5 o TGS A

ALNBABENEZ 5N DD, TNDER

FIGE EIXIET 2 D0 EH S Thhpro .

Z Z2C, HEEPEMRIC B 3 0HEE X O

&

TR ERE D> O OGEBHE I FE ) T HIERIEER
I & SEBYHEIK F & VTS BE I 0 IR o BY i %
Mat L7z, Z 0%, 7, EERKIGICD W
T, JEEIBHG 30 i) o EEIBHAR R ¥ TFF
B 22 BN A S 2 L2 6, HEfi
Hlicky rona<y FRRBL 2 LD
RBINtz, ZOFRMIGICN LT, KMEE
FHIR D WERALBREZ AT D\ TIE, AL
10 # D22 0>C, RONUGEB)GEE & L OVHijHE
FHEFIC O ANEBE E DEBA SN, Z 1L
T, KAMoESFELClX, BERL~T 1
E VIR D ERSLIBDOZAL &1 R IR
MOASNT, ZIUTH L, BTEEMEER T I3
FET LD S R»r LA SNT, D
WHE2 S, ¥ioey F I Loy FHEE
2 & 2RI E OWRIE %, AT < R
WThsd &, £/, HEHET XD D ATHEHE
P23 2 & WG T 2 28, DB ED
BROELWHIREDH B LEZ ST,
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BN I 3 1 2 IIisEnC o

ik Hr

(AL T RAAFERERTIWTFEPT)

iz ik B CFAREGE (cerebral autoregula-
tion : CA) PHEHET LI EBHSNT WD,
ORI, INOTEERIPE IC B W IR ICE
BB TH D, MEDELIC LTH
HEI I D BEEREE (vascular tone) % Ffifi L
TWw3, ZOCAICKD, FHIMLES 60 ~
150 mmHg DN TN (cerebral
blood flow : CBF) %, ®E4 7o /ERRBES I
BT, —EBIRENZEINTEL, 20D
CADfFfE L, Kety-Schmidt #:% Hw i
1990 SR T COWER R o, HBIRFIC
BWTH CBF I3 LR » 6 2L L hwe I
TE7., L2Luds, Z0BDIEREND
DY TIVE A LT ORI Z WL iE o Bl 76 1
vy, EEEE O CBF O MBS 17 - 72,
Z OFER, EECIEB)RIC CBF A H) T %
ZEDBHS DI RSTWE, X512, EH
2B} 5 CBF #ilfiii 2 7 = X L DfRH b EA T
ETCED, IEWICHEMLREEHN 22w
L EDRBINT NS,

AWZEClE, EHEBEZHEEZ v TRA
T HRHEBINIC B 2 SRR (RETR,
SESEENNR, WNSHBEIAR, HESEIIR) o MyRISE
ZERML, EHRE T 3 KIFKOLEE &
ORI BT 2HETICOWTHRE L, oh
5DEIRD 9 b, FEENITHA & K % 4G
T2 M NSEEIR (3212 R B B B I
Ui ARG ) L MEEEIAR (CRIGECE 5 - 7

fix - FEBEREIEIC MR % f4G) <THH, #SHH
IR % B P SE R I MR 2 6459 5. AfF%ED
R, WIFNo#RicBWwTy, BRKTTO
F 5 BOE B 1 BV TR IR 2SS 2 & 5
ML Tk, Z20Z0EH—-TEEHIE
WRENZ, Thbbt, NEHIRIMRIZ
60 % VOopear £T20 %BMT 2 H DD,
80 % VOzpea TIXZEHIFL ~OLIE < & TET
L7, ZoWEBROIMKEIZ, FREER
COHEDEICHIG LD TH o, —
7, HEB BRI 1% 80 % VOspen £ B
EEI LR Ui sy m L 7z, 2 o NSHBEIIR
EHEEEIRICEB T 2B DAREL L -5 T8
K, MEMHFREZY 7 OE DI X 2 REE -
RBTEF O AR —:, PaCO: o R§ 2 sz 1k
(CO: reactivity), HCFHBERE, RIEppeZ
fLoEBRB LU AETH L EEZ ST,
I 502, BHFE 2 RIGEBIREIC B 5 A SHBNR
DIMFITHETH o 72, FHiEEEB)RE (80 %
VOue) Tl, RHFD 255 < £ ClliiR
DML, ORI NSEEIRO IR E DR
&, BB b % BB & R o I
BOTGETH 2 Z LW, FEMREE L O
BiE a5 7% v AL OGRS H#E5
SN/, Tk HICHEHEIRICEIT 5 CBF O
i —ETld % <, BiRMICE T 21—
&HBIRET 1A L 7= T5IE4y (redistribution)
R 5 N,
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(BAY—kv T ayv)

1. Muscle fascicle behavior in the onset of muscle force production
Yoshiho Muraoka !, Shin-ichi Yagi?
' School of Education, Meisei University,
2Graduate School of Information Science, Meisei University

2. LBREEHCIKEEEIRIC 5 1) 2 00 H R & R BRI o B 6%
Wil w0, R ST R PR mER e
P BEESRRARE, ¢ BB, 0 IR HRE R R T TS

3. ESHFE A ST O W R A 5 & OIRBUR RIS B 5 3%
S TRIT, W Wis PR B e e
VRS, REHRATIEAY, © AL FRE ARSI It

4, RV gl ofifhiRic & 2 i T o
KWL WA, R RESE I e, KA EhsE!
VEBERDKEFRFARERE, 2 BROKLFRE, P FRRERAT R
5. BRERWi=E % #ERs L 22 3R 2 TP e w
HE =y, FME e, &l fgee, e e
'HAZFRERY, 2 HAL T RE R PR,
SINZATEOE NESZARRE - REOIEAT, * PR R R — 7 BlEAsHiibe

6. IRENHIEZ A 77 O B AT R < 8 — v

s 5%
HAZ R ERY
7. FRET—FRZERICENIEN T~ Ly FIVET A OTEHGI~
fefe R
HAZ R ERY
8. AR—YHDOHILDIIE L HA
Wik A1
HAZ R ERY

9. ¥ b7 a=wy FHHHNEBINIC BT 2 IEREEN O RAEVERIRINGET G 1< B9 52 E
Kb #mm CRE %, R OBRE, ek T
AL B R IEBER T DT

10, mlniiZerEic 3 1 2 iSEEIRIMT E O #EAE AV ZAL
Vg, e BRPE, KRB A PR R EAR T
VAL REREILEA IO, 2 HARL TR E RS
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I, WIRICBY9 % 33
OF 22 BAIAMMAR 7 A—F L (MBBEFAEIVFZILIA—F L)
SERR 23411 H 26 H
MIZAXR=VE2HERTIAN —ZZ2FTHA, 2L TREANDHHE—,
Gl EN=)
DINE B AEDIERZIRD 2 %)
EARNF (HARZ ARG REIEREAR SITERT)
LM (BEHE BRI E IS8T

(Session 1 : FEENDOFHEREEZ E 2 %)
DEBIRFOMERITE — M2 L —,
e i (BRI E DB RHA)
M k2 L cEmE L —=v ) —Z7ubEy /26732y 7 EFT—
KH K (BEREERARTEE)
TREATT EfilE © = DJERE & B
FHITE  (MSZATBOE NERZAEE - fEHERTE T (R 75 0)

(Session 2 : ZHFMEHZ LB a—rasia=r—>ayv)
T DR AT & = 3L X — G
AT (ERNZAR—YRgEey Y —F—0 =y Ky =L F 9 R— FHE)
ML 2 %2 BN & 6 2 5B 5 DT
PREETF (BB ARSI~V A T aE—v a vy ¥ —)
DEE) O IR ) IEBR S & IS
AT (HARRPEE T A)
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