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Effect of compression stocking on venous compliance at rest
and circulatory responses to cycling exercise

AnNa Oug!, YasuHiro [iMura®

Abstract

The purpose of this study was to clarify whether calf and forearm venous compliance
was increased by wearing graduated compression stockings (GCS), and whether
changed venous compliance with GCS influenced the circulatory responses to submaxi-
mal cycling exercise. In ten young healthy subjects (7 men, 3 women; mean age 20.9 =
0.9 [SD] years), calf and forearm venous volume with or without GCS was measured by
venous occlusion plethysmography in subjects in the supine position during inflating a
venous collecting cuff placed around the thigh and upper arm to 60 mmHg for 8 min
and then decreasing cuff pressure to O mmHg at a rate of 1 mmHg/s. Calf and forearm
venous compliance was calculated as the numerical derivative of the cuff pressure and
venous volume curve. In addition, venous capacitance and maximal venous outflow
was also determined from the changes in venous volume during inflation and deflation
of cuff pressure. In main experiments, subjects performed cycling exercise at 30% and
60% of heart rate reserve (HRR) for 5 min and then had a recovery period of 5 min. Cy-
cling exercise was carried out while wearing either GCS or no stockings (Control: CON)
on separate days. Wearing GCS caused increases in venous compliance, venous capaci-
tance, and maximal venous outflow in the calf, but did not change these venous proper-
ties in the forearm. Circulatory responses (HR and blood pressure) to cycling exercise at
both intensities did not differ between CON and GCS. These results suggest that wear-
ing GCS had a significant increase in the venous calf compliance but not in the arm
compliance, and that the increased calf compliance during wearing GCS had no signifi-
cant influence on the circulatory responses during cycling exercise in healthy young
people.

Key words: Cuff deflation protocol, Venous capacitance, Venous outflow

approximately 70% of the total blood volume

Introduction at rest (Greenfield and Patterson 1956, Morris et
al. 1974). When physiological stress occurs

Veins have high compliance and contain such as during exercise and exposure to heat,
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the venous system must adjust to this new
state, and usually does so through a change in
venous compliance (Rothe 1983), which
causes a shift of blood from the venous sys-
tem to the heart and may contribute to main-
tenance of central blood volume and blood
pressure. It is reported that aging and physical
inactivity can induce the stiff of veins as well
as arteries (Hernandez et al. 2004, Monahan et
al. 2001, Olsen and Lanne 1998, Tsutsui et al.
2002, Young et al. 2006). Because decreased
venous compliance might facilitate the shift of
blood from the peripheral circulation to the
heart and could secondarily induce elevation
of blood pressure, vein stiffness is thought to
contribute to the pathogenesis of hyperten-
sion (Olsen and Lanne 1998, Safar and London
1987). Indeed, decreased venous compliance
has been observed in animal models of hyper-
tension (Fink et al. 2000, Xu et al. 2007) and in
hypertensive humans (London et al. 1987,
Takeshita et al. 1979). Thus, in considering the
prevention of lifestyle-related diseases, it is
important to maintain high venous compli-
ance or improve decreased venous compli-
ance.

Traditionally, the graduated compression
stocking (GCS) have been used for the man-
agement of venous disorders such as venous
thrombosis and varicose veins (Agu et al.
2004, Ibegbuna et al. 2003). However, recently,
it has been reported that GCS could also in-
crease the calf venous compliance at resting
condition in healthy young subjects (Hayata et
al. 2006). In addition, GCS has been used in
various sports events for the purpose of im-
proving exercise performance and recovery
period after exercise, because GCS may help
the skeletal muscle pump (Kraemer et al. 2000)
and may increase deep venous velocity and/

or decrease blood pooling in the calf veins (Si-
gel et al. 1975). Indeed, it was reported that
running economy was improved for athletes
wearing GCS (Bringard et al. 2006), and that
the decrease in concentration of blood lactate
during recovery period after exercise was
greater in GCS than non-GCS (Chatard et al.
2004). On the other hand, some studies
showed that the effect of GCS on circulatory
responses was a little under sever conditions
such as the prolonged exercise (Fujii et al.
2017) and orthostatic stress (Lucas et al. 2012,
Morrison et al. 2014) in hot environment. How-
ever, since the application of positive pres-
sure to the lower limbs during dynamic exer-
cise at the light intensity in upright position
has been shown to increase venous return
and/or reduce venous pooling, enhancing
cardiac output and mean arterial blood pres-
sure (Nishiyasu et al. 1998), it is expected that
the wearing GCS influence the circulatory re-
sponses to the short-term cycling exercise at
the light-to-moderate intensity.

Thus, the purposes of this study were 1) to
investigate the effect of wearing GCS on calf
venous compliance at resting condition and
2) to clarify the circulatory responses to the
light-to-moderate cycling exercise during
wearing GCS.

Methods

Subjects

Participants were 10 healthy volunteers (7
men, 3 women) who were instructed not to
consume caffeine for 24 h or food for 2 h be-
fore each experiment. Mean age, height, and
weight was 20.9 = 0.9 (SD) years, 167.2 %=
7.8 cm, and 61.4 £ 7.6 kg, respectively. Fe-
male subjects participated in this study in the
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follicular phase of the menstrual cycle (3-10
days after the onset of menstruation). The
purpose, procedures, and risks of the study
were explained to the subjects, and informed
consent was obtained. This study was ap-
proved by the Human Ethics Committee of
the Toyo University and was conducted in ac-
cordance with the Declaration of Helsinki.

Experimental design

Subjects visited our laboratory three times.
In first day, the incremental cycling test was
carried out in order to determine the exercise
intensity that was used in the main experi-
ments. In addition, venous compliance was al-
so assessed in order to confirm whether wear-
ing GCS increased calf venous compliance at
resting condition. And in second and third
days, the main experiment consisted of two
trials performed on separate days in a coun-
terbalanced manner (with an interval of at
least 2 days) where participants undertook a

Picture 1 We used commercially available graduated
compression stockings (GCS) was used in the
present study.

cycling exercise while wearing either GCS or
no stockings (Control: CON). We used com-
mercially available GCS that induce a gradu-
ated pressure of 18 mmHg and 14 mmHg at
the ankle and the calf, respectively (Ansilk-
Pro J; ALCARE Co., Ltd., Tokyo, Japan) (Pic-
ture 1).

Incremental cycling test

To determine the exercise intensity that
was used in the main experiment, heart rate
(HR) was measured using a heart rate monitor
(Polar F11, Polar, kempele, Finland) during a
submaximal incremental cycling test. Subjects
were asked to pedal on a semi-reclining cycle
ergometer (cordless bike V67Ri, Senoh, Chi-
ba, Japan) at a constant frequency of 60 rpm
for 3 min at four different exercise intensities.
Using the work load and HR during a submax-
imal incremental cycling test and the estimat-
ed maximal HR (220-age), exercise intensity
[30% and 60% heart rate reserve (HRR)] was
estimated using the Karvonen Formula.

Assessment of venous compliance

To confirm that calf venous compliance at
resting condition increased when subjects
wore the GCS, the forearm and calf venous
volume were also measured on a different day
of main experiment. Subjects rested in the su-
pine position with the left arm and left leg el-
evated above heart level. To measure chang-
es in forearm and calf venous volume, the ve-
nous collecting cuff was wrapped around the
left upper arm and left thigh, and a mercury
strain gauge was placed on the forearm and
calf at the sites of maximal thickness. Then
the collecting cuff was inflated to 60 mmHg
for 8 min, after which the cuff pressure was
manually reduced at a rate of 1 mmHg/s from
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60 mmHg to O mmHg (over 1 min) according
to a previously described cuff deflation proto-
col (Halliwill et al. 1999). Throughout the cuff
deflation protocol, changes in forearm and
calf venous volume were measured noninva-
sively using a venous occlusion plethysmo-
graph (EC4, D. E. Hokanson, WA, USA). All
data on venous volume were recorded in a
personal computer using a digital-to-analog
converter (15BX, Dacs electpnics Co., Ltb,
Okayama, Japan).

The relationship between cuff pressure and
change in forearm and calf venous volume (i.
e., the pressure-volume curve) was deter-
mined from data points for cuff pressures be-
tween 10 mmHg and 60 mmHg during the
cuff deflation protocol. To avoid any a priori
assumption regarding the pressure (P)-limb
venous volume (V) curve and to obtain a
physiologic venous compliance curve, venous
compliance was calculated as the numerical
derivative of each pair of pressure-venous
volume data points with the following equa-
tion (Freeman et al. 2002).

venous compliancep;

_Vi—=Vi-1o
Pi—Pi-10

In addition, venous capacitance was evalu-

where 20 < i < 60

ated as the value of venous volume 8 min
from the start of cuff inflation (O mmHg) to 60
mmHg. Maximal venous outflow was calculat-
ed from the rate of change in venous volume
for 1 min during deflation of cuff pressure
from 60 to O mmHg.

Protocol of the main experiment

Subjects entered the experimental room,
maintained at 26.2 £ 0.5 °C, and then rested
on the semi-reclining cycle ergometer for at
least 20 min. After baseline data was record-

ed for 5 min, each subject performed a cy-
cling exercise at 30% HRR and 60%HRR for 5
min with an intervening recovery period for 5
min in a random order. A rest of at least 15
min was allowed between trials to allow HR to
return to pre-exercise levels. Cycling exercise
was carried out under two conditions (GCS
and CON) on separate days.

Measurements

Systolic (SBP) and diastolic (DBP) arterial
blood pressure from the left brachial artery
was measured every 1.5 min by brachial aus-
cultation, using a sphygmomanometer (KM-
380, Kenzmedico, Saitama, Japan). Mean ar-
terial pressure (MAP) was calculated as the
DBP plus one-third of the pulse pressure. HR
was monitored with the heart rate monitor
and recorded every 1 min.

Forearm blood flow (FBF) from the right up-
per limb was evaluated every 15 s during
baseline assessments, exercise, and recovery
for last 2 min, using venous occlusion plethys-
mography with the aid of a mercury in silastic
strain gauge (Whitney 1953). The forearm was
supported and elevated above heart level.
Pressure in the venous occlusion cuff was
maintained at 40 mmHg. FBF was recorded 4
times each minute for a minimum of 10 s after
the upper arm cuff was inflated. Forearm vas-
cular resistance (FVR) was calculated as MAP
divided by FBF.

Data analysis and statistics

For BP and HR, all data before exercise
were averaged as baseline values. In addition,
all data for FBF and FVR during baseline, ex-
ercise, and recovery periods were averaged
as representative for each period. Data are ex-
pressed as the mean = standard error (SE).
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To compare the changes in cuff pressure
between CON and GCS, a two-way analysis of
variance (ANOVA) with repeated measures
was applied to the venous volume and venous
compliance obtained during cuff pressures of
10-60 mmHg under each condition (CON and
GCS), using cuff pressure and condition as
fixed factors. If a main effect of condition
and/or interaction was detected, post hoc
analysis with a paired t-test was performed
every 10 mmHg. In addition, venous capaci-
tance and maximal venous outflow were com-
pared between CON and GCS using the
paired ¢-test.

To compare the time-course changes be-
tween CON and GCS, a two-way ANOVA with

repeated measures was applied to the param-
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eters under CON and GCS, using time (base-
line, exercise, and recovery) and condition as
fixed factors. If a main effect of condition
and/or interaction was detected, post hoc
analysis with a paired t-test was performed.
Statistical analysis was performed using SPSS
software (version 19; IBM Corp., Armonk, NY,
USA). P-value of < 0.05 was considered sig-
nificant.

Results

Effect of wearing GCS on venous compliance in the
calf and forearm at rest

Fig. 1 shows the effects of GCS on venous
volume and venous compliance in the calf
and the forearm at rest. The change in calf ve-
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Fig. 1 Relationship of cuff pressure-venous volume and cuff pressure-venous compliance in

the calf and the forearm with subjects wearing and not wearing graduated compression
stockings (GCS and control: CON). Values are mean * standard error (SE). * P < 0.05,
significant difference between CON and GCS.



nous volume with the cuff pressure was steep-
er in GCS than CON (Fig. 1-A). ANOVA yield-
ed a significant interaction effect (P < 0.05),
and a post hoc test showed a significant dif-
ference in mean venous volume between
CON and GCS at cuff pressures of 10, 40, 50,
and 60 mmHg (P < 0.05). The change in calf
venous compliance with cuff pressure was
greater in GCS than CON (Fig. 1-B). ANOVA
showed significant main and interaction ef-
fects (P < 0.05), and a post hoc test showed a
significant difference in the mean values ob-
tained between CON and GCS at cuff pres-
sures below 50 mmHg. On the other hand, in
the forearm, venous volume and venous com-
pliance did not differ between CON and GCS
(Fig. 1-C and D).

Furthermore, in the calf, both venous ca-
pacitance (4.71 = 0.97 vs. 3.69 = 0.28 mL/

Oue A. and limura Y.

100 g of tissue, P < 0.05) and maximal ve-
nous outflow (4.94 £+ 0.97 vs. 3.43 £ 0.95
mL/100 g of tissue/min, P < 0.05) were great-
er in GCS than CON, although these parame-
ters in the forearm did not differ between con-
ditions (venous capacitance in GCS and CON:
2.36 £ 0.20 vs. 2.29 £ 0.17 mL/100 g of tis-
sue, maximal venous outflow in GCS and
CON: 2.20 £+ 0.68 vs. 2.04 = 0.19 mL/100 g

of tissue/min).

Effect of wearing GCS on circulatory responses dur-
ing cycling exercise

At baseline, during cycling exercise at both
30%HRR and 60%HRR, and during the re-
covery period, there were no significant dif-
ferences in time courses of SBP, DBP, MAP,
and HR between CON and GCS (Fig. 2 and
Fig. 3). In addition, the time courses of FBF
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a A C‘/:;‘Ljii(tcion: P >0.05 Aé%i’éition: P >0.05 C;git(;t/ign: P >0.05 A CON
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E 1o =il ®:GCs
[ --‘: SR i
S S g Y ©: CON
§ w0 A Ay Systolic #:GCs
s
80 1 & g
3 & ¢ —0——@ Mean
g 0] 6 —8%—¢——¢ ———p——@——& Diastolic
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5
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Fig. 2 Time courses of blood pressure and heart rate during cycling exercise at 30% heart rate
reserve (HRR) and during recovery period under control conditions (CON) and with
graduated compression stockings (GCS conditions). Values are mean * standard error

(SE).
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Fig. 3 Time courses of blood pressure and heart rate during cycling exercise at 60%HRR and
during the recovery period under control conditions (CON) and with graduated com-

pression stockings (GCS conditions). Values are mean * standard error.

Table 1 Forearm blood flow and forearm vascular resistance at baseline, during exercise and during

recovery.
At baseline During exercise  During recovery
30%HRR
CON 2.65 £ 0.27 2.17 £ 0.33 2.96 £ 0.30
Forearm blood flow, GCS 3.36 £ 0.34 246 £ 0.29 3.69 = 0.34
mL/100g of tissue/min 60%HRR
CON 2.99 £ 040 2.02 £ 0.31 3.44 £ 0.50
GCS 3.12 £ 0.30 1.92 + 0.18 5 £ 042
30%HRR
CON 299 £ 3.1 44.6 £ 4.6 272 £ 27
Forearm vascular resistance, GCS 238 £ 2.7 38.1 £ 4.1 214 + 2.1
mmHg/mL/100g of tissue/min 60%HRR
CON 27.8 £ 35 53.1 £ 5.7 259 £ 35
GCS 253 £ 2.6 522 £ 5.2 23.7 £

Values are means £ SE.

and FVR did not differ between conditions

(Table 1).

Discussion

The primary findings in our study were that

1) wearing GCS caused an increase in venous
compliance, venous capacitance, and maxi-
mal venous outflow in the calf, but did not
change these variables in the forearm; and 2)
the responses of BP, HR, FBF and FVR to ex-
ercise did not differ when wearing or not
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wearing GCS. These results suggest that the
increase in calf venous compliance accompa-
nied by wearing GCS did not influence the cir-
culatory responses to cycling exercise in
healthy young humans.

In present study, by wearing GCS, the ve-
nous compliance, venous capacitance and
maximal venous outflow in the calf increased
at resting condition (Fig. 1). This agreed with
previous studies (Agu et al. 2004, Hayata et al.
2006, Ibegbuna et al. 2003). Two possibilities
of the greater calf venous compliance during
GCS might be speculated. One possibility is
the elevation of venous external pressure by
wearing GCS. Venous compliance is repre-
sented by the ratio of venous volume to trans-
mural pressure which is difference between
internal and external pressure in vein (Rothe
1983). It means that venous compliance is
greater as the transmural pressure is smaller
when venous volume is constant or increased.
In present study, it might be speculated that
wearing GCS caused the mechanical com-
pression of the calf and the secondary eleva-
tion of venous external pressure, so that the
decreased transmural pressure and the in-
creased venous volume (Fig. 1-A) might be
obtained. Another possibility is that enhanced
shift of blood and/or interstitial fluid from pe-
ripheral to central sites could influence the
venous compliance (Louisy et al. 1997). In our
study, the compression from skin surface by
wearing GCS might shift blood of capillaries
and superficial veins and interstitial fluid to
the truncus, which could improve the balance
between hydrostatic pressure and colloid os-
motic pressure and the balance between fil-
tration and resorption in capillaries, so that
calf venous compliance increased during
GCS.

On the other hand, the forearm venous
compliance was not changed by wearing GCS
in present study. It is unlikely that the elevat-
ed external venous pressure and shift of blood
and/or interstitial fluid were observed in the
forearm in our study because the forearm was
not compressed by wearing GCS, resulting in
similar forearm venous compliance between
GCS and CON.

The circulatory responses to cycling exer-
cise did not differ between CON and GCS
conditions in our study (Fig. 2, Fig. 3 and Ta-
ble 1). These results did not support our hy-
pothesis. Although we had no certain idea,
two reasons might be peculated. First, wear-
ing GCS in healthy young subjects might not
enhance venous return when compared with
CON. GCS are thought to assist the skeletal-
muscle pump and possibly enhance venous
return (Mayberry et al. 1991), and GCS de-
crease blood pooling in the lower limbs and
enhance venous return when patients with
venous disorders are upright or walking (4gu
et al. 2004, Ibegbuna et al. 2003). On the other
hand, it was reported that healthy subjects
such as athletes already have an adequate
blood flow from the lower leg to the heart
during exercise even in the absence of GCS
(Kuipers et al. 1989). Second, the greater calf
venous compliance during wearing GCS at
rest might not be eliminated during exercise
because of the elevated internal venous pres-
sure which is due to the exercise-induced
pressor response and the increased pressure
in the capillaries via vasodilation (Takamata et
al. 2000) and/or the expansion of active mus-
cular tissue (Convertino et al. 1981, Sjogaard et
al. 1982) during exercise.

In conclusion, to clarify the effect of in-

creased calf venous compliance on circulato-
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ry responses to exercise, we investigated
changes in HR, BP, FBF and FVR during cy-
cling exercise with and without GCS. We
found that these variables did not differ be-
tween conditions. These results suggest that
the increase in calf venous compliance with
wearing GCS might not influence circulatory
responses during short-term cycling exercise
at light-to-moderate workload in healthy
young humans.
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Differential effects of prior exercise on two muscle deoxygenation
parameters during maximal exercise

R R R EG2 &S e

Taxkuya Osawa!, Keisuke SHiose?, Hipeyuki TakAHASHI®

Abstract

The purpose of this study was to investigate that the effects of prior exercise on two
muscle deoxygenation parameters during maximal exercise were different. Seven active
male volunteers (24=+3 years) performed a heavy intermittent exercise test, composed
of a 1-min maximal exercise (M-1), a 6-min exercise at the intensity of 65-70% of maxi-
mal oxygen uptake, and a 1-min maximal exercise (M-2), separated by 4-min rests. The
changes of deoxygenated hemoglobin and myoglobin (d-HHb) and tissue oxygen satu-
ration (d-StOz), assessed by near-infrared continuous-wave and spatially-resolved spec-
troscopies, respectively, were monitored from the vastus lateralis continuously. The d-
HHb increased and the d-StO: decreased during both M-1 and M-2 exercises. Com-
pared to the M-1 exercise, d-StO2 was higher throughout the M-2 exercise (P<0.01), but
not d-HHb (N.S.). These results suggest that, during 1-min maximal exercise, the d-StO2
was partially attenuated by the prior exercise-induced vasodilation, but not the d-HHb.

Key words: Near-infrared spectroscopy, Working muscle, Cycling
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T, IR 2 DRI E D BT H B T &,
R =N C L, REIHIRNEZAGTH 5
LR EDPEFT LN, IhETILHE L D NIRS
BT 2T T\ 3 (Hamaoka et al.
2011). —K, E# Hb ® Mb ZJlE L T\ 7\
L, % OHELMRRIC IR ORI H
5.

NIRS 12 &> { D9 DEELEDFIET % 5,
RFICHEEEEE  (near infrared continuous-wave
spectroscopy: NIR-CWS), # X ON%2[l4) A%
(near infrared spatially-resolved spectrosco-
py: NIR-SRS) 2 LCE b, RIALFIHS N
Tw3, ZOZHEDENE LT, NIR-CWS Tl
RZCHEERER O LD TH b, MHEDRNE
L 5 fEsHEE SN2 DIk LT, NIR-SRS T
AR 2o Th b, TNEFNTES
N7HBEDOBEVICH SO TEIEHR SN .
INEFTOMRICBLT, ZhbDllEEEH
W, FililERC % FIRFICRRET U 72 2R 138U
XN 3 (Caldwell et al. 2016; Spenceretal. 2012)
D, ZO2O0FWELIHITIFEA LRGN
AN

EERENLT 2 & &, RS EED
BIRFICE W, BRI E T 2BEOME L
HEDNT v AFKE LT 2 (DeLorey et
al. 2005). %7z, EAHEHIC X b, HHBRNO
TEBRIE S L 725 (Marles et al. 2007). fit->
T, NIR-CWS i & b i & 9 72 Fili gk is
¢ & % W=t Hb/Mb 12 BIIRIILIT D 2/t D
R ZIHIZ W (Daviesetal. 2008) D TH N
i, FADESENC X 2B ERT T, —J7, NIR-
SRSz & b §¥ili S 7 Wil e R T H %
R F M R ETIC B T BBFENT V2%
KB 2 EEx6N5 2L 56, HINESHIC X
b iR R S h B AR E 2 b
5. Lo Lisht s, HEGESH SR ED A
RICBIT2 20082 HEERCLVEL SN
7o iR RIS I E TR I S 2 T
v b L 200l RIEIE s B 5251
ERTOTHNE, 2 0DMIEELIEEDI

fRICO DD EEZOND.

AT, EEEEBFRRICE T 20
O liEE s (NIR-CWS IC & » TEH X
N 3 Bife 24 Hb/Mb 3 & X NIR-SRS 2 & -
THE S0 2 HEMEEAEME) 3, FEhES)c
KO EDLIBEERTOPHSLICT S Z
LEHE L.

Jiik

1) B

IHEN A HERE TS 243K, BE
168+6cm, (A : 57.5+4.1kg) BARIIC S
MU 7. EBEFERICEEL T, RS Ao
NAEB X ONEBIEICSWT, CEB X I
THHZERZT, AEEICES L. AU EA~
Ve XEFICHD, BEVAR— VR v
Y — DIl FE s (BAESSE 018 5) O&R
B9 A THEBI NI,

2) 9RFHL v o7 a b an

SRR L 72 2 HiECcfrbnz. 1 HE,
BB EERE (VOzpear) & Z DR #HE) &R
FEET 2720, $HEIABEILI X —¥
(7 Z2H VY N—2K—> 2500, o — Kk, +
7 v %) &R % B Sy & AR & T
WICE 2 £ CTHMEL 7.

2HE, HIEHI LI A —2 %07 EmE
IR S BN B a2 EE L 7. EE) 7 e b2
WX EE 1 538, 100%VO0zea BB 1 57 (M-
1), ¥4y, 65-70%VOopear EH) 6 57, L

M-1 M-2

100 (1005040 (100%V 05,

75

50

» 65-70%V0,, .,

Exercise intensity (%VO0,;c,)

0o 1 2 6 12 16 17

Time (min)

Fig. 1 Exercise protocol
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445, 100%VOzpeai# 1 77 (M-2) THo 7
(Fig. 1), ¥ ol HisEHD > — F B L
7. 7z, ZEHOBBAROBAHL E L,
F - AEF OBR B & CEIRIZHEIES O AR
GbETirbh.

2HRZMEL T, HEHEIILIA = DNV
Fov « o — MBI RS Z L ICRE SN, B
BEDY 2a— R RTNVIFA LTy ik b
EENT. £, BTy 754 FRETOD
RGPy v E L, RYOVEEREIZES 60
EILPO

3) MEwH

T BHE (VO2, STPD) (M3 E o
25 L (AE-310s, =7 FERFE KK) 2w
T, breath-by-breath iz & b HlE S 7z, D
% ME 2 9 (Polar RS800CX, K5 — o,
T4 R) 2HOTE=ZY I NI, VO, D
HBULEE RG> & E BN T £ ©, kI
EINT.

I AP AL AE 1 2 B R FLER e e w (9 2
F—F-7m, 7=21v—, 5#) 2HOT,
BRK O#E (Gul) Hizfrwy, BHLUZ.
FRIMIE M-1 B X O M-2 EE#iR T 1 08B L O
3PtE L, ZhFNEViEEZ M-1 88X U M-2
SEESOM E LTERAL 2.

NIR-CWS 5 & O NIR-SRS 25 A C & % it
Aot EEERE (NIRO-200NX) & Mw, Hig
HLEE) O LI T H B AMIIA R O B3 Hb/

20

>

NIR-CWS parameters
(arbitrary unit)
=
o 15
i

[
o

=20 =+

Time (min)

Fig. 2

0 2 4 6 8 10 12 14 16 18

Mb, BilgZ{t Hb/Mb, # Hb, & & kIR
ffE o2 e (d-St02: 8—+ ¥ FAA v b
(%pt)) ZHEEL, 7 o— 7134 DIMUNLH
b, #3400 1 EALICHEA &, G H N —
XN, k7, AWIRTIE, BIEEIZHEEDE (£
v) » 5 OMNELTIHE S iz, B (v
0) (LEBBIART O LR, RGO RV
EDEET S (7 F v ZREt o R 3 RziE) I
MESH, FEENLELLESOME L.
VEARAGIHAETE D 71— T IE AR A 3
cm TH O, EREHEIL 10Hz TH- 7. UG
NrEF—213 150 L FEfbans.

4) F—Z B - HEEHRbT

Ty 3eECFEEEERE TR L, &
7z, VOo, D%, BL O NIRS Ik b HiiE &N
72T =21 15 BT i b niz. #HEE
WFE SR 7 & (SPSS Statics 24, 1BM #.,
A T) BV, M-1 £ M-2 L2 57
&, ZIuhtES T (EF X ) 2175 72,
B D 5N R2ERD s HE, M-1 £ M-2 D
TOKHERHE T B0, MG H B LRE R
Tot. @ToMLIHIcE T, FEKHER
5 %A & Lz,

i

2N 50.1+11.2mL/kg/ 4, 268+42W T -

B. 20

10

(=]

4-5t0, (%pt)
,

=
o

5]
o

30 + . g ’ ; ’ ’ ; ;
0 2 4 6 B8 10 12 14 16 18
Time (min)

Changes of NIRS parameters in a representative subject throughout the test. A:NIR-

CWS parameters (thin line: Oxygenated Hb/Mb, thick line: Deoxygenated Hb/Mb, thick
dotted line: Total Hb), B: NIR-SRS parameters (d-StO2). The thin dotted line is a base-

line before the exercise.
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Fig. 3 Changes of NIRS parameters throughout the test. Mean *= S.D. A: Oxygenated Hb/Mb,
B: Deoxygenated Hb/Mb, C: Total Hb, D: d-StO-. The thin dotted line is a baseline before

the exercise.

7z.

T T P R P T B i AR BR IRE 12 B8 1) 5 NIRS
BEOWEE 1 4ofl, 8k Ceplig oy
fili% Fig. 2, Fig. 31c/xR7. M-1 8L M-2 B
LRATIC B 2 BilEsE1L Hb/Mb 12 Z 1 24 -0.
61+2.11, -0.55+2.65 TH b, d-StO:13 2N
721 0.81+1.93%pt, 4.64+4.59%pt TH -
7z. M-1 (0-15% : -0.4+25, 15-30% : 7.8
+2.1, 30-45F : 8.4+2.3, 45-60 ) : 8.6
2.4) £ M-2 (0-15% : 1.3+26, 15-30% :
8.2+2.2, 30-45F : 9.3+2.6, 45-60  : 9.6
+2.7) oIz B W, BiEEEl Ho/Mb 1%
MigEEIC B BADRD bzd o7z (NS,
72, THP64ICE VT, BAEE 1o
FHEIEM-1 & b H M2 DA EME %2R L
7=. —7, d-StO2TiF, M-1 (0-15% : -4.9+
3.6%pt, 15-30 # : -21.3%£4.7%pt, 30-45 #
1-20.6+£4.5%pt, 45-60 1 -19.2+4.1%
pt) EH#EL, M-2 (0-15% : -3.0:4.4%pt,
15-30 # : -16.7+3.6%pt, 30-45F : -17.8
+4.0%pt, 45-60 % : -17.5+£4.0%pt) TIZH
BEhBnsEs sh (P<0.01). %7, @8
BB » T, RAEE) 1 2o FHEEIER M-1

kbbb M20iADEMEERL . BRI HD/
Mb (M-10-15f : -5.3%£1.9, 15-30 f : -12.
3+3.0, 30-45Ff : -11.6%£2.7, 45-60 % : -
10.7+2.3, M-20-15% : 1.1+£1.5, 15-30 %
1 -5.7%2.3, 30-45% : -6.1%£2.3, 45-60 #
1 -5.7+2.0, P<0.01), #Hb (M-10-15F#
:-5.8425, 15-30 % : -4.5+2.1, 30-45
:-3.2%1.6, 45-60 % : -2.1=1.4, M-20-15
24426, 15-30F : 2.6+22, 30-45F
:3.2+2.1, 45-60 ) : 3.842.3, P<0.01) i
M-1 & M-2 L ofIicEEZ»ED 5 (Fig
4).
VOz (M-1 0-15 % : 14.5+5.9mL/kg/ 47,

15-30 # : 27.3+6.8mL/kg/ 47, 30-45 % :

34.2+6.1mL/kg/ 4y, 45-60 f :36.3 +
4.9mL/kg/ 4y, M-2 0-15f : 16.8+5.0mL/

kg/ 4y, 15-30 # : 34.1 £8.6mL/kg/ 4y, 30-45
1 39.8+7.7mL/kg/ 43, 45-60 ) : 40.3+
5.0mL/kg/ 47, P<0.01) # & 0%k (M-1 0-
15F : 871741 /4y, 15-30F :121£10
/4%, 30-45 % : 134+11#1/4%, 45-60
1145+ 8 #1/4%, M-2 0-15% : 107+18
/4%, 15-30% : 138+ 13 #1/ %, 30-45
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Changes of NIRS parameters during the M-1 and M-2 exercises. Mean = S.D. A: Oxygen-

ated Hb/Mb, B: Deoxygenated Hb/Mb, C: Total Hb, D: d-StO:. * P<0.05 (M-1 vs. M-2) The
thin dotted line is a baseline before the exercise.
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Fig. 5 Changes of pulmonary oxygen uptake (A) and heart rate (B) during the M-1 and M-2 ex-
ercises. Mean + S.D. * P<0.05 (M-1 vs. M-2).

152+ 11 #1/4), 45-60 % : 160+10 4 /
4y, P<0.01) 1z M-1 & M-2 & ofc 52 H AR
iRd ot (Fig. 5). —J7, IMPFLREEE X
M-1 £ M2 LD THEERRD bRkh -
72 (M-1:6.80%£1.19mM, M-2:7.18 &
1.93mM, N.S.).

B

AWFZEClE, FRHEEDRASEEH G R B
J % NIRS 2 & b #¥fli & 7z 2 > D ffiiEHE
el T T IS THRE L7, 2 OFEER,
HERES)IC X b, M-2 Tl3EEZEl Hb/Mb 1%

Z Lol b DD, d-StO2 3N+ 5 2 &
(0% b, WEEMOET) HLE2E RS T,
I Ticd NIRS IT & 2 A= o feftic
DWW CERR kR T O N T & 2 (Quaresima
and Ferrari 2009 ; Jones etal. 2009) 7%, AHf5e
TRz 2 o DfERE, Bi#E{l Hb/Mb 8 & O
d-StO2, ZHHZL 2R IEBHEE CIZ LA LR
sz, KRR, Zo@EeoERE 455
FHATE R VHOD, “FHDEE RIRHIIE I
FOMNL-ERZDIMAETCHL EEZ LN
5.

NIRS (MM I 81 2 BHUNMEER HEBIIR, &
fIme, MEIR) @ Hb  Mb 2 KBtL TE b,
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%72, Hb & Mb % 77lf U 7 BIE DR EE 72 &
O, EEHRICBWTEFEICHb 2 KL T3
EEZ 6N TS (Hamaokaetal 2011). Zh
Wz, AW ICE T B WilEEl Hb/Mb < d-
StO2 1 F I WU/MEER 12 81 5 Hb 21k &
250 ThHDEMHMEI NG, T, BiEEHEl
Hb/Mb 1%, HIEHFPHIC BT 2BELHEEL T
W7z Hb ° Mb Bl 5 O Z/LEZ R L
T 5, RIEED BRI offfEe L
W55 (Daviesetal. 2008 ;5 Jones et al. 2009)
DiF, BRMEERESZLL T L HMHTR
TH 5. AWHSECIIBIIRIMEESR B E 2 8 7E L
TWwaws, BIRMREEMNEDS ETH D L
RE L7y, WilesE(t Hb/Mb (% 81
DWGEFMBERBL CWB EEX DI ENTE
5. AWIEIEHEEBRERRE T COEHTH D,
7o RE OB R MEERER L AES) 7 a b
2V O EENRFE 2> 5, SEEEEFEMEIIRIMER R
P RELECLEREZICL W, 20D,
Wil s2 1t Hb/Mb o B8N AHAR 1< 5 10 2 Bk
HERBLTWw? EHZEIND, £/, # Hb 1%
MEEOZMDIEETH b, ZHEFBENLE D
I - TRERZ R4 2 EE 2 6 b, AT
%, M-1 EHhg L, M-2 ofa Hb I3EfEZ2 R L
722 &5, M-2 TIREBREHBEIENL Tv»
5 HEBEDSE 2 b, e TiT9E (Davies et al.
2008) TORGEL ¥ b, AHEB) 7o b anic
BT E/ Ho/Mb 124k 81 553
DOUEE - HE NS v X% KL Tz A pEl:
HIE .

—77, NIR-SRS (¢ & 2 fHiki#RLEELHE
#iFH N o Hb/Mb 2k % 3 % 224l Hb/Mb
OEGERTEETH D, ZDZAL (d-StO2) 1&
R DG - HEOMF ISR T 5. 72,
FhFRiRREIC /5 3 5 AUGHE I & 2 BRI E 2
AIEAFEEIME MG IC & 22X Z T »wE
WO RS H B (Teweral 2010) ., KR TIZ,
d-StO2 X FRTHEBN IC X D D EED 5 7228,
NIRRT BT B MFE L MET L2 L %
ALTW3, M1 & M2 ZFE-—-&EFHTHb, M-

1 LR L, M-2 ClEfiigREE RO T2k
L bi3ERICl wkod, ffkics T 2 E
HansaiomigE, FiHBIROMERRES
K UOBEHRB O EE L LEZOND.
%72, BilgE(t Hb/Mb & %7 0, d-StO2 T3,
M-1 BHEERT & Holz LT, M-2 BItART T3 &t %
RL722Ed M-2RICBITF 5 d-StO2 o8N
WELLLEEZLND,
KFFRORRFRE UC, BRI PN &,
IR 1 oL, REEEZEHL TV
WZ b, B—ffi - O ADEHEITH B Z &
nEMNEF BN D, 5, NIR-CWS & NIR-SRS
2 & BB FRLIERL O w2 E T 2158 T
X, Thoz2EEBLTCERT 2081 H 5.
AR T, ERDEBSRAEDRICE T S
2 2 O WilEHE IR IC KIE T #2 NIR-CWS
ENIR-SRSICE D ELZZDH, HHEMICT S C
EEREHNE LTEREZTo 7. Z0fEE, NIR-
CWS IZ & % Bilg 4t Hb/Mb i3 S RTEE) 1 &
B2AIZERD S hr o 7243, NIR-SRS 12 & %
d-StOz IZBFF I L 72 (d-StO» DA R DE
). f€- T, FHRES)ICHE S BRAEE DN
&b, 2o EEE R EERL, I
BEME o2 ichk L T2 2 BigEl
Hb/Mb 1213 & A EESI Nz WY, BEOM
BEMBOMEZED NS v 2 ERT d-St02 13 #
DELENNS L 5D T ERRBE NI,

PSR FICHT - I REI DR L
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Gender differences in muscle volume and strength

in hip flexor muscles in soccer players.

TR OE#@', AM

B2

Taxkanorr Tesuima!, Naova Tsunopa?

DB BT 2 s (Masuda et al. 2003; 2
JIl & 2006; 2010; 201 1; Hoshikawa et al. 2012;

Abstract

It is not fully understood whether structural and functional differences exist in the hip
flexor muscles between males and females of soccer players. We examined the cross-
sectional area (CSA) and the muscle volume (MV) of hip flexor muscles (the psoas major
and iliacus muscles) in 9 males and 9 females of college soccer players using by mag-
netic resonance imaging. MV was calculated by the sum of each CSA (psoas major and
iliacus muscles), which was determined by tracing the images, and then multiplying the
CSA with the slice thickness. The isometric torque during maximal hip flexion were de-
termined by BIODEX system. Absolute values of CSA, MV and maximal torques in fe-
males averaged, respectively, 62.0%,63.9%, and 76.4% that of males. Moreover, these
significant differences between genders obtained when comparing relative values to fat-
free mass (FFM) except for hip flexion torque. Relative hip flexion torque to the FFM
and MV were not observed significantly gender differences in soccer players. In female
soccer players, there were not significantly corelated to the hip flexion torque. These re-
sults indicate that there were gender differences not only muscle volume of hip flexors
muscles but also the functional individual differences of the muscular strength.

Key words: Hip flexion, Gender difference, Psoas major, Iliacus.

Sanches-moysietal. 2011) 3% iz I T35,
BE LR E Yy o —, NA T v b
R—Vie EQERTITEDIEENHE 7 +—<
AR, AR — Y BREGET &2 N g BT YAWCEELE IN TV SEREHICE W T,

JBRERIHEC & 2 KIEf OFEENPE TH 5
L (RIS 2006) hTws, S50,

'Research Institute of Physical Fitness, Japan Women'’s College of Physical Education. 8-19-1 Kitakara-
suyama, Setagaya-ku, Tokyo 157-8565, Japan.
2Faculty of Physical Education, Kokushikan University. 7-3-1 Nagayama, Tama-shi, Tokyo 206-8515, Ja-

pan.
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B FEEE O MEFREEETFIC B VLT, KIERS O RS
T VR BRI AR O B T & B 72 AHEARA R A
FOoLND EWH (JEES 2000). 72, BF
W v o — BT O R R TAIE & BB i Hh
fifi 1 DEAFRIC D W TR L 7z Hoshikawa et al.
(2012) oI & N, WE ORI IEE E 75 H
BIRAfR 0 6, FEHEE L ot B v T
By o — BT O B A 1%, REEARENT
ERRICREKT 2 EEE2EHLC0s. 2ok
I KB OB I 87 &+ — < v AR
Tk OBIERH B 2 L5 b REEETE PO R EE
KD FEINDHCHEET FV 71387 5 —
RURAEPRET B —DODEHETH D I LT
INns.

—hT, AXR—=VHEEEICE T B KB REET
HREOWZEIZ O W TIEAHE RIS L EEINT
W3, EREOREAR—VHEEETENR L
L2 efiifseic B uv»aid, wMRE LA O
PMEIC BT BLEICEE:E, Thbbils
BEETZZEPHRESh 0D (B S
2006). X 51T, T ORIEEWTE RS % BRAERA (4
BED2/3FETHEEEZMEL ZHAITB VLT
b, WEMSHERINZE WS, i, BRI
AT BRAEIARE @ 2/3 Tl & 72 b O KB
Wit oL Tk, BT ok ik m R
HEV v h—lcBwThoBE L b BRICKE
REZRLEZE6 IR DEHOETFT
X, 20RO FTH REBEICHANSMET
LZEGHREN EETEL TS, R
bl BB AR —Y OfkFEE, Z OFiEEE R
BOMEEEEL S 2 0EERH B LIFE
HETHR, ZhEFtkc, LHEFIET
EF L oMIIB T 2HIPEOWEEHS -0
D BIERL T 2 Al &5 wvidHEiT
BRI SNT L b FE—Tiza e (EEREE
HIECDEH2) ZEick->TH—EERTH-
THHE BEACIEIC & RN B4 L
LR IcEZ BN D,

TNETOREMZNRE L RITHIE
(Masuda et al. 2003; )11 5 2006; 2010; 2011;

Hoshikawaetal. 2012) 1%, HREMEE T b5
fAREI22 6 72 — T © MRIEH&R I & 2 % D DT
ETh D, LTI oKRBEHOMIIHE L, B
REE T Hh i 71 & OB B 2 HBERR DS FET
L EPHESNTVDE, L2LEds, BHH
FEHE T B ARSI 0 A FRAE AT I RS 1< e B
b0, B % L RS N AEE b v 2 g,
E—AV T —LOHEEZT DL LT
Bic kv &L hl+ 2 (Fukunaga etal. 2001)
LEZLNTWS, ZOILEEETRLE, §
W RS Ic & 2 B TIF, WRE Lokt
2R o iciE 2 s T i WHBEE DS B
5. Lo, MR X 25Hli0 3T dH
EEZOND. WEDEZ A, AKR—VHE
FICB 2 KN (B &6T) ofiikEz
A L 72 @S %o EET 5 (RS 2010;
Sanchis-moysietal. 2011). XA X —YHEHICE
B O WTIE, REBHTEO AR I D W
TS L 72MA S (2010) 12 & - TKRIER D)
FEEIAMESNTVRIDOD, HoeRichk
ATl % <, BB & A F 2 I O
HREEEC L 28 McE EE>Tw3, —HT,
S & RS IBIERL DA IC D W THRE L
7 ATEZE (BRI 5 2008) T, EiE 05
MR (R & B i) DRI I3 22558
bonsbOD, BRIENHFRETHIEL 254
IR ORGEREIC B W T D ALEEANNES L 7
TEERRELTVS, ok TIE, BE
HOBMIRFEIC B VL THEENED bl o e
WE LT, BLlicsdsEBEBIR0OE:, -
¥ X0 REBEREET 2 LMETEIEEIK
BV LK DHOMNEBMNDOIESICEEHD
LIERILTWw3, Tk, ioeRichbk
DA COIMEZ TS 2 &, —BiEic & B
ik 0 B o AERIEEIDDOEERS
ns.

Yvh—DOFELEEO—D>THB Xy 78
TRl B W TIE, RO 3 RICEIESHTIC & D,
Bt o o BT Hh R oV 2 1%, THEEE I B W
THETZIL2OFTEH, RHBRKFVIHDOT
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HBHTEDPHLPICENTWDS (Nunome et al.
2002), ZLCHR—F v 2EEICB T BH D
M otREREDH &1 2 oREEREhc X b F4E
LTw3Etwsd, AVATy Xy 27It8BIT?
24 v 7RO EEIC O W TR L RIRA S
(2012) 1%, 7+ 7 — F 2 A4 v 7RI BT 3%
TEF ORI B L BT b L o 38 1%
FEOHELZ LD AL VI HEDEWIERT
HBHIEERERML, 5T, WHETORED
5 TNEEAD T 3OV X — R IC BT 2 N
MiRBEF LD EEBRNTVE, F7z,
BhHyh—EFOxy 2EEPICB T 5 T
O i E X % GHl U 72 e A7 F 9% (Brophy et al.
2010) icB WV TiE, BEAMIREAC/EH T 280
SEDBEBICE T 5 MVC I d 2 ERE,
LT 38%, BT T 123%TH o722 L
WESNTWE, Lo T, BLodyh—
EFICBOLTE, HOWENLEZROAR LT,
BEEN 2 ZBPGFET 2D EEZ 6N D,
AWtgecix, oz &x2Exz, REED
Bty h —i#EFENRIC, BB o
REIITERE, WA B L OB AEREIEL, Zh
SOMAEEZPSPICT B LEZHNE L, B
S b, BEEETE RO AT REIC D W T
&, TNE TORITHFZE L FRRICE 4 BHE (L)
L5 IEHE (Ls) oM BT 5 KIER W
%, I DITHT IR L EmIc & b S
naGEEmOmFEEEL T2 L TERLD
AT AL E L. £, BEESIOmH T
DWVTIX, A= Fv 7EEICBT ST L
¥F—FEEICB W CREERFER L & 2 BB
th bV 2 % ZOFHliOWNR E LTz,

Jiik

1) Bk

KEFFE o ik 1%, NSy h—o b
L—= Vv BIXOHAEEML T RFAES
LYy h—EF 184 (B 94, L9
#) THo7-. Table 1 Iz, BB AL, E
i, BERBRER BRBXCEKRERZRLL.
ARSI L 7= 1%, Bl IicfIHK
Xy H—1) =7 1 EICET 2 EFTH D,
T4—=IVF7FL—Y—tLTCTL—F3%EHT
botz. B, BEEKEY Y-V -7
i, WIEAKEMREHARREY Yy h—b—F 2
FBEUCEAARKRES v H—EFEAEDTA
TEZFoInyilaHEERo »H 55T,
KEFFEEBICIHAR oYy H—U—2 (J
Y—2) BEXUOHAZ7 v P A= —2 (JFL)
DF— LB LIEPBL W, £z, &1
Z, BISERFELTYy — U — 7 1, B
LTH vy h—VU—78LOCeHRKKRFEL TS v
H—BFHEOTNTE T hric ke S
TR D & % # T, REFEFERITE, HRL T
H—V—2 (hTLIV—7) OF—LICFE
LB Iz, B & 2 ofkiEE (R
FEMRBAEE DEA) 1213, AR BIKR O
WEZEICO W TR Z TV, AFEAD
FRICX 2SMOMAEBEA2S7. A,
E LA E A AGHEE SO RS
JCERRBEBILIBICHEBL 2 (RRES
132B006) .

Table 1 Age, soccer experience and physical characteristics in male and female soccer players.

n Age Soccer experience Body height Body weight FFM

(yrs) (yrs) (cm) (kg) (kg)
Male 9 19.8 £ 0.8 144 = 1.0 170.6 £9.1 65.2 =£11.1 583 =83
Female 9 19.5 £ 1.0 94 34 163.1 =69 579 *6.9 442 *24

Values are mean £S.D..
FFM:Fatf ree mass.
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2) SRR D ME

wiE 0 BRI, BEE (seca2l3, seca th:
) 2HVCEHEIL 2. REES X CRIgIHRE
&, EBGEERE (<L F B EARRLET
MC-190, TANITA $1:#1) 2 Hw, W EEE &
Qi T2 5 0 4 AEHRFEIC L 51 v E—
G AT X b HIE LTz,

3) BB Hh A O I RE O W E

J BE R A R 1 B 0T 2 RN IR %, AXE
SALIBUEEERE (BUF MRI, MRT200SP5, H3%
AT 4 AN AT LE) AW TRE L.
AR, Kt 12 B H (Thiz) » 5 2B+
BEcll, 254 AE 10mm 2 I 4 A0
mm I THE L 7. o 8id, MEL & L7z,
ARFZECE, FlE O KB OB E EIC B
I B REWIERE 2 T o R E Lz, 7, B
oA oEHIC B VT, KER L IBE
OO CHEER E L CEME L 7z, MRIIC XD
s L 7o 2 2 O BT IR, IR Y
7 + (Osiris Version 4.19) % fwv»¢ PC A k-
ThL—2% L, &HHICET 2B Z 5
WU, Mk, KRS (1995) oBEH®E
LAREDF (MV=10 % = ACSA) % Fil\»C EH
L7z (2ZTMV IdHiREEZ, ACSA I3fiFH¢
ISR 2 18 9). S TORTHRICE
TR O RS TE R 1%, 55 4 NEHE (Ly) L5655
B (Ls) ORIcB W TRKICKR S E#RE
(Marrasetal. 2001) SN TWwW3 Z L5, fikk
WIS 1E Z oL DT ONR E L7z, K%
TlE, KB OB & & CHEIEG AR o
REICIA T, BRBEOBEKIC & 28 L KRE
THEDICTAAYYa vy EEEL, KNEM
WIS 3 BRIE R E @ 2/3 T (0.67 ) flT,
F - BEGERBRIC O »TR, BIEEE TR
T EIZ kb 2R ENKEHEBTEEALEES &
OB AR e 2 B H L 72,

4) FRYEEBAEE v 2 O
AHFZETIE, IRBAETE A2 % 7o I

A HHIERERE (BIODEX System 1, BIODEX
ED 2 - CIREIS o JE il B v 2 2HIE L7z,
JEBIE RN b oV 2 OBIEIC B W T, 7,
BIODEX ¥ —+ %275 v ML, #ilEz
IMENL o 2284 ¢ BB &l o Bz L 25 9 4 F &
A =& — NS S & O ICE Lz, it
T, COLRBICBITZMER FISH) 25%4e
EAL (0F) &L, TOAED L% 60
FERRH L 7= A Ic B v T, %R M o B i
PV ERHEIELT. 2o, FEFIEFEDH
DRJE~IV Mg, MEBITEIET ¥ v F A > b
DfHE~RV Mg, FOHHlO KBEE > — (8
D)V MCEE LIREECHIEZFEBL 72, B
BEE Il oV 2 F-ERRIC B 2 BB e o
WX, AT (Harbo etal. 2012) %2212,
JEBEEifE 60 L L, FEATOMEICEWTH
COMETO ML PROEVEEZR L L
25, ARBFZETIE Z O IRBEEf T oflE % K
FEL 7. BB, SPHME L, L&d bR
K HFIEE CR4PRETEL, 4R
X957 v TRONFEFEEZITOE . WED
FEE3EToE L, MO ERRET S
7o OISR T R BRI 2 R E L7z, 3
FOMED S S, RbdEVIIRESITONRE
U7z, Riffgicik, WREAEER v 7 ok fE
AT, BB X 2882 RET S
7= IR A bV 2 2 BRI AE S & O
MER AR TR L 72Ml, 3 7% b bIRIEIREY 7
DB & CHEIER R Y 72 b OB ~ oL 2
R L7

5) HiakuLet

FHEEEE Off 1%, 2 CFHE R ZEHE
T L7z, KIERRERTIRG & & MM A 1
B 2 EEOMIERR, HWEDRW ttest 2 v
72 £7-, REHBICE T 2 HEREOE I
Z, E7 Y rotlEstTE e THEmL, v
ThbHEKER, 5 %A (p<0.05) & L7z,
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1) BRI BT BB EOME
Fig. 11, K¥4EH v H—EFIcB T 5 KE
TR B & ORI AR 2 BicnR Lk
bOTH D, REFHFEMTAITE R & O IEEA AR
%, Th B+ (KEMHEWEE: 18.7x
2.4cm?, B ARE 0 459.9+70.3cm?) 23+
(KB T T B @ 11.6+£2.0cm?, i BB A7 4
1 294.1+47.4cm®) kb b EWEERL, B
BhESED N, 51, ThbDfi%,
BREEHARE CIEAML L 2285 A0cix, KIERTREN
HE AR (57 ¢ 1.27£0.20cm?/kg", %«
T 10.924+0.16cm?/kg®57) & 5 A% 1A F 4l 1F
fili (3 F :8.08%=1.93cm%/kg, % T :6.66=%
1.07cm?/kg) ICIZ A B Rtz m#0 5 1z (Fig.
2).

2) FRVEBBISGE BV 2 260 1k

Table 2 1%, BV v Hh—EBFICBIFLER
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;8 200 o ;’.E\ 500.0
@
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Fig. 1 Comparison of cross-sectional area of psoas major
and muscle volume of iliopsoas in male and female
soccer players. * : Significant gender difference (p
<0.05).
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D, AREMEZRDSNLh o7,

3) IRBHEE AR O ML E & B il - v
7 L D%

Fig. 3 11 R REWTERE & & ORI (A5
& IEBEERIE N - v 2 OBIfR AR L7, R
WTIERS & BRI ARE 12, & b IcRgiREi ok
B N oV 2 & oficE B BB
bt —HT, s DRI OWTELY
KRR L7z & 24, B CiaEAMBERERR
O LNTDIIHN LT, LT TIAERRHBIR
RIEBD R,
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Comparison of relative cross-sectional area of psoas
major and muscle volume of iliopsoas to FFM in
male and female soccer players. FFM: Fat free
mass. * : Significant gender difference (p<0.05).

Table 2 Comparison of hip flexion torque and relative hip flexion torque to FFM and mus-

cle volume in male and female soccer players.

Hip flexion torque

Relative hip flexion
torque to FFM

Relative hip flexion torque
to muscle volume

(Nm) (Nm/kg) (Nm/cm?3)

Male 1223 £ 149 2.1 £0.0 0.27 = 0.02
*

Female 93.5 £ 203 2.1 £0.2 0.32 = 0.07

Values are mean =%=S.D..

FFM:Fatf ree mass. *: Significant gender difference (p<0.05).
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Fig. 3 Relationship between hip flexion torque and cross-sectional area of psoas major and

muscle volume of iliopsoas in male and female soccer players.
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KHERH ORI & WIS O A IZ v h
SHTY v —EFRLTY v h—EFLIDD
BREICRE oz, ik, BRIEHARETHIE
L7eGARICbAETH o7, INETIIIES
NBFY v H—EF o KEHOMEIEE (2
JII5 2009) 2B TiE, A% L H CFEkE T
H 222K T OEFOMEIFE 19.2cm?TH -
To. KR O BTV v h —EFICE T 5 KEH
REWTT R 1, 18.7+£24cm2 CThH -7 2 Eh 5,
FATFR LRI L Tt Wi b, —J
AT IC DWW, HIEICh D B IFES 2 A T
DFEL X OEP DT, BT T AEFL
H v h—EFOBGEGHEEIC OV THEL
Sanchis-moysietal. (2011) 12k 3 &, 24
YAV —EFOWGEG AR, 578.3%
73.2cmPTH o7z, I NIE, RBFED 459.9+
70.3cm® L AR B LD D RERETH - 7%,
COEME L TE, TR OWRE DRI
FOLHEED 10ecm U EEr -7 2 05, b
BHor 6T, HBKNERT bbb HEREAEIC
EBEIAVPREVEEZLND, ThbHDT
Ehod, KRBT D2 REEBETFY v H—
EFIC B 2 KBTS £ & CEIEGRE
BHEYLMETH D EEZ LN,

INET, HEAR—YHEEHET O KGRI
WTAIRE 12 D W TS L 22 BT ifZRic B »Tlig,
ZFY v B —EFE WG KBTS, 2
U TSRS ARE IC D W TRET L 72 64T 133
FOHBBOEEL R, LA oT, R
DFERIZ, T v H —ETF o B dh AR
DT RE % KBTI 3 & OISR A 2
SHALPICT 2 LI REE R bDLE
ZoN5b. ¥y h—DAOERER R — Y5
BT OEBHEEOMEEIC OV THE L Tw AR
W5 (2010) o#HiETix, KBEHET O BHIAREEIE
KBTI 2B FEFICHT 2L FEFOHE (B
LK) 1F, 594%TH b, HESMENIED
LN v D, AR B B RIBA O BEEIH
BleB 2 B4R E2HBLLLI A, ZOfl
Y 62% %R U, BB O Biiditic 81 5 B
HRIZB VLT HH63.9% & I12I1FFHREOfET
botz. Lido>T, BRICBI 3HiEDE
BLX, MW L AECAEETH D, KiFE
&, ST EORKRE LT 2D THo 7.

INFET, EREDKEAR—YHEEFO
FTd, Bhok LEHRIEEFCETY v h—
T O KREAFEEIEHRER R ICRE W T L g
xnTtws (B)I5 2006). 2LT, ¥vh—
EFOREHBBIEESAE WERE LT, %
TR TR, R—bx v 2 BifEh o RESH T ih
EHEICHE S IBIER O & 252 0N & L TR
EnTws (BI5 2006). AL BFH v
B —EFORBEHMEMERE X, ok
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NN Y Hh—EFofE (2115 2009) &
FARECTH I EE2EZTH, BTV vy h—
BT OREASHMAETIRFICRE L, 5Tk
JEFREMTINE B & CIBEHEEORIEMEIC BV
THOERLGRUEERA LD NI 6, &5
IR 2 R BAET I H AT D 5 o 2 EI A,
TTEFLDIE W EDHEIN, Thb
DT D5, By v h—ET O REREWTE
1 & A ARE I I DFAET 5 2 LR
SN,

2) JeBHf R SV 2 LB O BIR
INFET, Vv h—EFICBT 5 B
e o, FREOHIPMES LTV
% (Hoshikawa etal. 2012). ik, ¥ v H—
HEERELITELZL, thoBEEHLED TER
SOEHENEOEIERE2EET 2 &, BNk
DS TbN B Z s, AR—VEIET
RESNDHNZWET % 72D EE DS
BPHELZDDDB% . L Liads, Sk
MBI i IR CH D, RICLEeFE
b TS T O F I FHEERIC B WV T,
EDOLNIABLIERTER W LD H 5.
£/, WRENPELTCO R TG e RET
5-01l%, ZOHIEICENSDIC% L O
BENBELET LD D, ZDdD, Ktk
TIEIRE O DTS WH I O>VWTHE
L, BURENFE LS 2 MR ORKE %
flioxR e T 270z, KRS X2
ERMO IV ENET A EELE. O
fii kL ZIcOnTIE, E—A Y N T —LOE
ORI K b EHHIT 5 2 Ep, B
JRAHES & MO M A &SRB X 21
BHffi o - il oV 2 L oBfR S EES h
TWw 3 (Fukunagaetal. 2001). S 5o R
LFTOWTE, BAZEIME Y 72 b O 1icix
BLTEOPZVIEPHLPICENTWS Z
b dh, MRREY 72 b o REAE R b L2 2
P9 2 & CRREAET I I SUE S TR D5
BEWHLPIZT B ENTED EELT. K

ZEc BT, KREIEE oV 2 OffHE Tl A
BhEPED S n—7, BRIEHEREYSZD
B & OISR AR 2 7 b o REIfE A b v 20
BOWTIRBLENHEI L. i, R
fhhvZicBwCix, HESHEHL THNIEBEL
TEOWPREVWI EEERL WS, BREAMEE
BRED N WD DD, LT OGRS
b ORI R bV 2 3HE T2 kRlo BB %
EZ 150, ZTOBBHEENE LD iR
D TNZIVIEPETLND, KRBT
AR RTE D B4 I, 63.9% TH-72Z L
D5, LTINS T AR C BT oV
xR LIZET, BTofEx kRl b 0L
EZoNS, wWTnIcw &, BEFEELD
DOREBIHIE R b L 2 I EEIRD SN E
5, BB bV 2 13 BLE b ICBEG O
RESOHERZID LD LRI NL. Ly
L7anse, BREAENER bov 2 ix, BBIERT O &I
BLIHHEIN LI TIERL, KEBERW, X
BRAG AR o ke Tf5 72 & OB EEIC & 2 Bk
bEZHND. KPR TIE, Zhs OB
WX BHERWSNICT DI EIZTEROD,
Dix e b 3 IRBIEE M b oV 2 1B R RIF L 72
HHEERETER L, ThoDl Ehb,
BER A A IC B TlE, MONMEICEE IR
5N5bDD, KBRS b OB #h
AT ZDEESHRE LI LG, HEY
720 CHRESN 2B INIBELTIRFTRARETH
2bDEEZ LN,

Wy A —EF O REFEREIFICOVWTE R
7eE, FELENEE L TR =X v ZEED
HbH, ZLT, R=xv 7EECET5HD
MotREEDH &1 2 o REIERIC X b FE4E
9% (Nunomeetal 2002) &\ HENSFZ
5L, IRBHEIRM RO & 2 DBEETH
BRI 7+ —= v A L DI IZ B H
Lt HicTEENGE chETodty
H—iBFEWRE LI BTHE Tk, A Y
H—BFLEEMY v h —EFIcBVT, K
£ JeE AR R O BEIRT I RE & SR 72 5 0 588 & o [
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CHEBEZMHEBERERIZED 5N s Z ERESH
T\ 3 (Masuda et al. 2003; Hoshikawa et al.
2013). LHLAadokfHyh—EFicon
TOHEE, EEXEOMBRY HFEL v, AU
ZEDRERIF, BROFRIK LT, KFH vy h—
ETITB W TOARKMERERIHRE S & G
Tt & BB bV 2 & oI BB R HEIR
BB D LN, olz, IHIC, T OBfR
CBT 20 ARIIGE, XYy h—FEFT
&, [F— o REFERTHE B & CIBE#E T
bHoTh, HEINZBEESREMN L7,
HNICBIT 2500 REDL I EDDL,
i DRI A R HBERAR SR D 5 e o 7e
RS H B, E 6T, KTH v —ETFOH
Btz A2 L, BHEFLD L Z MM
MR, BERBERDORE W & EWEDIRE
LCwiZ &rn, KNEFBEMEES & CEIE
AT DYR & v 2 & AYREAET R b v 2 e 7%
MoTBEFLEZ D TRWIEFRHFAEL T
EBZOHEDO—DOTH D EEZX NIz —TH,
R—bx v ZEERICB T 2 T OMBEX %5
MU 72 5ef R & 2 &, IRBIEE iR fER 3
B0 MoOBEICE T2 MVC ICRT % iE
miE, LF1E38%, HFTIE 123% Tholz &
W9 (Brophyetal 2010). RfZEOMEFRE Z D
AP EOFRE AbE TEALES, F—L
Pk 5 BRICEE L e 2 RBIETE BRI B v
T, XHERFTRE, A—ofiEzALlL vkt
LT L ORREEIEIE T 2 AlaEtE D
EAHAZDH, oD Eps, R
BT, POl EOARLR ST, R
ZETTIE, AIFEIRICE D % i OFEEERY 75
TEIANZAIRE WA REEARIR S Nz,

KT Tlx, REEDODBELY v h—EF %%
iz, WBIEE AT O BT, HiRER
FUORAZHEL, 25 DEEEZHLPICT
LZEEEMNE L. ZO/ER, DUToHENH

ez,

(1) KEmHEEEHES & CEEHERE X,
WINL BFPLT D BHERICKE
mfEZR U7, 7, BIBHAECH
1E U 7 RIS A A 35 & O i
HAEmMEEc BT BRI LT X
Db REREERL, ARRMEENR
LORSY Wi

(2) HERMEOKBEEEE bV 2z, B1s
ZFLDbECEERL, BREAEE
BRD SN, £z, BIEMHAE Y-
b OREBEIEEEL F oL 213, BeTiziE
F—ofEzmL, BEGHEEYSZD O
MBS oy 2 T3, KB T &
DHEWEEZRLZDBDD, ZRFN
BEREEZED N5 T,

(3)  KIEFREWIEHE S & O L%
RPEREIFT R - oL 2 & DBIfRICE W
T, &2fREs I U0BEFTENTHh
BREAMHBEBERIED sl b Do,
TFICB W CUIER 2 HBEIBER RS
N7l

N6 ERn, BLYyh—EFIIBWL

T, MEBEEE AR (EH 3 2 RN B &
O RZIERARR I 322 AE L, I BE A Hh
T OMETIZB LT & b b HEEDF
TEL7e, —77, MRl AR 2472 b o BB il
FLvo Tk, BREBEERZERDNZLH DD,
LA BREF% LElo 72h3, I BETIIERE O
MFIHLD & 2 APKRE L, BihER T L
ZEFET 25410, BLMEOMRDEEE
EBT20ERHLBDEEZ N, EHIL,
ZBEFIZBOTOA, KBEHBEEEHES & O
R AR & IBEEEE bV 2 & oflIcEE %
FHBERERDSERD SN o o T L5, JREH
JEEEFEHIC BV Tk, BiTEEOEED AL 6T,
Rl EFClE, BiHFIECBE D 3 okkbE
72 AN ZEDSR & WA BEME A RIB & N7z,

AR AT T RE L DIEFAL
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(MARERD
FLA W BT 5008 & BERED 62
mUEHRsE FE B E48 BT
(A AL FARE KA M S AR I SERT)
Mz, REEMEA L D SftREEREIC T, A%
0l EAS L] RENRICLTa—HEZ2iTo 7.

T O OHKEMIE, BRECERENEL M
L, HENRSHRESR (BFEECAR—Y %25
i) b EHALEbND. BELAEELS
HeE 3 2 RRAE IR OEREEZ R L, BED
filfasce Kd 2 Lt wbhTwsd, TDk5%
SAROMIIAS NI L § 2 REBERZPBRELZND
O HHE T 2 B %2 H S ODLETH % /-
&, DIEDOFEE D 5 72 OB D 8 h H
LTHEBETHEEZLND, AXyEvd, &
o BEaR OB FEEF Y —v) T8
TlERVY, MEOHKBIZEE, KELMAKD
A, OFREME2RTEEZBERLTCVS
(Scammon 1927). F 70 FEO KB a K — b
HRICBOTH, DIEOHKEBIHE, AEL VLo
T H T OREPRZ VL EHREINT VS,
Lo L, ThooffftizdshiiiicE Lo
ZETIE R WY, LSO SR RS E I
R LUT, DIESEEAROEETE2RTO,ICD
WTIERH S 2 Tld 7,

Z T, RFEAITIR, 18D 0EERREIC
BT 2552 7 —~ic, FALRBICE T 2006
JHER L OBEBEIC DLW TS Ic T 2 2 &2 H

Jiik

1) B

A5 A H2 5 45 H H & cofdEn IR
46 e RREL, 5—11#H (0m), 12—
235 H (1%), 24—35 2 H (25%), 36—45
AR (3%) OEMINCHEL 72, FH ok
BEo NE, BRI W TRELITR L,
Kk, HAZTFEREREHAREZES
DEBEEZT CUKREEBICERL 72 (fH
REFZS 2015-18). L HEEMDHTIC, FLh
RoR#EEE X MREREOREH I LD H
& & CHIEDLEEZE IOV HiAE
T, (REE XL AR ASINCN T 2 AE%E
Bz,

2) SrikiE

R, AMRHEEE (FER) M0,
SHAIL 7. fAEI1Z, FTYIARE—RT —)L
(TANITA) %M, FHHEIL 72,

K1 ARRINC R 7B D S AR E

07% 25 3%

(n=12) (n=12) (n=11) (n=11)
Fiin (HA) 89 *+ 18 188 * 3.0 286 £ 35 385 * 2.9
8E (em) 68.3 * 2.2 789 * 4.2 89.1 * 3.1 95.1 * 5.4
A& (kg) 79 £ 08 102 £ 16 130 * 1.1 147 £ 17
BSA (m?) 037 * 0.02 0.46 * 0.05 0.55 * 0.03 0.61 * 0.06

T+ RERE.
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3) D& (%) DIEEE X OEROME

Dra—Kix, AHEPEREZEZL VD EZX
i, BN £ o k8 T, I 72 W B iE
(vivid-i, GE Healthcare) ® M & — FiE% A
THIEL. 30MHz k2% —7u—7%H
v, B AR & b EIEFRTRE & KL E TR
& RBESIAR IS A © & B ALiE I CHEE L 7z,
F 7z, BEEEERIC & 50 EK (ECG) b [FFE
Sk L 7z,

ME—FEICkbasgLzmGR (K1) 13,
FRFEddk L 72 ECG oI & b, ALEIRE
KRR (LVID) & & Ok@/E (IVST), #EEE

77
g

M E— FIEIC & i U 7z D lifg

BXOHRIE, 3~5D0AEHZEFHIL, 20z
NOVHEEBEE L. 2h o oFHIlEE v,
oD BXOWBOFME LT, ALEE
&= (LVM) B X Uo—[HHAEE (SV), LMAHR
(CO) #&HH L7z, LVM 1%, American Society
FrEic X D EH

A= 1=]
ZR&

of Echocardiography iz & %
L7z (Lang RM et al. 2005) .
LVM(g) =0.8{1.04[(LVIDd+IVST
+PWT)?*— (LVIDd)*]}+0.6
SV (ml) = (LVIDd)?— (LVIDs)?
CO (L/min) =SV xHR
% 7z, AR EE (BSA) &, RoA»5HHL,

(PWT) i RIFIEM DR A~ FTEHAIL, AE0E DIEDFEE S & O BEREIC ST 3 140 2 A (L L
I ARIAEE (LVIDs) 1%, THAEPDORA » M 7z.
TEHAIL 72, £ 72.008% (HR) 3 ECG @ R—R BSA (m?) =Weight®425 X Height?725
b2 58 L 72, LVIDd, LVIDs, IVST, PWT X0.007184
#2 RN A ELEIBES X OHhE
0% 17% 2% 3%
(n=12) (n=12) (n=11) (n=11)
LviDd (cm) 250 £ 025 289 * 033" 311 + 029 338 * 0.07"""*
LVIDs (cm) 150 + 021 182 * 021*F 191 * 0227 204 £ 023°°
IVST (cm) 0.37 * 0.07 039 * 0.09 0.40 * 0.04 0.46 * 0.09
PWT (cm) 030 * 0.03 0.33 * 0.04 037 + 0.09 037 * 0.05
Lvm (g) 1342 + 3.89 2047 * 6.89 2425 * 349" 3075 * 7.87"%*°
sv (ml) 1250 * 3.32 1874 * 6.66 2365 * 6.06°° 3053 * 564°"FF
co (L/min) 149 * 034 198 + 0.44 245 £ 060°° 284 * 0.64"""°
HR (beats/min) 122 + 18 114 * 34 94 + 117 93 + 11°*

T HEERE -+ 0REDERE (*p<0.05 **P<0.01) BRY. ##: 1EDBEREE (p<001) ZRY.
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4) fatus e L.
FHEEE Ofik, T X CFE B2
fE TR L7, LVIZES X OHREIC B T 2461 f%
Moz, —TTRESEITE2T», BERE
SR D & N 72 %41 12 Bonferroni #: % # 1T, AWRICSINL - 98aE OF, 5
W, BEERTo7., WINOEREAKEIXL %A E, KREEB X CEREME (BSA) 2775 L7, &4

y = 0.0327x + 0.2592 X y = 0.1167x + 1.6376 - 5 y = 3.4932x + 1.2342 X
5 " - 0.8358 5 : LvIDd 5 "= 08026 ® : LVIDd I = 08254 ® : LVIDd
P <001 : LVIDs P <001 O : LVIDs P <001 O : LVIDs
E 4 4 4
A . [ ®.-»
n 3 3 ° rA4 3 .
— PO RS
3 Mo o e o oe ° o
N 0 Qoo o > O P
5 2 o 2 o oo Sl
e B To®y _..Q‘?’O ®o ©
3 1 ° °g y = 0.019x + 0.2419 1 e °o y = 0.0652x + 1.0738 1 y = 1.9851x + 0.8317
r=0.7038 r = 0.6493 r=0.6792
P <0.01 P <0.01 P <0.01
40 60 80 100 120 0 5 10 15 20 0.2 0.4 0.6 0.8
80 801 80
y = 0.5909x - 27.616 y = 0.6717x + 34.271 y = 66.118x - 11.548
r=0.7823 r = 0.8225 r=0.8104
P <0.01 P <0.01 P <0.01
60 60 1 60
@ . . .
s 40 o 404 . 40 .
2
20 201 ”® 20
*
.. °
40 60 80 100 120 0 5 10 15 20 0.2 0.4 0.6 0.8
- 50-
50 y = 0.6717x + 34.271 50 y = 2.4619x - 6.7706 y = 72.78x - 14.837
r=0.8519 r=0.8413 r=0.8547
40 P < 0.01 40 P <0.01 404 P < 0.01
= 30 301
E
>
n 20 201
10 10
40 60 80 100 120 0 5 10 15 20 0.2 0.4 0.6 0.8
5 5 5 ~
y = 0.0495x - 1.9146 y = 0.1893x + 0.0263 Yy =5.4771x - 0.5351
r=0.7758 r=0.5816 5 8-6?14
4 P <0.01 ° °. 4 P <0.01 o %, 4 . ° °.
<
= 3 3 31
(S
=)
o 2 2 21
O
1 1 14
L] L]
40 60 80 100 120 0 5 10 15 20 0.2 0.4 0.6 0.8
BE (cm) A& (kg) BSA (m2)

M2 FHRINCE T 258, (hHE XU BSA LDIREES X OHEREDOBIR
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##

501 *x 5,

*
k% —~
40 1 E 41
—~ [ 2
2 301 2 3
= 2
2 20 < 21
] a
>
101 a1
0% 1% 28 3% 0B 1

# # (LVIDdDF3)

0 : LVIDd 1.0 -
m : LVIDs E E\/,ﬂ-
N.S.
£ 0.8
2
~ 0.6
=
[a N
- 0.4
}—
2
= 0.2
2% 3% O 1i& 2m 3%

X3 4Rl LV IBEOZL
o 0MEDHEAE (¥ p<0.05, **P<0.01) 25T, 1K EDHEE (p<0.01) AT

g o LEoOHEEH L BE, RESB L U BSA
LoBfREATCAHASL E (M2), LlicBdd 34
HIEEH &£ BE, KEB X UOBSA Lolics
B EoMBEEGEAEA LN, BE - AELE V-
TRk & & D ICDIENFEEST 2 2 LV EN
7=,

#2 L3I, FE#Ilic &7z LVID, LVIDs,
IVST, PWT & & LVM O#ll‘EfE & SV, CO £
KO HR ofllEfE%E R L 72, K3 DLVM 0%
fbzHATHDE, Fhnk L HICLVM 2’ EHET
2, #EHiciE, 0—2 R B L O 1 —
3RLIER, o b 2FMECcHERES LA
ERLTW, (7, 20X57%LVM ORE
1%, IVST 2 PWT & W I BEEDHKTTlE 4L,
FELERE (LVIDd, LVIDs) OBIAA S 72 550
EHNEEDIEK (BE) ILL2bDTHBHI LD
RENT. SVBIVCOILBWTY, Fipe &
HICHART 52, 0—2 IEDIER B L O 1-3
BRI B W THEBE R AR RSN, —
H, HRIizBW»w T, 0ldiclbr, 2mUa bl
KBWTEHERREKN2RL 7.

[ 4 1T 1& BSA CHERHEAL U 7 S5 0 F0
FIVRER L OHERE L AF i & OBIRE R L 72.
ZOMICHALND & I, ELEFEICE T,
LVIDd/BSA, LVIDs/BSA, IVST/BSA 8 & O
PWT/BSA i3 HE %@ DHBINZED 5D
L, LVM/BSA (r=0.3615, P<0.05) 6%
RIFOMBERRD Stz 7z, MEREICB L

T® SV/BSA (r=0.5067, P<0.01) &, HiE
72 IEOAHBARAR 2SR ® 517 A3, CO/BSA 128
WCIRAER & oIc BB R AHBEBEREES 5 h
o7z, HR/BSAICBWTIFHE LA DHE
Bgaranz (r=—0.7863, P<0.01).

E1

Afgeciz, FRMICE T 2 LEPES X
UBSBIc D W TR LT & . ZofE, A4
R o LEFE O LVIDD, LVIDs 8 &
LVM i, I WIERT 2 Z LR E N7z,
LA L, IVST 8 & O PWT (Z4E IR VWA 5 7
LR 5N otz ELEMKED SV B
FUPCOBVTHHFEMIEOIERLEZ, 2D
T Ehn, EOLEMREDRKIZEE DR KT
24, APEOHR (BR) k20 THD,
WIEEARAH Z 2 2 L TSVA L DKRT %7
&, CODERPEIZLEEZLND

ELEFES L OB DT IC T 2 (&%
BOREICT O W THE L 2GR, LVID,
LVIDs, LVM, SV, COD¥ARTIZEWVT, &
£, REB L ' BSA & HE BRI D 5
iz, Thix, BROAEEL ALEER (LVM)

PEWHBEBERICH b, ELEFEOKEICIZ
BIRKETOHENRKE W E L EEY 0L
92 (de Simone et al. 1998 ; Eisenmann et al.
2007) LAMOERTH -T2, TV T DRM
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® : LVIDd/BSA
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= g e W&
8 °© ec° T e " ) :
3 4 ..0809% ..... o 8 ¥ °
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4 B L 72 DIRBRE S & OERED AR FE 5 21k

BHax—+rfETHEY =L — a v RIF
FICLBWTDH, HEDKEIFL I OOl
FEOEBRRERFTHI ERESIN TS
(deJongeetal. 2011). Z D & 5 I KWL & JefT
iR E2EbE 2 L, AR OELER

R &L O REDRE X, BECAREVBRIE DI
BPEET 5L 0WA 5,

L L, ELEFES X ORI T 5 (ki
HEOWEERE LM (BSA 1T &k 2 1EHE(L)
WDOWTADS E, ELEFZED LVIDd/BSA,
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LVIDs/BSA, IVST/BSA # & 8 PWT/BSA 13 H
FEH L A OMHBBERAED s N DITH L
LVM/BSA ZIEOHEBRSEO 5z, 2o
TEns, ELEFEICEVLTIE, FIEHRE D
FICLVM R L TWB I ENRENT, L
7 L, LVIDd, LVIDs, IVST & & & PWT & A4
L oMicEOMEERIRD N Lo
5, LVM ORI I3 /0RO NEED A (JEK)
DA DOBRISFE L L E 2Nz LVMEEB I
B4 2 SEATHFZE i, LVM 13574 VAR o O il
fak s FHKTH 5 L #H (Zak 1974) ShT
W5, kA% ET, TR ORI E
U, ZORBRIIEAMOIEIMNC X b B I 2 L
f DRER A LVM O ZAGICBIG T % & v 5 i
(Kehat etal. 2005) 2. thoxiE x5
&, LVM ORGP R 72 T <, D
HEDOEKDEBENRKEVWEEZ LND.

Rz, FELEBEEEIC oW TR, ELERRED
SV/BSA & A icxt L T IE 0 MBIEARR %2 R
L, HR/BSA 13 H 4l & AoBIRERE2 R L2
ks, SVolEAE X HR oA X, &
HWOREU EOFKETH L EBREN, —
77, CO/BSA i H4EfHic M LT —E%E R L
72, DT EiE, BREICHES ELENEDIK
B & OEARm oI X 3 08MEoEAIC X
D SV/BSA DAL, Z DfEHE HR/BSA A8jf/d
L, 21 X b CO/BSA i3—Efi%RL7=DT
BhoertEIO6NS,

DEoz s, ASRBOLE (L)
&, Iy, DEER (NS X L
JDEK) 23R T 2 2 Lk b LEEIC BV
THIFICHR L 2E~MREXD HT X5
HETDHEEZLND,

LS

KIS EE LB RSO
ICIREF OB L, ATFOEMICEEL, i
T2 &F Lz GE NIV AANT VX o8 K
FIN, HALFEREREHIEA &b fftE R

HEORKH L LEERZIBIUO LT 504ETIC
HCRHFL BT £,

25 3k

de Jonge, L. L., van Osch-Gevers, L., Willemsen, S. P.,
Steegers, E. A., Hofman, A., Helbing, W. A., Jad-
doe, V. W.: Growth, obesity, and cardiac struc-
tures in early childhood: the Generation R Study.
Hypertension, 57: 934-940, 2011.

de Simone, G., Devereux, R. B., Kimball, T. R., Mured-
du, G. F., Roman, M. J., Contaldo, F., Daniels, S.
R.: Interaction between body size and cardiac
workload influence on left ventricular mass dur-
ing body growth and adulthood. Hypertension,
31: 1077-1082, 1998.

Devereux, R. B., Alonso, D. R., Lutas, E. M., Gottlieb,
G. J., Campo, E., Sachs, 1., Reichek, N.: Echocar-
diographic assessment of left ventricular hyper-
trophy: comparison to necropsy findings. Am. J.
Cardiol., 57: 450-458, 1986.

Eisenmann, J. G., Malina, R. M., Tremblay, A.,
Bouchard, C.: Adiposity and cardiac dimensions
among 9- to 18-year -old youth: the Quebec Fam-
ily Study. J. Hum. Hypertens., 21: 14-119, 2007.

Geelhoed, J. J., Steegers, E. A., Osch-Gevers, L., Ver-
burg, B. O., Hofman, A., Witteman, J. C., van der
Heijden, A. J., Helbing, W. A., Jaddoe, V. W.: Car-
diac structures track during the first 2 years of life
and are associated with fetal growth and hemody-
namics: the Generation R Study. Am. Heart. J.,
158: 71-77, 2009.

Kehat, 1., Molkentin, J. D.: Molecular pathways under-
lying cardiac remodeling during pathophysiologic
stimulation. Circulation, 122: 2727-2735, 2010.

Lang, R. M., Bierig, M., Devereux, R. B., Flachskampf,
F. A., Foster, E., Pellikka, P. A., Picard, M.H., Ro-
man, M. J., Seward, J., Shanewise, J. S., Solomon,
S. D., Spencer, K. T., Sutton, M. S., Stewart, W. J.:
Chamber quantification writing group: American
society of echocardiography’s guidelines and
standards committee; European association of
echocardiography. Recommendations for cham-
ber quantification: a report from the American
society of echocardiography’s guidelines and



FLE B B 1 2 LIEFE S & O 35

standards committee and the chamber quantifi- Scammon, R. E.: The first seriatin study of human
cation writing group, developed in conjunction growth. Am. J. Phys. Anthropol., 3: 329-336,
with the European association of echocardiogra- 1927.

phy, a branch of the European society of cardiol- Zak, R.: Development and proliferative capacity of
ogy. J. Am. Soc. Echocardiogr., 18: 1440-1463, cardiac muscle cells. Circ. Res., 35: 17-26, 1974.

2005.



J. Exerc. Sci. 28 : 37-54, 2018

(58 28 BEIRFAERT 4 —F LRE)

HAZ B RIS I e it
55 28 MIBFAMIE 7 A —F A

"R AR —Y 2L TAZHTS)

HEF: 20174 12 A2 H (£) 13:00~16:30
i - HARL ARG KRR 1 B E101 =




38

VA LA PN

13:00 By EE BT (BRLTRE RN BT - FTE)

13:05~14:10
Session I  TIE{aHH
el 78 b OB BICHE L OMEE) - AR —YDdH b J7)
A fIE (IIBSRFEE 5 KL E A RR - #d%)

14:10~14: 30
SEUEA TSI FETH TR AR A Y —F R & A —E—TL A4 2

14 : 30~16 : 30
Session 1T MZEEIBIED & DPEIK & F2E% )
14 : 30~15:10
FEEREE D TR oF ) - REEREIC S 2 2803
feE Aok (RRRHKRS: R R = Bl it - 5H60)

15:10~15:50
TZR—=YGrit (RvikA) 2ETHD
b R (BRI BETAEB S HE € >~ & — - #5h0)

15:50~16 : 30
THA T v 7L OB H OEF O BUR(L—Bi5 O 0 #Hlah 5 —
HH FEA (HALTHRERAEE AL - #E50R)

16 :30 PFA&



5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 39

OBifiERE &

GBI A R—YZBLTAZEHTS

EAR T
(HARL TR BRI R A AT R)

K77 - SEEEE O T2 L0, FI05MR
JOMT, HEMEORBRAE, WL DLERD
Wik wotz, THEH0ES | BT 2 RED
T OREEICDIES Kok b i Lz, Zh
LEOWERDOEDE LT, GHEEEIPAR—
YV DEPEIOEEZTVEARZEWERD
NnNEd. La2rL, ThE2BRTIET VAR R
{, AR=URGREEI ANDOBEBICR T T/%
HicowT, FHEMDH BIRMPEINT—2
2B IESANICNEL, FKET 2B 000
HEBbhET.

a1 b OFRICIFIEIEHC A K-
MEPLDOTEHETHZICL b6 T, Hito
ATEEREIE, T L ATER R BHRIEECE N2 T
ELDoRbEIZHMIHDIIEVZET. 2D

T ED, FBRICB I 2R 0HT1, BRRT
ZLTHABBRRa s 2= —vaviEhnR e
WWHEEEZRIFTOTCE R EEEEINE
T, FBARERR A K — Vi LI 7
BRSPS, B M EofEic b
BEL, BYERT7 AU —FOBHEREICS W
ZDTE BV ERSEINET.

CDEIRIEDD, SEDT +—F LTI,
THRIGEIRC AR -V 2B L CARE TS, L #
LT, AR=UBREO>NiconT, xR
AED» LR HEEEBBIN TV 2 0ET %2
BHELE L JlEEFAVOD, BEREE-
2R =V DEEADEREDED D IZOV
T, ZRACHLVERVE T,




40

O Session I  JLiHGHE

%1 EH DRIV
) « AR—YDHY Ji

R A

(IHBRFBEAIR - REBEEAIIERER)

1. FELDOMEIZANMNIERDH 5

BXCDD AR, BERIL 2T, LD
B I EBERBL, SEIEhrdhb
DEBREEL T, WEHARDTFEDIZ, ZA
e THELHLE) 2ELDI LD
TE. Bix, HROFEDLDIA T RS
ANDHEL, T8 5 L&) BRbIRA
MRERE THEd) ichdoTidnl, ik
5 TRA) IThBEEZTHD,

WE, BEGBCIGERZICHR & b o TilE
ATWETFEBZRZZEIFITEALERY, F
Eb b OETED S TR, Oz (i
G ) BEOCMHR, WO BEREHIEE S
320 2WHEFRL, FEffio TSI &A%

(7o TETNDEDTH 5,

W F O/ O IR O 7 OIREEN Y 50 9
&, B0ERMO/NAEDESDTICEEE D, (1
JU, M, 55N, BEHiEE v o 2B THEA T
W3TFELEIM1IEICEEE D, L DTFED
DOFECGIMFENICEEINTLE > TS,
S5, WOMPHIZ2 AL 5 3 ANIEEDIRE S
NRRAYEORKETH Y, BPFOFEORWH
i, ROFUZEAL - T, 1EEAEERZHPT
TERL, FLEF—LREFAICE I
TWw3, WEHERTIE, TARTELMBIELA
ETh b,

DL RTFLEDLOEFEOEEE, FixD
AEBRLTELIZEHERDRADDL O H




5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 41

JCLl o7, W05 14 7254 VZ2D
bDOIZHDLEVZ D, b nE, oAU
EHpTE, AL L EETAIENTETY
LIREICIE, FA7zHOFEDHRFROM@ENZ Z
A TAIANHPHELEL TS, S0z 5L,
BoDR)PT, WL EZE» T L2RL,
ACERICHMEZEA R SE->TWw345H
OFEDIHX, I bDXHIELCIrITED
TEWTET, MRBERANCHET 2L
FhoBVAEESH L, IO LITKRE
RBREEIZIDE X720,

2. 7 &b ol o fEME

FEDICE - GEEER I, EFEOFETH
Ll EBI, Orb67OMEPHKEEL2D LicL
T RE L EHBIRE S L Vo e TEHRES D SR
@BEELHW L vo /e TERAINRFE,, @2
Sas T —vaviBPRBEOEMLE w7
Mg 2D RE, L v 5 3D DFEEEZ
T, REZEDTERVHEEDETHD LE
A 605 BHTHPEIICB VTR, TEAES]
PR MR - thatE v S 3D DFEEREE
i, ZNENDHIL CTERL WL DTIER
$, BHOICBARLAWVERYRS Z DB %2 FE
SgTw THAEHEME S v REER- T
w5,
TELMEHTH L WET L, BEE,
BEAREE, PRMHEE & bic, EEALEEEE
D—DTHb. BLLALDDYIAATHLLT
EEPTEL, BOLLTHREBERNSE L, R
(IRZCE, Sfb L HEMT 2 E v, EX
LWATEEEIGEEZ2 720 THSE. 2L T
CDEHIRBEVWHEEDD L2, LDHERLLHE
WIRRECH - ARICITE, flis-oigEic 3
HIEWTES.

5T ELRROEE L viEEhlE 0B E
X, TELRROBFELZEESE L DA TR
{, RN TH S DEH - ZR—Y Lo
e HIEERE IR S h, KAIZR-> Th
LOMEFICKELEETLIIDTHDL EVR

5.

3. MDA LK) - HEEE ) DAL T

FEL7bDIA 7 2AY A NHEN, TEEE
ORONTWL )T, FELDLLIZICE
FXERMENECCERL, B EHRE T
A+ OfERIE, COMEEEMEE U CECR
LTwa,

SCERBLE TR - SEERE IR Ik B L,
SHOWRBEEREE, - Bk - %L v o 5
BB R A8, 1985 EHiE 2 B — 7T
FLIEToMEmIzH b, FelE, BEEER L
DpbEEay o —IVTEABETLTY
5. D& kKT HEREOMETIE, TR
by & VEFEE) ofEfmERL TV,

Tffby &k, BRJ7 - EHERE A PEN TV 5
FEDEL TR FEDIIINTVD L
WO ZEThDH, MRS L, - EH)
RSO TEI DS, NERREE, S 5123
DRIDSHMESTVDEENS T ETH S,

kI - SEHEIDE T DA R ST, RATT
EOLZEDNTETICHSLFEHICIAZLTL
F5FESL, R—ILZ2Hozbltd/bT2C
ERTEFICHE O HRRRIEGICETES
TVBLRFELDHEML TS, X5, SEBIAN
RREIRTEDRS 2 5 I ERIC R b, 5k
28 W CREIMERE LB IRE & v o 7o ETEE
WRELTCLE AT 28D, TLIL
X — ORI B Lo 2 PRI 2R o E %
BATw3TFELHLLHEHELTVL S,

4. FLHOMEFEEZ RFT 20D A &1
INEREE IR BESRAE I BV T, TR
< bH#E) - W) BEEFELSFEML, 6F4F
L TOHETIHEL TS, KEFED oK
DEEN DAL LT SiEngiss o 53
B r ), PEETIITSRREIE 2O B iHE))
THRShTws, 20 SiExEIss2-5 %
SEBRE O - SEB B WLTIE, ko k
CoRF T D, TOMHIcIESE R



42

HEARWLZEEZHE LTI ERZHELTY
5.

CDES REEROBEEL L b, HERD
TOMEII> L b EERORE, FKENTHOUE,
TR B T 23 EEm OMER, HulR & o
bR E 2 AR CLEH - HIEHCRB U 2 5
RIEEN % LD P REH P A K —Y OEEDOF
i LIk -, FERTOMES - SEBBEE D (L
DICHLD AT ZEDBEEN S,

X 5 IR P MU BRIV IZ Z DL D fHA
ZFE L, PTA, AR —2 DM, AT 2
K= 7357, FPEEHMEEOHECT
EEBSENE L, AEEREDHELE X -
TWwiF 3 k574 T - REE - Hilgly KL
o IO MHAPEETH L. W HADOES
PHE, BRRICOVTHIL, FEEREED
TV LD, VEARICKRD LN LHETDH
5.

AROEEDE LT, FEDEDK) - HHE)
BEhzEREXYE, @BOrRP6RE2BHATNL
72O DR D AT 23 D2DKRA » b2, DL
TIZIT 5.

OB EM D 1 £ D DIEAN 2 B fE D B &
&, HEEROMAKE HE L 72 S i5G0 2 97
52t

@yt - £ - MERZ D E LT 7 RS
A (B8 285T52L

QI ELDHPLERAIHTIE L (K
WRE - PREEH - M) DEGRZ RN, ik
DL E

Eol, WP EMOTEBZEICIE, AR—Y
ZHET20TIERL, TELEDN TBHLA
"o viAE ) EIEOZEM49 2 2 L 2'E
ETh D, R, KK - REERE O ED
E, EHBER OO T ELEADRIGH, 7 u—X
Ty TENLIEDPRETHDLEEZD. TN
LORICBWT, EEECZE G, oilEd s T
L—Y —%—; OFEFFFICRKEZVLDLE
AHbNb,

W

ZXH

AR, KT RS, 8D ol - EE) - 2
A=, WRHIM, 5, 2015.

AARFEE FEA AR, W R ESEEES 1 ¥ —
k< hbrb 15T RLDS |, HHRER, H
i, 2014,

HPRTANES, SEMREES K (B Th s 720, —/D
EREAFFE TICEND L, PHP e,
. 2013,

ERFIERE, T8 b8 7z 5 5 L wiEShE

W, B A 50, HE, 2011,



5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 43

2017 AEEERER JIWEFE
WIEER A R & — 84

. PESSEEEIC X B HOTE R U EREER S B E O AU A L R
FOEOLREY, RE MTc, FREOBEES, KB RS, EA T
'HAL T HRERAREAE, AR A SUEITER,
AL TARE RN B EEREA I DT

. Relationship between motor abilities, skillful of toe, and likes and dislike in physical activity
among Japanese kindergarten children.

Shino Izutsu!, Akari Kamimura?®, Natsumi Hamano'!, Masataka Hirosawa?

1Japan Women’s College of Physical Education

“Department of Child Development and Education, School of Humanities,

Wayo Women'’s University

SInstitute of Health and Sports Science & Medicine, Juntendo University

CNRNZT Yy FER—LDF £ A FSRITB T B IERENE & AR EEREE & ORIG
O I 2 A N T
VBHE KRB DR, AT DTN

. HEWTRY 72 AR O IR W BEDES) b L — =2 I DEIRa v T I A T R KIF T RE
Kb g, g ET, SR Z8AR
VERPERAEBRETAT,  CHRERT R B AR AR

- Ty A BT BT 2 B #h L 7) o H R — B BB ECR IR T & o i 5 —
TR BH#H', JUF LREE EA BT, Al ESS
'HAZFRERAEEREE TN, ¢ DAL THRERAET AT,
SEEFERERFBEA R — « v 2T LHISER



44

6. AL B 2 LIEOTZE L HERE D FE
Al BRE', HE O EIhE KM EA, FEOEH!, NS,
Bl #Re, Rk ET0, R TR, R SEET
e BETS, AR METT, AR =2AS, EAR T
VHAZL T HRERFNEEFSME IWIERT, 2 HAZ T-RERAMERE FT,
SHHERFPHE A, BERARLEEIRR, HERAREULIIER
SR SR BB LR - AR — v BLFAGEEE,
THARKRSFEETSE, SGE~NVAT 7Y% 8 (fR)

7. BRI BBERE D AR B 13 H e A 3 2 AR L U I8 D FRAR & i 2 592 C & eRIET %
KWLM, Ry EHEZE, RE M7, ki OB, &8 BT

'HARL TR E RN R EREAR AR, 2R A ST 7e R
SR A ERFEBE AW - 2K — v Bl



5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 45

O Session II “ZESHISIED & DPEE & FLER

EEEB DDy -
TR HIBERE I 5 2 5501

i N

(FRGH AR A R — 7 Blefep b

E i)

TR IF 1985 EZ Al — 2 2,
Zh DB, ETMERD UL EFEurhiE, |
ELRARE L TE =T KEEZKE LT E> T
5 (CERlEE . (nd)). ZOBRMEToFExR
FRE, AR = hEOCRE OB, Wbl
HEIARICH 2 EEFEZ LGNS, HIEWICE %
T, hE2E® 2 LAMEOMRR: - Btic
HETHL I EEFANOEETHAH. Lo T,
THEDYEFNAL - RS D P EME 2 < Bk Z
B ¥ 2K, DEEIPHEIC X v Lo il
VRZEWHIHEPSDT Ta—F1%, FoTt
HoGs, EHOFEMICH Z D IIRNTIE R
WDrH L,

ZD &S, FHENRE LWL DHD

\/:J

gf*ﬂ'ﬁlﬂﬁ_

Tk, BEREHECERNINEIERY T 4
Wb o T3 I EPRENTY S (Boothet
al. 2014 ; Castellietal. 2007). T OERIEHE
ThNE, EBCEKE RO e, FHHIE
e 5 REE - AEEPHEA 50Tl w
A5, L Liads, GNEEE - Fhk
THOX T ORICBIfRZ D TR WFFE b #H
HENTE O (LeBlancetal 2012 ; Resaland et
al. 2016), SEAICAMP—HL T2 bII Tk
7V, INGDOBEREIHLNICT B0, A
RInE T, FHEERCEDb S THETHEE,

EREIEN B SRR RS I R R 2 T, BIEW
JEE) - R & TR ORRAIBSRE O BIRICEE L T

FEREDTET.
!w.l'

S5 ';Fl/\i’ﬁ!!
#2805y 73,

/eButAeg



46

FEATHERE & 13

VIEICEFR L 2T iz 6k ik, WEE2H
B - EEICUIET 2 C ENTEROVEE, b
L < E BN - R 2 AL DSHENE U < e R,
Baix by 7 IS E B L TREERITE)
ZHIE L 2T NIER 6K, T X5 BIKNT
fibhd by 78D v 7 nt 2 DRI E T
BETH % (Diamond. 2013). FEiTHEEE 11X, 1)
il (FERERZ R L QEREHERT 258
He), 1EERE (EHE —RIcRRE L, 3T
I U CZ OEHE T 2 HE8), FRANY Sk
(RBUIE T CTRELTE 2T 0 B2 2H68) &
Wo 72 30D MIEEEN & D (Diamond.
2013).

FATHERE D RTATE

IR U240 (e.g., 79 voh —EREHE), (R
& (e.g., A& v oN— 7 3RGH) , FRENNZFHNE (e.g.,
24y FHE) ZNZ o Ao ERE A
PRET X 2 SR Z F > T EITHEAE & STAH L
Tws FlZIE, MF¥REE T 2 28 v —
JEETIE, 130F, 3NF, LR XF
DTIVT 7Ny ko5 b EERZ LT (e
g, SJWKD) 2 E S ¢, 2 0B RBICERI N
51 XFOTIVT 7Ry FAEE L 3UFSIC
GENTVirz2HWsIEs. 2% 0, FET
53PS IE R OERE D E 7
5.

%7, Tx oW T, RAERET OB
7t —< v A (ERIGE - KICKH) iz,
2 U AL CRRANL AR o R 22 2L % B
HlC & 2 CEREEREN) 2Hw T3
HEEENEME WD 2 ik b, s
T A=<V ATIRIZ S T &EDTEROETH
HE O FRAVLIHNETE %2 FE4fi & 2 & & 2V A[RRIC 72
5.

REWTNRESE
RS 7 A » (20 A =% LS
VDT T I Lo TR AL S

RAFECVT, FETEREE T 2 791 V)
AL 298 (Kamijo etal. 2015) Tli%, &
DD E T HHIIFEATHERE 2 B9 2 R E D ¢
7 —w v A (ERGERKGEM) 25, &7
PRV E b ERTWZZ ERRENT, &
51z, HREEMEBM OGRS, EAdE
THHIFEREZ AT 2 X SR GRAEREEHR)
IR L CIRAERICIERE 2 A, EREEBET &L
T XV GREmETHEER) 320K
LTWB I ENRBEIN. N5 DFERDS,
THDOE N FFETEEEICEDb>TWw 3, T4b
5, BAE T BETERESEN T v
LEEZRDIENTES,

7 v %7 MGG
BEWTRIITZE 74 v T, 1R & EiTHRED
BfERLTWE 2T TH D, Z0REMER
M) 2#RT 5 LIETERVL, BBETRIL,
HEWIOESE 217> RO ZEO X, FETHE
HERWET 200 L 5 2 (BENESI K-
FATHERE) 3 h 5 kv, EfTEREIEL T
3 THHEEBI N OBBDE L, BREHELSS
{7 B 7D NHE W (EITHERE—H E 1 EE)
—{KN) orb Lk,
CORBEBEREWPS 2ICT B0, F’xiE
N RS A AN (A= el 155 Bk R
(Hillman et al. 2014; Kamijo et al. 2011). BAR
i, 9 A -85 HoBGREESE) 7' e 7
I LEEmL, HIEAEE? o EITHEREIC
G2 28 EE R L., Z0OfE, R (Bf
FRES) Z2ED B & O 2 BENED) TR
PUWEIHDLIEPREIN, Ebic, HES
0 75 LA R E O TFHHIE ESETHERE O
WEEIRE»o7. Thb T vy LMkl
BofERix, DES o BB~k o L5
BEREDUGE ) & o 2 RERBIRZ R LT 5.

ERA))
Tex oW, Ttk p ETHERE I B
boTWwa It (BRI, Ao Lz b



5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 47

72 6 THIBN 2 EESN I ETEEE LGE S S
L (9 v ¥ LLEGRER) 2R L72bDTH D
FETRRRIE LT EFECBEb o TWw A LIS
NT 3 (Diagmond. 2013) 728, Zh 6 DHIR
G EARIEEE - KL PR ORIRE SR
T2H0CTHL. Dol tr»s, FEHhHEE
Hico Tk hzEn s & (KE) 13, Ko
f#te%E, vovwcxFhonl (MF) IKE
BB 2RI-TEEZA2000 Lk,

SCHik

Booth, J. N., Leary, S. D., Joinson, C., Ness, A. R., Tom-
porowski, P. D., Boyle, J. M., Reilly, J. J.: Associa-
tions between objectively measured physical ac-
tivity and academic attainment in adolescents
from a UK cohort. Br. J. Sport.s Med. 48: 265-
270, 2014.

Castelli, D. M., Hillman, C. H., Buck, S. M., Erwin, H.
E.: Physical fitness and academic achievement in
third- and fifth-grade students. J. Sport. Exerc.
Psychol. 29: 239-252, 2007.

Diamond, A.: Executive functions. Annu. Rev. Psy-
chol. 64: 135-168, 2013.

Hillman, C. H., Pontifex, M. B., Castelli, D. M., Khan,
N. A., Raine, L. B., Scudder, M. R., Drollette, E. S.,
Moore, R. D., Wu, C.T., Kamijo, K.: Effects of the
FITKids randomized controlled trial on execu-
tive control and brain function. Pediatrics. 134:
¢1063-1071, 2014.

Kamijo, K., Pontifex, M. B., O’Leary, K. C., Scudder, M.
R., Wu, C. T., Castelli, D. M., Hillman, C. H.: The
effects of an afterschool physical activity program
on working memory in preadolescent children.
Dev. Sci. 14: 1046-1058, 2011.

Kamijo, K., Takeda, Y., Takai, Y., Haramura, M.:
Greater aerobic fitness is associated with more
efficient inhibition of task-irrelevant information
in preadolescent children. Biol. Psychol. 110 :
68-74, 2015.

LeBlanc, M. M., Martin, C. K., Han, H., Newton, R., Jr.,
Sothern, M., Webber, L. S., Davis, A. B., William-
son, D. A.: Adiposity and physical activity are not
related to academic achievement in school-aged
children. J. Dev. Behav. Pediatr. 33: 486-494,
2012.

Resaland, G. K., Aadland, E., Moe, V. F., Aadland, K.
N., Skrede, T., Stavnsbo, M., Suominen, L., Steene-
Johannessen, J., Glosvik, 9., Andersen, J. R., Kval-
heim, O. M., Engelsrud, G., Andersen, L. B., Hol-
me, I. M., Ommundsen, Y., Kriemler, S., van Mech-
elen, W., McKay, H. A., Ekelund, U., Anderssen, S.
A.: Effects of physical activity on schoolchildren’s
academic performance: The Active Smarter Kids
(ASK) cluster-randomized controlled trial. Prev.
Med. 91: 322-328, 2016.

RS (nd). £ D oA Eo o o R
Ny F 7w 7. Retrieved from http://www.mext.
go.jp/a_menu/sports/kodomo/zencyo/1321132.
html. Accessed January 16, 2018.



48

O Session I “FEENBLIED & DPEEE & FEiEk

AR—=DD Grit (VL) ZHETHD

il ik

(EERF— R HET

At i)

al

1. ZC®DIZ

JEE) - AR =Y PDLHEDICTED ORI
2276 T ERBEHDOEB YN, T
MF, HEBP AR — Y ORRIGE I 5
WIkE 63, ERACHALEOHETEGICH
BERMIFTIERRRINTVS, ZLC, %
OEFD 1 2L LTEZSNT WD TFERAIRE
T T AN REHENEE > T35,
AFEE T, JFEERABEIC LT T B L
DI, B RICB W TR EN T\ % #EE)- A K —
v L IERRAIRE S, T Grit (R b f) L ol
HWEANT S,

2. JEEAIREN) & 1%
RHLPHELOTHICE VT, EMH, A

K

F28ORBHAR I —S A
BEER AR —YsBLc A B

HEORIFREICEET 2 ER E LT, ARk
(IQ) ®_—3—F X M ETHIEI NS ZR4
BN REEHINTE A, THE, P35
A, BHLL & Vo FBABE TR WEE,
Thbbt IR PERSh D L5k -
TE2, ZOES50ITIE, 1962 FI7 AU I D
TV VMTRRE R =R TR S
LTHDH, ZoTurT LTI =R
WOEFIERED 3~4EOT-Eb bk L
T, 2HEBIChIZ>TEDODEWHB 70 7 L
BRRfts N, HE T v LE2ZF T ED
biEZIT T bt LHIEELT, b
B DOIQP Z DHEDOBE R EH - 72
(Schweinhart et al. 2005) . % 7=, 40 S DFF
BB RENE L, — 75 TRY M E S

r




5 28 MIABAMZE 7 4 — 7 L3 THREECA R —V 2B L TCAZE TS 49

(z-score)
EAZHES(HR)E>-B

FEEDROBHI

K1 FEHouiD AL & RO AR R & DB
(Moffitt et al. PNAS. 108 (7): 2693-2698. 2011 & b {ER)

7 ED AR NTE R D e ol Lo L, 1Q
(TbbRHAEES) ICERT % & 5 DR A
6%7‘:%# 10K DR CREIC 2 S 2o T
7o 22T, MmN L CRN G E
ﬁ%%xt@ﬁ SHIEETT & b b IEREIRE 17 D
TEARLHIrLEZOND LS, ZOEE
WREND &SIl >TE (Heckmanetal.
2006).

JEBABE OB L LT, BSOS ME, Ahd
M, B, LYY TR, I, w7
Eltwozb oo nsh (&g 2017),
Frc BHlico>wTiE, W Hohoat— kit
FICB VT ZORREEB G S, FEBLD
D AFID I E A OREF R (S RF Y
MR AL E) LIEOBMEART I EDHL D
EhTw? (Moffittetal. 2011) (1),

3. @) - AR —Y LI & DR
AR, FESMEORFFE T OWMEICB VT,
SEH) - AR —Y SEMACIA L £ osr@iiso
BN ERZRIFT I ENRRINTVS, b
DEICB VTS, FEAPERTHEEEC AR —
VIEBOREER, FHCHER X — O H %
FHIZFEL LT W & (R 4 K 2009),
rheEE QUEICEBR 2 5 7 CEWMCELY A T
WeBRBEOKRENEW I & (FHS 2014)
PRENTWVS, #HE) - 2K —Y BREEDIA
PLREACEET 2T & LT, WTho#Eic

f2rE
=k e S{EThiE
ORh
ABIEA
L)

X2 ) e AR—Y LIS O DR
(Lechner M. IZA World of Labor. 125. 2015 X  {FiR)

B Th, @bk sbmtk, Bk, Aflon e
Vo lo TIERRAIRE ) AR —VIREIC & D&
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K= L ETHGOK oD 1 2L LT,
JERHE 2 Z T Twd (M2).
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Grit i&, "R HESER I 72/ 0 b
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6 >DEM L EE (—EM) BT 2 6-50H
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PR EE D BT AR DL L v FIE 2 i 2 4k <
FRWHEED A VO RN A > a v 7 A b
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WELTWD

%7, ZOROFFICHB VT, KEPEER
FREBBR D32 Pk 3 — 2 ol 72 FIH & it 2 K <
#, fEEEFOTICHGT 258, BEBELAVE
PEEE L Grit O BE PR ST B (Eskreis-
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LW BN ERD H TRIBOMES, L L CERE
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EWVS TERRBEINT WS I Ehs, i) -
2R = Grit iIc K U T b5 0B AR
T ERTFHENG, #HE) - AKX = & Grit D
B % M L 2GR oncw s b oo, E
FOTFEERATF—VETF L (Reed. 2014) %
SEENEE (Reed etal. 2013) & OEEIZB W T
EOHBEDHER SN TWS, — T, ZAE—Y
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B 2358 & T v 72\ (Shrivastava and
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3).

6. Bbbic
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D Th %L, TR bR TH 5720
AR—=—YBCrit2FHd 5 &5 KEERIEE
Phoh»oixw, £7-, Grit OFHGICBEL T, #x
B BARADERICEMEBEICRELTW B0
eV BRI Z T, RABHEDOARBTEICH
BLTWD3 EWI Y, MEAPERRL72T
THL P oREF SN T EEREED 1 > TH
2 TEfIME) 2EATVB EWVSIERHDL H 572
& (Credéetal. 2016), 5t41x, HAANDTFED
DRI U 72 Grit O 3l 57 2 BEf 4 % &
&bz, RRBRZHS 2ICT 572 d DIty
G A EET 208N H B,

wRic, EE) - AR — Yy pMEEIc G2 2 RE
BEEIZZ K D ANICAIIEhTwbdbon, F&
b 72 OEEBEBRII o EIFVARL, TF
b 72 H DR R K — v DA% D LTHEE
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Gritigs

DS (IRTIG )

BR(—BIHER)

(@mmes @ ms Wl owes

*p<0.05, **p<0.01

HESEF-LATERETIHEEEHEE (Yoh-. R L—R- SRy MR-1E) eL. ENLAEEAEBETS.

X3 AP EIcB T B AR =Y 2L Grit DR
(e, 5 72 M HAM ) BEZ. 2017)
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