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Effect of Muscle-Pump Activation on CBF Regulation during Exercise :
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ABSTRACT

Interval exercise has been evaluated as more effective than continuous exercise in
improving cardiovascular function in individuals with cardiovascular disease. Previous
research has confirmed that interval exercise leads to increased vascular shear stress
related to endothelial function compared to continuous exercise. However, it is unclear
whether interval exercise truly improves cerebral endothelial function and reduces
the risk of cerebrovascular disease. This study aimed to investigate whether interval
exercise do not only increase cerebral vascular shear rate (SR) but also improves
cerebral endothelial function compared to continuous exercise. Seven healthy men
(mean age 21 = 0.6 years) participated in the experiment, performing 32 minutes of
interval cycling exercise and an equal amount of continuous exercise using a semi-

recumbent exercise bike. Cerebral endothelial function (cFMD) was measured and
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evaluated before exercise (pre), 15 minutes after exercise, and 40 minutes after

exercise. cFMD was assessed by ultrasound, calculating the maximum dilation rate

(A %) of the internal carotid artery diameter in response to a 30-second hypercapnic

exposure with a partial pressure of carbon dioxide increase of approximately 9 mmHg

from baseline. The results showed that cFMD did not change from baseline after both

interval and continuous exercise trials, with no significant differences observed between

conditions (15 minutes post-exercise, 7.47 * 4.92% vs. 5.66 * 4.21%; 40 minutes post-
exercise, 591 * 4.01% vs. 6.16 + 2.26%; p = 0.442). This study did not find evidence

for the beneficial effects of interval exercise on cerebral endothelial function.
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Cont-Ex

Interval-Ex

. Condtion Ex mode interaction
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Clarifying Optimal Occlusion to Improve Athletic Performance

Focusing on Brain and Spinal Function

by
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Institute for Human Movement and Medical Sciences,
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Yoshiyuki Okada
Graduate School of Biomedical and Health Sciences,

Hiroshima University

ABSTRACT

Teeth clenching greatly impacts athletic performance, but the optimal occlusal force
and balance between the left and right sides remain unclear. Therefore, the present
study aimed to investigate the effect of imbalanced occlusal pressure on remote
facilitation, focusing on spinal function and locus coeruleus activation.

Fourteen healthy adults with normal occlusion were enrolled; those with
malocclusion were excluded from the analyses. Occlusal pressure measurements
included maximum occlusal force and balance of occlusal pressure between the left

and right sides. The sides with higher and lower occlusal pressures were referred to as
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the Hyper and Hypo sides, respectively. Electromyography electrodes were attached to
the bilateral masseter, anterior temporal, and soleus muscles. The occlusion conditions
were as follows: no-bite condition (no contact of the dental arches), contact condition
(contact of the dental arches without clenching), and conditions of 12.5%, 25%, and
50% of the maximum voluntary contraction (MVC) of the right masseter muscle, as
well as a max condition. Spinal excitability was evaluated using the H-reflex, which
was measured by electrically stimulating the tibial nerve in both lower limbs, with the
stimulus intensity set so that the soleus H-wave amplitude was 20% of the maximum
M-wave amplitude. Additionally, the pupil diameter on both sides was measured as an
indicator of locus coeruleus activity. We analyzed the muscle activity of each muscle
under each occlusion condition, H-wave amplitude values on both sides, and pupil
diameter on both sides. Statistical processing included two-way repeated measures
analysis of variance, and post hoc tests involved t-tests between conditions. The
significance level was set at 5%.

The masseter and anterior temporal muscle activities were significantly higher on the
hyper side than on the hypo side in the 12.5%, 25%, 50% MVC, and max conditions
(p < 0.05). Spinal excitability and pupil diameter were significantly higher in the
12.5%, 25%, 50% MVC, and max conditions than in the no-bite condition (p < 0.05).
Furthermore, spinal excitability was significantly higher on the hyper side than on the
hypo side in the max condition (p < 0.05). Pupil diameter was significantly higher on
the hyper side than on the hypo side in the 12.5%, 25%, 50% MVC, and max conditions
(p<0.05).

Our results suggest that imbalanced occlusal pressure leads to imbalances in locus
coeruleus and spinal excitability activities. Given that such imbalances in the locus
coeruleus and spinal excitability negatively affect cognitive and motor functions, the

correction of occlusal pressure balance may be important.

*—7—FK
HEH, BELEE, HFIR, Wiy, mhidid
Keyword

H reflex, Pupil size, Locus coeruleus, Masseter muscle, Remote facilitation
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T, EROEENT Y A% EHIIL T, BEDPEW
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BT OBE;, IR, b7 AR L
72 WA G RI A O A il 25 7 V- no-bite 5=
fh, WHI OB AL D D AMEA L D T e W
fiid 1) contact 4, AW AKBEEIE (MVC)
D 125%, 25%, 50%MVC et & max 50 65
e L7z, BREEYEIZHIE % v CERl L 72
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ED20%27% % X )\ ZRE L. £/, HFHHK
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PG E —IeRC B AT 24T, FRBE L L
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FTID A EAKEEILS% & LTz
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A HEZICEME R L7z (p<0.05). FHHE
P & B L £ 13 no-bite & L L T 125%, 25%,
50%MVC, max & CHEICEME %2 R L 72
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L. AWEOHINL, AR L REAIHEIC X
B HB & BROEEI T T B2 a5 2
Lz

1. B &

FERT A 2 & LT, AT T AR
WEE A L7 ORI 65MT, FHNE
VDT 3 5 HEUS & BRI ORI TS
BETLEZ W L 7=,

1.1 ¢ &

HGIEARFEORACTEE 7 T TIIHTE T A e E
N14% (#5210 + 0.6 5%, 5E166.8 6.4 cm,
fRkE576 +85kg, WMWTH) #xR L L7 K
Woeid, Ay Y FEFIHEOSWLZLDOTHY,
RFDOMGHE RS OKR A TIM L 72 (18363-
200210) . xF GEIITFERNE K R G8 DOMERIC
DWTOFHMZ T712AT, EBRBIMNOFRE%
18729 2 CEBREFER L 7-.

1. 2 BIERAL

R 1 D FHAEE O J e B AT TR
Hi100°, MEPIET120°, MEPBIHEILI0" & L7z TH
(ZFEBR Al L CTRALAYEIL L e\ &9 ISRBRERE
FETH, JEERIE 7 v b T L — MICREE L (kg
fr LIRS ALY . LA o B R o0 30 52 i i
TR TN T, T2 —2PREOHDE S
V2B 65em 1 R%E L 72

1. 3 FHEMEH

FE B (EMG) 1 Ag/ AgClE M % H\»
T (Blue Sensor, METS), Tl D f50E, i
D 7 A (Sol) WHIDFIEIZHfS L7z, 7 —
A A IZ EMG AR & A U o R 12 A
L 7z. EMG1E % |3 # I #% (FA-DL-720 - 140,
4 ASSIST) TI100f%F (2B WE L 72 > 5 A/DZE
(PowerLab 8/30, AD Instruments) L, > 7°1)
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V7R I0kHZz T8 — Y F v a ¥ — #1250
FEL7z. NV F/XA T 4 V% —1310Hz 2> 5 1kHz
& L7z, 57— % & LabChart 7 (AD Instruments) %
FEF L CREAT L7z,

1. 4 BREEH
WEASMIE65M L L, Wyl om A HEiA 2
A L & T 72 Vino-bite S, B 71 DI A
fiftix & % A3 A L & T V> 78 W contact 5o, A5 15¢
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max 5 & L7z, RO A L=V v 7 ilist
REOHMBTDEZY =2V TIVI A LTHERL
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7L ) BEEL T2 LOFRED = 5%MVC |2
GbH, = 5%MVC %8 z 72 RAT IS L 7219
ETOERTE L ChEHIE, RIEHOMIHED
ABLBWEHICTELRYERMEEZ VL HIE
AL, EELTHELCEmLE. WHEOMVC
OFHINE 3 M & 34TV, &E L7z 1R % iR
BrL, SMoOFEEEMVCOMEE L. 72,
FEERAZIZ D O T ETMVC ORI 1T - 7.

1. 5 BX#EIE

AL, EAMEE (SEN-8203, Nihon
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T, BEHNE (FRBTRER 1 ms, %) % 90 L 7-.
Sol HECH D58 121d, IR 12 JE et 2 )5
L7202, HEREEE A, i g RS L
[T e e AR

1. 6 RE/NT > XEHE

WEEINT v ADFHICIE, BEITHEY AT A
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EBRT A~
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WS MVC % 5Hl L C, WG D957 O 4 % 5F
fiiL 7z, HHEEEAEN, WALEOFHIROR G50
BT RCTT vy AIZER LT,
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1.7

1.6
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1.4

1.3

Rate of change in H/M ratio

1.2

1.1

no-bite contact 12.5%

17

25% 50% MAX

2 e (HRURRIE M O 2 L)
it Hyperfl, %13 Hypoffll & 75 9. &H I P9+ 3855 2 73 iE HRCGHRIRGE 2 Mmax CBx L 72 % 533 Ml s 4 b 2R 5.
no-bite§ef: & 1D 55eE D s D 72 12 /PIE D & % thisE 1 BonferroniffilE & 1T - 72 (¥p<0.05). WARIGHE O BN AZHIE D B 5 thise 2

1T 72 (*¥p<0.05) .

% 1 Background EMG, H/M ratio

no-bite contact 12.5% 25% 50% MAX
Hyper = Masseter muscle 1404 1806 99+15 25419 478+22 74.0+4.8
Sol H/M ratio 216+1.2 226+0.7 269+0.7 269+04 282+12 315+32
Sol background 24%0.1 24%0.1 23%0.1 25%0.1 23%0.1 24%0.1
Hypo Masseter muscle 1404 20£08 100£1.0 237+05 50.6+2.1 67.4+55
Sol H/M ratio 209+04 224%05 259+0.5 26715 28.1+23 299+3.1
Sol background 23%0.1 24%0.1 24%0.1 23%0.1 23%0.1 24%£0.11

FABIZ I = B % 7R . I % B Obackground EMG (%MVC) (EMG 30-50 ms before the stimulus). Sol background

EMG (1 V) (EMG 30-50 ms before the stimulus)

EMG, electromyography; Sol, soleus muscle; MVC, maximal voluntary contraction

TV, HEME L L CTEIRE SO I 1 no-
bite S 12T X IE D & % t457E 12 Bonferroni fi
1E% 47\, Hyper il & Hypo I ® H#% 12 1d xf b D
&5 IERITo 72, KFHIEE O J Lo g
IS D B WHHREEZ T 72, Wb HEK
HE1X5% & L7z

2. % R

2. 1 HBEEEM

WA Gk O H AT R IR i o o8 T i, no-
bite 5 1 & L # L T 125%, 25%, 50%MVC 5%
7, max 5 CTH RAHR IR A3 A B2 8 L 72
(p<0.001). Hyper ] & Hypo il ® I8 T 1%, max
1 C H ICSHEIRAE S Hyper il T B2 L 72
(p<0.001) (K2, *1). BLHoOBETIIAEE
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2. 2 EE

rest & clenching @ %2 1L 2 T Hyper fil £ Hypo fl
D TlX, 25%, 50%MVC 5=, max 51T
Hypo ] & I8z L C Hyper il CREFLIRZALZR DA
BIZHI L7z (p<0.01) (FR2). BRMOLET
IEBEERO P72,

3. % £

KWL main findings 1, WA HEEAENT 5
[ZoNT, FREEAEESENL, EALEDHONL
HREOWEEZ R L7z, $72, FREEE ML max
4 CHyper il 2" Hypo il & Fe#g L CHEA L, HiE
FLEE L 25%MVC 4L _F T Hyper fil ¥ Hypo fil] &



F2 MILEOM &AL

no-bite contact 12.5% 25% 50% MAX
Hyper Rest (mm) 4.37+0.36 448+0.34 4.68+0.37 446+0.35 4.64+0.34 4.34+0.34
Clenching (mm) 444+0.33 445%+0.39 467+0.38 4.75+£047 5.03+0.46 4.72£045
rate of change 1622 -06*35 -0.1£3.1 76+4.1% T 81+42% T 87+43*%T
Hypo Rest (mm) 443+0.33 454+0.33 469+0.35 4.64+0.33 4.60+0.37 461+0.33
Clenching (mm) 450£0.35 447041 4.53£0.39 489043 485041 486042
rate of change 17£19 -14+16 -03*3.1 34%22 49=+2.3*% 54 +35%

FAEIL TN £ BHUERE 2R T

FWE A G U2 {dno-bite §e4-12% 5 A X IE D & At 187 |2 Bonferroni #fi1E % 47V (* : p < 0.05), Hyper ] & Hypo o It

BRSO B HEZ T 72 (T :p<0.05)

Pl L CBoR L BB O E AR L7, BB L
IEA A CTRBECEIL, AT
ST, TR ANEIE L, WA A X
THMBEN & FERE OGS A EZ 725 L
oA e o7

AWFFROFRL D, WA REE ORIV
B IXIR, BETLAR RO L7, SeA7RIgEC I,
HIRIGES R L LT, BaICtE o RIS AR
B X OB ORRE Y &b = RS OB 7
25 OMEIEO FRIEAC LY, ¥ F 7 AH
PO 2 BBl 5 2 & AR ST w2 R
ZIZBWTH, A IIEED Sol HE S Bk 1E
IO THEAINC X 2 m e E R CTh 2 &
R R NG, BEAREE P o 7= BB ARk
L7 RBE ORI, 2 0TS 25T 2
R o2,

RIFEOF R L DT ORERE, AR
o 22BN O T OB B AT L Y
WAL EThD OB, JITHE L
D, EEHIEB ORI R, =R AT I
A% BRI L, FHEOEEDS T 1) BILARF S
HELDIEDNMESNTYE D HERENC
B ARG, WA ORI = AT 2
5O TMMEAT ORI &L LS4, ¥ F 7 AH
PRI 5 B BN A A B O
TN b R A U T REE AR S e, A
PO R, WEARLHI O ERBEET b
AIGMEATE U B & HSHH & A0 & 7 o 728 72 2 IR
Lot e, FxoRTHELY Y Bs

A ASEE OB T + —< ¥ AT b AR
BT L7 a SRR SR & ) ST AR
otz 2%, AT, FEEEEICR
B % RIZT LT, DHEORBEERIC b EAE
DAL, AR OELARELTCLES 2
R, WA TIASHR B o0 BB B R A T S HELC b
R 2 2 LA oW AT 2 EH) /<
TF =RV ARFTT ABEII B TEREEE D
7T AREEARIZ S NG, Sk, WA &
WEAHIELS & 238/ S 7 & — o A DB % it
FEFEAG LS & B AE O BLE A SRS 5 L E
V5.

WA SREE DM BE - 72 B ILEOHOR L AR
B o AL R AYE U7z R, SeA7ifge
LRABOBESES NS F A
BEALE OB, = TR — T RO AR I O VY
ZALEEL B2, HFHEMOEEZ VT FLF
U YA S ) SRR k2 ) AL
MKT A EDPHEINTWES, ZO0KEH
BRI, SRR AT AN L BEFLER AR
L2 e hE 25N, BILGEO BRI &g
DBBPLETELLZELHLMII L 72,
WA 2B ) LA, =g OR
B CEILRF S U5 2 L i S hicwn
L0 zpew, KFROMES RS, W5
BRI & B BALARRAE U 7= REPEATRIE &
N7z KBTI, ARG 2% HET
XLF VT LA —)VE T, ik &
GNAERETHEREELFFUMLTND I Ep
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5, YL L ERBRATRECZ LT L EHE FHEOE
PEIIZFAR DR EPHE SN LI EPHL N E o
7z.

4. & &

ARIFGEIE, WEGEEE 12.5% ML B CTHBHEUE DS
BER L, max OFRE THEEHEE ORI
7z, BEFLERIE, 25% DL b CREFLEOR & BELANR 23
A U7z RIFFEL, BCEAIGHEIZAE ) SRAE T
REDT R, HE)X7 + -~ Y AT 25| &2
FTANZ AL HE LTI R L 2o 7

E il

AWFeH BT H12H7- ), B Z5G Y £
L7z MEE ARG & T~ M AR — IR
HREL I < SALE L WP E
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Effects of Heat Stroke During Sports Activities and Subsequent Hydration

on Changes in Water Molecule Properties in Skeletal Muscle
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Section for Health-related Physical Education,
Division of Human Sciences, Faculty of Engineering,

Osaka Institute of Technology

ABSTRACT

Water molecule dynamics in vivo are important for heat stroke caused by exercise
in high-temperature environments and its prevention. Water molecules in skeletal
muscle and other living tissues can be broadly classified into “free water,” which
can move freely without binding to other substances, and “bound water,” which is
bound to other substances and whose molecular motion is constrained. However,
the effects of hydration at the onset of heat stroke and afterward on water molecules
of different properties, such as free water and bound water, are unclear. The present
study examined the effects of running exercise-induced heat stroke caused in a high-
temperature environment and subsequent hydration on water molecule properties and
water transport mechanisms in skeletal muscle in rats. Running exercise at a running
speed of 10 m/min was performed in a room maintained at a room temperature of
31 £2° and humidity of 45 + 5%. The exercise was terminated when the rats lost
3% of their body weight during the running exercise. Hydration was then provided

ad libitum for 24 hours. As a result, it was demonstrated that muscle water content
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changes in response to changes in free water volume due to running exercise-induced

heat stroke and subsequent hydration. On the other hand, there was no change in

hyaluronan concentration, suggesting that changes in bound water may not be affected.

Furthermore, no significant changes were observed in the expression levels of AQP1

and AQP4, which are water molecule transport mechanisms. In the present study, it

was suggested that running exercise induced heat stroke and subsequent hydration may

affect the dynamics of free water, but not bound water. In addition, it was also indicated

that the water molecule transport mechanism was hardly affected.

-
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skeletal muscle, exercise, heat stroke, free water, aquaporin

2 B

ERBREE T ORI X 2 BHER Z DTS
BWTEANTOKRGFEIEIIERETHL. L
L, BAHESSRERE R 2 DB O RAE AT H HK R
FEEKRE Vo 7287 BB DK T AT
AR CH D, AFETIE, v M2 HVTH
IREREE T COEEIC L D BHIER T DHROKS
HFA DS E A D IR G T HEVERC K T i AR 12 5 2
LB AT L7, ZORSE, HENC X % BE
R ZDHRDOKGHF & HEAKREOZELIZG L
THRGEERPEAT LWL E RS
fo. —H, e T O CERBEICELIE R, A
KDBEACN AT L TV WITREMEARIE X L
7. F72KRGr T FERE T dH 5 AQPL X AQP4 D
BHLNVICEBERZCIRBDO SN h otz K
WF7e & 0 EBC X 2 B PER 2 O RO KGRI
X, HHKOBREIE L KIZT—H TRAKIZ
TRE L RwiTRREDIRIE Sz, £, KRG T
BEP T L A LB YT R L b REN
7z.

i

Jll]

ICAE DRI & D 2 WE 7217 T {—4ED
% { O T AR =V {HFE) i OB EF B S E %
Lo TETWS., AE—ViEETOBRBENS
CWEBAKIZEDFIZREZ ENS. AKR— Y EEF
DFT 7 812 &) MTBINEORETL DS LA 5 2
L THIA O K 53 F- A Fi i LT Y,
B \TEERG OB 6, REOK 3% DRG0 Kb
N5 L TREGHDOE T RHEROBA % &H
Bl sns>Y. —FT, BREETTOE
By B R K G E iR A 2 L TR IR
AR DOMEFRFR IR TH B 2 & HHS
LioTnsdY,

O L) ICEIBREE T OB L LB AED
FHER Z DOF Bl B\ THEIKN TOKSG T BHREDS
BETHLILIIHETHS. LA L, LB
WIZE L DEEOKGFBRIELTWDE 2 Lidd
FHENTHAR, B & OERREIC B
T AKDTIE, oWEEEET A LR HE
WCEHE A2 EDTED “HEAK &5 808
R R EDOMOWE L AL, 5T EBAH
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BENTVRD K ITKELHETELY,
BIEFN O E K EAEEKROEE T ERIHEE L
TOBIERELEH LW ERME SN TN D
O FHHAKOBBEELHH Y A b0 T 4 — 2
EOFEREBERL WL ETHEELHD, B
HR DS E W& O E T % #EFF 9 % B CHE R %E
o TOLMRMEAR SN TWE T —hTh
AR BV THREAAKIIRE A 2B L& LT
BY, EFRNEENIHS 2R s TnRv, filz
X, KoTikerva rEgEOBMESREL, b
T UEREGEET H T & THRBFNICHEEKE L
THREN TV DY #aKE LCoERE
T AMARITE AL, Fo b, EEIC
LB HEEI O 2 e b % ) BUPAEIZ L Y
KGEREDE L EBHT 212 0Mbs Y, B
HE S E R R0 € DR DK RIFE I & o THHIZKR
HEEKROBREII LD L) L BEPE LTRSS
DOWTIEAHKELEEITHS.
FREHAOKGF ORI, KT &R
MIZEESELKT Y AN THET 7 TR /1
(aquaporin 1: AQP1) &7 7 7Y 4 (aquaporin
4: AQP4) DEELEEEZH S T3, AQPLIFE
M (00 AR S I 583 L, AQPA I A e il 12
BRYIZEBELTBY, ZomMEDOMTKRITD
LYY BT bATYE 0D BREIC B2
AQPAIZOWTIE, #kfeny 2 BB X ) %EH L
ANOVHIEIN LK F OBEIEDOTTHE I EH RS 5 —
FT, B X B HIBNRETLOF LW TIZH
HETHEBL NUVHETT 5% EOWEDH 5P
W LpL, SEEETCOEER L 20K
IKGHFEHS Z S OAKG T Z 23
IR TH 5.
ARWFZEClE, BimEEEE N CoEEnhic L 5 Huh
FEB & 2 DERDOIKGHFE BT 2 BN O R
BHKGTRET IV VERERER X OVAQP ZH
LAV OZALE NS Z & T, B LR
DYEHERG DI TR R KT I AR 2 5 2 2 %
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BEBE LT,

1. MERE

1. 1 EBREE

FEEREN Y121, 8 s O Fischer344 % M 5
I (n=6/group) %= FIv>7z. FEERIZH W 72 85k
1%, A4S A) (tibialis anterior muscle: TA) K UMk
F A5 (soleus muscle: SOL) & L7z, FEEREEZ,
X FEAE (control group: C), fimEBREE T &)
(running group: R) 5imEREE T /EEE) 4% DK Hi
#at% (hydration after running : HR) & L7z, Bk
B 3 B E L 72 128 O ARG A 7 L D
B/ANRICTH, #loke bIZHHERORE N T
BL &b, AWRE, KRLERET A 74
ALY ZAEBRHHEZER R OKE G2 ETEBL
7z.

1. 2 SEBETICHY3EES

AT % B# CREES L OHREEICH L
Ti, A, S (FE © A 307mm, 1§
110m, 47 HE0.965m/ [l#x) (FWS-3006, * )
yIA N, AA) & HCEEIEETDE. 5
N AR T CMAM, SREEES I X 558
BRI S &7 FEBRMHIE, ikl = 2T,
TRE 45 + 5% |2 R - 72 EBE N T 10m/min T
DEEBE LR L7, EEBRICT v P OKEE
ME L, BB AEA 3% L 7 B T
FETEE & AT SO 72, TR EBE R L 4557,
S EATIREE XK 450m TH o 7.

1. 3 KPHHH

HRAEIZH LT, mimBREE T EEB# T %
A6 D24 WM H BRI & 2 K5 & AT
oz KW O 72D DK & L TR
i (0S-1, REMETY;, HAE) 2 Hwi ##
UG 100ml 24 72 ) OS2 &1L, — 3
¥ — :10kcal, ¥ /%7 H:0g, WRE:0g, kKL



o4
Yy:25g, A M E:0292g, H ) U L :78mg,
YT AV A24mg, V) v 62mgTH o7 &
7z, EIEEEEE X Nat:50mEqg/l, K*:20mEqg/l, CI
50mEq/l, 7 K7 #:18% CTdH 5. RELIZH
260mOsm/L T& 5.

1. 4 H 2 TIRER

FREDFBRNE T T, HH WG R & F <~ >
= b Y LAOBEREG T TRERL, A
POHEIEER & eI Az ehehdbt L7z H
B OWERS L, KEEEOWEZ L721%, HHiE
= R OKGEEROWEICH T T OWERA
&, AALF I 2 0T £ T-80°C THUR IR AT L 72,

1. 5 KypiEH

BB OARGTEEL, BEAER L VY —
V2 & 2 KA PR E 2 B (HygroPalm23-AW-A,
rotronic, A4 A) %MW CilllE L7z

1. 6 KDERE

L 724 W o BB o 5 10 i e L7z
%, 100C C24Wel], WHZRSE, B lRES
AE L7, BiRER & HERERED» ST O
L0, KoaaELRE L.

Koy EHE (%)

= (iR - fEclREE) /fiRER X 100

1.7 BRKEBSLIVIIZRE>TOY ME

WERIH BT 2 & > X7 BEBLROGHTIZIE,
EATHEEY TRENTV S TE FamikEon
12y I AL yTuy MEERWC Yy T vE
1x Protease Inhibitor Cocktail (Roche Diagnostic,
Dubai, UAE) # & A 72 RIPA buffer (50 mM Tris-
HCI1, pH 8.0, 150 mM sodium chloride, 1% NP-
40, 0.5% sodium deoxycholate, and 0.1% sodium
dodecyl sulfate) (Sigma-Aldrich, St Louis, MO,
USA) THETVF A XL, 15000x g Tl L 72

&, LiEzEL7z. Z0fk, BCA protein assay
kit (Thermo scientific, Rockford, IL) % H\»T &4
YTNDE XY B R R L 7

iy T (F X7 10ug) % 125%
(AQP1 & AQP4) # X 1N7.5% (CD44) ® 1) 7
7YV T I KTV EHWT20mA, 300V, 70
rCRAUKBEI 21T 5 72, Z D f%, polyvinylidene
difluoride (PVDF) [E~D#:%5 % 17> 72. PVDF
2R L, 1 % skim milk & 0.1% Tween-20 % &
» Tris-buffered saline (TBS) (pH 7.6) % M \» T
FMTO0THOTO Y ¥ VAT 572 Z
D, 45— R PULIK [rabbit polyclonal anti-AQP4
(Abcam, Cambridge, UK) , rabbit monoclonal anti-
AQP1 (Abcam) , mouse monoclonal anti-CD44
(Proteintech, IL, USA) % 4T, overnight T { >~
FaN—3a L7 TBSTHEL-HK —
K Pt 1K [biotinylated anti-rabbit IgG (Invitrogen,
Camarillo, CA, USA) , biotinylated anti-mouse
IgG (Invitrogen) | % il T IHERH 4 » F 2 X —
v a v L7 TBST{i L 7, peroxidase
conjugated streptavidin horseradish (GE Healthcare,
Buckinghamshire, UK) % == i TL1H ] 1 >~
Fax—a L ikl LFEELRE
(Immunostar zeta, fIYGHIZE T3, KK, HA) %
WY Xy BRWHML L7, B S cE§R
5 Image] # HIWC, EEfLL 72

1. 8 ELISAEIC& 27O BEEATE

REFFETIE, b7V 0 v R ORIELC ELISA
A7 #ERA) % cell Lysis Buffer 2 (R&D
systems, Minneapolis, USA) THKE I+ 1 X L,
15000 % g Tl L 722, L Z B L 72. BCA
protein assay kit (Thermo scientific) % F\v> T4
YTNDY oy BIRIE R —IZHEE L 72 (0.1
uglul). & ® %%, Hyaluronan ELISA Kit (R&D
systems) # W THKY Y Tvoe 7n kg
e L7z

FH N AR—VEE Vol. 46



1. 9 #hEtnie
ETORMEMEIE, FIMHE £ EiEfF2ETRL
7. AGRMLELE, CHE, RIFE HREEH O L,
Scheffé's#REIZ & B0 HU 2 HwCiTo7z.
HKHEIL p<0.05 & L 72,

2. MEHER

2.1 SEBRETCOEEEE ZDEROKLHE
RILLPHESSLUHEENZIL

R# B & UHREE O L (pre) (2% 3 5 &
BT CREEB)R (post) OIRE KA HIL44]1 =
1.37%, 402+167%CTH Y, ThZENHE LK
EFAHRO SN (p<0.05) (FR1). —75, HR
FED IR G 24 R R R DR E (T pre L DFICHE
EIRBO LN o7z (FTR1).

TA DAIK BRI BT CHEE REED R I2#%
A EEERD N o7, —F, HREEO
TADHMHEEIZCHESLRIEEICH LENENA

25

HE e R L7z (p<0.05) (K1A).

SOL DA F B Tld, W IERRTEM o bk
BV THRFMAEEIRO SN R -7 (H
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CNOORERIE, EIRERE T IZBT 5 EEE)C
XY REE, HRE L LICPBAKIC X 268 R RER
MR- E %KY

2.2 SRBETTCOEEEE ZDERDKDH

B ERBODKPERTRICRIETHE
REfFEClE, MiRER & HZREER LD BHEG
BTG EEREER L. TO#E, TA
Tld, CEEICX LRETHMZ R THEAIZRS
N7z, BEWEEEIEOON L r o7 —
Ji, HRIEFZCHB LUORBEICH LEZNENEE
xR L7z (p<0.05) (K2A). SOL OK5E
FRIZBWTIE, CEICK LRE CILME, HRE
PEEA R TEAAZNENZA S N25, wih

# 1 Body weights in control, running and hydration after running (HR) groups

Pre Post Recovery
C 158.71 +4.50
R 162.50 +9.35 155.33 +9.16*
HR 164.17+4.83 156.00 = 2.12* 160.40 +3.36

C: control, R: running, HR: hydration after running

Pre: resting state before running exercise, Post: immediately after running exercise, Recovery: hydration after running exercise.
All values were mean = S.D. *p<0.05 compared to pre-running of same group.

1 Relative muscle weights of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values were means+SD.*p<0.05
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2 Muscle water content of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values were percentages and represent means+SD.
Muscle water content (%)= (muscle wet weight - muscle dry weight)/muscle wet weight*100 *p<0.05

3 Water activities of tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups.
Values were means+SD. *p<0.05%p<0.05

BV THMEIAEE IR b a7z (K
2B).

NS OFERIE, EIREREE T COEEHOHZD
KA L o T, BHTH S SOLTIE7% H
i TdhbTADKGERRIZEALPAE LS L%
N

2. 3 SERRET COEEE E ZTDERDKLHE
WO BBEEDKDEEICRITTE

AR T, BEFHNOHHKEDOZELZ R

A7z, KpiETEEZWE L2, TADK

A CIECREICH LREEAAE B 2 Sl 2 R
L7 (p<0.05). —77, HREEIZREEE O ICH
#37% , CHRICH L CH Bl @2 i sn:
(B3A). SOL DK HMEMETIE, REFIZCHELZ
LA R TEmIE R S N2 b oo, fEHE
EEIROOL N o7z —F, SOLDIKGE
PEECTIXHREEACHICH LAE 2B E R L7
(p<0.05) (E3B).

NS ORI, BRI T COEESPL 20
B ORI HREDS TGRS DKW O ZAIC FE

ERIFLIZZERIRT.
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4 Changes in hyaluronic acid concentration in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

2. 4 ZRRIET COEEEE ZDEOKLHE
BHYERFOET7ILOCEEEDEL
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ol (KM4B). I b OfFRIE, SRS~
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NOE TV Y EBORENESIZZELT 20T
VW EERT.
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TAIZHBT 5 CDMADFEH L X))V id o FEER
HEICBWTO M AEEETRRO NG b o
(F5A). [AH#EIZSOL ®CD44 DB L NV I B
WTh, WTNOEREMICBWTLHERZEL
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5 Protein expression level of CD44 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

6 Protein expression level of AQP4 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively

LT CoOEEE) L FOBOKTHIESL, AQPL
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7 Protein expression level of AQP1 in tibialis anterior muscles (A) and soleus muscles (B)
in control (C), running (R) and hydration after running (HR) groups. Values are means+SD.
Values were expressed relative to the values of control TA and SOL, respectively
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Effect of Exogenous Ketone Supplementation on
Exercise-induced Iron Deficiency:

Focusing on Hepcidin Responses
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ABSTRACT

[Purpose] The present study aimed to investigate the effect of  -hydroxybutyrate ( 3
HB) elevation via exogenous ketone supplementation on serum erythropoietin (EPO)
and hepcidin concentrations in response to endurance exercise in young active women.
[Methods] Eight young women (20 * 1 years) performed two high-intensity interval
cycling sessions (8 sets X 3 min of cycling at 85% of peak oxygen consumption)
followed by supplementation of 25.5g¢ f# HB (8.5 g/h, 3 times; f HB trial) or placebo
(CON trial). Both trials were conducted during the early follicular phase (day 1 to
day 7 after the onset of menstruation). Blood samples were taken before exercise,
immediately, 30, 60, 120, and 180 min after exercise. Ketone and iron metabolism were
assessed from the collected blood samples. [Results] Serum § HB concentrations in the
B HB trial were significantly increased from 30 min to 180 min after exercise (p < 0.01
at each time point), with higher f HB concentrations in the f HB trial compared to
the CON trial (p < 0.05 at each time point). The average blood glucose concentration
in the # HB trial was significantly lower than in the CON trial (p = 0.012). Serum
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ferritin concentration at baseline did not vary between the trials (p = 0.474). Serum

hepcidin concentration did not change after exercise (interaction: p = 0.449), and

changes in this concentration did not differ significantly between the trials (p = 0.430).

Changes in serum EPO concentration 180 min after exercise significantly differed

between the trials (p = 0.027). [Conclusion] Serum f HB elevation via exogenous

ketone supplementation in active young women influenced EPO changes after exercise

while not hepcidin changes in response to endurance exercise in young active women.
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TV VIEEO LREIHISE LY RHEAD
R FERTE IR DN TS D VAT S
eV RMELTHY, EEREIC X BHRMmEkE
AU BT F IO N T T T v i & E 3 5
WHGHRTTHDL I EDTRIBENTND,

20234F, i - RRFEBRBEANOBEE 2 TH T
FAMEEB 2O 7 N AAROREIHEIUC & 1) EBe
T 2MEEM B O MEEPOREN LA T L Z &8
W snsY ki e Fod Rk (8
HB) B L U7t FEERE (AcAc) DBFETH 1,
BHBEENEMAZRL/ZIREEZ T b= A & W
I, 7 N ARDREAIZEAND 7V 3 — ZFIH A
[REN7ZIRE (e, TANVF—AE, AL H]
MREF) CIiiEs 5 (NS =2 A). L7zd%5
T, B HB® LEF I3 % BFFIRSLETSH
D, TN FRELLTIH® 72N KLY
B EZ50g LTI L% EWZ: f HBO L
A HAENEB L2 A S KE v (Burke,
2021). L»L, 7 bR 7Y 22 PRS-
RIS E Y, Wi AR A b SR O B
HBi%JE % PR &5 Z Ehufel 2 ) (SLEME
M= R), BHBOAET LEMHLENRYEDLS
JEE T =~ AT AMEER ST E
729 Z 1T, Evans etal. (2023) O3 § HB
DF 7 B R A R LB Y Y, by
ROREOERIUTEPOIRED LA/ NT 2D Vg
DTN L, EEEEREOFK Z L THERT
HHUREMENEZONSL. LiL, TRETICT
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kN AARORETHERU & 29 RO 7 b — 2 AHIA
T T VWIS AT AR MET L 22 iEgR IR
HH N,

Z T CARMIZETIE, B 2 45 4R LI & A 5
2, FAMEBRZICBI) 27 b AROREEID
EPOB L UNT YT U O WISEI RIET 25
ERETAZEEAWME L N RORIHE
UL EB) SR A O IMLE EPORE A LA S5 —
5T, EWEI3REMBEOIMIENT Y Y VIREEZ T
D LD AT T

1. A &

1.1 H&#E

GBI 2 B L84 (P = IR 22 (SD),
P 20 = 1%, B 1558 =79 cm, fAHE 549
62kg) EXRRE L7z NEFO#EEHLEL LT,
() B 34ELINICBE OB EA e v, (i) EE) S
ROEERLIEEA LTy, (i) BRI
THIMOBW ZZ1F Tz, (iv) &IiLo B RIE
REFL TR, (v) #8236 » PR/
HFHEELVEZIRAL TWRWZ L EED. AR
T, FOEROEER, WAESLZIIES YA
7 & RFERB I OHBETHIL, FEEBICHEHT 58
fift & EEBRBIN~OFE A7z, RKFEIE, HARE
BRAGEEERBSORR LY 272 ETEML
7z.

1. 2 XBREE

#WgeRt g1, (1) PHB# 255 g % (B
HB) &b & (2) 79 v R%EEY 5 (CON) &
D25&MOWER R DL HIZERL 72, BB, HMl
EOERIETFIZT > ¥ ok L, &5 I0
B (ARG 1I~THEH) CFER L7z EBRT A
YELT, ZEEMT IR O AL — N~
B A v 7z,

B HB B X O"CON &0 EMimiizix, #4504
TOEHAMOPED2D, HEEH )L T X —
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5 — % HW Tl AR R 2 17 (3 2% )b epet,
Lode #f, Groningen), # K FEIE (VOspear)
rWELZ. Z20%, 2ROV TNHIOLEMET
DREEFERLZ. WTNOFEFIZBWTY, fif
ZERF G 1L 10 R DL L O f f 72 12 FEBR 1R =
L 72 (8:00~9:00). HIEdTH L, EBOENER 7
TxAy, ¥ 7V AL OB EEEZ S L) I2IE
KA L7z, BHBSMB L FCONSMDHlE T,
REBIZHE - KEB LU (InBody 770,
Bt A v R7 g U xSy l1E) ZHlEL .
ZDf%, 100 mlOKEERL, 22GH— 71—
EEF A AIEIRICER L, FiEE21T-o72. 105
FERBEZ AR L 721212, V) v PR VT RE
FFFRE O IME % $RHLL 7= (Baseline; BL). RIf1#%
HIZE T )L T X — 8 — 2 W T8FH D7 + — 3
YT T T % 50%VO00pea |2 A1 4T 2 BT T HENE
L, 85% VOzpeac |2 M1 24§ 2 £ 7 (140 + 24 W)
T35~y » 75&F) (60 mlfE/45r) %84
FEBLZ (7—2LARME2D) 0 2y ro
1% - T 85% VOupeak |2 1124 ¥ 5 £11i T D F AT ¢
WRE 72 5 A1, SEEIGRIE % T (=80%VOspeak),
SEHFEESRET BIREA VY — N VERE R
40%VOopea |2 AH 4 % BT TR D & — L &
vy EFERL, EENEGZORFIM A FERL 72 (0
min). BB T A2 5 BB T 180 55 R 1L ZHERIK
AR L, BT 3045 1% (30 min), 6043 %
(60 min), 12043 (120 min) 3 X U8180451% (180
min) (ZHRIM%{T>72. fHBD L 1377 LKL,

1

EENE S, 6040, 1200 BORME THD 5 A4
IV CTENLZ. BHBSMTIRIMM I &1
85g ™ f HB L L (A7F 255g), CONGAFT
EAHBY—E TN TR WE—T7 L —/N—D
7T AR (k929%FA) #IEML (OKETOA™,
KRBT 2R A, KB, 058 S 0 1300 78 52 fi
HB L UM REICT I A4~ FMELIRECE
MiL7:. EEEGB L 12050805 1 3 07T,
f HB/ 75 £ K % 7K 200 ml \Z 00 L 72 k) % 42
L7260 HDI A Iy TR, ALYV a—
A (EAMERTE) 200 mIZIRINL, # AT I EAED
FTRBEETo 72 (RED 72 O KPR E
09=00g, hEH7-YDF 37 BEIE 0.1 =
00g). EEIHIZHEMHAKL L, EBHhOKGE
WaEZE7FET 52 & CTEUEMTOEN R\ D Tl
L7

1. 3 AIEEB

1. 3. 1 DA% - FEREENEE

L, WEEESNN - L= —
(RT—)-z L7 ba-P v s oSt a0
VGO SRS HIE L. £/, K1y
h OFTEEIZ Borg A 77— )b & Hv T EE B
S & A L 7z

1. 3. 2 MRIEE

TEENH, EEJE %, 304, 6045 1%, 1205
% LU IR0 R ICHI AR 2> & BRI 2 ATV, $R
MM CllES (7— 27 LA et 3

ES0T S
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) FHGCMHhZ VI — 2k, 577 — b
GATETE (7 — 27 LAMRREE, 5 2w T
i PR I B2 & 185 (I L 7z, E PR IS 12
TR L 72MES > 7 vh s, MELANT Y
F = (E2), FurArur (P4) g, 7+
Y53 (B HB, AcAc), 7 x VU F ¥, EPOB
LUNT VD VREERNE L. ATV YV
SNoWEEB L, BRRESHE (BRUatELSI 2
TALYA, W) BT ATV Y
&, T ® enzyme-linked immunosorbent assay
(ELISA) ¥ v b & HWTHl5E L7z (R&D systems
#1:, Minneapolis). 11[7] H o> R I A 12 A B i R 12
WiEst (226G — 7o —WiEs) »HEL, HE
FERWTY ) » TR E R L 72, Rl ok
o5 A3y 7 THEOEER % /-0, AR
WkE79vvali.

1. 4 #REtEEAR

ETOREMIZ, FHHE+SDTRLA #ET
fERTIE, #FETAHTY 7 b (JASP 0.19, JASP Team,
Amsterdam) % v 7z, 22O MG E2, P4
BLUT7 )5 VgL L OEE T RO
BB L O EBINER R IS D B 1 iE %
v, FHHEOEOBEXITo 7. EHIIHES
M TAE D2 e RS 8 53 BT - BUSE 52
(two-way ANOVARM) %47\, ZZHAEH (504 %
Wif]) B & OERR (Gfk, KM OF &L HE
L7z, ZREER TR EEIDO SN 5E,
4% % # Bonferroni £ T L %32 C @ Post hoc /58
RENE L7z WA BRI, fERREE5% Ak
& L7

2. & R

2. 1 DiRfEs JUFEENESEE

B TR O LI IE, M To R B

B SN o7z (fHBSM: 179 £ 9 bpm,
CON 4t 175 = 17 bpm, p = 0.329). JEBEHL T I
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OFENEFEE 2L, M TOAEEEILRE
5N o7z (fHBSM: 17 = 2, CON &1
17 £3,p=0435).

2. 2 MRIVEVEE

ZefE LR O MG E2IR 1L, &FEToR
EAEIRD SN s o7z (B HB S 34 = 20 pg/
mL, CON 4 ff: 31 =5 pg/mL, p = 0.703). 2§
RO MEPAREEEI21E, LU TOREEIR
N7 (B HBZLE: 02 + 01 ng/ml,
CONZf: 02 + 0.1 ng/mL, p = 0.685).

2. 3 T hAMEE

B HB Z&fHI2 51T % i f HB L, B30
ik, 604312, 1204718 L N80 R THE L
LMD SN, CONSEH LKL THEISS
fii % 7% L 72 (30 min: p = 0.004, 60 min: p = 0.004,
120 min: p = 0.006, 180 min: p = 0.028; E2). £
HB 12 813 4 1MIiE AcAc i RE I, EB) 30414,
60451, 1204348 L 1043 % THE & LAM
b, CONZEML i L THEICHEMEZ R
L7z (30 min: p = 0.005, 60 min: p = 0.006, 120 min:
p =0.007, 180 min: p = 0.005; X 2).

2. 4 MAAJILI—XBLUBEEE

M 7)Y 3 — ZRER & Ol LR 2 &
HBREAERIZRRO SNk n-7- (F3). 17
I — ZRWEIRHEOTENRIBO SN, fHBS
S CON SR I L CHBEICEM AR L7 (p
=0.012; X3).

2. 5 SKHBEIEE

ZEfE L OIME 7 = ) F IREICIE, S0
TOREAIRDOONh o7z (f HBSM: 351
ng/mL, CON £&f4:: 40.9 + 35.0 ng/mL, p = 0.474).
MEANTY T gL, ZEEH (F=0714,p
=0427) BIOWThoERE (FEH - F=23272,



X2 [fiiE fHBE L NAcAcifE D %A1k
T35+SD, *,p < 0.05 vs. BL, T;p <0.05 vs. CON

B3 b Riks L U7V T — RREDEAL
FI2SD, 1 p <0.05, FHH T35

p=0.113; 50 F = 0644, p = 0449) 3806 H

edoiz (1), T2, MEANT TV VREOE % =

fLRICh, FUHTOFBRETIRO NP7 AEFFE TR, "WHEERRIZA v 5 —N)ViEBN
(p=0430; M4). Ii%EEPOEEICITAZARKH 2B 5 f HB O HERANLE EPO B L AN
DR 5= (F =759, p=0020; %&1), VYU VIBEIC R TIREAE T AZ L RHNE
post-hoc UEIZ BT 2 HEAIZRDO LN o L7z, ZoO#EE, pHBSKIMFIZBIT 210 p HB
7. MG EPOMREE D L& IZIE, EHMTOR BIER X CACACEF X, 79 FREEBL
HEIEO LN (p=0.027,K4). CONSKMFL L C, ARICEMEE R L7z £72,

1 MENTY Y U B X UEPOIEEDZAL

. Time ANOVA-RM
Trial BL Omin 180min interaction
Hepcidin (ng/mL) S HB 7.002+3.975 8.923 +4.284 10.315+5.420 F=0.714
CON 11.147+15.978 15.031 +23.828 20.123 +34.380 p=0.427
EPO (mIU/mL) f HB 7.688+3.098 7.537+3.550 8.013+3.802 F=7.595
CON 9.125+3.737 8.550+3.761 7.800+2.998 p=0.020

F¥5=SD

FH N AR—VEE Vol. 46



39

4 EBNISOAIC BT HIMIENT T Y ¥ B L UEPOEE DAL
F39+SD, 5 p<0.05 vs. CON

JEH)18057 %12 51T 5 MIIEEPORE FE D Z AL T,
FMFTOEBESRBO LN, —HT, MiE
T T VREOER FOEEICIE, FHHT
DEBEITBO LN oz,

MENT YD P IREOEALC M TOREE
RO LN o7z BRE LT, EBIZLEAT
VU VIBEORE R ERAPEO N R roZ
BT OND. AT TIE, e @8Rk T
JWHRIIANT VY VIRED FADPROLND
EEHALTWA, Simetal. (2013) &, ML —
=Y T LNV OEVE R S RICRIIZE L 0
TubhavEFERLTEY, BB T 3 BRI
MENT YT VIREOFEE R EARALN TN D
10 —%c, KRR CREEEFRIILTEY,
Sim et al. (2013) LKL T, MiE7 =V F Vig
JE 5= 40~50% FEFERME % 7R L T 7z, o
7 )T iR, EB3RHEONT Y ViR
BB 5 MiE 7 = ) F 2 EAT30 ng/
mL il 2 7R A R — v FiEE TlE, 30 ng/mL L
FARRTH LU T, EE 3R BZIC BT A
ENT VY VREO LAPERICEERRT &
PHESN TV 7 EEICHT AT
YU UFWISERRE LAY T ) VAT,
TN BT B EBIBRONT TV VEEO RIS
LR L TR EMELRT I LG L Tw
¥ K510, KEOHREIIBT LT,
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TEBEERT L EBIRT O 7 = ) F VIEEANEE RO
TITVVREISH L TROFSEROBVERTH
HTERRLTWAY. LizpsoT, shikigs
B RE TEANT YV ViREO EFORED
&<, B HBORETHE CHN T 2o 7T hEME
bEZLNL. SRITT Y T VEREBEINSE TR
HTALENSH S, F7o, KPR R TRHA
TV B EE ISR L, B HBIEAA
T VWISEIL T TRIREHS T A S
ENRDOLND .

If13% EPO i FE DZEALIZ IR HAE AR S i,
ZD%ALE I f HB 4t & CON S CTH B 2D
oSNz, ZOMBEILEBRIZSHB (7 b v
T A7 )V) % HEBHL 7z Evans et al. (2023) & —3
TH5b0THLY. v FERICBWT, FHB%
SEE 20 CHEFIRIESHC TS L, I g HB i
F£% 5 mmol/L ¥ T L& S €724 2%, 30% @ EPO
mEED FASHESRTWSL W, BHB (7 ¥
I AT V) % 3FRMERE L CHEIUL 228 T,
EEMORALE N L — = ZHIH I B 5 EE)
L ERATO p HBIX, ML —= Z7HI%ICE
WL EPOEE % A S ¢7-2 L2 #EL T
W5, f HBEIAH EPO 1 % b5 S 474
HEHLL0OD, TOWFIIHL TR, F/2,
RIFZEIZ B 5 EPOD EH-OREIL, JeAfTifsE
LHELT, DIhhdbOThHo72. RWIFETIE
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BHBOIERIEZN & LT bbb x WA,
EAFZE IRy N Y T AT VE VT L2819,
FRVEIIATVIE, SRV NERETS
L, BRI f HBIRE % EA-$ 5 2 L AT R
Th), TOLAOBELEH I LAHEHMINT
w39, KW OBERE X, ATz s
BT, MiE7 ) F VBENERY. Lz2dis
T, SRIRREDAHE DS MG 22 R L 72 W Retk s
HY, HFRELTEPODO LADOREI/NSL 2o
I EAELLNDY . 41% BFHBO LROR
JERN— AT A ¥ DOFIREOFED, f HB DfF
CHEIUC & 2 EPO D FAIC BT B & Mt &
LWEED BB

4. & &

AWFBETIE, HEIN G EELEE S RICEERE
A 27— N)VEBIRIZB1T 5 f HB ORETHERAS
MiEEPOB L AT Y ViBEEIZ RIT T wE %

MEt L7z, ZofE%, B HBORITIERUC X 24t
WD 75~ — 2 ZL5EB % 0 BPO O ZE b 12 52

T5—HT, NTVT OB L T
SV ENHLENE RS T

B

ARIFFEIRT L CHIR E ) F L7 AR EEA
AR ETT b AR — v BRI FZIE L #
WL ETFES. /4, FHBB LU T I AR
Bafttw72x 3 LR Akt &t = 4

VE =2 N4 F 7 I VT — A < G
HLETET. ®EI, AT EITT5I12H7:
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Process of Muscle Cramps in Lateral Gastrocnemius Muscle
using SEMG Matrix

by

Aya Shirai

Aoyama Gakuin University

ABSTRACT

Exercise-Associated Muscle Cramps (EAMC) are sudden, involuntary muscle
contractions that often occur during or after physical activity. Despite their
commonality, the exact physiological mechanisms underlying EAMC remain elusive
and are the subject of ongoing research. Two primary hypotheses have been proposed
to explain their origin: the central nervous system origin hypothesis and the peripheral
nervous system origin hypothesis. The central nervous system origin hypothesis
suggests that muscle cramps may be triggered by abnormal neural activity originating
from the brain or spinal cord. This theory posits that disruptions in motor neuron firing
patterns, possibly due to fatigue or electrolyte imbalances, could lead to the involuntary
contractions observed in EAMC. On the other hand, the peripheral nervous system
origin hypothesis proposes that cramps arise from abnormalities in the nerves directly
controlling the affected muscles, possibly due to compression, injury, or metabolic
changes within the muscle fibers themselves. The aim of this study is to elucidate
changes associated with EAMC. Matrix SEMG was used to monitor the muscle activity
patterns in the lateral gastrocnemius muscle during repetitive plantar flexion exercises

of the dominant foot. As the results, during the onset of muscle cramp precursors,
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the muscle activity patterns changed that the SEMG signals exhibited increased

amplitude and had a high-frequency band at the localized site. Concurrently, the new

innervation zones observed. These findings provide support for the central nervous

system hypothesis by suggesting that muscle cramps occur due to a disruption of the

size principle in conventional muscle contractions, leading to irregular firing of motor

neurons.
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TV B LS 2 VT, IRIER
W L REIL, R T DN T 2 50,
IRTEMENT CTlXSEMG 5 @ ARV (B Fifb) %
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Effect of Aerobic Exercise with Different Pattern of Blood Flow Restriction
on Endothelial Function of The Non-Active Limb

by

Sahiro Mizuno
Ritsumeikan University,

Research Organization of Science and Technology

ABSTRACT

The aim of the present study was to determine the effects of aerobic exercise with
different pattern of blood flow restriction on endothelial function of the non-active
limb. Six males (25 + 3 yr, 176.1 + 55 c¢m, 66.2 = 6.6 kg) completed 30 min of
recumbent leg-cycling at 40% of VOgpeak in two trials: 1) exercise with continuous
blood flow restriction (continuous trial) and 2) exercise with intermittent blood
flow restriction (3 cycles of 5 min inflation/5 min deflation) (intermittent trial).
Cardiovascular hemodynamics and brachial shear rate were recorded every five min
during exercise. Brachial artery flow-mediated dilation (FMD) was assessed before
exercise and 10 and 60 min post-exercise. Both trials showed increases in arterial blood
pressure during exercise, with the intermittent trial demonstrating lower values during
the deflation phases (10, 20, and 30 min) compared to the continuous trial (p<0.001).
Changes in blood flow and shear rate during exercise did not differ between the trials
(p>0.05). FMD was decreased in both the continuous (7.7 = 1.2 to 3.7 + 1.4%)
and intermittent (8.0 = 2.0 to 4.9 + 1.6%) trials at 10 min post-exercise (p<0.001).

However, the change in FMD from baseline to 60 min post-exercise was higher in the

FH Y R AR— VR Vol. 46



intermittent trial (+1.7 = 2.5%) than in the continuous trial (-3.1 = 1.0%, p = 0.047).

In conclusion, impaired vascular function following exercise with blood flow restriction

can be restored with using intermittent blood flow restriction, independent of shear rate

kinetics.
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exercise with blood flow restriction, vascular function, blood flow pattern, cardiovascular response
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FEHIBR T OJEBYE (2 B 1) B ML D3RSy & JETEEIH
2B 5 MR & OBRIEIZ I T TICH
I TV,

AT, ARRRMESIEIC B 5 8% 55
Ko, IEEBIHI BT 2 B R %
FEICRIZTREBZHONIT A LR HMET
5. O, EBFOIMTEOREE) & ORBILRE Mt
L, MENEHEESZLT 2T HHEZ AR S,

1. B &

1.1 HR#E

T DR B ESARIIEICSINL 72, &
REEEDIEREE TH Y, LIERITEEL K
ZTEDBLO 23 7) 2 MEIRILT
Whhol HAETAZ ) ==y XD, DI
B - REHERE OB D& 5 BIE L Es L
72 BBNFL, EBICSINT AEICEEICL S
AV TH—AF vty MeFERL. KRF5
T AR N R R G L T D R R 2 e P
HELRESITKESNER L 72 (%5 BKC-
LSMH-2023-112).

1. 2 HRZDEST

FEIM 28 LT, WREFIIEFS HHFERE
~RE L7z MBI —EIRE (24T) ISR S
ToEBREICCEBLA. 1H B, SIRERTLED
PEDT=OOREL L TRV T A =5
R KGR T A M2 X ARSI REE
(peak oxygen uptake; VOopeak) Ml % 17 > 72. 2
~3HHIZ, 22o0%7% 554 [k L il
BRAAT S SefF G, Wifehy (i flBR (5
SrRABR - 5ABIRE x 3t v ) &AT9 &t (r
Higeth)] CORKNTEET A ME T v ¥ AILE
L7z, WINOEMFIZBWTH, dHEIL24
WETRT A S W L VB & B - 7 7 = A >~ DRI
Pz BT, 6 EOMAIRETCHADS



B 5\ id 14 BRI EBRE AR E L7

1. 3 BIREMERED/AHDT R b

xR DA RIS AR K - Wi E %
AL 7B O BRI B AR O I 7 R % D A T
i (Vivid q, GE HealthCare) (2 CFMEI L, Ik
FE DWIEATE LT B E % BINRERTE & L CTERL
7210 sETIE, RBEENIRIC B4 2 BRILE %
W5 L7z, A KBRIERS~ o[£ 38 % 50mmHg
OB L. 2ok, DHEEHIIEHETOREE
vy, DB 03 % £ ¢, DUk i i
12 40mmHg §° 2N L 72 F (2 Tl g £ %
Tolz. TNZENOEERMIZ30/ME L, 10
B OBIE (OmmHg) Z#AZZ. MGHEEETE O
HED A SN, 5H4I21 ~5mmHg §°0
JE AWM S, AL L 2 WIRARBROJE % B
PROERTIE & L7z, Zed, HIERORSEE OLEIT
ZHEMEALE LT, iz ary Sy -8Bk
105 cm X 825 cm® 71 7 (Booster, MON-Stars)
ZHW.

1. 4 ZREHT X+

VAR PAOTIKABEEL VT A =%
(Cardio comfort 837E, Monark) % Jf\ 7225 B s i
BEETEIC X ) VOgpeak ZlIE L7z, L)L TR —
ZI2iE, RYNVEST — X — % — (Rally RS200,
Garmin) # 2% L, M7 Vva s a—% —
(Edge 540, Garmin) & X7 1) ¥ 7 &4 7 L CHEF
BB IOEEmE L L WETIE, 30WD
B 5 L4 HRI2 16 W DB 2 Wik <4, #
FED MHREL (50 rpm) (ZBRET X 7 < 7% o 72T
BT E Lz BB ONIRNT A =51,
breath-by-breath {12 & ) #ll 2 L 72, W LE7 3
W~ A %7 (FFM-100, Minato Medical Science) %
AL, WRFBIE, KR APENE, FIREL
1A & AR E = 4 ¥ 2 7 4 (AE-310S,
Minato Medical Science) |2 Clll%E L7z, F72, i

0t o & DR S L7 (Polar
H10 N, Polar). Wl 8T 2 — % 35 X OVOHELIE 30
BTLIFY L, S oRRRENEOKEEZ
VOspeak & L7z

1. 5 _LE#AKFMD

L EEIIR FMD Ol g 1, SEBhET, SEEFE T 10
Gy, 603, A RNITA v ad EICFEML
18) @IS ®E (Vivid q, GE HealthCare) %
T, A EREBIIR O M £ & g s g%, £
NZIBEEY B-mode kB L UOV/SVA Y = — Tk
WX DBE L WEICE, V=T R Te—-T%
JHv:72 (12L-RS, GE HealthCare). %€ Cld, 7
0 — 7 [ 52 B (MIST-100H, SARAYA) # fil \»,
RIS L CO0EDMETT U — 7 & E%E L7
T, A R T 1) o0 T T R & L G A [
W 2 DA W L 2 L 7z, M E IR O 8 2
EHIBANAL & LT, BRI RE 0 0%, BRIS
Gy, B3 E L7z Z#30f5Cly, (A%
B X BRI 8 7 % [ RIS L 72 BRI
(&7 7 & EHEFMUER (MIST-1000, SARAYA)
WZEEE L TR &, 220mmHg CTfro 72, 55
N7ZWEB L MEKEEIIE T4 F v 7 F v 2
= b (DVI2USB 3.0,ARGO) #@ LT, 7
Uy ZREEB30HZIC T v ¥ a—ZIZEL) A A
7E0OMRATICNE, Ty UK B X OVBE B IR EAT v
7 b =7 (TKK 5814 Ver. 2.2.1, Takei Scientific
Instruments) % H\7-. KIBT— & LM %
MWCHREE L, SMuviE (25 SD) (ZkRAEL 72 1T,
LHFRMAER S L R AILRMAER 2 5 L7z
WAILRMEEOFE L, BT ES£IC2
A=D Y T kAT RV, F72 Bl
BRI R IERR I E T 5 F TORM % ¥ —
7R E L7z, FMD B X O 1233 A Hli ¢
#»H5HT 7L — b (Shear rate; SR) X, DLTFTOR
IZTHI L7

FMD (%) = (IAILRIMAESE (cm) —ZHHEEIL
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HEE (om) ) /LM (cm) *100

SR = 4 x Itk (msh) /IMEE (cm)

B B % A & e KIMAEILIRICE S £ TD
SR ®#:f1% SR AUC (Area under the curve; AUC)
L7

1. 6 _LEHEEARMmAAIE
LB X ORI B B L BEIR A £ &
MFHE L, EROFHEE AVl L7z, EH)
HOTF—=Z 1355 T LICMEEITo 72, f$617:
=5, it EFTE MR E, ST
TEEE, P ) & SR BT SR, W4T
SR, FHSR), OSI% LTS CTHM L7,
M= [rx (R 2) 2] i %R
X 60 (mL-min™)
SR = 4 x M (ms?h) /IEE (cm)
OSI = | #471ESR | 7 (| NE4T1E SR |
+ | HATESR |)

1. 7 mATEHTX b

CHIRECTOWEL K Z 72, HEBEOMEK
BEILESIZ10.5 cm % 82.5 cm (Booster, MON-Stars)
DN T HAEE, THRAWEAY) v 7 &8 % G
L7z, WINoZEMd miHlBRE &, HAOH)
WRAEWTIE D 80% (ALY 2 FE & v 72 Y. B8R
J£13 40% VOgpeak, [ %1250 rpm & L 7z, 3
WSt B L Wik St Clk, BB AL 2 30 F5
FEAZTHY, FEoBm - I T HRE
T ERG L, 0MEARSIIBNT, ary T
L v ¥ — (Booster, MON-Stars) |2 & V) JE8 % 3
L T304 M By 2 Ffts S &7z, st T,
3043 IS A 72 1) Bl g 0 BRI 12 C 8 & AERE L
7z, Wit de T, FE O BRIME LS CH5- i a8 -
557 M ORI (0 mmHg) % 3[ZH72 1) #: )k L
7z.

1. 8 {DAES L UERLE

FEEB X OEBI PRI B A 0B X OF)
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BRI &, ZFNE400H -t ~ 4 (Polar HIO N,
Polar) & A 7 v A 2 — 7' (Cardiology IV 6152,
3M) B X7 4w A FILE R (5098-27, Welch
Allyn) |2 CEFA L 72,

1. O RETERAR

FTARTOWUEMEL, Pl + FEFETRLZ.
LR B L OB OO L OCEIIR T,
BRI O - REEHIR FMD 52 IF: 12 81 % 16 B R
DIRFHFEE P D PIEOREDIHIEIZIE, —Ioh
B EAT - RAERE 2 Vv, RHAER & E5)%
(Geft, W) OFMZHIEL 72, ANOVAIZLD
RHAERA DD 57284, Tukey-Kramer % T
® Post hoc 7 & M L 72, BBk FMD %
{t& (A FMD) 1%, paired t-test % i L 72, Hi
TR fE PR 5% A & L 72,

2. & R

RGNS L 72720 KRED I B, 141
KT RS 7 A MEFEOBRINIC X A A LD B
L7z, L7zt T, MatdmicHvener—%
2, 6HOWMEEDLDTH D, FWREDIEARE
HUIR1 IR L2,

R WNRFOERIGEH

A fi (%) 25+3
% (cm) 176155
A (kg) 66.2%6.6
BMI (kg/m2) 213+13
L% (bpm) 55+7
USUHE 9 1+ (mmHg) 106+7
PR T (mmHg) 69=6
S4B IRINE (mmHg) 82+6
I = AR R A=
2. 1 BiERTE

HRE B B EIRERTE X, 175 = 10 mmHg
TdH -7z BIREWTE O 80% (2 AH 24 3 5 L i
FRIEIE, 140 £+ 8 mmHg Tdh - 7-.



2. 2 RKEEHTIb
X RE DR B R R X, 41.7 = 3.7 mLkg-

Imin! Th oz, BATERT X N ORE (B
BRI E D 40% (AHS T H08E) 1X, 81+ 9 W
Tho7z.

2. 3 mATEHT X MFIH T BEIRERED

TEE T ONGFEITMLE, JERIIME, P I238
HAERDSFRO HAL, WO S b 2ok & g
LTl 7z (p <0.001). Writdeth Clddsi g
R L C, EBIBAMA 1045, 204, 3043 #5aE
e £ CONREIIIIE, JEERMIME, P ML AV
fEZ R L7 (p<0.001). BBy ONELTHE TR,
WATHEIM R, MR SR EAERE A S L%

1t Hofz, BEIFOSRE L OSIOZALE 112
EFEFIC BT AIERIBIEOZILER2IIRT. Ry, NEATHESR, Wi TSR, FISR, OSIIZAE
x2 EBEFICBIT AERIEEOZL
K o 10 1y§@¢km} I s
T WS 56%5  06=18 111£9 117+13 122=12 122+18 126%17
(bpm) Wik 56+6  82+24 103+8  104=9 11211 110+10 117+13 06
7 B ML FE W 1066  152%10% 158 12% 158+ 14* 158=13% 157+ 12% 158+ 14*
(mmHg) Wik 10659  141+7% 134+8%T 158+ 11* 136+10%" 161+13% 13g=7+T <0001
TR L WiSE  67+5 82+ 11* 80=8% 01=0% Olx8%  00=8* 93x8*
(mmHg) Wik: 7247  84=7+ 6557 83+10% 66+s*T g4x10x 63x5e T <000
SEI I W 80%5 10510 11220% 113%0% 113=0% 113%8* 114=8*
(mmHg) Wi 836  108+16* 88+5+T 108+10% 90+8*T 110+10% gg+4xT <0001
WE 7 M7 MisE  81+31  70+35 90=2] 10946 13152 137%96 146+70
(mL-min"}) Wik 83+38 64+22 115+51 122456 16074 157+99 206+86 0082
TP Wi 0+9 25%d -10%6  -15%4 -13%6  -156%6  -13%7
(mLmin’) Wi 2+1 -25%6  9+6  -12+8  -0+8  -8+5  -4x5 02
T WiSE  720+33 45+34 72527  04%49 11857 122+102 133%76
(mLmin") Wi 81+38  39+25 10656 110+63 151480 149+102 202+89 0060

SPME £ BT . *p < 0.05 vs. BB, Tp < 0.05 vs. .

B EBEFIC BT 5 DT

£ X ORI d & D21t
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2 EEFRIZBT S LHEIRFMD D21k

xR 3 EBHETR O _LBEIRFMDMIE R 31 2 I5BRE 021k

TR BB 2105 JEE) 2605 RKHAEH
e o 56+5 126+ 17 59=7
(bpm) Wi 566 114+ 9+ 56+5 0.018
AT ML FE i 106=6 1116 105=7
(mmHg) W 1069 1148 1077 0.750
PEBRIRE M 45t 67+5 67+9 63+5
(mmHg) Wi 727 63+5 70+6 0.751
IR i 80%5 82+6 804 o0
(mmHg) Wrie 83+6 83+4 82=*5 )
S I o 378031 386042 375036
(mm) Wi 3.72+0.39 382+0.37 3.76+0.34 0.158
BRIENEE e 407+036 400041 391033 0ot
(mm) i 4.02+044 401037 402033 :
Absolute diff o 0.29+0.06 0.140.05* 0.16=0.06*
(mm) Wi 0.30+0.09 0.18+0.06 0.26+0.03 0.045
Peak time i 542+ 143 693159 533=10.6
s) b 533+238 644481 427469 0.667
SRAUC i 185625784 260953494 20394 = 4973
(@) Wi 18426 = 7046 27942 + 10991 16906 = 3779 0.609

Tl + FEEAR 2% Absolute diff; s AHERRIME 1 & LR MO 57, Peak time; i KYLR MAEFERIZERH, SR AUC;

SROHFI.
*p < 0.05 vs. LB

HEAEREASNT, WM CHREROBERZ(LE R
L7,

2.4 ZATEET X RO LREENIRARFMDIAI
TERFIC & 1 B ERIEREDZEL
EE)HT, EEE T 1097, 600 RICH T S B
BIRFMD I 12 35 1 2 TEBRIG R DL L2 R 3
RS DB K TIE RO Z LR (RRILR
MR & LIS O ED) \ZOM, TR
LHAERD RO b7z, Ot E## T 10
O O TSR A LRy & I L Tz s L
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72 (p=0018). MEEOLELEIL, WHLMEAH
TR L R L C, BT 104538 L UN60 4512
%R L7z (p=0.045).

ERENIRFMD 025 b % B 2A 2R . 38 HAEH
RO BT (p=0.059), WML bIZFABEOH
BaoR L7z LRigIRFMD ©Z L& (A FMD)
#X2BIZ/RY. AFMDIE, BB 46045712 C,
Wifesett (+1.7 £25%) 7St (-31+1.0%)
LR CEfEE IR L7z (p=0.047, ®2B). 7 B,
LRI B & OFMD OZ B8R 53 2 h 2
147 % 3 L 15823 % Th - 7-.



3. £ =

ARHFZETIZ2ODEE MBI EONZ. H—
(2, TEBPEREOEATAY F 72 X Wrse Y 72 L ) BRI

WATPEMGE B £ OSSR OIZEN B L RIT S 4
Mofz. IS, HENEEC BT D IR A O

HIRIE, FEEEIFMD 2 BICIK P &8/ L
AL, EBEEIZ 1T B ey 2 e sl BRIE, it
W) 70 MR BB 2 47 9 ¥ & & iR L ¢, EEh#T
60732 BT 2 IEHBEY L FMD O T OFLEE % #]
L7 DLEoERE2S, MiRtlBET O X
D& S NDIMENERBED T, Briehy
2 MRHIR 2 V2356 2 ORERF 5205, 2
MO BRI ORRENI B L 22 A5 20
Lotz

AWEZEi, MEHlR T OSSR ESHIZBIT 5
JEIGE DT S5 — > % {5 L 7200 CO5E
THhbH. /3y — i, EHERE (LK) &
KPS SR PAHE (Ti) OFEARIZ &
Dk S s 2020 KRR O W4
@E%K@,*ﬁﬂé%ﬁ@ﬁ&ﬁﬁﬁttkﬁ
MM B &L SR TIZD%H 5 2 & 2L
RIFTWA, IS OBRICEHMOAET
AoNLhorz, B, WikidlhTid, RERIC
PG 70 & ONZHEIR NI O —FERy 22 T 25580
Sz (R2). Ziud, BIEISRKE L7 R
EIORTHPEREEZONL. T2, WS
BWT, #ATHEMEEZ 5 ICSRIE, S E)EH
ORI NMETAA SN (K1B). DRl
LT, M EHREEEIREZ B0 5 LRBIIR T
Tl B T L -0 0FEH UG & LT, K
YUl & B2 s IMEER OIEIRIC X 2 FR AT
DWPDEL B, Lo T, KRBT
5 HATHESR OFFEN, A2 R LA
7 EMOEEIIN R, RIS IMENROE % =)
oReE D B D, StklE, FRARERT COdatE,
RIEAMREE 20 &) R0 R H M= 7 SR/ 85 —

v ERHIEIT AT E A CRE T A LB D S
7259,

AWML TUE, T B i B B R o i ] BR o
2 hnb 63, EHHKT 105 %12 LHEBIIR
FMD DX T &2 B 72, 7k, BRENZ LI
TEEIHCT 6045121281 A FMD O T I1d, Wifids
s A & I L CAEEICHR S, KT L
7-FMD 2SRIICHE L 72, S s 0MRIE, H
[l BB £ 0 IEE B FMD (2 — Ao BOG % 7R
L, FMDIEEBEZRICAMEIRT I 525, HE)l
RERIG2 X RIE T 5 & & 23808 L 725 Thfge & —
B 5%, AR TR, SEEHE T 104712 FMD
DT VRS N/ZERIZO VT, FMDZER O
TR M R O BN BT I B (SR BhAR T THI &)
DIETIRBE SN o722 800, ZNHDHE
WA EB) RO T IS E % 2 L0 eI
W, ZOIEAOFERE LT, EBIIBI 5T
P SRIEIMO G- AL SN B . Hi{T ISR O
X, T FRY Y1 OFBIN 0k
HREEOFBIAY | I HNO AR D531
TP 27T 2200, SRS ASERRT
%o FHEIRFMD O SR T IZB S L7202 b
LNz, —FT, WidfFic 8 CFMD A7
BINCIE L7288 120E, B2 81 5 B IR IIUE
OLADPEEG LTRSS 5. EATHSE T,
FEBRICBMEIMESFEREINE L, BEHIZHE
WREOKT2AALNSL Z &, ZOREIL, MMEN
EEMICREs 7% b4 7% L b 25IF/HIZhZY
WSS 2 EAME SN TNE 0 g c
MFEHIBR T DA FRFEEB) 12 B 5 T IME D
FADPECVEETIE, BuGhl BL T, EH)
BB B IFEEFFMD O T 25X ) Bk L 72
CEDNRBOLNTWD Y KWL TIE, EBOR
TRV TSI BV CEIIRIME DB 2 E5-2s
IO NT2AS, Wit B 5 BRI 1358 4
PRE L T, BIARIMEIZREZ R L Tz
WL Z 72w, FRLOMRAEEET L L, &
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BEIZ B B BIIRIME O L 72 ER7H 5wk 2
D BN, EBEIZ BT S FMD O RIEBIEE I 5%
BAERIZL7200E Ltk

A R TE B L I ] BE o BE H 23 IR I Bl i
FMD ~ 33508 2 BE) L 722 03— o it
%D, MRERET QOx5%Y b, kv
NERE LS, BB 0 09 ms) Hiz, SEBHEE
12D # 160 mmHg % Wi K ERISE A~ 7 12 TR
L, EERIZICB0 5 FREIR FMD % 34 L C
Wh ZORR, BB TERZ S 2605k
O FIEENIRFMD 22 bid & 6 9, el R T
DA FEHREER) 1 X 2 I B RE DK T 13720
LNahol. INFETIE, AEMRMERERZIC
A 5N 5 IEEBEFMD O T 121, JEBoiRE

B L OBMIIKET 2 RENR STV D

0 L7ASo T, MR T oA B ES I
BT, B4 EOMKmRETHEEER (~104) ©
B A IV 284101, JEEEIIC BT B
BN ARBE O T U IRV 5.

ARWFFEIIE, FEERWICEE T RE G oD
HDH. 7URF—=N—=THA RFHA L, T
SRy TN A XTI Aot 70, NEER
RLEBREPLETH L. F7, MEHET O
HRRFEEER), WELBEIGE 2 ERET 25,
AR IR AR A R & L72As, 4%
FOIMERY A7 OEVERNC B 2 M R T
DA TEFNEEE AT RIS % 3§ 2 B
ZEANRD BND. BB, MFTEHIRT ol
B 20 AR 23R 2 WIREC S % 72
OIZIE, B () mEHIRE, 47 OE, E)
BRI - R - BER) OBE4 A A DEDNTE O
RN RITT B OWT S 54 5 HESLET
H5.

4. FEB

KRR ClE, AMEMERIEC B 5 8% 55k
A COMGEHIRAS, FEEENIZ B 5 MR OIZH)
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7 b NI N R BE IS M3 3B A aT L 7.
Z O, MEHIRT OB L H5IEREI Sh
% IMAE N EEBEREOAR T X, Wrise i) 7z LR I BR &
WS E T ORED R E 5%, TS EREI MR
ORTIFE L 2 W LB LR o7

-

KRG % BT HI2H720, AR RFOHIE
—RSeA, EATEA, MRSEESE, BEIE
oo, BEP RS RS e S DN ) %
W EE Lo, B L BT Y. AR
B i 7272 & £ L2MHIENAARRR ST~ b A
R = B FIREUY R 72 L £
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ABSTRACT

The present study examined the importance of hamstring muscle strength in
female rugby players from the perspectives of athletic performance and occurrence
of hamstring injuries. Twenty female rugby sevens players participated in this study.
Participants were classified into regular and semi-regular groups based on their
tournament participation. Measurements were taken for lean body mass, eccentric and
concentric knee flexion torque, as well as 10-meter sprint times. Eccentric knee flexion
torque was assessed using strength in the Nordic hamstring exercise. Measurements
for lean body mass and muscle strength were repeated after three months. A significant
positive correlation was found only between lean body mass and eccentric knee flexion

torque. After three months of competitive training, eccentric knee flexion torque
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increased in the regular group, but no significant changes were observed in the semi-

regular group or in concentric knee flexion torque in either group. Players who had

experienced hamstring injuries in the past two years exhibited significantly lower

eccentric torque compared to those without such history. These findings suggest that

eccentric muscle strength exerted during the Nordic hamstring exercise may be related

to athletic performance and the experience of hamstring injuries.
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ABSTRACT

During dynamic exercise, blood flow to active muscles increases, while blood flow
to inactive organs, such as inactive limbs and splanchnic organs, decreases. At resting
conditions, the splanchnic region and renal receive about 50% of cardiac output,
while this is reduced to 20-25% of basal values during maximal dynamic exercise.
Differences in splanchnic blood flow during exercise have been observed between

younger and older males. However, to our knowledge, no data exist on age-related
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differences in splanchnic blood flow during dynamic exercise in females. This study
aimed to elucidate the effects of aging in females on arterial blood pressure and celiac
artery blood flow responses during light-intensity dynamic exercise. Ten young females
(YF; 20 = 2 yrs, mean = SD) and ten elderly females (EF; 71 =5 yrs) performed
dynamic knee-extension and -flexion for 4-min at 30% heart rate reserve. Heart
rate (HR) , mean arterial blood pressure (MAP; automated sphygmomanometer)
, and celiac artery mean blood flow (celMBF; Doppler ultrasound) were measured
continuously during the experiment. HR increased in both groups at the onset of
exercise and was maintained throughout the exercise. The increase in HR was larger
in the YF than in EF as expected (+37.3 = 5.5 vs. +26.0 + 5.3 beats/min, P<0.001).
The rise in MAP during exercise was greater in the EF than in YF (+27.2 = 10.3 vs.
+12.8 £ 6.9 mmHg, P<0.001). celIMBF decreased during exercise in both groups,
with no significant difference between YF and EF (-100.3 + 64.5 vs. -84.7 + 63.9 mL/
min, P=0.61). Similarly, vascular conductance (celVC; celMBF/MAP) decreased
during exercise in both groups, with no significant difference in response between YF
and EF (-1.8 = 1.0 vs. -1.5 = 0.7 mL/min/mmHg, P=0.33). These results suggest that
aging has minimal impact on changes in celiac artery blood flow during light-intensity

dynamic exercise in females.
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ERtTaMAT o 72 EEO Y v FI1Z40H/ 5 &
L, PR Eid20ml/ o5 & L7z 2B L ONE
B =2 —€ % a2 —% (PN-230,
Arco System) % J\WC—IFE Z & 12 X - THlE
L7z DA%, BRIE, JEREBIIR O Mk %
R IR Lz, OinuE, BURRE RIS &
HEM L ) EE L (AB-621, Nihon Kohden),
B IR L VA LS B Bl ol 2 %2 i (STBP-780,
Colin Medical Instruments) @ 7 7 % % & il L
7z MEBEBDIRO MR, BEWEZWEE (Vivid
i, GE-Yokogawa Medical System) % F\» T, J&
JPEB IR O I8 6 & MR EE %2, € AUBE L
B-mode B L O'PWEIZ & g L7z I
WiEa v Xy 7 AMT 0 — 7% w7z (AC-RS,
GE-Yokogawa Medical System). ifll %€ T 1%, B
MRAIZE L CO0EELL T DM EET 71— 7 % [l 5% L
729 2T, MAE Rl R ook I (5 & e R
% [ 2 Dl L 5E L 72 45 5 L7z g
BLUOmHEREEIE T Fy T Fr =0 b
(DVI2USB3.0, ARGO) %#LC, #> 7)) v 7
W EA0HZ (2T a >y ¥ a— 7 12 AA . R
Mr LW EAT >~ 7 b (TK.K5814 Ver. 2.2.5, Takei
Scientific Instruments Co., Ltd) % IV T\, JE
JEENR O M E 3 & O & 5 & IE B IR o
& (mean blood flow; celMBF) % & L 7.
T OB IE DT oRE A/ F
MLFEFRRE X 0 X (MLEAE/2) 2 X 60. AR AL
DIEEDIREEL 25 MET > 57 5 > A (celVC)
TR % PEME Tl 2 & TRM L7
HWEFTRCTLIGTEDFYE L, L3 s
DTF=85 D) bRFO250OFgeHR L7z £

7B 14 BR300 or—y 2L, #h
UNo2 ~ 45807 =513 15021235 L7,
YF &£ EF ICB W CHEHRO T — & ([R5 N7z
72, PEBR - M/ ST X — 7 I EEE D 5 DAL
w (A) ZFI L 2%Ex L L7z

1. 5 #eatrEh

HEME % P = R TR, $XTO
ZEAH (E Shapiro-Wilk D#E 2 FIVC, IEHB LT
JEIEBME MR L7, BRI, EByRL, 2
7 —% OYF L EFO BN, ERGA DD 5
N7ZBIERIB O 2 thisg, IEH A 25RO &
N7 7 - 72 B2 13 Mann-Whitney @ U %€ % i
7o, ETFR O - JFE YT A — & ORI
PESFHMEDYF E EFO 7 — % OMEICIE, =
TCRC B 5 T - BARIE 2 v, AR S &
CERE (Fv—F, FH) OF %2 BE L7
TR E ST & EHAEA AR b
WA, 7V — 7O IZ 12 Bonferroni i T Post
hocMusE & FEii L 72, A B/ fafR6% & L7

2. # R

2.1 BiRgEM
YFLEFOHEEAREICEERETROLNE
7o 72 (YF ; 156.6 = 4.5cm, 49.3 + 59kg, EF ;
153.9 + 3.8cm, 474 * 5.2kg).

2.2 N=ZA54>F—4

GO E I YF & EFICZEIZR SN2 h o
72 (RN, GHEUI2HERMICERERETRO LN
oo ht (R1), BIRIMEIEYFIZH -~ TEF
THEREMENRD SNz (R1). KOG
L MERIZYF & EF CEIZR SN h o 7298
(%2), celMBF & celVCIZ YFIZ WX TEF CTH
HIREA R L7 (R2).
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®1 HET 2 MO -JEER YT X — 5 0L

. . . - - SLI ) Z TR E AT -
IVmT N ATAY 25 35 45 A

fb Fitkn ek 13.8+3.1 202+1.7 20.7%2.0 198+15 208+1.8 F=1.8,P=0.144
(7 =N g 119+2.1 202+2.7 207+15 209+20 202+19

HR F Lo 702+68  100.3+7.8% 105.0*4.6% 1059+65% 107.5+5.0% F=9.5, P<0.001
(ars) et 724%83 916100  948+86 96.3+6.6 98.4%6.0

SBP Ewctt 1086=8.3*%  1142%125% 1249+96% 1294+11.7% 130.9+8.9% F=9.1, P<0.001
(mmHg) @S#crt 1225113 1380+171 1604+194 169.0%228 173.3+20.0

ASBP Tt 0.0=0.0 56+85%  163+6.1%  208+95%  223+85% F=9.1, P<0.001
(mmHg) itk 0.0+0.0 155+146  37.9+205 465*216  50.8+184

DBP Lok 66.9+7.7 65.111.9% 734+108% 77.1+128% 750+*8.7* F=3.2,P=0.018
(mmHg) &zt 760+116 85.7+179  88.1*121 909+134  91.2=*121

ADBP  FHhiitE 0.0=0.0 -1.8+8.5% 65+64%  102+86% 8.1+7.6% F=3.2,P=0.018
(mmHg) itk 0.0+0.0 97+109  12.1%58 149+52 152+7.2

MAP Lok 808+64* 815%95%  90.6+88*  945+95*%  936=78* F=5.8, P<0.001

(mmHg) &zt 915+11.0 103.3+165 1123123 117.1*143 1187=135

PIGME = AR EE R fb, MRS HR, O34 SBP, AT : DBP, JLRMIMT :MAP, “FIIMT: A, N—A 514 U H 5
DZEALE. * P<0.05 vs. Bk,

x2 HE)7 A MR ORI/ YT A — & DZAL

. . N A )} ZIGHRCE 5 E AT -
INmT NEATAY 2% 35 45 K

MBV FiictE  355=48 267+4.1 26.0+37 262+3.8 271+56 F=0.4, P=0.798
(cm/#b) Bl 324%41 245+18 24420 242+23 24127

AMBV W 00=0.0 88%4.7 95+43 93+43 84%51 F=0.4, P=0.798
(ecm/FP) R 00=0.0 8.0%34 80%38 82%44 -83+5.1

Diameter vt 05=00 05+0.0 05+0.0 05+0.0 05+0.0 F=1.7,P=0.150
(mm) s 05=0.1 05+0.1 05+0.1 05+0.1 05+0.1

ADiameter  #HCE 0.0+0.0 0.0+0.0 0.0+0.0 0.0%0.0 0.0=0.0 F=1.7,P=0.150
(mm) R 00=0.0 0.0+0.0 0.0+0.0 0.0%0.0 0000

celMBF TN 413.8+91.2% 3226+577  3167+70.0 3200+62.6 321.1=778 F=0.7, P=0.606
(mL/%3) IO 336.1+1009 2456+672 248.1+694 2461+722 247.8=707

celVC Fl i 53=1.3% 39=0.7 35+08 3408 3509 F=1.2, P=0.332
(mL/%/mmHg) S ctE 36+1.0 24%08 22+07 2107 2107

SEIME + R . MBV, SFIS LT - Diameter, 1145 #8 : celMBF, “F3 i & i cel VC, I I > 27 % VAT A, R— A
S 4 h b D2 LR, * P<0.05 vs. Eila .

2. 3 EFr—% ICEEER L2 (R1, 1A, 1B). EBEFGE
fi

TEF)E AT 0 30%HRR TOEHE ML YF (21 +
TW) 75EF (14 £ 7TW) [ZHARTHEICEMEZ R L
72 (P=0.031).

W8T A — % @ BB 7 A DO 25
MICH BRI LN o7z (R1).

&8 - ML/ 8T A —% &1, H1 B ES)
T A MIBUI B ERISE ZRT. BB 0.0
B LW, SRR, P 28
ELEHRION—AF [ VWKL CTHEEIC LA
L7z (%1, B1A 1B). EHH O.LHFULEF
IZHERTYF, BIRILUE X YFICWWRCEF CHE
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A HEREB AR O T B (LB L i L, &
B3 2 OT MR S Nz, KT OREEIZ2
HHTHEEZEZIR SN ro72 (R2). 1%
PElL, BT A b &gl LT b, 2BERICE
HFREIRO SN o7z (R2). celMBFH L
el VCIFEFIZ L ) YFB X UEF & KT L7z
5, ZOT OBREI2HEM TEIIR O Nk o 72
(M1C, 1D).

3. & =

ABFFETIE, FEGRIE O BB R E HhaE ) b o



K1 #EH7 A MFOR—-2F 1 V2 b®
(A)HR, (031152, (BIMAP, P34 1fiLT:, (C)celMBF, JEIEB) IR P44 i3 2, (D)cel VC, IEIEBIIRINE 2 > 77 & » A
SEEAE R R BL, N— 2 5 A > #P<0.05 Fa M vs. m o

ME EFIEYFIZHTEFTAE <, celMBFB
L Ccel VCIZWHE TSRO b e oz, L
FORERED S, BIRE OB T HES P OO
TG BT B SEBB P R 0 AT B g~ S22 1%
NS, IR RS i & S CHR B
ARG 22BN S W DRI EN
5.

EF 3 YF & Hi L TR oA <, B
HEHOMED EFAPRENZ L3 L CHBNT
W 1D ORI BT b RO T
BLUCESHHOMED EFIZYF L) EFCHEE
raRL7z (R1, K1B). F4ld, EFCTALNLS
JEDY R o M EHKHT O A IS NI 12 B 5 &
FRHRENE D R IMENHEBIFR L T B DTiEHw
 EARBLZE ST, B &) oo I B IR I &
WL, EF& YFOIREZ L7z, JBfThise T

W&, MBI B A S 2R 00 B IS Bl IR 0D LT
T LB E RN R P o T2 L DML D
19 R, Fx OBFRIZBV T b RO
celMBFIZYF & EF CE IR SN L b o 72 (R2).
F72, R2IUBT &) ICLEIFEDOEF @ celVC 1
YF & )<, EF Tl3Zie o WIS R IZ 51
% BEIEARENE D ARG MW A3 > & 23 &
B, B E B | N S P AR S BB D I
EARAT LR MLNTYS Y KRR
T EF & YF CHEGR BB EB) 12 celMBF 5 X
el VCASHA L7275, N—=2 5 1 v H 5 s By
DOEALEIZIZYFE EF CEG RSN h - 72 (K
1C, 1D). ML DHERPS, WHIIBIT 58
50 O N IR B 3B B b o JEREBIAR O 1A T B S KU
WA OREII /NS W EATRIB S LS.
BB B O JEEBD IR M1 3212 3SR
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70 b BRSO U B A IR 2 5 SRS L
7275, T UALSE T ORI 2 DU C LB AL
FRIIFI SR SN o722 DB SN TV D
00 2z b h s, M F AR BT GHIZ 1,
RIS 2 g DO &, TR I DUAE o> T 5 705 B
HLTWa I EHREENED ZgaiEtto
FAY I I OAEHE & 72 % cel VE DK T I, YF,
EF & b (I TRGEBIBAEHICRI ), EEih b
ZOT Ak L 72 (R1D). &SI ERGRE ¢
KT o 72720, A B O R B3
MCTHDLEHEMENL, Liehl>T, £ FIN
I~ Y BB & U 25 20 SO % A L 72 AL
B ORBARRVE MG X, oo RE %
ZAFI W EHEI S B . JEET R AR 0> FA 1L
BB RIZT RO & S 2 7 = X
o (B 5T, BRI SCAT, (OiE =%
W) oo, ZOREEHSMIT 7201
WEE R B ETH B,

EF CIZYF & HiE L CFEGEE P oI+ EA-28
KEDPo7225, ZOEGEB D cel VCDIET %
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BRI BT B 2 AR 0> AR AY M4 A o 38k
WEB50TREREVWT EERIBLTHS. Ly
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Endo 52V (&, K38 > T H iR HER) 2 BB
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RO MBI ZEAL L o722 E RO 2IT L
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ERYEED | 0T A IS A ld, EF & YR TR S
ZEREZOLNL. 61, EENINT AOIME
HB L CMATHREOGIZIE, FAZEIKENS
LIS NTWS, FADHILIRY TIX, YFB
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The Epigenetic Mechanisms of Physical Inactivity During Young Periods on
Cognitive Dysfunction in Adulthood

by

Shohei Dobashi, Takashi Matsui
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Toshinori Yoshihara
Graduate School of Health and Sports Science,

Juntendo University

ABSTRACT

Regular physical activity in early life is linked to lifelong cognitive health, whereas
the effects of early-life physical inactivity on future cognitive function remain
unknown. In this study, we examined the hypothesis that physical inactivity during
childhood affects DNA methylation in the hippocampus, which is retained over time
and leads to cognitive decline in adulthood. Four-week-old male Wistar rats were
divided into two groups: a control group (CON) and a physical inactivity group
(IN). Rats in the IN group were housed in narrow cages with approximately half
of the usual floor space to restrict their movement for 8 weeks until 12 weeks of age.

After this period, all the rats were housed in standard-sized cages until 20 weeks of
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age. The object location task (OLT) was used to assess cognitive function at 19 weeks
old. The dorsal hippocampus was collected immediately after the activity restriction
intervention (12 weeks old) and 8 weeks after the intervention ended (20 weeks old)
for analysis of genome-wide DNA methylation levels (RRBS), RNA-seq, and protein
expression levels. The IN group's physical activity decreased to about one-quarter that
of the CON group between 4-12 weeks of age. In contrast, there were no significant
differences in body weight or food intake throughout the experimental period. The IN
group showed poor OLT performance and an increased expression of myelination-
related genes and proteins in the hippocampus. However, the expression of these
genes was not associated with the changes in DNA methylation induced by early-life
physical inactivity. Instead, they are linked to DNA hypomethylation observed only
in adulthood. These findings demonstrate that physical inactivity during the young
period leads to cognitive decline in adulthood. This may be due to the dysregulation of
myelination-related gene expression associated with DNA hypomethylation, a delayed

consequence of physical inactivity in childhood.

¥-7-F
I, W, DNA A 71t RNA-seq, RobkfE
Keyword

physical inactivity, hippocampus, DNA methylation, RNA-seq, cognitive function

IALDSEAE F TRIF SN2 O Tld e <, B4k

= 5 BRI D R HEE S NS DNAR A F UL & BEE L
AW B, AR OEB AL ATHER 25 W7z BRI OB LIS IR S5 7 DNA O £
17 % DNA X FUALIREEICZA L% T T L, AE FALE ZIUTEE) L 72 ) ALBEEE T O
DB T 2B D EI P ERIET & T FEBIRAREE & & bR O RAAIE T 247 <
Hot T bEAEREC @EEE (CON) T REMEASRIE S L7z,

e & RTS8 %@#‘ﬁﬁ@&m& PAS T _

T52ECHEBFIRATS (IN) BT, 120 " s

i F CHEE L7 12988 DARE LI B B A iR L FRHEE O JE B THE O — 32 %5l 5 T
20EEICE 2 F CHEEE Y 4 XD — VT ﬁ@,?%:%&?N%@%ﬁ%@~of%b
HEAT, WA EBRMRARE ER L7 INBE BHEDFAE A /1 = X MEKRIZEFRHENT
TOWKN BRHABROBEARLL L 12, BE WaRWS OO, SEBRRDEDOKE L fEET &
IZBWTI LY LIS LBIET &5 VX0 B LCigsncwal, vy 22 R, EE
DFRBDWK L 72, —F, TNSOBEFHBLUL, Bed P & R L 725/ — DN CREBIMMAE 3 2
FEHOEEA LN L > THFE S/ DNA 2 F &, MR B\ THIRERTAE L2 B o B i SR AR
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# K7~ (brain-derived neurotrophic factor: BDNF)
O mRNA ZEH DA & & b 12 A B AE AR i
PIETFS 5 2 EPBEINTHE Y,

—7, WL CIEEFHOBREERD, HmRW%
7 aEfl (YT AT 4 7 A) 1B b b7
5L, ZOBROAGEERBIE) A 7 8% ]
T ERRET HMEPIER TETWDE, RFE
WY 474 7 AMEHIDO—DTdH %DNA
AFIVALIE, EEFFEBIOIHENIEES- L, Wiz 2
F ALY B s 2 & T 33 MeES
B EPHSN TS, JBITHisETlE, BN %
JEF) A3 Bdnf promotor IV |2 81} % DNA X F
MEL NV IZEA % R 2 E PR ESNTH
D, EEIC X BRI R AR B2 1 = X 4
D—oL LTRBLTWEY, oz bhrs, #
FEIOEEI AL S DNA A F Vb L )L %ﬁ
B AET 2 & TIFROFABERR I LT h B e
BT B HEE SN2 AR RIHCH %

RBRZETIE, FAEH OTEBIFIBRIZHE 5 EBA L
DY ERINBERE % 7 % i NG O DNA A F VALIRFE 228
b2 KIFL, ZRSRHBRESNSE Z LT, K
RN B CRRAERE B S 2 BIR TR BlO%
L& & HICRBMERRIK T 2503 5 LG % 37
T, hEWMIETHZL2HBE LT

FEROIE

1. MEARE

1.1 ERFMRCEBHFETA

FEERBYYY 121 L 3 E Wistar REENE T v b & W,
Ei23 +1C, {BEESD + 5%, 121 o BIRE Y 1
IIVEMFELIBRET T, 7y hoM&EEEE
LT 2y ofiExITo72. LEMOFHEHE %
1To 721, 48HF B EE (control: CON) #
B X OIEBHIFR (cage restriction-induced physical
inactivity: IN) B2 27V — 740 1F L7z, F2ERIIR
HHEIAE & b (/N I RE R SR & UK &
HEICEBITEL LD IC L2, BEMIIBIT LG
Bl AL, AR FEC WY, 485
M5 12AKECO8HAM, Ty MEIR @iﬁ‘ +
RO — U THET LI L TITo 7z 12
W DR GBI RIBR & R ER L, W07 v b %
2038l T TOMM, HWHT A XD — T THE
L7z (1), [HEHIBRIC X 2 B ARGEE A~ D E
TRl 5728, BRI 2 — R Y 2
T AR HWTTr — V&R0 RN % G % flsk
L7

B, AMREBIERERFES S F v 2 /3AH)
Y FEBREHMER R IRB 2 72 LT, FEERE)
P E B3 2 BANC IV S 7z (B 5
S29, HKFETE 5 2021-29, 2022-23 B £ UV 2023-23) .
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2 WRREREREREER O, SEEER(A) B L URERA 7 ¥ 2 —V(B)

ZT: zeitgeber time

1. 2 FBHFERERTAE

ZeRFC IR RE & W 2 ATENEBR & LT, WRAL
k5% (object location task: OLT) & Flv:7z.
(E@2) % KWfseTid, BanTIAF v 7 ER—
VCTE—=T274 =)V F (E&90cm X 1F 90 cm
XS 45em) FEMEL (B2A). ERICIEER
I, A7V =227 b (E&12.8cm xE1.6cm X & &
22emDEVL I T 0y ) & 74— Rk
WCHEEL, BB V7 AKmIZLRET T v
FAE1HL720 54/, 5 H MG TV itbrE
BEANOBEERLA Ko7 (K2B). €Dk, W
BMboBIC VA 7Y 27 b ERBEO WL T
©ray s THEEN T FRONEY TV 2y
b (FE&65cm X ME65cm X5 & 16 cm) % 21#
E L, 74—V KoM EIZZERENEE
L7zET, 99 b & 74—V FRTSORARIZ
TESE7 (ML= 731T). Z024K[%
2, REDA 7Y 27 Mo B4, ik
W27y b7 4 =)V FRIZ5 M BERIATE S &
72 (7 A NatAT). OLTIZ 18 e 14 12 & Behz b
fbzbta L, 198EIERFICT 2 b EAT 2 £
L7
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BETEHOMTIIE T A FI2X D EigkL
7o FATIRE O I Byl 2 0 Y Ea— 5 —
FTHAL, 477227 bOKEDS 2 cem L
PHZRA L 72 (REMR) 20> Ea—% —
EoA Ly T r v FTHEELEY . (A LE
L7eA 7T 27 FORFEFRH 2 fiHOT 7Y =
7 N OFEBEER O TR U726 O % Wik ok
B2 (Discrimination index: DI) & L CTH HI L 72
O 7, HATRIROIET 2, FL—=
7 B AT R TDIAS30% Al £ 7213 70% L oo T
b, HHWIE L —= v BT, TR MRfTOW
TN THRIEREEMA3HM L T > TWwizT v
MR L2 S BRI L7z

1. 3 FRAEREL

S DIHEYHI A A& (128H) I L O
Bl BR AR 8 M  (20:#s) 12, T v M & 120
M OEHIR T T5% 1V 7V T L&) k%
T TEEIL S, SR & M 2 SRELL 72,
R 2SR & PEAERICE L, AR TAME
HE L7z M) v DA - 72 EZRER A 12
PRILL, @AY Ca Ly BE (3,000 rpm, 1043F)



gy
ATV, MEZEIRL 72, WEholkd 2ok
OGHTET-80C THRIEL 72, % B, #HIXEH
WO FIZZEHERA Y, BRI RS % F
HIEDPBEN TSI L2, KiffsEnAAL
AT I T R A Fpu O I S5 L 7z,

1. 4 MFEANFIAXRTFTOVEE

MmigEh o avFa x5 sk,
Corticosterone EIA Kit (YK240, & WA JE B 28 T,
Fii, HA) ZHWCER L7

1. 5 RNA-seq

AR (20 AHE) ©F v b S EUILL 72
5 il #F o @ Total RNA % RNeasy Plus Mini Kit
(QIAGEN) |2 X D HiHi L7z, ZdDf%, Bioanalyzer
(Agilent Technologies) % JTI\>C RNA O 5HE % fifg
BL, 7477 —1ElB I ORERELIT-
72 1T, NextSeq500/550 High Output Kit v2.5 (75
Cycles) (Tllumina) % fI\v>"C, NextSeq500 ¥ A 7
2 (Nlumina) TOKRMA S =7 > AT 247
oo =TTy ETOORT Y R —
FCTiro7:. ¥ =74 v Ak, FASTQ7 7 1 )V
% T 7 AR — b L, CLC Genomics Workbench
2103V 7 7 =7 (QIAGEN) TREMZE%1T-
7z I 7C Transcripts per million (TPM) 7% (45 L #f
HHLBIZH W2, EBEFOTPMIZOWT, 3
JED 7z thiE & A CRERIILE L, 5 R R %
FEEL 72 L CTp < 001 O#(nT- 2 AT HER T
(DEGs) & L CHliii L7z, & 52 Metascape % ffi
VT DEGs D#REI > ) v F X » MENT 21T >
728

1. 6 ZLINVERBENR

BAES N WEY TS, TuTF T — Y
ERNEEGEALRIPANY 77— (FHIFA4 T A
A, HA) TTHREIFA ALY »/87 2l
L7z, oy v B 20ug/ul 1%

% X9, 4X BoltTM LDS Sample Buffer (Thermo
Fisher Scientific) & 10X Sampling Reducing Agent
(Thermo Fisher Scientific) & AW CHIE L7, Z
D, ZTOF YTV ETOC TLO5 ML,
GHET-80C CRE L7z, BB LH > T g
TZINVT I FRTF VKL =Y Hiz) FEREDH >
7 (10-15pg) A L7z B CEAIKEI 1TV,
LI NTAEEHVCPVDE A Y 7L Y IZEE L
7z, #mEf%1E, BveryBlot 70 v ¥ 2 7Ny 7 7 —
(Bio-Rad) T20rM =70y ¥ 7% {7o 72
. Tris-Buffered Saline with Tween®20 (TBS-T)
THRL 72 1RYUEZ ML, 4C T—ML &
72 w72k iE, MBP (1:1000, Medical &
Biological Laboratories,PD004), MAG (1:2000,
Proteintech, 14386-1-AP), Amyloid A (1:1000,
Proteintech, 25524-1-AP), BDNF (1:1000, Abcam,
ab108319), NeuN (1:1000, Proteintech, 26975-1-
AP), GFAP (1:1000, Proteintech, 16825-1-AP),
Synaptophysin (1:1000, Proteintech, 17785-1-AP),
GAPDH (1:1000, Cell Signaling Technorlogies,
97166) Tdh o7z, BUGHE, 2KIUEZIRIML T
WRp [ 2200 C SIS & AL ZEEEE & v o
S, B s HEmIN L., &5 N0 H
FHLAVEH—F 4 v rary ba—Le LTHR
Hi L7 GAPDH O 5B L~V o= & L CH
L. CONHDOPIETIERALL /2.

1. 7 DNA X FILLERHR

HEY 28%) & REH (208H) T v
b2 BT B ERE L 72 R A ok 5
(2, Reduced representation bisulfite sequencing
(RRBS) # I\ T4/ 577 4 F7%DNA X F )
LR OFM 21T o 72, WEHEEMRO T/ A
DNA % QIAmp DNA Mini Kit (Qiagen) % JH \»
THHH L7z, Zymo-Seq RRBS Library Kit (Zymo
Research) % HFI\»T, CpG ") v F 7 i & A L,
47 5) —%#IE L7z, FDH, NovaSeq6000
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VATATCDY = Y AR ol V=Y
YT THRONTT = PORRNy =T ThbH
methylKit % H\WTV — FA o~ b &IE#HALL,
Oy A7 4y 7 Waatt CRMLEz -7, €
DGR, HEH DA F VAL D 7325 % L E7pD
AL pEAT0.01 K O T A A B 2 T VALFEI
ELTHiB L.

1. 8 #ataMh

RNA-seq & RRBS DIFLo> 7 — & 13391l = FE it
RATR L, KRELEHEEOHRIL, Bk
Feal & R & L7z ZICECE S BT CRRRT L 7z
r—UWEEE, mEEIVFaATu  iRE, &
LMK Y N BEBL NV O I, 3

83
DR WREEIT> 72, OLT DFAEZELIZ DOV T
&, WSO B 5 tHEE T o 72 H BKIEZ Ll
5% Kl & L7z

2. MRHER

1 B ) BR A ) b D i B 0 & AR5 Bl 1 CON
fEE L CTINFEZR 400 1REE Tl L7z
7% (RIBA), IHEHI BRI B 1 0> & (R Bl | 2 B
DEIZBO LNz o7 (K3B). JFEHH (W]
1) o LGB E I IUEIH 2 L CHRoE
FRD SNtz TP IIAES X
CEBEO VTS HEHOAEZ I S %
7o 72 (F3C, D). &5IIHEIHIR AE R (12
i), B LA T 8B R (20:8H5) ROV

3 WEHIRT (A) B L OTEBEHIRAEERR (B) (2351F 108 (K1) o L Aihs) e
BLUEHENMBOFE (C) LEME (D) O, TIHARERZE

*p < 0.05. n.s. not significant
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Y.
FTNLIMAEIINF I AT T VREIZOWTHEHRO
AEEIBEI NP7

GBI BR A AT 7 8 4 0 19 B s %1 (25T
fili L 72 OLT @ #k B H 122w Tld, CON#ETIE,
ML == 7EATRE L IR LT 7 A MRATIREIC B
WCHERBAPHEIN/-—FT, INBETIE
HFEEIBES N2 o7 (H4).

B4 okl 2R s A
T fEARIER . *p < 0.05.

WIS, OLT 2 EHi L7725 v b5 SHRIL 72
B % 0F R IZRNA-seq # 1T o 72, Z D45,

CON ¥ & I L CIN#E T OO #En T 5B A°
FEICHAL, 20 EOMET RIS EEICHD
LCTWaB I ehREN/. WREEMTZ V) v F X ¥
NEAT 24T o 7285 H, T3 =) b (myelination)
1 DL A FHSEE IR LT I e
B E N,

RNA-seq D#ER% S LIZHBERICB TSI
VB S 2828 (MBP, MAG) D% L~
FEEML-E A, 55 5 CONEE L IEL L
CTINHCTHEZEMME R L (K5). ¥/27
WA = —BIRRAEDFIEICHE T 5 2 &8
MOENTWAETIOAL FEDOY 87 G5B
AN FEBRICINBEECHEREICH AL T —
BT, RBHERRICEG T A2 eSO N TS
BDNF %, K= —1 > (NeuN), 7 74k
MRREERE (GFAP), ¥ F 7 AN Y » 87 4
(Synaptophysin) @ % > /827 B L ~N)LiZ vy
NHHHOEELZIRD N LD o7z

KWZE T, I ) YMEICED 2 BImTHERL
BRL, &7 HERLZNIFGL TN
L, EEHIRA AEGOEEDY (12:86) &
I AFET 8 M PR O BAE R (20 k) (2358 L
TH LT 72 DNAK A F VAL & 4R 12 B

®5 20BIOWEET > TIVBT 58 287 THBL L
TR *p < 0.05
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K6 EEMOEBHIEIC X 2DNA A FIVALOAL T I28E) | CHkd 2 #(E T O

RRBS, reduced representation bisulfite sequencing. TPM, transcripts per million.

WK L 72 m T2 BLo B & a3 2 AR
Wr& FH L 72, RRBS DR, 1281 Tk CON
HEL L L CINFE T4l O @5 T D A F L
LAY A L, 20 #5713 393 0 # A% T I D A
FMALDORA DR S N7 Tz, 1238 & 20
T HGE LT A F VLIRBEAS S S 72
WHIL40TH o7z, LA L, RNA-seq THIRA
FEER S N2 EIET- OHFIZ 2N S 40 D& {51 FHIS
DX F VAL L EE L 725 DIZHFEEL Hh o7z
(M6). —HT, WEMOAIZBWTINGEIZ X
DA A F VAL BRI EE S N7 il (n T FE s ) L
THEBIAHK L Tz fifn 728 ST S /e
(RGDI1563888, Chd7, FaZh). Z L6 DEfnTI1Zwv
FTNH I LY MR I ) L ORRRICE D B s
FThHot.

3. £ =

AW ORE R, EEIHIRS A % AT - 72412
DB RIHE RS L 725, iEBHIRRR O &
RIEBERE, BaRE, 40 IERICHT S
A NLVABEDONA F<w—h—E LTHLNLIL
FEO)VF O AT O VREEIZH R OEWIZEED 5
Nhhol TR — DLk BB ETL
IR L7256 e > Y LMo EE R LTE
D, AHZE TRV 7 B B A S 7 A B 4
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NS Z LR, HFENICOABEH AL TH S
KEZAIHBTEZbDEEZHND.

ARWFZE TR B BR 2 bR L T 5 8 212
BT, INBETOLTOBERNEABIR SN,
CIEHEEI OEEN AL OB SR b2 ) i
L, NROBAEFART %48 < WThEME A R 3
HAERTHHEEZOND. ZOHTHEREIZH
729, RNA-seq T o 7-4E%, INHETIZ [I =
VoAb b BB FREHASEAL, I ) ¥
DF NI EFERL ANV L Tz — ki
I3 T ke Sl & gk (B § 2
T & THIRE S OIRERREDME T L, SIS
KREDTEALIZO LD DEEZHNRTWS. L
D LEEDOWIETIE, 1Y > OB HETT 5
HIBREC I =) Y OMRKAEL, ZOBR TRl
BRI T A L Cwa 2 e plEshTna?,
REfFFE Tl m e & T3 o) U REEE
ML T ARvnbon, 2T UANEEICHEAL
TWeWREMDSZE 2 bNb. F/2, I YOk
REAREDT I0 A FRORELMRIELI LY
R EN T2 0 KT H AR INEET
7304 FRAHAL TV Lo L, Sefiiige?
TIREEN TS L) %2 BDNFO#MET - 7 /%
7 EEBEACIAM R TIERED b oz, DL
FozErs, FAEMOBEIARIZRAEIC BT



g6
531 YOREIARICHEIERET ITAL FB
DR EA L CRIEREE T 25 B L T2
WREMEATRIE S NG .

KIFZETIZE S5 ) LT A F7%DNA X F )L
{Lfi##t (RRBS) %47\, RNA-seq TELA LD
LNTBET L RET DMEMIT 21T o /2. ARBF
ZeClE, HFEHOMWEEHIBRIC L ) DNA 2 7Lk
RBIZB LD A U, ZIUIBREEIIC % 5 F CRER
NI ETHETERAOZ L b /-6F b0k
FHEL TR, ZOFHIIK L T E TR
FESM72DNA A F U Abaiid & BE L CAH L T
W TIERRO b o7z, LA LEND,
BAEINZ BT O AR INFE T 2 FIVILIREE D]
SN ELTFHHE L B L CHEIAME AL T
FEEFIICTRE I ) AR I ) Lok
REIZC B D B (5T CTdh » 72 (RGDIS6388S, Chd7,
FaZh). %\2RGDI563888 151 % M 583 & &
Bk, EICEE L 2 WETCHEET S X 2,
WhWAEEEN TR I ) U AkT LI &
PEESR WL Zkps, INBTEALT
W7z I I VAIHEEEA RIS o T T REE S D
D, IN BECTORBMEEOELLTFET L. Dbk
DT EHNL, INFETEE S N-BHERIKT O
AT = AL, DNAKK X F Wb & 38 L L7z 3
) HEEE S LTSI RIE S 1
7.

PRIR L C &2, HFEHOEEIA L OB AR
JE|IZDNA A F WVALIZZ ) & K IF L TEnp R
MRS NS Z L TR OBRIETRBUCEE L
BT OTIE AL, AL EHE o> TEIEL T
ELZWREEIRB SN, LerLads, 2
DL BLEALDRELZERR ZOEFIIONVT
WFHEE S CEAHTHL, TV T 47 A
58121 DNA A FIOVELIAHZ b e 2 b 56
microRNA |2 & 2 FHFHSEOMFAELTB Y,
NS DD, BAEMIZB TS DNA X F vl
RLEETRBNEE LT LRI G ETE

B SRIEINS DG TFHEICOER LA 5,
FTATAT =D LY 2 T 1 7 A
WCLEH LT REDRH L. —FHT, iHEHfIR
ERERL, FREHESEELTHRBIDL)
LEALBE L2 e s, HEMOEBHALEOH
DRI T L L b HEN 2 BARGE) ClEARR S
B ENERLVITRREDTRIZESNG, ST,
FAEH O TE B R A AR AR A BB A A & AT
)Y, HEMOEBIALIC X B BAERE T
OFPURE R L T BERH B

4, %

F AR G B BRAL B AR ] 0 FRATHERBAL T % 48
KPR ER ST ZOBERE L H0TH
UL, IHEHIBRAER I EIE L CTA LA I 1Y
v BEGER T O DNA X FIOUIL L SOV KR & &
o - & X BEBOMRYPEE L T\ 515
PEATRIE S 7z,

# OB

AWFFROZTIZ D72 D IIZEBKZ B ) £ L2~
e B NA ARG & T v b AR = B iRE T
FNCIE CBIFLE L B 9. $ARMED#EE T
FEBHREATICH 72 ) ZRICTH 72725 F L
TR RFEF IR AR — 7 EA T2 B
EBBICR CEHH L BT 5.
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The Personalized Conservative Therapeutic Monitoring for Knee
Osteoarthritis Using The Biomarker of Cartilage Oligomeric Matrix Protein
and 3DMRI
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Osaka University of Health and Sports Science,
Graduate School of Sport Sciences
Kazuya Nishio, Ken lida, Kumi Ogi
Osaka Metropolitan University

ABSTRACT

Purpose: Measurement of serum cartilage oligomeric matrix protein (COMP) level
isknown to be useful for detection and monitoring of cartilage degeneration. The
present study examined the impact of physical activity in daily life on cartilage changes
in patients with knee osteoarthritis (OA) by the measurement of serum COMP levels
with 3D-MRI scanning.

Method: Seven patients with knee OA participated in the present study. Blood
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sampling and knee MRI scanning were performed, and serum COMP levels were
measured. Clinical scores of Tegner activity scale (TAS), The International Knee
Documentations Committee Rating System (IKDC), Knee Injury and Osteoarthritis
Outcome Score (KOOS), and Locomo25 were obtained. Two-step test and
measurement of knee extension strength were performed. All measurements above
were performed at the start of the study and after the three months observation. During
the observation, physical activity such as the daily steps and walking distance were
recorded. Participants received treatment including outpatient rehabilitation by a
physical therapist during the observation.

Result: All cases involved low-impact sports, and the average number of steps per
day was 11,579. While the change in serum COMP levels tended to be negatively
correlated with the change in cartilage volume, no correlation was found with other
parameters regarding daily living activities, clinical evaluation, or muscle strength.
Conclusion: The present study showed the possibility that the serum COMP levels
could be effective even in predicting only a minor change in cartilage degeneration as
shown by 3DMRI.

-7 F
IR R, EEpEE, IiE COMPME, g AfE, MibiREnge=%" v 7
Keyword

knee osteoarthritis , exercise therapy, serum COMP, cartilage volume,

Personalized conservative therapeutic Monitoring
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B 2 R 727, € OMho HHE OIRENEEE, R

: R, 50 & AN A B e b o 7o RN
W& HE BRFREFAT (KOOS: S E Vi AT L ) 0

LA REEE (BOA) BEDOW, K
MR EZ T2 RE L2 F5EHG
&3 AfRICHRREFEE, MRIRIZ & R0 % AT
v, IfE COMPE & 72 L 72 BRPREFN, H%

DGR (1 H AR |, e as, miE
COMP ED AR & #ewf L 72

s R

X Clow impact sports DIEFI TH - 7z, ML

COMPHEAME 2 % & WA HRED A &\ ) BOH
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TALENI2 AT v 77 A b BREDE T D ok
Res k) oZfbE L IEOMME, vaE25 (S
RWih o aEENER) O b & BOMHE %
Htoyad

EREIER

1% COMPEIZ - OAZ LA IR C& 5 & &
NTWwa, K225 T b I COMPEZAL
I EREZ KL TR Y, g EREtz
BICHRINTE 2 2 EAURE Nz —TJ, I



COMP & [ IRFFAE A L 72 2 o 720 AAEFIIZ
low impact sports & 1T 9 FIZBR S A1, 2 B
FEBNIFAE L o /eled EEZ BND.

i
ZRMEBEEEE (BEOA) OAREKIIARIT
1FIHAZBZTEBY, HSMICHEE 2> Tw
5. HEIC, KEIEOABHE TILHE L  HEAEED
HIBR SN B 7280, TR, R AL BIETE AT
Wb EL 2B, TELI LR LTI
OAMEATE TR L, R HEEEHEY %D I LN
sk Z LM TH L. TGO FEEE LT
X, PUSEMEH WD, EBEE R &R
BENEVWIE T Y A% b o> THEIN TV LS
U Lol © & ORE QBB R A0
TR <, S5 EDEETH UG LMD
ETL VORI AHTHL, UaET4 TV
Fo—2 GEB#ERERE) X [Efbice b ko
CHEBIHREIN T & S - T EBRERIC LD, NT
Y ARe)) B L UOBEISRATROOKT2EL, M
LZbh, B A7 EEoRE] 2L,
HABET VR 2, HAES)#GR) NEY T — v 3
Y, HARBRRBEEIVE 2532006 4F4 A I2%E
FL7o, ARMBEMEED ZOuIET A7V
FO—2ADFEKO—DLoTWnE, 612, 2
DO IEIRFEIZHA S 22 W 72O I EBIEAE D &
NTWBEY, TOREIZOVWTIEH S~ TIE R
TREFR IR L OIRE T CEB 21T
FEE, BB YA —F2 7, VaFXrrnko
H & A C sy Jiknsd 5. WHO (1 7 £
FE) S KEOCDC EHREH Tt 5 —) &
EORERTILEIZ 1500 ML Lo R E OGRS E
B, OF DOBAEDY, RS F B REED
EENZAT) 2 ARSI N T B, BEIREDS
NEEREBEEEICH LT, ENZTo5T%5
XD IRBEICHED A L WA IZB S 22 Thw
SF ), 5F TOREOAIIKT 2 BB LN

il

FUHFSEL I LICEREEDETRERELTY
723, DWERIHBOMIE T & 8B LIS
R BT EIRE I TR, 22T, £h
TR BT 5 el 7 EEIFREE, WIRIRED
BEDSLETH Y, ZODIEF—F =21 F
DEZY ) Y TEMDPLEE %D, WEZRHET
575k L LT oA X #E T ORI iR 52
T, ETH AN, BRASHB L - ok T
EEZHEMXGE EOZESHI L TB 5T, &
LB 2 1T RO 2 22 L, BREIREE
RSB SR v, R RR Tk g A A
bt H5252 L3 TELY—VELTMRIE
M~ —# —AWEs R T2?. T2y By
7 &) MRIEU O A2 X o THRE T D2
L LB 20N5 L)% > TEEA, 2RILH
AT LR e 72002, HEmIC S &5 %
BT 2 IR TH L. —F, EFEREEH Y
7 FASEFE S, IR AL E T
&, AEAICHEHRRDETRE S NEETH 2 (F
1), 7, RMFTHETS 2HERH~— 7 —
D il cartilage oligomeric matrix protein (COMP)
EREDD R, Zffizetidr e L CRETHT
Y=L ThsHY . COMPIRBEERIIZFBIL
TWAIEaT =725 88T, BEOA DI
£ & COMPEIZ WA S B 2 & s &1
T Y, T FEREEAEE 2+ TR
B OIE COMPE % FHAI L, MRI O #5 3Fifi
(Whole-Organ Magnetic Resonance Imaging Score)
T OB $1C £ 5 EEE (International Cartilage
Repair Society 77%H) &M L T2 51 & iy L
TH Y >0, i COMPEDME 1L OA Dk
REEAE=S ) VI TEDLY—NIIRY 2D EH
272, £oT, ERLOIME COMPE & 3DMRI I
LA R T, BEIREZ SRt T
XDMREEE 72, Lo T, R TIAERD
TE L THB ) REFEZIT> TV 5 ROABEIC
* LT HEAERE 2 &0 kg ez v, &
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1 FUJIFILM SYNAPSE VINCENT D BTV 7 M2 & 2 i1 H Hc b
WO S ZMFEHTE 5 (FR), AL g RIE L ORI (H)
SSYNAPSE VINCENTIX & - 7 1 U AR A O Bkpi T4

BRI & A KR ORISR, ERRBGRIZB S5 %
TR THILE LT

1. MEHE

KBRS 37 R A R S B b I o B B T o1 A 2 2%
SN, FIROA TIERARE L IR 2 M S
N7BEON, RFEICOVTRHEISES T
Blaxf & L7z, WFZERIaameIcRrs, HAL XA,
MRI, $RI0L, BRFEAN, #0217 - 720 B
XTI A E T EE 2 #iE L, Kellgren-
Lawrence (K-L) 43¥EIZ3H0 %, &£2mE %1 (Gt
V) L (R I GEATH) IV GRED 125548
7z. MRIIZ37 A O MRIKEZ: (Philips ) THe
RL, ey 7 b (FUIIFILM) % v Tk
FHEfEeEIL72 (M2). sRLcidmsE, Vo~
F AT, CRPZMIEL, BEEI ) v~ FIEH % B
44 L, Ifi% COMP f % ELISA #: (Human COMP
Quantikine ELISA kit, R&D,USA) Tilll &£ L 7-.
W ROATIZCRPIFEMETH 5. HIKFTLIE
Tegner activity scale (TAS) , The International Knee
Documentations Committee Rating System (IKDC)
7), Knee Injury and Osteoarthritis Outcome Score
(KOOS) ¥, 13 E25%fij\72. IKDCIZF 12 %
R— VGBI BT 2 RO EBIEHIETH )
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Average (SD)
or number

Age(y.o.) (SD) 56.2(8.2)
Sex (Male / Female) 3/4

Height (cm) (SD) 164.4(6.5)
Weight (kg) (SD) 65.9(11.5)
BMI (kg / m?) (SD) 24.2(3.2)
KL classification (I/II/ITI/IV) 1/4/1/1
#%U/H (SD) 11579(3142)
g (km)/H (SD) 8.1(2.2)

3y ABIGTFHTAN, 0FE4%, 124, 2/1
Lol ABEI RS 2AT T T
AN, BIERAFX v X DHIIOWT L%
MHBECTHES IR P o/, DIEAF Y VIZBW
TIEWFgEnIR & BT 0 )7 AMEMF T & D /)
S o7z MR X 2 Bl R 1 17678mm® 2> &
17813mm® & I L - 23 i3 4 b o 72 (H5).
1M COMP i 13 180.8ng/ml %* 5 158 .5ng/ml | Z /Y
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RFHIIDOHKRTH Y, FRRIAE, HEHE) R L I3H
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AR 5N-DIIXIKDC A 27, T aE25 2
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Pre (SD) Post (SD) P&
IKDC score 54.5(18.4) 62.7(14) 0.144
KOOS total 281.1(85.7) 284.7(79.6) 0.855
o E25 () 145(13.3) 7.4(7.6) 0.256
227y TF AN (2 ATy 7H) 1.33(0.10) 1.28(0.22) 0.442
0 aF ¥y BRI (%) 87.4(8.9) 85.8(12.4) 0.777
O 7EAF v SRE I GRED (N/kg) 3.98(0.5) 4.13(1.1) 0.683
O 3EAF v SR () (N/kg) 4.64(1.0) 4.7(0.9) 0.635
MRIK 4 (mm®) 17678(4362.6) 17813(4323.6) 0.235
1% COMPAiE (ng/ml) 180.8(104.2) 158.5(67.3) 0.493
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6 COMPZ (i & kg AfA b DR

# 3 IMiECOMPZ{LE & DA

HIB PR L P 95 % 15 #HIX [H]
AIKDC score -0.556 0.194 -0.923~0.338
AKOOS total -0.115 0.805 -0.799~0.698
Ao aE25 0.0754 0.872 -0.718~0.784
A2ATvTFTAb 0.144 0.757 -0.683~0.809
AW TERF v RE N (GRMAD 0.692 0.0851 -000128~0.95
AT TERF v ARE I () 0.279 0.545 -0.6~0.853
A MR 1575 -0.727 0.064 -0.956~0.057
HHUH -0.385 0.398 -0.882~0.518
PR/ H -0.3 0.514 -0.859~0.586
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}4 KOOSZALH & DAY

HB PR Pfifi 95 % 15 #H X 4]
ATKDC score 0.837 0.0188 0.227~0.975
Ao aE25 -0.806 0.0287 -0.97~-0.133
A2AFT v 7T Ab 0.788 0.03535 0.0858~0.967
AT TERF v ARE (R -0.265 0.566 -0.849~0.61
AT IERF v ARE () 0.252 0.586 -0.619~0.845
A MRk % -0.376 0.406 -0.88~0.526
ACOMP -0.115 0.805 -0.799~0.698
HHUH -0.246 0.595 -0.43~0.622
PR/ H -0.286 0.543 -0.855~0.534
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ABSTRACT

[INTRODUCTION]

Studying sports injuries is crucial to their prevention and plays a role in the
continuation and promotion of sports activities. However, few studies of sports injury
have been conducted on sporting events for parasports athletes, especially deaf athletes.
A clear understanding of the difference between sports injuries in deaf and hearing
athletes is important for prevention of injuries in deaf athletes. The purpose of this
study was to clarify the incidence and characteristics of sports injuries in deaf soccer
players.
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[METHODS]

Twenty-six participants (27.3 + 4.9 years old) who attended the Japanese national
training camp for deaf soccer players in 2022-2023" s season were included in the study.
The number of injuries, incidence (injuries/1000 player-hours [PH]), severity (number
of days that the injured player can’ t play), and injury burden (injury incidence X
mean severity) were investigated over the one-year period. In addition, injury location,
re-injury incidence, mode of onset, and injury mechanism were classified according
to the definitions recommended by the International Olympic Committee and the
Fédération International de Football Association.

[RESULTS]

A total of 59 injuries occurred during the study period, with an incidence, severity,
and injury burden of 10.1/1000 PH, 5.0 days, and 50.5 days/1000 PH, respectively.
With respect to location, 89.8% of the injuries occurred in the lower extremity, with
the ankle having the highest incidence and injury burden (2.7 injuries/1000 PH and
15.2 days/1000 PH). The most common diagnosis was ankle sprain, 68.8% of which
were re-injuries or aggravation. The mode of onset of ankle sprain was a 50:50 ratio of
contact to non-contact injuries.

[CONCLUSION]

The incidence of sports injuries in deaf Japanese national soccer players were higher
to those in hearing soccer players, with a high incidence in the lower extremity. The

ankle sprain had the highest incidence in deaf soccer players.

*F—7—FK
AR—=HhM - B TEEEN, Ty —, HARRERT EFRE
Keyword

Sports injury, Hearing impairment, Deaf Football, Japanese National Players, Epidemiology
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177 (dB) 99.3+10.8
177 (dB) 99.6+10.8
7EWE7) (dB) 989+11.2

2. 2 e BEREX

B A2 58 A L 7 hME - B o B8
59T Y, 1000PH & 72 1) O ZEMH (45 -
BEESEZ) 1310.1/1000PH Th - 72, A,
BUHEHE L72AME - BEOME GEAER) 11, &
4 3514 (31.3/1000PH), ##E 24T (5.1/1000PH)
Th o7z (F1).

T

1 M- EEOEER
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x2 A OIMG - BEE S A

=
-

5

(/1000 PH)

HEEIH ]
(H)

T P B
F-BYHi/F
Jg s
gt
Sl
I 184 i
RAEHR
KIR
Jige I i
TR
JE P
SR

0.2
0.2
0.2
0.2
0.2
0.2
0.2
1
19
14
14
2.7
0.5

2
1

—
o0

w — o

4
1.5(1.0-2.8)
3.0(2.0-6.0)

7.0(1.3-12.8)
2.5(1.0-6.0)
45(2.3-9.3)

2.0(1.0-13.0)

fiEE Al (TP TRy

PRICE L TlE, COVID-19D &L b Hh 1),
AR=VIZHELHEIRTH 2 ORI WA TE %
Mo7ziz, AW T L 7-.

2. 3 RAEBARDIME - BEREE

FEETRAL DM - BEFEERTIE, THTO
N, @M - EED S B531F (89.8%)
ATRCTHA L T /e FIROWERIE, R ET161F
(2.7/1000PH), KER114F (1.9/1000PH), KR8
ff (1.4/1000PH), FHE8F (1.4 /1000PH) DJET
%L TWz (R2).

2. 4 M5 -BENEEE

BIEAm 2384 L 724 ME - BEE O BN
FHZFII50HTH Y, AlaLmE Tk, £he
N57H, 40HTH- 7.

HEEONRIE, BRI 21-300
Minimal 2533 (55.9 %), 4-7 H o Mild »% 15 4
(25.4%), 8 — 28 H ® Moderate 251014 (16.9%),
28 HUL Lo Severe 2311 (1.7%) Th -7z (H2).

2. 5
BLg W P s S8 4R L 72 M5 - 1S O Injury
burden 13 4:& T505 H/I000PHTH ), AT
178.4 H /1000PH, ##% <20.4 H /1000PH T3 - 7=

Injury burden

(H3).

M2 HME-EHEOERERLONR

3  HME - BEE DInjury burden
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2. 6 HME - BEOREBIKR

5 - BEEOZEIR ORI, #1856 31
7 (525%), %L 201F (33.9%), HHEIL8MF:
(13.6%) TH -7z (K4).

2.7 WME-BEOREXHZIL

ZHAH = X L OWFUL, BT OZEH26 14
(44.1%), FeFefbiAs3214 (54.2%) THh o7z HM-
BEEDIEE X 5 = X LHAHD S DD (1.7%)
o7z (H5).

M5 HMG-FEED X H = XL DOWER

3. % &

AKWFZElE, AFICBTF L7 7%y I —BTFHE

FH v h ZAR— Y EEE Vol. 46
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RFEy h—BFEHRE L, HHHRICHEEL
7oAV - BEE OSSR RIS D72 5 T
HL72, WOTOWIEETH D, 1EMOBIZIHM
HIZHME - BE X9 FREL, AELHME L E
%72 1000PH & 72 ) D FME - BEE 38 A 145013 10.1
fECHY, Z0HBED8I8% M TRIZHEL TW
7z, BIBIOAME - BEETIE, B TR A,
Injury burden 2% b H 2> 72, 72, WAZEHE
PSS - WSO TH Y, il - JEEo
ZEA N Z AL TOREFSFRETH - /.

BT, oy h =8B 5%
1000PH & 7= ) DAV - BEESSER (DM - BEE
FEFE) X, HROZ7uP T4 v 7 —#FT5HS
Y TITATORETH v A — BT T
0 7252757y 7 —@F 5 L
HENT WA, ABFZETIEL, 1000PH & 72 1) D4t
% - BERAEMKIE101HTHY, BN
L2 6N TF2THFH Y 1 —FEFO
FAERIDEWERTH 72, HEICEI VDD
5754 0 FY oy —#FB X ORIEREA D 2
PCH v —BET LWL bDMELHT
By —BEOIME - BERERD T, 6
BRI — R T LT -
BEEIERENE N EPWE SN TWE. ZF07
W, RISV OH LT 7%y 7 —FFIIBW
T, MG - BEEDOFRERDPE L o720 TR
WL EZSN, HEOREIWD AR — VI -
BEEDFANATH L S5 LTS EREDE 2
55,

F 7z, BEY v —BFICBIT MG - EED
FEAIRAIRICIE, 1000PH & 72 ) KEEC 184, &
BIEC 120k, R CLIGONETS <34 LT
VB EEESRTWE Y, LaL, Kk,
1000PH & 72 ) JERIRI 2.7 fF, KBR 191, BEBIfT14
e, R COIME - BEEHNGS AL T,
ARG B BIME - BEEOHR TR Lo 725t
#% - BEOBWGIE, EHEERTH- 72 Zh



—104 —

LOZEns, Ty —BFIIBIT LM -
FEEORBE LC, EEEOIME - BE (2RI
B BEOTE RV PLEZLNS.

L Lahs, ek L7z, 774y —%
FrRGE L2RATRIE R, 28, #IET
H—=FEPIRT, 7Yy h—EPTIME -
ENLON, REEOIME - BEEFL VORI
N D, MG - BEEOSA) A 7121344
BERLHNYERD D 5. Bl Z2I1E, FHERT
&, R TOMBEEDKFEF — 112, AT 4
HINVAZ  THHE LT BEEIE 46.1% (26
ZH124) THY, HENLRIME - BEEFHANO
BY FADBE S TRt 5 2 & %2, /X
FAR=YTEHLEDNTWDL 7L —BEPRE L
LWEBABRWI LR D, Ty —EFON
B - BEEOFAF IS TV L TREE D 5%
T&Zw, £72, NERTIE, BEREICESVO
HHHEDOHEE LT, $30% IR ERKERE E D
FIELTWb &, FIRAM S 7 A b TORH
B ASE BACHE Ze ENT v ARRER E D D B &
LARENTWE I EDRERTWE W, Hik
WK SE, ARG - BEDY A7 KT
ThHIENEESNTVL e D bl -
BEEDFEREFMINSETVLTREMELZ 2 5N
5. IN6OZ s, 5kl EFOHKR— T
Rl 7L —BEE, B RRERE, BHLL AL ED
ERELTHME - BEEOSARN A FRE L Tl
VENHDHEEZLNS.

Ltk MR L 7oA EERT LI LT, HRE
HohME - BEERSEIM L, X0 3R 2 AT ATE
HWTExLEEZONL, T2 ZOX) P
EREL RSN, TIF v h—ICBIT b AT 4
HNHR— NS 52 & T, IME - BEET—
FIZBWTHL I IEER T — 2 ZUETE 216
MWAd s, DlEHE MEEREL, 775y 71—
BT BHME - EEFHICEMTE ST — 5 2R
LTWEnwe#EZ 5

4. #& &

HAREKT 79 v 7 — BF LR v 7 — 3= T
IZHART, AR=VIME - EEIES L, RN
HOIME - BEEHNS CFEL Tz

-

RIFZENR L CHI A I Y £ LA kA
ARFLET I v b AR = BAREL 27 < &
WL L ES. F2, AR ERiT 2 12H72o
TITIREL 28 E LERERFEEFTRA R —
Y EEFREOWERGIE, REREDEA IR
- L ET.

IR, AT 728w E L 722022
20234E A ARRET 79 v 7 —BFOEEE, B,
ATATNVAY 7 OB O L LR L R
7.
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Effects of Fear of Falling on Spinal Motoneuron Excitability of Lower-Limb
Muscle During Standing Posture

by

Ryogo Takahashi,Naotsugu Kaneko,
Keiichi Ishikawa, Yume Mashiki
The University of Tokyo
Kazuyuki Sato
Friedrich Schiller University Jena

ABSTRACT

Standing posture, which is fundamental to various movements and essential for daily
life, can be destabilized by various factors, ultimately increasing the risk of falling.
One of the factors that increases the risk of falling is the fear of falling. Besides, the
activity of the lower limb muscles is crucial for maintaining postural balance, and this
muscle activity is generated by the excitation of spinal motor neurons (spinal MNs).
Therefore, the purpose of this study was to investigate how fear of falling during
standing posture influences the excitability of spinal MNs in the lower limb muscles.

Eleven adult males participated in the experiment, performing a static standing task

T2 b AR—VEE Vol. 46



for 90 seconds while wearing a head-mounted display. The task was conducted under
three conditions with different levels of induced fear of falling (Low-threat, Medium-
threat, and High-threat conditions). During each condition, transcutaneous spinal
cord stimulation (tSCS) was applied to a lumber region 15 times. The motor-evoked
responses from the vastus lateralis, biceps femoris, tibialis anterior, soleus, medial
gastrocnemius, and lateral gastrocnemius muscles were recorded as spinal reflexes.
The results showed that the spinal reflex amplitude of the tibialis anterior muscle
was significantly increased in the High-threat condition compared to the Low-threat
condition. In contrast, no significant differences in the spinal reflex amplitudes were
observed in the other muscles among conditions. Our findings indicate that the fear of

falling facilitates the excitability of spinal MNs in the tibialis anterior muscle during

107

standing posture.
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A BREMEDIEARTH ) AF LI K 74
SRLEEIE, BERICE o TEDONT Y ADK
T, OWTIEEREY A 7o kEb7-59.20
SOERO—DIZ, wEIIxs 2 B0 AEET S
Nna. F7o, TEHOHEITA NG 2 2 OHERF
WCEETH ), HiEsIFHEEs— -y (F
BEMN) 258552 2 & CTHELL. Lo, AKif
D HIIL, AL ORI OAY T I 0 F i
MNBEMIZE 2 2B AT Lk LT
1IN ABE2EE IS, IKAEZEMICH
By hAy Ry NFA AT LA 25 L Tl
ISR E % QO AT o 72, BHEIIER I NS
LA LD L NV DS R 5 3D DT TENR
FiTb N7z (Low-threat 5=ff:, Medium-threat 5=
£, High-threat 1), K 4&MI12C, #HEE 3%

RN DHE R 1) H i B S (transcutaneous spinal
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cord stimulation: tSCS) % &I 1551772, DK,
SMAARS, KRR TEHAG R, AiEm, b A5,
BERZ A MIEE, B X OBEEmMIE - 51551 %
s E T BRI LRI L2, #REL T,
High-threat £ 1412 C Low-threat 5= & M8t L CH
A 5 O B REBCAHRIE S ZIH AR L., — AT,
MO OFHGHRIEIC O W T, LHMTEE
VMRS N roTz, DEX D, S ofimf
B OERTCE OB HEMN BEME 2 RE S 2 5
CENHLNE o7

#

Jill]

AL, BITRET I LD LT LA R EIE
CBD B ERLEHTHY, Fr DAEIFIIRIE R
W FRA B A S e CHEREL TV B,
EBIZIIMRH R L Vo 22 RIS & 5
OB REIEEZE LT, ZONT v AN
Twp L2 e I, SR, SBEEss
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OFERIZ L o TIANT Y AHMET 3 IUL, §%
B A7 O¥RKEBE ARG, BEY A7 25
DHERDO—2I, [T 50 H3%
Johs, EBIC, BmEERMLIHRV AT EZEO
BOBEREIS N LRI TwEY L
3o T, BB LA SEAL I A 40 9 FpARRRRE R
252 BB R RIS 5 2 Lk, imER L% 4
{EiECREBEDOINE) 7— 2 a v REHE
WCERGEFEARZRIETE S 2 b, HER
EEREFO.

SILDINT v AMERRIZIE, PARHEESROF T
RIS N L EHNOEESRCES 3 5.
B FEERi— 2 —u o (LT, FEEMN) 1,
HHHIEETE S 2 M T AR TH Y, £
OB RN 2 i SRR BT 5. E 7,
EHOBRBHORTY, BT OB XA
NG Y ADKMEFRICEHETH L I EHARENT D
V. LhoT, THEOBEHMMNBEEICEH
352 &0, RERLOIC & 2 RO R
BWAMEIH$ L ECH L 5. Horslen 5%, 5
WG BN OB & HER L 72 IKEC, o e I X
HOHSZMEL, BERHLSe T AFHOF
W MN B 125 2 2 8B/ S v e LT
% #IC, e T A A CHEER A REE O
HEMN BB S R G OB B 2 2wk
DHED SN T0LEY . —FT, BEERMGA
v 7 A & BERE A N AIEE LIS o TR AR 0 B MN
1252 B2 DT 2 STk,
FHEMN BB L E R R O RS E &
W 72iEA REEIEDP LD ATNNIZ L o TERSNS
B, TOATERFIETEHM TH—TIE R &%
LT ENTREINT WD, BIZIX, KRz B E s
P HERMNANOHE 1L, FHROEMALD bx
B DI IS DB TH N Z EWRE SN TS
D L7zhsoT, b T ARG AME & 135
7% % HHMN B PO 2SR AS, Mo TR Tl
BEINLURENED D 5.

Fr RO & B HEMN BB OB EIZ oW Tk
T A5 & BERE A NI O A E S LT & 7B
LT, HEHIFFFEM A VRSN Tn5E 2
L, SHITHEB S FIREICERT 5 2 & W
LWV HATERES MR L T i b Lz w
2 A, OB A T 2 L LT,
% Bz 9 % 46 % &S0 L (transcutaneous spinal cord
stimulation: tSCS) 3% % 2 117:%. SCS 1%, ¥
B, O BENICHMER L BT 2 FET
HY, TEFDOHEECERNE 2 FERT 52
EMNTED. (SCSIZ & - TH%s SN 2 BB G
HHY FTAMETH D I Ehs, HEFREICE
BEMN OB OFRE L L T2 LT
%8 (SCSEMMAT 2 2 & T, WEZMOIC X
5 T Ao B i MN B 4 02 51 2 kB © &
LEEZOLND.

DXy, KiFgeo BHEE, tSCSEMHER LT
SRR LS T IR O B B MN BBV 125 2 % 50
BAMHT 22L& Lz RUIEOER % #H U T,
BB A ZBRICE T 20 N E) T =23 v - Jh
LB D B M A o5t 2 BIg

1. 7 &

1.1 #WEE

B L, EE RS S CPAME + R
7=, 4P 252 £ 52m%, H£:172.0+58cm, 1§
E:643=85kg) AMRE L7z FEBRICETD,
BRIt L CEBRO HIY, ik B L Okt
WZOWCHIAL, EBRBNANOME LS. K
geik, WERFEO [ bExtG e L ERZEIC
B9 2 Ml AERER] ORRBEHTCERBI N
(FE5:533).

1. 2 7—42IN&

1. 2. 1 REHFEN
HHONMLR (VM), KERZHHREHE (BF),
R &5 (TA), & A (SOL), MERE A5 Pl
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B (MG), B X UWRIERYMUEE (LG) o3&
K2 272012, WlEC2o0EMmE Mift L
7z (Vitrode F-150S, HAGE M, HA). &
TP BB 1 20mm & L7z, SRS 5 2 EARE
FHT7 v 7 (AB-611)) 12°C, MEWTE M E15 -
1000Hz CT7 4 V%) ¥ 7 &, 100015 12 iE
SN, D%, ADZE Y E (PowerLab 16SP,
ADInstrumentstt:, +—A F5 1) 7) 12k o>Ta
YEa—¥— RIS NIz U T v T
$1£4000 Hz TH - 7.

1. 2. 2 KEESIEE (Electrodermal activity:

EDA)

HET (1. 4 B OXRMERIGE) & 2w
T 572012, HFOHRTEE NG LIBICEMT L7-E
& (Vitrode F-150S, HANE T4, HA) 226
EDA % &l L7z. EDADOEGIZEM T » 7 (AP-
U030, I ZFHFAkE, HA) TL00RFICHEIRES
72t%, ADZHigR (MP208, I ¥ HfH, HA)
CEoTar¥a—¥y—Riid@gasni, 7
) v ZTEERIE 1000 Hz Tdh - 72

1. 3 REMNEHEEXRA (transcutaneous
Spinal Cord Stimulation: tSCS)

tSCS 12 1d, EEFMMIEEEE (DSTA, Digitimer
FEOEED 26 1S DOV AR 1ms O S
B A M L7z, B (100mm X 75mm) %
My 5 FARZE8EE & B o M D JEFR I, BB (50mm X
50mm) % F 5 IE AR O EHERR 2SR L O R E I
BEAFL 72, FEBRIAE S, BRI TR 2
5 b K E B U SN MBI A B L
72, TOREE, ETOWEREIZENT, BlLEH
2 IEHE R ZE L B | i & B L 7z

FEu T, BEBRE IR IE AL % R L ZIREE T,
) 5 B % 30mA %> 5 100mA F C 10mA i B T
Wit S, AR IE T5 9O tSCS & 52 7.
TSGR 203 B B R UIRIE TR SN B AT)—
) AR DRI SRR & 7 B BRI % #E L,
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AECER L7,

tSCSIZ & o TIH S N-MHER (EMG) ISE0H
BRI CH B 2 L 2 FED O 5 72012, FREE T
T 5 HBEEE 12 C, tSCS % 50ms O [H Fi T 28 58
FIM L7z, o2 #5R % 84TV, 1H &2
6] H ORI A3 5 EMG IS4 ORI O I %
FNENEH L, 20 HOEMGICEIRIEAS 1 R H
EHER L THEE L T A D2 HERR L 72, tSCS 28
BRI 2 FHR L T, EEMRED S B
MNAD ¥ F 7 Z{ZEWE OMEI2 & - T, 20
HOEMGIEZ X1 E &L TilET 5. 2
OWEAFHA LT, BHESESEYICERTET
VB DETERT S EHTESY. 20 HOEMG
INEDNEET L TR WEEBRE IOV, SR
DEREF OFH 2 BRI L7z, ZOkEE, Bl
S OEATIE VM T 1045, Z Do Tk
A5 DT =712k L Tirbhzz,

1. 4 EERFE

W IZANY Y7 v b T4 A7 LA (Meta
Quest 2, Metatl, KE) ZF&EMH L, 90/ O
WLV E & AT o 72, FRAEH, BB (P 2
RIETY S, Wiz 7 v 7 A SETREIZH
bed X )RS N BIEAERE I, &
2 S N B EREIRM L O LAV R B 30 D4
T (Low-threat 55 £, Medium-threat 5% f4:, High-
threat &) TZNZhATH N7z, Low-threat S1F
T, g3 EREOR B2, EFTZER I
WEEE S A IREZER (VR) 2 RBRL 72 (K1A).
Medium-threat = CTld, BEB#E 135 & 45ecm,  #fE
28cm, ##90cm D FH 1. (DWA-2845, E 7 2 — K
LA >ary, HA) 25, Low-threat 5= [FHf
W ARPTIC R 8 S D VR 2 KBk L 72, High-threat
% T1x, Medium-threat 4 {4 & [FRE I H B2 13
B S 45em DB BT, mATICHEE S NS VR
ZRBR L7z (BM1B). JiTWist & h, VRET®
EITANOBRFEIL, G222 & FAR IR B &
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1 Ay Py b7 A AT VAICTEBIZFERENIZVROA Sy T ay b
(A) 577 Z2 [ 1 ¥ Low-threat4= 1} & Medium-threat4efF, (B) i 2213 High-threat4e 412 T S 7z

FRETEDLIEPHMEEINTOE Y. HHLZ
VRIX, 7¥—24B% 77 v b7 4 — 24 Unity (ver.
2021.35f1, Unity technologies ¥L, K[E) 12 X -
TR S N7z BIEBRGEMFITT, BBRHE 13 1SCS
% ORI CI5 M) 72, FREERD (ISP AL REE %
20 HRRT 7z

1. 5 7—&8FH

AR S L7 RS ST R G G B
(background EMG: bEMG) D28 % 217 T\ 72
Wk ERHERT 572012, (SCSDY A I v 7 p
550ms {if £ TORRMZICT, KHOFHENES
D FFIGF M (Root Mean Square: RMS) % 4
L7z BEBREMICTE SN/ 15045 DO RMS
¥ b5 2 & ThEMG % Ei L7z

B S OIRME L, tSCS #5112 3
T 5B D peak-to-peak = H T 5 Z &L TER
72 BFEBRGMSTE S N 15 0 o F §f BUSHE
Wi 2 3L L 7.

EDAEHIE, 47 F 4 v CHEWNEEE]L Hzo
O— /XA T ANy % #ATHZ L TEBE A X
R L7z KIZ, 1SCSDF A 2 75 1sHi
¥ COME &2 CEDA O P A B L7,
K FEBRSAEIZ T 150147 0 EDA I % F3591b ¥
% T L TR E A E R L7z

bEMG, #H i gHRIE, B & O S RAhRE Bl 12
DWW, Low-threat 51 T 5 72l % 100% &
L T, Medium-threat 5=} & High-threat 5= - % 1F
HiLL7.

1. 6 #eatrEh

ETOEBRFMHMOEEZMET 572012,
Low-threat = {4 vs Medium-threat 5 ff;, Low-
threat 5% {4 vs High-threat 5 £, B X U Medium-
threat 55 - vs High-threat = 1 |2 T Wilcoxon ®
R A AR M % AT > 72, p il D i 1F 12 13 False
Discovery Rate D752 L7z, HEAKEILS%
At & L7z,

2. % R

113, bEMG, HHKG, B L OSEAMREE
O FHEIT O R Z R LD DTH 5.

2. 1 bEMG

#21%, Low-threat S CIEHIL SN TV v
bEMG D% /R L72H DT 5. Low-threat 51
TSN T =5 ER2IREN TS, 4
TOFIZOWT, EHRLE 72 bEMG D 414
DEEXAIWR SN Lo (& Tp>005) [R
1; X2].
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=1 bEMG, FHESS, B & OSCEARIE B O R R O f 5

Low-threat vs Medium-threat

Low-threat vs High-threat

Meduim-threat vs High-threat

Z p-value r Z p-value r Z p-value r
bEMG
VM -11.0 0.158 0.600 -9.0 0.158 0.673 29.0 0.922 0.055
BF 36.0 0.831 0.091 52.0 0.305 0.576 47.0 0.360 0.424
TA -24.0 0.465 0.273 -19.0 0.465 0.424 -23.0 0.465 0.303
SOL -19.0 0.697 0.424 —240 0.697 0.273 33.0 1.000 0.000
MG -13.0 0.125 0.606 -270 0.638 0.182 54.0 0.125 0.636
LG -13.0 0.125 0.606 -11.0 0.125 0.667 -240 0.465 0.273
TR
VM 31.0 0.770 0.127 -17.0 0.770 0.382 -230 0.770 0.164
BF 39.0 0.898 0.182 43.0 0.898 0.303 35.0 0.898 0.061
TA -19.0 0.360 0.424 -6.0 0.041 0.818 -230 0413 0.303
SOL 41.0 0.779 0.242 35.0 0.898 0.061 -21.0 0.779 0.364
MG -320 0.966 0.030 34.0 0.966 0.030 -31.0 0.966 0.060
LG -25.0 0.520 0.242 —-13.0 0.249 0.606 -230 0.520 0.303
SEBEAAET B
ARG 36.0 0.831 0.091 -10.0 0.063 0.697 -70 0.056 0.788

WilcoxonDFF 5 FNEALARGE I & o TS N 72fEHEZ, FDRIEIZ & o THIIE S N 7zpll, R EHIR SN TV 5. HE%p

EFRFTRILIN TS,

K2 KEMICBIT ADEMGO I b iR

Conditions
Low-threat Medium-threat High-threat
bEMG [ 1 V]
VM 2.68*1.50 3.20%1.66 343191
BF 6.07=4.34 5.84%5.94 461354
TA 3.94+2.88 374x1.82 4.04=1.78
SOL 29.3+15.0 320+13.8 299=109
MG 20.6+22.8 31.6%46.2 194+16.5
LG 7.51%5.03 8.32%£4.68 8.47+4.88
Low-threatZe - CIEBL T 2 MO TR EN TV 2.
2. 2 HERH
3. % £

High-threat 5% {4 |2 T Low-threat 5= {4 & M L
TTADOFHMLFIREAAZICKRE 2072 (p=
0.041) [®1; M 3]. — 4 T, Low-threat 5= ff &
Medium-threat 5=f4:f (p = 0.360), Medium-threat
Zefk & High-threat Z&1# (p = 0413) (2132 €
NEEENER SN o7z, £72, VM, BF,
SOL, MG, B X ULGIZDWTIEETOLMEMH
THEMFORIBIZEEE IR SN L o7
(&Tp>0.05).

2. 3 XEMRIEE

EDAIZ2WT, WEFNOLEMEMOREIZHB W
Th, AEZEIERIN -7 (&Tp>0.05)
[FR1; 4]
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ARBF%ETlE, postural threat |2 X > TFHFE S 1
B UL EIRA G AS, AR O TN & T A
BEMN B2 5 2 2 B il~_T. ZORRE,
High-threat 4 12 T Low-threat 54 & Ib#¢ L C,
TA DFREFCGF AL L 72 [3]. oo TR 2
B2 BEREST OF B RETHGRD LN hr oz
ZEpL, EmERMmOPERINS L, TAIZT
R ICHREMN OBEESMEE T 5 2 L AVRE
nre.

IhE T, BEEAEHWTEEZ RO, RE
LDILAZHIENC BT 2 MR IZ S 2 B 5B O]
A7 ENT &7, Horslen 51, FEEIALLIZ X -
T, &7 AFOMmMFEDKE LAIAED EH K
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K2 #5 DObEMGDZEALER
LT DT — ¥ 1ZLow-threatZefF 2 100% & L CIEFAL S NT W%, H#OFRIZ DWW T, Hil O ASRAS L, #10 T A — U457 (25%)
FEO LIRASEZIUSE (75%) , DT ORISRASIMUIE % B < oM L /IME & RS B IR SRS O F — & %R ns 34 CH 2D
W C L RRT

K3 o H R TRIE O 2 bR
45T DT — % 1ZLow-threatZe: 2 100% & L TIEFAL E N TV B TR DWW T, F T O KA Sefill, 550 F WA — U5 hL (25%),
FO LImASE ZIUAAL (75%), OVF OGS % B < Skl & /M & IR, F IS B WEERE O 7 — & 23T, * LGB oA ES
(3:p<005), ns T MM THEAED W & HRT.
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R4 KOs BEARGE) DA b=
ETOT— %1% Low-threatZgffh % 100% & L CIEH LS T
L. FHOFHIZDOWTIE, FFR oK ILE, O T i
—USAL (25%), FO_FInASE =GN (75%), ONFOTiiEAS
MU % B R L o MER RS, B RIESEBREO T -5
Y. nsIIEMFH THEEN W L 2R .

74— KNy 7 OREEHELTWE > $7-
Lim 513, #EEIRMGICE - T, AIE-Z O R |12
£ B HE R O @D TR A TA S5 & i
LTwa ! —FT FHEECBWT, REm
7 OB ) % 0 ) R MN BUE 4 O A5 2
53 2500IEAHTHo 72, KEFEIE, tSCS
AT A2 LT, WERNOIC & 2 BREMN 8
EEOZERIHIEREPSAES 2 2 L2 WO TR
FTIENTEL TAE, MOTHEMHEITRLE S
AHZALT, BT B PR O
TRBE L TODLHRESEDH 5 .

FHIMN OB Y, Ko DEEATIR E
AR S D> F 7 AR, F 721388 = 2 —
O U AOEEN LR ORETERT 2 2 L2VR
ENTwa Y wBEBMLAERShL L,
MoNT v ZOHMEFRHIFERRY - FRICAThNS 2
Ehe W TA OB BEMN B O 23012 K
HIEBNE A & D AT TH b f B Bk o BAEEA
AL L TR ITRMESH 5. IS, TA%
FZHEY A FHEMN Mo TR & i L TR ERE
WA A L2 AT 222 2 EARENT
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V2 1 RO RIC BT b TA TO A
MN BBV E SN2 2 b id, BB Rl e
MARBOR G 2R B 5. F72, A ORRER
Wi U3 LRI A 7 4 7 4 A DRI X - CTIERIR
RRELSEL I EARENTN LY. R
DEFEALDVE R IRPLTIE, TA O 7 B i
AT 2 2 L ARG SN THY TS 4
REM 72 Bl 225 b TADFHEMN & Bz Bl i o
PSR E OB G205 R E s .
TADOHFHMN L ICHEL L5 2 ) MWD
HIZ, FEPUTad 5 TRR=BEMC & 5 A RO
WTH D, TEREFEMO RO, 0
ME=Z2 -0 % L CTAOFFHMN IZH 53
9 Fhbt, FERZEHE OB MLE
T BB, YU TH S TA O F BT D35S
T4, L2L, AWZECTIITR=ES T4bb
SOL, MG, 3 X UFLG O i S5 13 5 2L A L
Lo THBICEM L o7z 2 b5, AR
MOEBEIPIRTE2LEZONS.
AIFFEDOR T E LT, VRIZ X B EATHIEA
RIEARER 2 BIG T E Do 2 HABIT O NS
FATIRZE TUL, BB O AT S AR & G &
728 LThH, SOL & MG OHHi MN B I3 A
BIEHL AW EARENTWEY . —hT,
MO TIEFHZ OV T, SIEARET O BRI 255 R
EBUEAERSELDICOWTIIMEDS 2 ELTn
BN ENDL, SRRET ALEFH L. Sbk
HELE LT, mEIRLIC XS TADFEHMN
FAEEOMEDS, =) A 7RIS 02N
B VB B RIS T L 728 I A2 BT
BEAINOBEEL, BERMOEFRT 5375
ALl LTHTIERTNEY . L L, 4HES
T & VIR ) (3B CE S gE v & Bb
N5, L7eooC, BERHLIIL>TTAOE
BEMN BB 2 B TV A BICHFELZ IR B 2 &
T, EBICEBICEL D ETANRS 2 EBE5HOH
HTH 5.
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4. & @

AEFZECIE, S BIRMELAY TR 0 B MIN 8
TG 2 5B ERNTz. ZOME TAICS
WTHBMMNBEEDSRES 5 Z LB E
molz. ARWIZEIZ L D ES o RIE, wmETE
W72 0N ) F—3 3 > - {RIEORSSIZE T
BHRICRD ) B EEZ LN,

# O

ARFFED BB 72 72 72 A3 i N AL &
TH Y b AR = BRI R < ARLE L
JEY. F72 AR BT A12H 720 HEK
FOREAFHIZ, FREBEK O — PR
HIEP O SR ETH N ez 2EF Lz L&D
FLH L B E 4
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Comparison of Fitness Between Elderly People Who Could and Those Who
Could Not Exercise Due to Voluntary Stay-At-Home During the COVID-19
Pandemic after 4 Years in Participants of a Fitness Assessment Event
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ABSTRACT

The objective of this study was to evaluate the effects of the decrease in physical
activities due to voluntary or involuntary stay-at-home to prevent the spread of
COVID-19 on fitness of elderly people after the pandemic. The subjects were 414
elderly people (74 males and 340 females) who participated in a fitness-assessment

event in October 2023, in which they underwent fitness tests and answered a
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questionnaire about physical activities during the pandemic. There were no significant

differences in the mean values of fitness test results between those who decreased

and those who maintained the activity level during the pandemic. This suggests that

the participants may have incurred a temporary decline in fitness due to voluntary

restriction of outing during the pandemic but recovered half a year after the

reclassification of COVID-19 as a Class V infectious disease.
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TLHIEEHMIC L2 MREE, 2023410 A
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FalE, 20024F &0 AR, MR EE 2 TR
CLZHES BB LTBY, K, K,
JERERE 70 & O 2 T8 B AR RE & A= TS IR O A % ik
Bl C&7 ZoflESRIE, IEFI2LD 2020
FEPS IR L TE 7275, 2023410 B I244E 5D
WCHBT A2 -7 WESHERICHY,
BN AmEEE I LT, - HAE M
o BRGE R ISR A RIET L) R HEOERE
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I RETFATEIOZALZ Y, EENELA % 25
7% GEE)TX72%) LIEHEE A LE
GEBCEXZedror¥) LORMT, 7% Lk
ATasaZexHME LT,
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1.1 MHR#EF

20234F 10 A \ZBIfi S 7z IO Sl s % W R
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~ 4504 B IL, ) bR TEI RS INE,
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B 1Z20194E6 H T o 72 DT, 20234F DFEN L,
2017 4E~ 20194 DS MNF X L TIr - 72 S0
SN2 OWNFIE, HWHE2724 (63.7%), Hr
Bl155%44 (36.3%) TH - 7-.

1. 2 HIE - sREEAR

AR RANE, R OWIEZE L, B E
MW7 AR 221772, 2h
5IMAENEOFR EIZDFET & ) BRI ST
WHLLDTHAH, AETIE, ZOX)RHlE - - #
HHEHOR»S, GE, fhE, BMI, 8/, KR
FSLS, 10m¥E@RAThRRE, 77> 27 a)
W) —F, EEROCE SIS 72, 2023
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DHETHHEBIZ BT 52 b2 A L7z, |1 DMEL
L7ZHEMEHCH L. 22 Cl, EEifrehe LT
9 E z=HF, a0 FHOIHBOBEEE IR AT
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AT b O aging biomarker O B 5 FiFE I H D W T
WRRT M5 E % 72K 14 H 81 Fitness
Age Score (FAS) % #iH L 7-.

FAS 5 15X

B ¥ - FAS=-0.203X1+0.034X2+0.0064X3+0.044
X4+0.046X5-3.05

1M - FAS=-0.263X1+0.033X2+0.0074X3+0.048
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X1=10m & @AITH (F), X2=7 727 v 3
T —F (em), X3=FRFHE (B), Xd=
FEEBPEY (cm), X5=187)) (kg)
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®2 MNREFEOE, KK KD

HH HiAT B (n=74) 7% (n=340) &k (n=414) 7= (pfi)  Fifl-tEE (off)
A B 80.5 (5.1) 783 (5.3) 787 (5.3) p<0.001 p<0.001
HE cm 165.1 (5.8) 1520 (5.4) 1543 (74) p<0.001 p=0.007
A kg 59.9 (7.3) 487 (69) 50.7 (8.1) p<0.001 p=0.090
BMI 220 (25) 211 (28) 212 (27) p=0.013 p=0.765
FAS -0.774 (1.048) -0.495 (0.938) 0547 (0.964)  p=0.026 p<0.001
V)] kg 311 (5.7) 210 (4.0) 228 (5.8) p<0.001 p<0.001
PO cm 234 (87) 182 (58) 19.1 (6.7) p<0.001 p<0.001
LY VA 1 305 (45.2) 375 (46.8) 362 (465)  p=0.239 p<0.001
FR cm 353 (78) 34.3 (5.9) 345 (6.3) p=0.227 p<0.001
10m%5@ A AT A 7.848 (1.205) 7538 (1.391) 7593 (1.363)  p=0.078 p<0.001
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EHETAR W 8 (10.8) 27 (8.0) 35 (8.5)

hh~0HEE HY 49 (66.2) 214 (63.3) 263 (63.8) p=0.292
%L 25 (33.8) 124 (36.7) 149 (36.2)

TEB)EE EY) 61 (824) 280 (84.1) 341 (83.8) p=0.727
&L 13 (17.6) 53 (15.9) 66 (16.2)

S 5 66 (90.4) 284 (85.0) 350 (86.0) p=0.237
Z 7 (9.6) 50 (15.0) 57 (14.0)

RIETOHE HY 66 (89.2) 315 (93.2) 381 (92.5) p=0.237
L 8 (10.8) 23 (6.8) 31 (7.5)

I H) HY 49 (66.2) 185 (54.7) 234 (56.8) p=0.071
%L 25 (33.8) 153 (45.3) 178 (43.2)

B A S n (% AREEEIRT 5 EE)
KRR CHEEDTD & N DA R & e

HTdh o, FEIcowTE, E FERIEZEMES
ZMEE B> TEY, BMIIZDOWT L HM220 +
25211 £ 28 L W HEICE o7z B
DR TR®O7-FASIE, HM-0.771 £ 1.048 05 & 1k
0497 £0.938 & ) HEIR 7R L7223, FAS
MR EMR T 24 DHE TIX, #)), EHEBE
BT 2B ORI L2 A EIC B > 72,
ERPERIC X B PO E BRI, Fi, E
FAS 3 X U'FAS #1845 & C ORI HE 1272
BNz MEFDEFEFRTIE, KHEOMRE
36.8% (EHME122% D# 3%, HHETH S & O
BAXICEI2% A B ESI2% & V) EHRT, WE L b
ICHBERMEZEDFRD 5Nz, Mok SRE O K
ELTIE, BE6EIAMEICARE R, Hodn

R RKIEN TOXRE Z L, £ 6E D G B
ZATo Tz,

2. 2 2OFBICH B EEIRR (IO F RS
PR LLRT & FENRT)

KAZIE, 2o FWMOFHRITICO>NWT, £
NWLLHT & IARTHRER R I S0 & ) &by’
Hotzrk, 6DODMEERTEML-/HE (B3
BHEE © %) CTaRL7z. F7o, R5IZIE, RAOK
Rx, [P ] (PR DEo7z+RREo72) &
ZAb L -8 (Bbbhhol+ R+
MR BER ) ICEZ VAL, T e Efro
TWw [ ED3FDOETRL.

GIIAR I X B4EFITY, TP T &bz L -
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HH Do) iko 7z R 7z Tbbhirol: LWL PRV b EfToTwhy ENE
— JET) 44 (106) 124 (30.0) 199 (48.1) 24 (5.8) 11 (2.7) 7 (1.7 6 (14)
i< 55 F1E B 62 (15.0) 110 (26.6) 148 (35.7) 19 (4.6) 5(1.2) 68 (16.4) 3 (0.7)
PNl 30 (7.2) 124 (30.0) 228 (55.1) 20 (4.8) 6(14) 2 (0.5) 5(1.2)
ROHEH 12 (29) 35 (85) 292 (70.5) 51 (12.3) 12 (2.9) 11 (2.7) 2 (0.5)
ROy 30 (7.2) 43 (104) 137 (33.1) 2 (0.5) 0 (0.0) 192 (46.4) 11 (2.7)
TANESED 83 (20.0) 156 (37.7) 153 (37.0) 11 (2.7) 6(14) 3 (0.7) 3 (0.7)
Ko7 4 7iEH 48 (116) 94 (22.7) 118 (28.5) 12 (2.9) 1(0.2) 127 (30.7) 15 (3.6)
— R 22 (5.3) 65 (15.7) 233 (56.3) 36 (8.7) 7(.7) 47 (114) 5 (1.2)
EGifIS 46 (11.1) 107 (25.8) 142 (34.3) 13 (3.1) 5(1.2) 95 (22.9) 7 (1.7)
HEIX RS n (% EREIZDOWTOEE)
STOMBIB VT, x2HEIC & 2 U ERIX GRS SN o7,
F£5 a0 FHWOMERG (2 75 LT & 0 (@)

W ZALZ: L ¥ bbb LiToTnewn HREIEF
— BB 168 (41.2) 233 (57.1) 7 (.7 408
i % 45 [ TR B 172 (41.8) 171 (41.6) 68 (16.5) 411
Gl 154 (37.7) 253 (61.9) 2 (05) 409
ROHHEH 47 (114) 354 (85.9) 11 @27 412
ROy 73 (18.1) 139 (34.5) 191 (47.4) 403
KNEED 239 (58.2) 169 (41.1) 3 (0.7) 411
KTV T74 7HH) 142 (35.6) 131 (32.8) 126 (31.6) 399
— BRI 87 (21.3) 275 (67.2) 47 (115) 409
BRI 153 (37.6) 159 (39.1) 95 (23.3) 407

B A Hon (% ARMEEEII S 2 EE)

LTOHBIZBWT, X2 BIEIC & AP, X330 SNk b o 7,

BIMIrd &b EiTo T\ O 3BERESF DY
AThH, HE FEERERETVCTIOEBICBWY
THROLN L o7z, RADPS, bEHEZOD
£ BEHIIT > T ORENEL D5 T2
DI, FONTOMLFA64%RRT v T 1 TS
30.7%, MR Mink T17 ) B LAIL O RIK 22.9%
DIETH o7z, F7z, HEOREH B EAE 2 72
(W R I+ DR VB2 ) LGNS hoT-D
X, ROmoH$E152%, — NEBH104%, — A
EE85% T, MOEHIX05 ~5%FRETH - 7.
WADEEIL, RAOSHFERTHRL L, KA
L9 582%, LIT, MskRHERITo®EH)41.8%,
— NCA71 9 EEH41.2%, HFTOBRMKIES) 37.6%,
KT VT4 TiEH356%H LA TH -7z

2. 3 IAFMICH T B ESDOERIKR BN
DT TR BT BN OEEIRIL & L THRA L
ZZOHEBEATIZOWT, TNLTNOIEEIRILZ,
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bidblffoTnhngrlEn, Wbl e %
b2 L - 3o 28T, 4Fi, BMIL, k7 (FAS
BLUFASHEHDOSENER) 1220w T, b &
OEGHE % JHE L -t o2 oS o ik %
fTo7z. FR6ICIE, [—AEB)] 12OV TO2H
FIFHMHEE SERR L7

— NEBZOWTIE, BAABREZEAL R L - 3800
FELCIEN, 4R, BMIZSR R E <, K TIEFR
B CHBICBWTRWEIA R S 7z 28, IS
SRTSIHE (%) £TICBWT2HOTFIHHEIZIE
EDFRO SNl — NEBILA O Mo & i
B E IZO W T AR R I 2 1T o 720%, &IH
BEbio, BRI NANEEIC—FL, 28R A
IRENT Do T,

3. % ¥

RIFFE T, oo FEGEIKD D 720 Dbt
WHIBERHA AR Z S 2EBE BT
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£6 a0 FMIIBITL—~ ATERTE 2 EEFEEIRD & 44EHZDOBMIE K

HH LA WA (n=137/168) 254k 7 L -8 2 7= (n=192/234)
BMI 215 (0.2) 21.0 (0.2)
FAS -1.279 (0.061) -1.218 (0.051)
BhH kg 22.3 (0.3) 23.1 (0.3)
PO cm 18.8 (0.5) 19.3 (0.4)
BAAR A1 S2 6 » 34.8 (3.6) 384 (3.0)
FR cm 348 (0.5) 34.3 (0.4)
10m¥EmsE st B 757 (0.10) 7.60 (0.09)

FHn O VIME = SDI, WA RETI.7 £ 5.5m%. 2 b7 L -39 R 7 FE78.8 £5.27%
n=2 VB, L OFEIXTRAEE 181.5%, [Z21b7 L -8 J#82.0%

Bt - ARl A O E O T fE (£ SE)

1 - AE R EE P O TE-HE B CEIM) 1S322 ZE TR SNk o 7.
FR: 77> 27 v aF )V —F7 AN FAS (KJJ4ERGTRIE) ‘Fitness Age Score, BN CTRIA

RGBS, a0 FUBOKRTICS 2 588 R
HTaZERHMIZLE bAEICBWTIE,
COVID-191&, 202345 A 24k Lo ED
FAA Y TN LR UMM % o 7Y,
FEHOIE, 067 Atk (20234E10A), au
HCH R L T o s E S 2 e R & 3 A 1%
TESZAERDICHBALZ., oL
T, BHAEDFERKE & b2, a0 F1# (20204F
252021 4EH L BV ET) OHRIGEE), ERg
I SR ENC RS B & b B EIATE) (L
BT F =X TR EO— NTIF) EE), VA -
AR HCE R ER e ik R BT ) B, K
ANEED, Row - Hcottd, K054 7
TGEY, HRZ &) QIEHB IZOWT, MRS,
au ;L E R TEA L 722G 2% BKT
retrospective |[ZFi A L 72, BT O R TI,
JO ST IO SR, TRAESS ] T
582%, [HiFxEHIEH) | T41.8%, [— NEE)]
T41.2%, [ MK ] T376%, [ K774 7T
17C35.6%75, {EHEHOBHEE R R 2SI L 72 &l
Bz

I T TR BT B FREEEICOWTE, At
A 51, WHO @ COVID-19/5> 73 v 7 BEH
WATbN I NOBE 2R L S HIRT 209 7 5
YEDEBTHRE SN TVS., SRGEEIRE L
L CILEBR 5%, BEAEDNF T4~
RAY— P T+ Y EHVLTETIEL TS,

gl Toay 77y o (2020463 H~5H) 12
BWT, #R6THE 10121% %R E L2F
VoA VERATTIX, BMI 2SN L, BREEE I,
18 ~ 357% T31.25%, 36 ~ 657#% T26.05%, 65
B ET027% D TFA RS20 F20 2
~—=b+ 7377 [Argus (7 X 3IF)] %M
LT RIS, 4554044 %515 & L, 2020
F£1A9H~6A1IHEITOF— % Z UL L /25
WAFZE T, PRI, XTI v 2 EED
510 HEANIZ55% (2874%) #A L, 30 HEAWIC
27.3% (1432%) WA LCcwiW, F72 ki
Eo P E A 815 % % k512, 20194E12 A 7
520204E7TH T, 22HBOA~Y— 7+ VI
FUEE S NI HEHO B E AT, Pk
Bizay 7 8y UENZIE8,0004 2 2 Tz,
0y 7 57 Y FIH O35 4504 3,796 4% (SE=88)
FOHBIALHICT Y 7 5y VR END T
DM, 1H®H72Y 3M4BE328MmL, vy r ¥y
fRBRERE T Y 2 7 VR E R T 7085 7 v 72
JThY, MATEOBROBIETIIIHDZNS
BRIl TwY. ZoHEIcBWT, Oy
75y RIS &, BRI Ty 2EO
P LS Bl B,

EINIZ B 5 a0 F o G RiGEsE & O%
13, BRLERESONBRLEOMENT VL ONR
SNb. BHEHRISSITA (74 —F > 7HKA v
NEESNE) OWEEERN L 25, BaH
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RES6HEFA S0 150, 202044 ~5R12
1, FFIZE5 AWM OLMETIEHIAEED 0% £ T
BTL, B2FBESHH0~%B%ETHHEL
T o8 F7: SHEER % V721,167
Gaxtg e L-MERsECld, BRAaERES IR
A S N7z 202044 H O A HUE 20204- 1 H 12K
NRC, HWETIZLIT3HEEEIWD LD, B
FECTIZ202 12 £ 0, BBEBOF B2 WA,
L TIISSmRIMOATH - 722 L s
Tws Y, EREL1600 ZARGE Lizg vy —
o NRAETIE, 20204F4 A RS 0ED 72 ) R
FARIGENEER (PP 18045) 1%, 2020 4F1 A B
(F Il 24545) 1I2HAT65% (265%) A 123K
DLz EpRENEY. CokTiE, 20
BOBHRAELIT-oTBY, BEERIGEIRERIL,
202041 H (> 73w s ) EHBLT, 44
(B 19%) TIx333%, 81 (%29) TI1x28.3%,
2021 4E1 A (531%) TiE40.0%, FhZ20md L,
FRIZ—ANES L THEWISIEE L Ch 2 Wi s
TIE, 429% (5E519%), 50.0% (4529%), 61.9%
($31) L KIRERBRIITRENTN2 ),
FRICHIH L 2RO ESEICT AL, /8
YFIv Iy FTIE, BR20%~30% ZVEe
1340% % B 2 5 KGR CGREREBEIR) ©
WorRHotzbBbhs, KiF3ETo G IRIES)
wiE, BERIEHREM 2 S TENICEEL 720
DT\, F/2, AUFTWMTH o722 ~ 34
(20204~ 2021 4E ) %A 2 HRMKIC L 5
retrospective F AT, A ICRSFEES T O
WEPFARZL DTG, FALRY, HREOK3
Fr 6 58S, BEOEITFMETE 2D, JF
E) QEME T SRS E) & 08 O AT TE)) 25584
Lz &L Twi, #IcE 21, Follbol
T2 FHIIBNT S FRIEE O v &n
IR TCH o7 T Ty Fry B AHEE
HIBRF T, —HIZFHET O GG EI =AM T L7
bIFTld7Z <, WEEERE, HESRO LN
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TW5, ABFZEE, FHERTANTEE O s &
KGRI L7728, FBHHD - BAEEO X 9 2 Hulsiit
BT E RS, M, ez (RIS ClEai
EnE - RHIEERE OZE) 3G LR o6
ol —H, AT, gy sy iy
PbET, WRAIZHREEESEET S LA
RENTVD, AKREE, FHFEEDIH 80K

EV)BERBTH D, T — 5 RIS HEIICIE,
B NE R AT, o F IR 5 & HE
LTI L 2B, £ DEFPRED LOFT
IR, SMHEBEZREL TV E0TIEAVWALEE
272 Wb eebod, R EE, IurfT
b B RIEBCBEE T 2 TR 2 AR L Tz 2
EETFENORERTH - AT A S NS
91, YTy 7 BOERE OFTENIBRIZE
MEIIENTLRVOR, HLH0IE, Sy T73y
7 OMPNAIHNS OATEYHIR - S EHR 2B - 72
A5, LRI 6 [3%F (%42, %4, %P J
RREF 28 LWARTERR L LT, R4 ICHEOE
TATE 2 ME STV 2oniE, BEE TR S
PITTE R\,

AFZEOFEHIE, FRTm L TEau -
DEEE BT L FEIEENA, 31 FLEOKT)
252 BT A ETH o2 RITIE,
LRI BY 12 BAPR % LETRAT B O IE ] 0 4EE T 25
(MiAHE ], T2 L - Bhnie D) 230 C, 1k
N2 4T > 7. Z DFEF, COVID-19
D EGE DN DISHEIZ 7 o Th 5 4EH (2023
10 AEET) ORI, T84 (20204~
2021452 %) o BRI E R O R BITRR O bk
o7z,

%71, FRORFEEATIRH T - BiFEAT), Fwk
TR B ARHR & & B 12 RE /AT (health related
physical fitness) ¥ & I, AT IER O TR %
B8, QOL DR - A LICBIRT 5 2 LAVREN
T\ 5. COVID-19 L KT DBIRIZ DWW TIE, il
W, MRIEVAERRE % 0t RIS L 72 KB I A —
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MIFZEIZ BT, T F &G L7256 0 EEL
JA7 EDOBEDIRE SN TWS. 1,559,187 AD
A =7 v NBEHRE AR E LR & Bk
Wrgeclx, BHEMEEA S RAME-E o i
A2 & AT R LE O COVID-19 D FAE LI PR
BRIRIH Y, B OV 711E COVID-19 12
X B ABE, BHREER, FBED) A7 ORI
LTwab I ERLAaY, Mo ak— Mk
(Survey of Health, Ageing and Retirement in Europe:
SHARE) &% 3,600 % % % 512 L 7252 C U3,
50 7% L A IZ BV T, 3277 ATCOVID-19 & 4
DESELOMAL L 72 A7 WFTH 5 REM: % /R
L 7z (Cheval B et al., 2021). Z 7z, UK Biobank
Study Z#H 412596 % (77— % 1) ¥ 7 FE D 4Efih
RAE6S %) & xtRICLA-RfZETIE, HEHEOHK
1T E, BMICHi% L T3 COVID-19 D EAERE
EFICHET 22 L 2R LY. Zok ) 2%k
MPHWHLNIZEN-DIE, T FITEGELTY,
FERIZD b O THRD S IUL, BEELFHIC A
5L THDH. AHEOCOVID-19/82 73 v 713,
EAE I B 2RI OERE FER T 28512
ol Z EIIEH L2,

i OYE, KNI B RN ORMEE % 5.
TLANVETHL, BAEICRDS Wz,
EHOMEGELZ TELZIFMERLLEHEE
THbH. HEIZBIT 5 COVID-19 & FREE) &
T2 D% L, YT 3y 7 THRIEH)
BEMET T2 & ORFAMER L 72, TORKREL
LC, RO REE Y 55 7 G O 0 %
PR AHEEZLCWD. 0L RiCTik
KT ML LTV,

DOVENZIE, NFEEPSERE T TERRIZL
722 HK— Y FFO[ )] - BBz 17 hid 5.
O, BEERS N, BB REIEREC
Lo TEHROKII % B b7z o TRAEMIZIEER
T&%. 20204E1Z a0 FOEET, FISED65D
1OV TVHEOI-OBEEE L THEEINT

WL, Bk 3 A EDOENRTEREDTEIE
Ex ThloTWwh, Z0k, 20214, 202240
FETIE, AEFRIERAICEALTWE 00,
FERICE>TETuFLETE TREL TWiw
BRIC20224EE R D &, BB ORS, ik
TIEEEICEE - M ELTw525 65~ 69%%
HECTRETENOEETHL (AKR—VF, 2023
FI12A %), Th)) - EERETI A LI 4FE
IR DB MBS A7) v IRETH D
A%, EEKOMEN Z RS 5 IIEEN TS, 7
720, HARO I\ FREFITHIEIC L > TRZ - T
W, —EOHIRTORMI R BE T -5 b
HELERITIC % 5. FRT oD ) FHHEIC
2N % i 2404 CPEERT32K) & x5
12, 20164 ~ 2020 4F O 4 4E B DK T % 3 AT L 72
RT, NUFIvIIIbAERKRTIRDS
n7-oix, Bk 12 Timed Up & Go, 5 milH
BTG, REERET, KETIIR, ~7#
BCho®. AK— VTR OWEES
FIZT DL, RREEICBNTY, FRIESICH
WY 2 EETE OB E LR A A ] LTz
HTIE, oMY OBIETALNALKRT]
BT M LETADo -REMIZEZ SN D
L2 L, COVID-19 7255404127 o CTHAER D,
Al b EINE, TR i e 2Lz L -
BANN JBEIZZE AR S R hr o 72 2 ) DDA
FDFERTH 5.
COBERELTC22OENZ HIF /2. —DH
O EOEHETROILAY TH S, 20004
DA BRI AT LA, TR AT ASHG & 20 o T A
TR - BRAEERATEY PRI,
NEFHIZBNTHE L OTH T T ANERBS N
T&72. KhoMFEREEBWMIC L&) 7o s
7 AOF ML G T A UIBEEIC VW E 4%
<, Tar g A ARHD»S EOMEPHER SN
T, 1HHORESHEESH, SE0FEL
CHEEBEIHD L C0D & 0121 %z
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. HARBEERSEZ I Lo L 2HPEND,
U FHOH LGRS, FRIC 3% AT TR
FEiTCE, ANea3a=sr—Tarrkbl
LOBEEWEBHIMIIRELTERY. 4 vy—
v AR LT E B L % EE) 2
Za—OREREL UM TEEINI LW
Thrb. FAREEDLBZO EM - BERIC»H
boLE IO L) RIFRICHMNL Tz Bbh b,
Tz, STy s ORGEAS, HDHW
Zanrw s roREEBESEHPS, D
W BEGE DR HSSFAH YIS 2 o 72 DURE, A3
BN T D % 3 B AT E % & > Tz &
HRENE, ZoL) BfTEHETRET 50T,
2OHOER, ThbLNREFMOEELH 5 L
F2hH, KARBIEDWESRSNETH L. —
Befi2ix, 2ok ZEimEid, BERRSE
<, BFEBPENTVWL Z EDSHLMIIERTY
DA, AREIZB T H R IE DR TH 6%
PEDIZAERS S L HE L Tz A
D4 L BZROMENER DS 73 v 7 TRk
GBI & B — R R AT & N — L C
E7-REMED B B
RIFFEDORA L LCid, SREE#E &R
FTLY TN THRWT &, a0 FHO FIKGE&E
R RBINTET, BERIR G KT L sz
A CTHAEL B, 72, an
FTREEDHEIZOVWTORFERLRELTVH I L

125

BEBBHIFONL. LeLADS, SRoaus
NV TRy 7 T OB B O B Z
DHOETEICERL T ahorzZ Lk, Hils
TELTHBRNERELZ BV EREOEEL LE 2
MG, ZOX) BEIEICH LT, kb
RS, AR OWMIE - A E W 5 2 L1,
MO CTEELHETHL I L2 SROREZEL
THEHEL TS,

L), WFFE O FHEIE R Tid, COVID-19 (7 1)
IC XML EBHIM S, EBTEomE AL TE
o 12 E O ARG OER T OZEALIZ O VTR
FL7cwEE 27z KON EHEA4HD ) b,
20194 & 20234 O] 7 — & H3fiii > T 72 D13 189
% (BH464, W143%) ThEH. oW T s
V= TI2B VT, 20194F & 2023 4E Ol 52 fif % Lt
By 5 &, 20234E 13 20194E 12 b, Bk b
B, FEIEEIINTL, 2132 Toff)EH
WCAHEERKTAREN/, 72720, WENEE
L, 2o LT, auFEoEEh ik
W (Bo7z, BboR\\-HR ) OFEr
FEWBET BB FHME KT 5 L (R7), BMI
RENHBOETIIHEMEII RSN o7z T
LTbb, AEMOKOZEfLtETHATS, au)
HEBFERARDN & 5 ZITBO SN o7z L
ZIBELT 5.

RFZEEENICIE, —FBTH % HHERTBIZE O FE
LxtfEEET. RT ORI 25 OMIHEDZE

®7 BMILAETIIZOWT 20194F &£ 2023 DMIEM D% I 0 F 251 2 — N THEHRET & 2 BB FHEIRIE CTIHE L 7245 R

HH B W (n=54/73) 247 L -1 2 72 (n=89/116)
BMI -0.12 (0.13) -0.05 (0.10)
FAS -0.623 (0.075) -0.613 (0.059)
1B kg -2.3 (0.3) -2.1 (0.3)
EREN: 0N cm 2.7 (0.9) -39 (0.7)
BIIRABIAL B i 454 (6.4) -34.3 (5.1)
FR cm 1.2 (0.8) 09 (0.6)
10m¥E s EAFT B 0.61 (0.16) 0.93 (0.13)

n=2C /B 2EE, WD FNE MR A 174.0%, T24L7% L - B0 1#£76.7%

Bl 0 - I B ORI Ol (£ SE)

P - AR B B O RERIHE A CPI9ME) (X2 R LR b e o 7z,
FR:7 7 ¥ 7 ¥ aF V) —F 7 A b FAS (K)J4EEERE) Fitness Age Score, BMHA TR

FH v h ZAR— Y EEE Vol. 46



—126 —
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AR (20234E10 A e 1) O B OERIIHEIZ,
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Rk (BEANOBOGOES) BdhoT, /87Ty
T CERT LA ZEESE TV EpE L
bk,

B o

AFFEDZEATIZH 72 ) e Z B ) £ L2 2%
e EENARL & T v b AR — BRI
FHCIE CEIFLE L BV 5. 72, ARSIl
W2 RV AR TR E S N QBRI EHEL £
ER

X ®
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go.jp) (2021)

2) HARREMS #HilaoF@igE (COVID-19) @
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Optimizing Running Mechanics for Hamstring Strain Prevention

and Sprint Performance Enhancement

by

Terumitsu Miyazaki

National Institute of Fitness and Sports in Kanoya

ABSTRACT

Hamstring muscle strain injuries would occur during the late swing phase of high-
speed running. Biceps femoris long head (BFlh) is the most common injured muscle
among hamstring muscles. Here, we aimed to examine the influence of pelvic and
lower limb joint kinematics on the BFlh muscle-tendon kinematics using an angle-
driven simulation method. Forty male collegiate athletes performed maximal effort
50-60 m sprinting while capturing their motion with a three-dimensional motion capture
system. Using this captured sprint data, we simulated the sprint motion that increased
and decreased their BFIh muscle-tendon unit (MTU) length during the late swing
phase of sprinting. This simulation revealed that the pelvic anterior-posterior and knee
extension-flexion motions affect the BFIh MTU length, whereas hip extension-flexion
motion has smaller contributions to the MTU length compared to the pelvic and knee
joint motions. Thus, our result suggests that modifying the sagittal plane motions of
the pelvis and knee joint would be beneficial for preventing hamstring muscle strain

injuries.
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Three-Dimensional Foot Kinematics Associated with

Achilles Tendon Force During Jump Landing

by

Yuta Koshino, Tomoya Ishida,
Kentaro Watanabe, Mina Samukawa, Harukazu Tohyama
Faculty of Health Sciences,
Hokkaido University

ABSTRACT

Managing the load on the Achilles tendon (AT) during jump landing is important in
preventing AT injuries. Although foot kinematics may be associated with AT loading,
these relationships are unclear during landing. The purpose of the present study was
to determine the forefoot, midfoot, and rearfoot kinematics associated with AT force
during a drop vertical jump (DVJ). Thirty-five participants (25 males, age: 21.8 =
1.9 years old) performed the DVJ from a 30-cm high box. The landing phase was
assessed using a three-dimensional motion analysis system. Dorsiflexion, eversion, and
abduction of the forefoot, midfoot, and rearfoot were calculated using a multi-segment

foot model. The AT force was estimated from the ankle flexion angle and plantarflexion
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moment. The relationship between the peak AT force and each foot angle was
evaluated using correlation analysis and multivariate regression analysis. In correlation
analysis, the AT force and rearfoot abduction were negatively correlated ( p =-0.355,
P=0.036). No other significant correlations were found. In multivariate regression
analysis, the variance inflation factors for forefoot dorsiflexion and abduction angles
were large, so these variables were excluded due to multicollinearity. The rearfoot
abduction ( f =-0.523, P=0.004) and forefoot eversion (f =-0.445, P=0.012) were
factors significantly associated with the AT force (R?=0.273, P=0.006). The present
study found that the increase in AT force during the landing task was associated with
a decrease in rearfoot abduction and forefoot eversion. Foot orthoses that modify

these kinematic characteristics may be useful in managing the AT loading during jump

landings.
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Effects of Vascular Stretching Intervention on Flexibility and Arterial

Stiffness in Latter-Stage Elderly People

by

Hiromi Shinno
Department of Health and Sport Sciences,
Faculty of Health and Medical Sciences,
Kyoto University of Advanced Science

ABSTRACT

We investigated the effects of continuous vascular (static) stretching on flexibility,
vascular endothelial function and arterial stiffness in latter-stage elderly people.
Flexibility and vascular endothelial function and arterial stiffness significantly
improved after three months of vascular stretching. After six months, further
improvements were observed in flexibility, vascular endothelial function and arterial
stiffness. However, six months after discontinuing vascular stretching, the flexibility,
endothelial function, and arterial stiffness returned to the preintervention levels, thereby
indicating that the effects of vascular stretching are reversible. These results suggest
that vascular stretching may contribute as an anti-atherosclerotic exercise in latter-stage
elderly people, as it improves flexibility, vascular endothelial function, and arterial

stiffness.
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BHUC HRERIC CREAMKIE L, #5R2 08 L
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% 1 Changes in body composition, Specific activity scale, International
physical activity quetionnaire and flexibility during the study period

S AR (0=0) a7 A — VBB (n=9)
Pre 3months  6months 3 detraining 6 detraining ~ Pre 3months  6months 3 detraining 6 detraining
Age (years) 792%25 80438
Height (cm) 1548458 151478
Weight (kg) 532+84 531%85 532+85 534%83 529+82 503+6.1 50460 504x59 506+60 505%6.2

Body Mass Index (kg/m?) ~ 22.1+21 22.1#21 222+22 222%22 220+22 219%16 220+15 220+13 220+13 21913
Body fat percentage(%) 301448 29.7+32 300+38 299+46 293+41 307+50 306+44 307+37 306+38 304+37

Lean Mass (kg) ATE5T 352+58 354%56 350+56 348+58 328+43 327*41 333+43  330+43 330%4.2

SAS (Mets) 71209 71x09 71x09 71x09 7109 71x09 71x09 7I1£09 7109 7109
IPAQ (keal/day) 93255221 53255221 5325%5221 5325%5221 53255221 3029%4962 3029%4962 3029+496.2 30294962 302.9%496.2

Trunk flexion (cm) 371£62 430%587 4742647 428478 393+747 365+91 37306 451+85" 382017 367+81"

Results are expressed as means £ SD. Asterisks show statistically significant difference (**p<0.01)

5 2 Changes in blood pressure, Reactive Hyperemia Peripheral Arterial Tonometry index,
brachial-ankle Pulse Wave Velocity during the study period

A A (n=9)

a v b o— VR (n=9)

Pre 3months  6months 3 detraining 6 detraining  Pre

3months  6months 3 detraining 6 detraining

Pulse Rate (bpm) 734+109 723+100 736=113 739%107 748+105 763%76 76771 75989 T74+80 77277
SBP (mmHg) 1383+16.1136.1+14.3136.6=14.7 137.4%174 1378166 1351104 134.3+9.7 1340+84 1346+88 1353+88
DBP (mmHg) 784+108 792+103 776100 782+112 761+102 76.1+82 77171 769+78 T71+70 768+80
RH-PAT index 13201  16=017 18+017 14£027 13£02 1301 1301 17017 14017 13201
baPWV (cm/sec.) 1883121978 182802693 1775921901 185002130 188511975 1777622510 17799=2503 1741122462 17759%2463 178562567

Results are expressed as means + SD. Asterisks show statistically significant difference (**p<0‘01) SBP: Systolic blood pressure, DBP: Diastolic blood pressure
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4. Discussion
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1 Change in the Reactive Hyperemia Peripheral Arterial Tonometry index of the intervention
group and the control combination group.
**p<0.01, significant difference between the full and half groups.

2 Change in brachial-ankle Pulse Wave Velocity of the intervention group and the

control combination group.
**p<0.01, significant difference in the full group
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ABSTRACT

We have previously shown that high-frequency (daily six maximal eccentric
contractions x 5 times per week) training at maximal load and eccentric contraction
training could increase muscle strength and muscle thickness of elbow flexors. In
the present study, we aimed to extend this knowledge and clarify the effects of high-
frequency training using a submaximal load, i.e., 2/3 and 1/3 of the maximal eccentric
contraction strength. Thirty-six healthy university students were randomly divided into
three groups: 2/3 group (n=12), 1/3 group (n=12), and control group (n=12) : The
2/3 and 1/3 groups that performed six eccentric contractions with 2/3 or 1/3 maximal

eccentric contraction torque using a dumbbell 5 days a week for 4 weeks or control
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group that did not perform any training. We measured muscle strength and muscle

thickness of elbow flexors before and after the 4 weeks intervention period. The results

showed a significant (p<0.05) increase in muscle strength and thickness in only the 2/3

group but no significant change in the 1/3 group nor the control group. Also, there were

no significant differences in muscle strength and thickness increases between the 2/3

group and maximal eccentric contraction training group shown in the previous study.

Therefore, using more than 2/3 of the maximal eccentric contraction torque for high-

frequency, eccentric contraction resistance training is necessary.
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ABSTRACT

The purpose of the present study is to clarify the effects of heat stress added by
layered clothing during 3 days of endurance training on thermoregulatory during

exercise in a hot environment among long-distance runners.
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Nine male long-distance runners conducted three consecutive days of endurance
(cycling) training at 50% VOgpax for 90 min/day at 15C with layered clothing (WEAR
condition) or short-sleeve shirts and short (CON condition). Each condition was
separated six weeks between conditions. Before and after training period, heat stress
test (HST), consisting of 40 min of endurance (cycling) exercise in a hot environment
(35C ,50%RH), were conducted. During HST, core temperature, plasm volume, heart
rate, sweat rate, sweat sodium concentration, score of thermal sensation and rate of
perceived exertion were evaluated.

Peak core temperature during training session was 38.39C in WEAR and 38.31C
in CON, with no significant difference between conditions. The mean heart rate during
training session was 126 bpm in WEAR and 120 bpm in CON (P>0.05 between
conditions). The average sweat rate during training sessions was significantly higher
in WEAR (2.45%) vs. CON (1.31%) (P<0.001 between conditions). The absolute
changes in resting core temperature before and after training period were -0.97% (from
37.22C t0 36.85TC ) in WEAR and -0.82% (from 37.19T to 36.88C) in CON, with no
significant difference between conditions. The relative change in sweat rate after HST
was 0.01% (from 1.01% to 1.03%) in WEAR and 8.87% (from 1.03% to 1.12%) in
CON, with no significant difference between conditions.

In conclusion, three consecutive days of endurance training adding heat stress by

wearing layers didn’ t improve thermoregulatory ability in a hot environment.

F—TJ—FK
Z2EEIML, AN L= 7, RIRAE, ST, R
Keyword

Heat acclimation, Endurance training, thermoregulation, Sweat rate, Core temperature
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Characteristics of The Running Form of A Para-Athlete with Hemiplegia
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ABSTRACT

We present here a case study of the characteristics of the running form in a para-
athlete with hemiplegia (track and field, standing, cerebral palsy) to provide relevant
information to para-athletes and coaches. The participant performed a multistep
progressive load running test on a treadmill. Oxygen uptake, carbon dioxide output,
respiratory rate, expired gas volume, heart rate, and blood lactate concentration
were measured to determine running speeds equivalent to 2 mmol/L (LT speed)
and 4 mmol/L.  (OBLA speed) blood lactate concentrations. The participant ran at
determined speeds, and foot pressure measurements and 3-D motion analysis were
performed. Differences in foot pressure were observed between left and right feet,
revealing a bimodal foot pressure curve on the paralyzed side. The 3D motion analyses

also revealed disparities in left and right trunk rotation in response to arm swinging.
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The findings of this study imply that hemiplegic para-athletes develop high levels

of motor control over asymmetric movements and rotations by modifying and/or

repressing the influence of the paralyzed side.

F—7—F
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Keyword

Para athlete, cerebral palsy, hemiplegia, Lactate Threshold, running motion analysis
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Sustainable Strain-Visualizable Sheets Fabricated from Cellulose

by

Seiichi Furumi

Tokyo University of Science

ABSTRACT

Real-time visualization of the flexion and extension status in joints of athletes is of
prime importance for improving their performance and skill. Furthermore, when the
injured athletes or elderly person carry out rehabilitation, the visualization of joint
flexion status by color changes would motivate them to overcome their injuries and
illnesses too.

In this report, we designed and synthesized the cellulose-based liquid crystal
materials (hereinafter called “cellulose liquid crystal elastomers”), which exhibit
both reflection colors and lithe elasticity in order to produce the sustainable strain-
visualizable sheets. For example, when a cellulose liquid crystalline elastomer film with
red reflection was compressed by a transparent plastic spoon, the reflection color in
only the compressed area changed from red to yellowish green. Although this yellowish
green reflection was maintained as long as the pressure remained constant, the
reflection color immediately recovered to the original red by releasing the compressed
pressure. This happened from because the elasticity of cellulose liquid crystalline
elastomer film. Such pressure-induced color changes of cellulose liquid crystalline
elastomer films exhibited the correlation between pressure and reflection color change.

Therefore, the reflection color of cellulose liquid crystalline elastomer films allows us
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to quantitatively visualize the degree of pressure or strain at a glance.
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ABSTRACT

In open water swimming (OWS) in cold water (water temperature:16-18 C),
swimmers are allowed to wear a wetsuit. Given that wetsuits retain heat, the wearing
a wetsuit during OWS in cold water is considered to have a significant effect on the
swimmer's body core temperature and thermal sensation. However, it is unclear how
wearing a wetsuit affects body core temperature during OWS in cold water. Therefore,
in the present study, we examined (1) the local skin thermal sensitivity of OWS

swimmers, and (2) the effect wetsuit on body core temperature during OWS in cold

FH Y R AR— VR Vol. 46



—194 —

water. In experiment 1, local skin warm and cool sensitivities were measured in 8 OWS

swimmers (OWS group) and 15 healthy adults (Control group). Although local skin

warm sensitivity did not differ between groups, the OWS group tended to be less cold-

sensitive than the Control group (P = 0.075). In experiment 2, four OWS swimmers

performed two 2-hour OWS trials in cold water (water temperature:15-16C) with

(wetsuit trial) and without wetsuits (swimsuit trial). Body core temperature was

measured during OWS by ingestible thermometer. Body core temperature during OWS

was higher in wetsuit trial than swimsuit trial (P = 0.046). These results suggest that

OWS swimmers tend to be more tolerant of cold than non-swimmers. In addition,

wearing a wetsuit can prevent decrease in body core temperature during OWS in cold

water.
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Microenvironments
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ABSTRACT

Developing a device that can easily evaluate the intra-clothing microenvironment
is important for developing new garments to prevent heat-related illness in summer
periods. We evaluated the effectiveness of an originally developed fixture assessing
the intra-clothing microenvironments during outdoor exercise on summer days. Eleven
long- and middle-distance runners participated in a two-day summer experiment on the
same schedule. The originally developed fixture was attached to participants on their
chest and back skin sites using collodion to measure the temperature and humidity
inside their clothing. The experiment consisted of two bouts of 30-minute moderate-
intensity running, with the first bout wearing a conventional polyester fabric T-shirt

(CON) on both experimental days. The second bout was conducted by wearing a
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commercially available T-shirt with high breathability (Dry Aero Flow, DAF) or CON.

We showed that the intra-clothing temperature and relative humidity were successfully

measured using the developed fixture in all participants. We also found that although

there was no difference in intra-clothing temperature and relative humidity between

conditions during the first bout of exercise, the DAF attenuated intra-clothing humidity

than the CON in the second bout. These results suggest that the fixture developed in

the present study is effective to assess the intra-clothing environment during outdoor

exercise in summer periods.
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1 The newly developed fixture to assess intra-clothing environments (upper) and their attachments to the skin (lower)
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WAESIIE IIERICHE, HEBXOEL Y
B fala S L, FEIC TS Mo E L 157
ARBFZEIEHE R EM R mEEEZRE R DK 15
T L7z (2021-0195).

1. 2 WRSME

WEFES B I HTE R e BB E 3 5
o RHHET - 11%TH-o7 FEflF 201
W, B 169+05m, fKE 563+ 60kg). %
B2 20234E9 B4 0 B & 11 H D 9eA 5475 7.
ez ing iz &8 U B THEBRICSINL 72,

1. 3 BRIk
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PEFA & L CBiK - BREMDEA SN2 HIRT
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7. RIRASIRE L 7-1KEE T, DAFIZCON X V) 3
MR B L 2500158 Y,

1. 4 EB&FIE

RIFFE IR A ZZ TR L2 HET2HH
FERi L7z, BREOENIC L BBV E EE T
Lz, ECHEHULAT Y 2a—)VTHH L T,
WFFES N AR EER 2 179 5 H OREERT B &L OV%
B3 22 SR 3 2 B I R L2 K & 500ml Bk L 7z, F 7z,
FEERTHB LU H ML g, 7Trva—ub
SOh 7 24 OB AR, UHOFEERE KRG
2IEMATE CICEFEFEEL L HIRRL .

WFFE SN | L FEBRAT H I FEBREITRA L, #R1
595 EVEUKRRT B L ORBHO S v =0 7
NV RZTIY, HRMNERITo 7. FEERMH
DO, EERBAME 4 B RTRTIC EOVIK R T 2 ROk
G L7z, BT v =v 780y RER L2 IRE
THEREITRTD bW, IR URIBERE) 217
v, CULIEEE, RFTEE R - B LUK
R AR EE R % 4 AR fH U 72, 2 D%,
7Ty FICEBEIL, RENELITo7. KIkA
BREZOWE (72 [l g B OB & 2 DRI AL
BEX1IRL7.

75 NOF v NNTS 4 B RS % 415
LTR=Z274 ¥ (BL) &l L7z, LK
120 ~ 1304/ 47 % B & L 725 Z T30 Mo H
k% 17> 72 (EX1). EX1Cl, MFEEHE D
ZHFZE 2N 1345 C CON S DK R % B H L7z
EX1# T 2257 M ORE % kA, EX1 & [ L&
By L7z (EX2). 255 M OKEHIZERE
S & AR E 2 AT o 721k, WFIRSINE OFHh°
FEH LVCONZAHH L, 5 F5H DAF % %
M L7z 2ok, EX2B1%65%0H £ T2 500ml 0
AR = R (RIS - Ry ) 21y
N ZHOK L7z, EX2HT #121E, EX1 & U
FLRFAM & AR E 21T o 72,

1. 5 AIEIEE

AW TIHIRILE, 3%, HWiE, BPTEE
I, AR, R E (ZHRTE) 2l L7z
JRICEIZT Y & VIRIEE (74 48 0 UG-D)
HGCHlE L7z, OB OHE R —b -
I L7 huftEl  HI0.0401 v 4 —) 2 Tl
EL, BFRshmEgx7) v 7aniza~<—h
vrvF (KF—)b - Ly baft#l: Unite) %
BEHELT)TIVEA L TUHEEHRETESL LD
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e-Celsius®) % FIVCLM X IHE L7 FiT
R i, M, KBR, FBR, EH 5 AT
iButton® (g, 3 : DS1922L-F5#, -Jfi, R
TR : DS1921H-F5#) % BEAH 1) T & 5 i3 5%
Tk, Mo3hFTELST EE L . B
T, KBE, TFHREO R iRA & PR M i % F i L
729 KRNI 1L iButton® (DS1923-F5#) %
W) AT 2 720 OEER %M E & OHERHBIC T
OYF 5% (355457 A7) T TEE
L, 5BZLIcllE L7, [ER %M Icih Y £
FABICIE, FIAXv—2HwCaad 4 v iz
BEESERNBITH 2T, HERMETEXLET
HHET A LS L7z (~ 54/ AfRE). AWfgET
H\v 7z iButton DPEREIZ ZNEINRDEY) TH -
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#£0.0625C ), DS1921H-F5# (RJEHI5E, #5)% £ 1T,
SMERE0. 5C), DS1923-F5# (il - AHx I il 52
FEEE = 1T - £5%, 5 fEEE0ST - 0.04%).
4538 1L BL A 5 EX2# T AR 2L A
SEW L, EBE OKEEIERL 2280k 500ml
FEFIGTHSE L7 (A&DAEEL © HW-100KC, *
0.0lkg). HEMEIIHHEB L OKROWF % 15
WE Ly, PHEK (a5, Ty =v 70y HT,
HERESS) THEML 7.

FEMERE L LR (- 108w~ 25&C
b2V, BEK 0 TIHWTWAE~30LT
LENTWD), N &K (0&L X007k
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1. 6 T —2#hd L OREHLIE

AWFRIZEINCHHICERT 22 &h5, K
BEAHE RGBT 2RSS H o7, 20720,
EX1 TS IN&E 2 E2"CONEEHL, 0
IR EBRA M CREMIE RS & 2T 5 2
EC, EBRH OB R TED EEZ T,
b LEX2DAKNIRSEGHM OEDNDO 5N D86
121, KROEBEORZFMT LI ENTETY
HEEZONDL, FOw, REFFETIZEXLE
EX2 % 55\ CHERT T 2 47 o 72 KIRNIRIEEE,
B, OIE, CPIR IR, RPTEEIRIC O W
T, ZNENHEY R L DD 2 2BHO 5T (K
< B G 2V, ZELBICIIERRDOE
-1 % L9 4 Sidak test & HV 72, 9 XCTO T —
ZIPH L BREFETRLZ, WINoOgREL A
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2. % R

IHAHIZRREY, 1R TH 72,
BR % AT o 72 WM O P50 B & ORI 134
HAZh2Nn311TH L 57%, 11 HA733.3CH
L UB1% TH -7z

FR7ETH H 0 BL (F2BRFIGHT O M) 134 MRSt
il (24 v N HTCON% 7% H L7z H ®BL & DAF
A L7-HOBLORLE) THELZETRDS
Nihhotz (T P=0057). EFFHEEDFIYHE
1ZCON#%9.79 + 0.95km/h T, DAF739.82 + 1.06km/
hTdh ), KRG CHEER RO SR Do
7z (22T P>0.705). EBIE D LAAEL D KARGAFH
THEREZRO SN ko 7z (KIROERE,
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£ TP>0278).

4H CON % %M L7ZEX1 TiE, M o2RA
B X OREE, WERORARPIGEE (X4 F <2
RO b N b o7z (&2 TP20.193, K2). b
DOLRMARE I FAEH (P=0.014) 2538 b
7200, ZREETEIRD SN L o7z (87T
P=0515,K2). —7, EX2TIZWHE £ OE
DRIRHMIRIE MR TEIFEO SN2 o720
DD (47T P20139), WHEALIEIZ DAF D LKARN
(B IXCON & ik L TIR T L7z (£TP<0.048,
KARO FxHE, K 2).

EX1IZBW O ER, WEEEE ik
iR, R R S TR S e o
72 (&TP>0122). EX212BWTH IR G,
MR Rz iR, R S IRII S TR IERo b
Lol b DO (&TP20204), LREFERTK
AR ERHEAFED S541, DAFATCON & i LT
AR L7 (P=0.033). BFiRE X &g 5T
wIXEX], EX2 & b ICKIRGEMHM CTHE % 21352
D LN o7z (27T P>0.065).

EX1IZBW TR, 7o, Hlfith, #%
AN IE RN CTEELETRDOON L o
72 (&£TP>0126). EX1DiRiEI3 EX2 TCON
AR LS DAF A AR LB L T
Wiz R L7z (P=0.016). —J, EX2TlZ&TD
EENT A — 8 — KRR TEFRD 5L
o7z (&2TP>0.166). RPE b FEEIZ, EXI,
EX2 & b ICKHRGHE B CHEIIED SN h o7z
(4T P>0.103).

3. % =

ARWFFETHZE L 72 AR i B2 % 5l 5 5
iButton™ % FH > 7z [ 52 B AL KM IS IEEELY 11 5
CENTE, WELZEIIHN L) ZEANOERH
2HHND Z LA <, KIRWIRIEEE 2 FHAIT &
52 ENHIS NI R o7z EBIZ, WRMENEW
A e AT 5 ERRNBEIET T2 2 L2 R
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PRET CHRT LI LN TEL. INLOHE
1%, ABFZETHI%E L 7z B2 B/ LEB) R O £k
WEB G-I 2972 % FBICHE D2 Z L2 RLT
W5,

KPR CTHW B EEIZHEE ST A L

CASEHEMF () (CBERRIE L 72, WFgEFEftins
DOHEAMZ30ME (BTt b)) THAMA2,000 4
BETdh o7z, —75, iButton™ ZMES DS H D
flitg 25l LCTB 0, MR o8 52 (2 ff
F L 7285 B 0 5\~ DS1923-F5 13 2024 6 7 18 H

2 Microclimates inside the T-shirt during EX1 (upper) and EX2 (lower).
CONI1 indicates exercise to wear a control T-shirt in both 1% and 2" bouts.
CON2 (DAF) indicates exercise to wear a control T-shirt in the 1% exercise bout, but to wear DAF in the 2nd bout,
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7. oL, ANLERELIGELRY, 8250
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Lz,

KW T FEFHHHE Tld Wb oo, B
R R i & o 72K S T 2 — 5 —DilsE D
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Effects of The Fan Cooling Vest Use on Endurance Performance and
Prevention of Heat-Related Illnesses in High School Athletes

During Outdoor Training Sessions in The Summer Heat

by

Hidenori Otani
Faculty of Health Care Sciences,
Himeji Dokkyo University

ABSTRACT

The fan cooling garments are coming into very common use by Japanese outdoor
manual workers. This study investigated the effects of the fan cooling vest use on
endurance performance and prevention of heat-related illnesses in high school athletes
during high-intensity training sessions under the clear sky in the summer heat. Ten male
soccer players in high school conducted two high-intensity soccer training sessions for
2-h with (VEST) or without (CON) a commercially available fan cooling vest on a
soccer uniform. These sessions commenced at 9 a.m. on separate days in late August.
Increases in mean skin temperature, heart rate and thermal sensation were attenuated
(all P<0.05) in VEST than CON during exercise. Rating of perceived exertion was
lower (P<0.05) in VEST than CON during exercise. Total distance measured with a
global positioning system was lower (both P<0.05) in VEST than CON. Body fluid
responses were not different between trials (all P>0.05). This study indicates that
the use of the fan cooling vest would alleviate thermal strain and risks of heat-related

illnesses in high school athletes during high-intensity training sessions under the clear
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sky in the summer heat. Meanwhile, it is likely that endurance performance is limited

by using the fan cooling vest under our experimental conditions compared to when no

vest is used.

F—7—F

TN ET 2T, BHAN VA, RNERAE, AT - A, BAE

Keyword

The fan cooling garments, Heat stress, Thermoregulation, Endurance performance,

Heat-related illnesses
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OIEB LR ARBHEO SR AE AT 5 16
DZEmLENTWE, Leho T, BAOME
BHHAELMTICBIT A7 7 VA EXRZ bOFRAD
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BT 2) — N OBEFPIESEM T ORIV TOER
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1. MRHE
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kg/m?) & L7, BBz, HemowE %44 B
DI bsgkior UCHERM L, 85 RO R o B R
DHEVWEERE L.

1. 3 XBHRE
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DENIREL L7z, 20k, HEEITEETHK
EE (KEFF = 10g: AD6205B, A&D) % 1T
7o, EEOBMEICE, —-3IAF—-Tu—7
(ITP082-25, H A2 — ) % Fl\v, Bk, LRiEs,
KB, TR 4@ETICET L, T—suh—
(N543R; H %+ —€) TRtk L7z, HR4E
DR ERIE, FHEBEROFEEICH W L
BOMEIZIE, WEA NS v 7 (H10 transmitter,
Polar Electro Oy, Kempele, Finland) % f \», €
= % — (Polar Team, Polar Electro Oy, Kempele,
Finland) (2 CFlkL 72, MBVEOMZEIZIL, 98
DOTFaTAr—)v (-4 fdHTIEN] ~4 [
DTBW]) Y 2 EBETOZIEH ORE
1%, ik 28-29T OFZE= TN L 7.

FRE BG5S RIS, BERE X7 T 7 v FABEH)
L7z, #EBHGE AN, #BREETry h—2=
7+ — 50 L JE WS 5 Hz O GPS (GPS; SPI
HPU, GPSport, Canberra, Australia) % % 7 L,
VEST &M TIEZFD LIZESIZT 7 YF&EXRA b
R L7z, WEEHG L. 2R OBMEA
B, vA—3Iv 7Ty T204, KL, S8R
204, RE55r, o — MEEE 204, KE
548, Y a— M7 — 2204, RESS, — 2420
SCTH oIz KRR, SER 605 FE T RL sk
L7z DA%, EBih 5o M crisk L7z, &
b O FEOWEIZIE, 6-20RPE A 7 — b (6
b B 22v] ~20 [RAD 2 2 M7 i
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HU & RPE Ol 72 13 60 45 I B T1TVv>, HIERE L
7T v P Ik Lz BB ¥ — 7 % Thklirs
WRTH 5, VALORETRGE L7z, #E L
FIBCOKP ATz RMVEREL, #HERED
KAHFEIEEIB E L7z
FREFT #20%, BRges (2|iR28-29C) IR,
ETOEME I /L 72, BUETHREZ % L
7z.

1. 6 REATE

ETCOEREHOREEE L, #l15moE
S T30 MR THlE L7z WeBkiREE & PR ki A
OPEIIE, 7 A~ vERE A (080310-06; 4¢
HE) 2wz, BIKIREOBEICIE, HE
150 mm O REREERT (CK-T-D; 2R % Hw
7o, RIROBEIEIZIE, ZUiET (AM-4214SD; ~ 4 —
V=) W &RHFEOREICIE, HEE
(MS-01; 35/ 4E5H%) % w7z

1. 7 HEHIER

S Rz 1§ 0> % 112 12, Ramanathan @ 3 2V
(=0.3 x Jig#l + 0.3 x LJEEe + 0.2 X KEER + 0.2 x
THEES) & /e £F8FEof L, ko
(=fRE A= + Ko HifaE) & Hv7z. WBGT
OFEMICE, KR (=07 x BEREE + 02 x 2
BRIRLEE + 0.1 X 8EERIREE) & v 7222,

1. 8 #rstiuig

7 — & OIEHMEDOMEIZIL, Shapiro-Wilk 7 A
MERAW f£7, FE5EEORIEIZIE, Levene
TANEHW 28T X MY v 7 ORI
T =5 T HImBEOMEHLIEIZ 1L, #Ety 7 b
R (version 4.0.2; R Core Team,Vienna, Austria) @
7%y 4 — ¥ nparLD (version 2.1) @ LD-F2 # %
& 7 FASRE 2 e E S B 2T o 72, €
Dk, L EILEMRE IS Tukey % W 720 8
T AN v 7 ORI T — 5 Td % FI R Ei,
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®1 MEREORB M

Rk PEERI BRI WBGT HE O R R H 4t
() () () () (%) (km/h) (W/m®)
VESTS:A
0 4 30.5 26.7 435 30.4 75 5 650
3043 31.3 26.5 44.3 30.5 69 2 697
604> 315 26.9 46.2 312 70 3 775
9043 31.8 26.8 452 31 63 6 837
1205 32.1 26.5 472 31.2 65 5 867
Ty +SD 31406 26.7+0.2 453%15 30.9+04 69 + 4 42+16 765+ 92
CONZ:ft:
0 4 31 26 46.3 30.6 67 5 679
304 315 26 458 30.5 65 3 744
6043 31 26 415 29.6 67 4 688
904> 32 265 437 30.5 65 1 660
1205 315 26 418 29.7 65 9 571
FHfE+ESD  314+04 261+02 438+2.2 302+05 661 44+30 669+ 63
fshprzs 0.906 0.002 0.254 0.031 0.067 0.808 0.088
LS 0 3 0.8 155 1.03 0.08 1.22

SD: {74

A%, RPEOMERMLEIZIX, #tEltY 7 b SPSS
(version 21; IBM Corp., Armonk, N.Y., USA) % T
v, SAEHE 2 TR E S AT 2 1T o 72, 2Dk,
2 O OE 1213 Tukey I & V72, BB HT A,
FRICE, WRBERRHE, AR omEHLE 21,
BB 5 tHREY vz, BESAONEHEH
OMFHLHIZ L, Mo UREL W &
frasiE 5% A2 A B KL Lz, RIREOHT
I21%, Cohendd (d) M7z, FREOHZE,
& (d=02-<05), FHEE (d=205-<038),
KEV (d208) & L7, 7= 34Tl +
(R (SD) TH L7

2. MEHER

2. 1 EERRIDEEE

& ) 37 o fk F (VEST £ 14 : 58.8 = 6.2 kg,
CON4f:57.1 £ 54 kg:P=041, d=0.29), JRILE
(VEST 4:1F ; 1.018 = 0.003, CON 14 ; 1.020 =
0.003:P=0.07, d=0.67), F¥p g (VEST 5fF;
330+ 04T, CONSf ;329 02T : P=049,
d=0.32), [~ ¥4 % (VEST 4 #4::90 = 7 bpm,
CON 4/ : 88 = 8 bpm : P=0.43, d=0.27), iHZ%
(VEST 44 ;-02 =18, CONZff;06+12:

P=0.37, d=0.26) 1%, $MMICAEETREDO LN
&‘75‘/) 7z,

2. 2 RIEXH

HERC B BB AR1IIR L. Bk
JLFE & WBGT 1, VESTS&EASCONSEL Y b
HE L EE (JH2P<0.05) 2R L7z

2. 3 THEER

IR, R ORI SRR O D
HE (P<0.05) IZKEL o (KM & Lo
HUEH) (R2A). 2D, 8P OFIEE
Hild, VESTSAEASCONSM: & ) b AEIC LS
PR S L RRE NS,

2. 4 BAEER

MR Rz i, ISR R IR, T BREB R IR,
B ORI W R O A EF B (P<0.05) (2
KEL ol (B & LM EAER) (R2).
D7z, MEAPOTVIEZFIE, VEST &5
CONE & AR LF 290 S 7z & iR
SN, F7z, ERHEEERE, #EEY, VEST
ZAfEATCON S & 1) & A B Al (P<0.001 © 4:
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HOFRR) 2R L7z (R2).

2. 5 A

LIAEUNE, B OREEIZEW S O ESE
H (P<0.05) K& L o7 (HEl & Sthogh
/) (F2B). o7z, HE oL,
VEST 414 25CON G2 #F £ 0 & A =12 1 A7 2530
SN/ LRSS NG, FEB TR G E
Sl b L7288 T o SFHE L BUL, VEST 40478
70 = 3%, CONZAF T4 5% TH Y, FfFRHIz
HEEITRO 5N o 72P=0.25, d=0.97).

2. 6 BEHE

AL, B OBV OENE
7 (P<0.05) ICKR&E L o7z (B & K OKE
EH) (RBA). D70, #HE RSB KIL,
VEST 1 2SCON S & 0 b F EHIC LA 23
SN LRSS,

2. 7 BEMEHEE (RPE)
RPE &, #% , VEST&MF25CON X b
bAEREREME (P<0.001 @ FHOFIHR) 2R L7
(X3B).
2 8 O PR (A) ROV (B) D 2L
* P<0.05 (A T A [ M)

F2 HEEEORHTEE R

W0 Rz i i R R R FBRES B R IR R R

(©) (©) (C) (©)
VEST4:A}:
0% 32.7%08 32.7+06 336=06 331=05
6073 35306 35.3+0.7 364+06 36.5+0.7
12055 358+05 357+1.1 36.7+0.6 36.8+0.9
i + SD 346+15 346+16 35.7+16 354+18
CON%AE
0% 325+0.3 327+05 335+05 33.1+05
6045 359+0.4 364=0.6 365+05 36.5+0.4
12055 359+0.2 367+04 366=05 37.3%0.7
Il + SD 348+16 35320 356+16 356+2.0
kR 0.147 <0.001 0.445 0.052
PR S 0.13 0.4 0.06 0.11

SD: HEHE(RZE. *P<0.05, 2 HAF I (R x 4)
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K3 O EFORSE(A) KO H BN E B
(RPE: B) »%1L
* P<0.05 (VR [ I ]),
T P<0.05 (FADF[4]).
2. 8 i zEhiEEH
MR EIIEEEL, VESTSMEATCONSM L 1 b
Bl (P<0.001) /R L7z (R3).

2. 9 {F&ENE
RERAE, Bk, ROGEIGE, £9%TE

1, SMICHEEEIZREO DNk ol (RI).
3. £ =

REFZETIX, BFII BT % I BYHE W o 2L
HHE T OBE S, BEFRICHBET 54 v
H—EEEMNRIZ, 77 AFENRA D OFHDP
i O Y1 R B RIS B D REANE ST o —
< YA EBHRET R KT TREIZONT
MGEx 4T - 72, WE P OSHA b L A1, VEST
S CONSEMH LD b ABIIH VR E 2o T2
75, PEOHEIE, SEMICEEEIREO LN
Dol MEHROTR I, OB O
1%, VEST 4} CTIZCONSAFICHREEIC LA
AN S M7z, RPEIX, VEST 44 %% CON &4
I OAEREMEER L. —0, MEROBRE
A AL, VESTSfFACONLM LY b HER
BfEZRL7. L oTC, 77 HEXRZA LD
HAPMERFEROAME KT 2 RI2OWT
IR IR % ST AR Th o 7205, FFAM S
T F =% ¥ ANZDWTIIBIZRAGH & 13 500k ok
Lol

RFFECIL, @ERIRE (VEST; 26.7 £ 02T,
CON; 26.1+0.2C) & WBGT (VEST; 309+ 04T,
CON; 30.2 = 0.5C) & VEST &4 ™ J7 %% CON 4
I bEZICEP-72 (R1) 2E0s, #Y
FOBEHA ML AL VESTRIED AR E o7z
LEZzZ N5, WBGTOfEL, W44z 80h
EOD e AT T 28C ML B 1cagk L

F3 MWEEEOKIENT » A

KERS B A R = ik = IR R LRI E
(m) (kg) (%) (ml) (kg)
VESTZ:AF 5852 + 241 0.52+0.45 09+0.9 1529 = 277 2105
CONZA: 6595 + 328 0.73+0.58 1.3+0.9 1598 =443 2.3*£0.6
fa b <0.001 0.205 0.205 0.443 0.116
PP S 2.58 0.38 0.45 0.19 0.36
S+ kR =
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Wz SO, RIFZE ISR E ) F %
M9 2 (23D Thk L WERBE S N OB 217 -
TW/zetEZb5,

AREFZECIE, #E P OFE.00%0E, VEST 4
2570 £ 3% TCONL&MGAT4£5% TH Y (K
2B), VEST 44 1 vh % FE 5 BE S B 12 5% 24 L
CON i BB iay a4 L 72 % La L,
SHMICHEEIROON o722 &b,
B OEERE I ILME IR TH oL E
oMb, —F, WERORBEELEL, VEST
ZAFASCONGME L 0 b 743 m4H &, A 7 (Al
AL (RI)., 77 VRHEXRANOERD, B
BT A — b OFE RGO R YL T O PSR
FEEREEIRE BRI S BU A FA 7+ =~ v A L
B E O fE R (2D TRREE L 723k % DTSR
0 cig, SETORBEEEENA N EEHL
oA E BN L o 725 OB E B 2 I3 RR
5Ntz KL ETHE Y ofEo
EOAE LB E LTIE, BEkEY -0
FHRHEOENPRF SN D, REIZEEY v 71—

ERURETE L, BEIEHEAE () 2REM OME P,
VEST 44 75852 + 241 m, CON 41 A76595 +
328 mBE @ L 7278, SeA TSR L 205 ] O BF BRI
NA N EER L7 5M973704 £ 203 m, EH L%
o 725533936 = 501 mAREDOBEITH - 7.
L7235 T, #EPORY v a yHFEES T
LTI, 77 AFEXRZA MOFERICL S E
DOBEFEEOE VAR E L CHF IR
Mo 72Dy, WERICHANRL EHEEHPORY v a vA8
BEINTWEWY Yy 1—TlE, NAMOFHIC
IV HLREGROEHPHIR SN2 EhD
VEST4:4E25CONSAt & 1) & B BN BEAD 72 72 o
U REMEDSE 2 b, DD, Fyh—Dk

B OBBIASHB ZHRIIBWTIE, 77
AFENRA b OFEHERFORE L b L FEEHIR
L, BAM T+ —~ v A% HIRT 2 0 ReMEAST
MEnsz Fo, WHEMEE L CHEVWb oL E 2

FH v h ZAR— Y EEE Vol. 46

217

SNDH, RGBT D SR OBB B O
EWIE, BB ML AAVEST &40 755 CON
FMEE Y b Eh o EHAHE L 2 TRENE D £ 2
EMs. —F, HEPOPELCHEIIEGEICE
HAEDED o 7272 O BB RIE IITE B L b o 72
EEZLND T LN, REBEIIEEOE LA
MBI IZZE L eho b DRSNS,
AFZE T, HEPOTHEER, A R
BUR LR & SO BEMERSRED b7z (I
2A-BL3A) Z&MH, HEROEER, (LA
¥, BEOKEIE, 77 fFEXRZPOFHICK
WEBEICEARI SN EZOND, Fo,
RPE (X VEST 5 AYCON 14 & 0 & A 3 70 {4l
ARLTz. ZO70, WEBOWEFTKIE, T 7 v
FEXRZAFOFE ML VEHL Lo 2RI~
B o2 EZLNL. INH ORI,
BAHNI B 284 0%fTiE Y 20Tk, 77
YHREY Yy bOEMD, BEBEET OEHH
W-13) 2 513 2 B O Bk L R 25 s o
VICHEGEE L 7c NS ZE N T O & RO R
T%ot.lh%@ﬁ%fd,77?ﬁ%Nxf
IRV sy FOBEHICEY, EETOYIE
JHiR, DR, IREUE K ORPE O L5 A5 S
N, BHIETFBHICHIRNTH S 2 LG ST
Wb, L7zho T, KMROMR?S, BHBRS
ToOHEHHFIL, 77 FET v Ty MEIFTRL
N bOFEHSBAIEDOTFIHICRRITH L Z &
PRS- S 612, EHFHNETOEFERND
BHRETTIE, 77 Y EXRZ NOFRIEPE
FETREEEBIRE 721 ) C 2  ERBRELEBIIE 12 D AR
HROBAMAER L, BAETFHICHRNTH S
Z DD TRHER S N7z

77 AFERZA ML L BREGHOMEE, T
ZRIRH DRI DTG & 2 ZEIS BB O M
22509 LEZSND, BHIEE T OE
(24E, SRR O RE AR E R O B I E
L5, B oEE LS IXFOREIRIC L 255N
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B IR BR L D 3% { D E HhTT
TEHHREE 2 BY. F7h AR LD RS
R, REBIENTVWEEOTIENL TV W
BEk ) b <, SBIREET OMEIRF I3 MR
AR e OV A% ERF T 2 2 & ST g
L7 222D Tokizawal® 1%, BHIRE T OEH)
BEIZBWT, 77 &Yy 7y POTICERT
AT =2 x Y iKTHEL LIBEEDL SR
o 72 REORTRFET SO W THE & 1T o 72,
TORE, KTHESLET =T v V0L
Tr o EY Yy VEERLBO, #E5
PEEBCHROARAENS & ) BRI, GRS I OV
BOLAPEEICIRI SN2 L2 HME LTV
B RBFZEIE, O T LWEHZ b L5t
TCTEENEFT>TWAZ NS, BERE I
BET CICTEPE, 78—y tamn
7ZIRRET7 7 VAP ERA M EFEHL T2 D L
i 5N%. —J5, Rowell 52 1%, B2k
PEIRA— V2LV EHOREE 2 I LR E iR % K
TEEDLE, BEIREOME®RIC L) RUOIEBRAND
HIRERPIRESNLEZ E2FME LTS, I
W& D, EmERORBIIRE, —EHHE, O
wMET L, (O BREMAIR O EAAHIH S
BT ERMEL TR AR CHALET 7
SRET Yy FOKRIE, £ EHLTwS
HTE WD, T THENL TV LR 2 HiI 5
TS & ZEEMEBGRAMRAE S, R E RO B
A S NAAER, DR AR S A
BEMEDSEZ 5N,
AT, 77 A EXRATNOFERCL DR
BURO FAPEEICHIH SN ZEIREETOE
BIEICIE, BEA ML R EARFASROBEHOR
Ko THAED EAMPRI 5 Z L5 T
W62 g BEEET TR, EAORE
12 &0 IRBEK L R B IR O LRI S 30 o,
RIFFETHA L7 7 VS EXRZA MIERD 225
2R E N 720, B HEANOPRIZL D

IRBIK O A A X AT RS N b 0 &
AHN5E. H3AHNS, 1204 OB OEBUEIZ 60
ORI ARG OEINEL otz ZOR
K, FEENADOENIILZIDEEZOND.
FENEL, 605 TlEY 2 — MEEPTH - 72
25, 1207 Tl — 2 DEHBTH > 72720, 120
SO HLIEIEE C (R2B), BB D
EholbEZOND. IORD, 77 AHEN
AN EEHLTWASVESTSMTY, 12047 D
12135  OBEREDTRNB S R U 72720, &t
MOEINS L ol bDEELZLND,
SHBRET OEH)EIZ 17 5 RPED A3,
OB L R IR O L RSD KOS R R -
A3 o CHISRI SND, KBTI, 77
U E NN OF IO LI L SIS RO
A S NS LA S, RPED_FFIZHH] &
NbDOEEZ LMD, KFFICBIT b iREE -
RPE O 1%, Fex 0%ATH% Y ROBRHNTY 7
S EY vy bR Lo ST Y
THFABORBREIHRE SN TS, L72A 5T,
BB T OERTICB LT M ETTD
EHIE, BELEFOREN AT 20 %R
T 2 2 e S TEBLDEEXLND.
AT, MEH, BICHEHREI TV LW
34y o — OB R EE L E R 2
2 FAMRBIEIR R TR 7 & O kIR O
IZOWCIEIERfTh R D o7z, F1, BRI
Blh s, EICBNTOKRAFIIZRICHC5HE
Tl & AR OPSE b FEHiT 5 2 ENTE R Do
7z LED ST, A%id, IS OREEMER %
EL, 77 U EY T ORTETFHHREE LD
HMICHGET 2 L ESHLLDEEZLND. £
72 RBFFEI, KB AT LIS E T B E A
X1 HORRSREM AR 451D %
WV, 9~ 1O CEREEBLZ. Lol
EBROIIEENL, FOL)RBHA ML ADKE
WEEEITT COEMEINTB Y, FESL  OBHIE
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HOEDHEENTWDS, TD7D, SRITBHA
b L ADTK E L BORED G AT VBRI I
EErEfL, 77 v RETTOMEE S SIS
RS A UEDSHLIDEEZOND.

4. & &

KIFFROFE RS, BFMERMET OB HIRE
T OEMBERIEEHE R, 77 A EXRA D
DN &) RIRFAETROBEIHAEF S 1, Zhop
JEDEMRMIEDTEIR SN D Z E MRS 7z —7,
AR TH W2 Y 71— O L ) \E b RS
HHEAZBERICBWTIE, 77 FEXZFOEM

BTFORE* H HFEHRIRL, FHAM/ X7+ —
Y A% HIRT B REEARIZ S N BFEO
GBS R IC B 2 BAHE TR OB 5
77Vﬁ§NX%@%ﬁuﬁ¢ﬁ%M®tmu%
WIHRNTHLEEZ HND.

R

ARWFZEIR L CBR 2B Y £ L2 EEAAAR
LT v N AR — BRI BN JE < ERLH

LEFES. E72, FEBRICSHG 2250 3R
HOBBIIL WAL L LT E T
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