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Controlling Postprandial Lipemia to Improve Vascular Endothelial Function:
Effects of Daily Physical Activity and Aerobic Exercise

by

Masatoshi Naruse, Kazushige Goto

Ritsumeikan University

ABSTRACT

Postprandial lipemia and reductions in endothelial function, as assessed by
flow-mediated dilation (FMD), are well-established responses to high-fat meal
consumption. These responses are known to be attenuated by prior aerobic exercise.
Emerging evidence suggests that low daily physical activity may blunt the beneficial
effects of exercise on postprandial fat metabolism, yet the effects on FMD have not
been examined. Therefore, this study aimed to investigate the influence of daily step
count and aerobic exercise on FMD following high-fat meal consumption. Six healthy
adults completed three, 5-day trials in a randomized crossover design, each with
differing physical activity levels. After 2 days of controlled activity, subjects completed
2 days of either LOW (=5,000 steps/day) or ACTIVE (=10,000 steps/day) step counts.
On the evening of day 4, subjects performed a 60-minute cycling bout. In a separate
CONTROL trial, participants followed the LOW condition without exercise. High-fat
meal tolerance tests were conducted the following morning, and postprandial responses

were assessed over a 6-hour period. Serum triglyceride levels were, on average, 34%
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lower in the ACTIVE condition compared to CONTROL (p < 0.05), but no significant
differences were observed between LOW and the other conditions. Brachial artery
FMD was decreased at 2- and 4-hours post-meal in the CONTROL condition (p <
0.05). In addition, FMD was greater at 2 hours post-meal in the ACTIVE condition
compared to CONTROL (p < 0.05). These findings suggest that prior aerobic exercise

may attenuate postprandial lipemia and reductions in FMD. However, low daily

physical activity may limit the extent of these benefits. Further research with larger

sample sizes is warranted to confirm these effects.
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(p>0.05,K3A). E%6RHOMREMILEL X
BN & B LTl + & B et TR B S il
%7 L7 (p<0.05,E3B).
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+F2 605 OFERFEEES)
I H ANIG B + ) 5 E) + )
JEB R (%ot KRR IR E) 601 60=1
Pk =R (L/457) 1.19+0.34 1.20£0.34
53 (W) 10032 99 +33
DA% (m1/45) 154+11 153+11
H B 1Y B ik 12+2 13+2
T — F LT = AR . ATHH 2B CEAH Op>0.05.
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A B. %
300 + 904
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gr 2004 & 80+
AT i
| i
e ®
2 i & 4
N
H
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® 1004 70
60

FES  FEBGER  EEHEH)
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3 R R OIS AR
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¥
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BT 28FER ARFREIR GRFfER

4 EIRE AR & 5 g Th R R R 021t
#p<0.05 (RIGE vs. 8+ EH), " p<0.05 (vs. EINAT)

L Hlfn

Ht
w
o=
o
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=
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BRI X B I IRIE 2L

H H St il FL IRy 2ME [ 4 AR 1% (s ke
LAY RIHE) 5+1 18=10% " 7+2 5+3
(uIU/mL) RIGE) + ) VES| 167+ T 97 VES|

HE) + 3EH) 41 15=5%T 85 41
e i S 445+75 34583+ 614 +124* 660 % 145*
(uEg/L) ANEE) + TEE) 441 =86 359 = 69* T 631 + 88 642 = 81*
THED + HE) 557 131 401£71%7 605 = 84 690 + 60
HDL AN Bl 62+18 60+15 59+16 60+15
JLAFU—L RIGE) + S H) 6116 60+16 58+15 60+16
(mg/dL) B + TEE) 64+19 64+ 21 63+21 65+ 20
LDL NG E) 7615 74+13 78+ 14 81+15
JLAFu—) ANTGE) + M E) 73+14 73+15 74+15 78+14
(mg/dL) TGE) + ED) 71+19 70+19 72+18 75+18
IR RIGH) 90+5 06+ 4 93+5 925
(mg/dL) ARG B + & H) 92+3 93+ 6% 945 925
(5 + SRl 86+8 95 = 7+ 94=+5 80+6

7 — ¥ 13 + B, 2T E 2B\ TAMEH Op>0.05. O )5 #p<0.05 (vs i 1), Tp<0.05 (vs AR %, 615

).

2. 2. 2 M&HERE

MR OPPEIRIG X, ANEEISM & L Tib
)+ EE SR CERMEER L7 (p<0.05, H4). %
72, ETOFRMICBWTARER2, 4RHEKIC, &
WG & RTHBERBINAGED 57z (p<0.05).
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HTHOBER S LD b EfEE R L7z (p<0.05).
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(p<0.05). FMD % Z 11 Z1L®» SR AUC Tl L 72
a2 b MEROR KA 57z, SR AUCIZIE,
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ANHEGM & B L2 o, 58 + B %t T
O EHIREM LR ORI & B % & IR UE O HH =
X, ENEN12% L 34% TH Y, TNH DRI,
INFTIHE SN TV L a3 239,
=7, NGB+ EHSEETIE, ChoofEizzh
FN6% & 23% 250 F o 72 KW TIE, 2HFH
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Elucidating the Contribution of Aortic Impedance to Ventricular-Arterial
Coupling During Exercise: An MRI-Based Study

by
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Human Informatics and Interaction Research institute, National Institute of Advanced
Industrial Science and Tehnology (AIST)
Michinari Hieda
Department of Medicine and Biosystemic Science Hematology, Oncology, and

Cardiovascular Medicine, School of Medicine Kyushu University Fukuoka Japan

ABSTRACT

Because exercise alters both cardiac and vascular dynamics, the impact of aortic
impedance on left ventricular ejection is likely to vary depending on the mode of
exercise and an individual activity level. Aortic impedance, which represents the
opposition to pulsatile blood flow, is a key determinant of left ventricular afterload
and plays an important role in ventricular-arterial coupling. In this study, we aimed to
investigate the influence of aortic impedance on left ventricular dynamics under two
conditions: the acute effects of different exercise modes (Study 1) and the chronic

adaptations observed in endurance-trained athletes (Study 2), In Study 1, we assessed
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the relationship between aortic impedance and indices of left ventricular mechanical
dynamic during rhythmic handgrip and dynamic cycling exercises. Handgrip exercise
led to a selective increase in the pulsatile components of aortic impedance, particularly
the characteristic impedance, which corresponds to aortic wall distensability. These
changes were significantly associated with increases in myocardial oxygen demand and
mechanical energy output of the left ventricle. In contrast, cycling exercise decreased
aortic impedance across a wider frequency range, including both characteristic and low-
frequency harmonics. However, these changes showed no clear association with left
ventricular mechanical dynamic indices, suggesting that different exercise modalities
may influence ventricular-arterial interaction through distinct mechanisms. In Study
2, endurance-trained athletes exhibited chronically lower pulsatile aortic impedance
at rest, which was associated with lower myocardial oxygen demand. However, no
distinct features were found in mechanical energy indices. Together, these findings
suggest that the effects of aortic impedance on ventricular-arterial coupling are
modulated by both acute exercise mode and long-term exercise habits. Understanding
these interactions may provide physiological insights for individualized exercise

prescriptions aimed at optimizing cardiovascular efficiency.
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Keyword

Aortic input impedance, Left ventricular—arterial coupling, Left ventricular energetics,
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INHDOABIEEL, EEEHIRROHMEAEH
(FEE-BRY v 7)) v 7)) B bE L7261, £
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EOREME N F 7)) v 7iEE) (RHG) #47b+
7. EEIREOERO 720, EBEIFG 1M EIC
Ji 35 MRI O 2 1% % i & 72, /7 %8 CINE i {§ O i
RIT T CHEBIZ MRS 7. WMIER TR 259
ML, MUFECHMEZET Y M T A MNE
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L7z BRAEP CA _ EREILE 2 & — i f5ER
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MREFE=F—DBIO) TV A LFR%E R
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TIHDMEPEY — V& H v CTHESKENIR O
FH IR W% (ZEFHML), Wb W 5 candy-cane
view & IS L 72 RIC2TGE S 7 4 — v R o —
V= Y AEHWTCLEREY (L ke Ay
74 7ECGY =7 4 »7) TIZH MK TCINE
PC-MRI#if§ & 11 o7z, 7— 5 WA T A ALH
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mm, MWD MHREL22 X122 mm, AT A4 AJES
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X RE O LEIARTE T 555, 50 ETH -
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L7oh 7 2B s, FREIRIILE # 5e8k L 72
%, B ZZIERMIE DT O L OV E CHREIE
SN, 200 M0 F FORKEL Tk 2 LT
WAL U7z, RIS 3 & OV LRI i
JEAETEIE S, —#AbfRERI %% Vv C 128 Hz
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FEFEMEEEER -V — 7 LEMRI & H
WL EDOTRES & UBERR % 3l L 72, (%I
&, FHEBIEONT Y AR T 7 AN - T 4=
JU K - = a—: (balanced fast field echo) % FH\»,
DERICFEAMLZL NOBARY F 47 - =54
VI BIUMEAHETORIED R ITo 7z #lg
FMRELLTFDEBY TH D - B (field of view)
12340 X 340 mm, AF 4 AEiZ8mm, AT 1 A
Il (A4 ABOF v v 7% L), HNG
fRAEIZ 141 X 141 mm, CEHH72) D7 = —
AHE30, 7 v TAIEE0° TH o AOE
AR AL, QMass Y 7 b7 = 7 (Version 8.1,
Medis Medical Imaging Systems B.V., Leiden, The
Netherlands) % W72 131E> > 7y ViEICE D E
L7z Zomlif & )ik s bz ik - IR
W%H (LVEDV - ESV) & L7z, BRIEE (ejection
fraction, EF) (X, DL FOF X Y RD 72 - EF (%)
= (LVEDV — ESV) /LVEDV X 100.

e AR AR & R U S 7 RBYIRIE 5
2RI 165 %, DIF 03O -
BN — T L7z, KREIIRE: & 72 B A5
100K A > M2 F > 7)) v ZEE TN, &
KA NCHE/IBREPORHERTTAY v A%H
M2, CoOMELI 25 AE () ofHEHAT
& % Double-Hill BI%Z 4% 7 - % S L 7.

n

(m:ax) y 1
Lok (Ln:a.x " 1% (Lniin)

Emax: BEZBAR T 5 X & v ADKAE, i,
max : Emax OEE[], min: =5 A%  ADOMKT T
LREHE, n: PEEIIONZDE ) OF S, m ot
RO TOH S, 2095 [minl, Tnl, [ml
IEEORR TR E S N, BERZ I A
~ A & Double-Hill %012 & ) HHI S 7-E () @
TR B L /. TIERASE & 1 EE o Double-

E (t) = Emax %

m
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Hill IO N T2 VT 7 2 VDV b/N—
1#%75E T @ Double-Hill B9 £12 & 0 S S 72E (1)
O LT -7z, A=EE (LVP) 2 LT o &
DEM L7

LvP=E(t)x (LVV—Vo)

E (1) HodifbiEOWETS 25 VA, LVV : I
MOLEERM, Vo EENE [0] OkOEH.
REFFETIE Vo & 01Z3E L 72,

BHOOMAY 12 L72h 5 TPV L — T % i
TREEBMY T AVF 2B L2 Zol—
T % e S MR R 1 B A B AR R Y = 4 L
F—T&d 5 Stroke work (J) & L CTHIB L7z #
REFET AV F — & 7% % Potential energy (J) & L
T, V= THE RO R T - B REER (Vo &
Emax = #% SEH) O Tomi =& Lz F72,
T ZE R T b F — 2455 3% 1 Stroke work
& PE O#H1 % Stroke work THJ 1) 1004312 L T
L.

FEATFRAT @ FRELIC B DR aRIT I IR A
EETNVE AW, RAEHE T A 2123 LT
1, o L L CHEARTIRE R OE L 72,
EMRET & LT [&t (L - E£8) | 2iEE
L, BB LEET Y M AOEEFFML
7z, 72, HIEEB ORI X 22O
HEMBEIC XV EH L7

WE2TIE, VY T IVOREYRE 0o 2 EER
FRICEDLLIREE R E, A5 O B IEH S
D WREE V72, EREAEEBEICOWTIX
IEHMEZ W72 & % Ao 72728, Mann-Whitney U
test & V72, HARIEH OMBIENTIZIZE TV >~
DFEFM BRI 2 M L7z

T T OHMEEAT 1L SPSS Statistics version 26
(IBM Corp., Armonk, NY, US.A) %\ THF\,
pfE<0.05ZMmatFAEEE L7z,



2. ¥ R

ML Ny BTy TR R E O IR
P, TFEE24 £ 45%, 1692 9.7 cm,
R H 633 +17.1 kg, HA%EIE% (BMI) 219 =45
kg/m> Th o7z, WREIIXREBIN KT v
THEBEEEREL, KIBT—YIIHFEL G0

MATEHE O RIE, TIIWCR LA B
(Brachial) - KBk (Aortic) JWUHFEHAME ( systolic
BP), LIRMIMAE (Aortic diastolic BP), “FI4I+
(Aortic MAP) (3N K277 » 7 BB 2 BHE |2
inL7z, L2 LREGHEOREN 28R TH 514
KIgH (Augmentation index) I ¥EJIMEM] I & &
o7,

=1 TIE, EEFREALS R L7z, IR AR
(EDV) iENn> K70 v 7B TF35 mLOb
e R L, PUERHER (ESV) (221bid
7o 72 AR AR (BF) 13358 L TV e o 72,

%% (Heart rate) & 1A & (Stroke volume)
MEHZFE WML 72720, L4 M= (Cardiac
output) b HE B AR L7z, — i KM AT
(TPR) \ZZALIZ R 2p o 72,

Tr SRR AV F — IR (5= 1) 14 Stroke
work & Potential energy D AN K7 v 7
SR TR L 7278, Fr sS04 L F — 2405
# (LV mechanical efficiency energy) 2 & 72 %
LIZRRD BN Do 7.

KEWRA ~ =52 ADMAMHIEN—FE=v 7 A
DEMREMENEH 2RO E1-20OHR/N—
EZ 7 ATIE GRS ER 2 M EIT L 72
(WA E) RETH 7278, HE3HRN—FE=7
ATINY BTy TEEERA OV 2% B
ZRL, BIELRIEOEATVRO NI 72721,
EHELLE2NHEIHRN—FE =7 ADM THEL
FOMEAE U7z, 428 (Modulus) DZAL (F1
(A) bN—F=v 7 ZOFEREEHENEH %32

% 1 Change in cardiovascular parameters during rhythmic handgrip (RHG) exercise

Rest RHG

N (female) 19 (7)
(95%CI) (95%CI) LMM
Mean (Lower-Upper) Mean (Lower-Upper) p-values

Blood pressure measurements
Heart rate beats/min 63 (59-68) 75 (70-80) <0.001
Brachial systolic BP mmHg 112 (107-117) 127 (122-132) <0.001
Brachial pulse pressure mmHg 42 (39-46) 43 (39-47) 0.591
Aortic systolic BP mmHg 97 (92-102) 113 (108-117) <0.001
Aortic pulse pressure mmHg 27 (25-29) 27 (25-29) 0.565
Aortic diastolic BP mmHg 70 (66-75) 85 (81-90) <0.001
Aortic MAP mmHg 81 (76-85) 98 (93-102) <0.001
Augmentation index % 1.39 (-4.29-7.08) 5.88 (0.20-11.57) 0.060
Left ventricular measurements

EDV mL 103 (92-114) 108 (97-119) 0.001
ESV mL 46 (40-52) 48 (41-54) 0.170
EF % 55.9 (53.3-58.5) 56.7 (54.0-59.3) 0.292
Stroke volume mL 57 (51-63) 61 (55-66) 0.007
Cardiac output L/min 3.56 (3.18-3.93) 4.49 (4.12-4.86) <0.001
TPR mmHg/L/min  23.37 (21.13-25.61) 22.46 (20.22-24.70)  0.262
Stroke work J 0.770 (0.681-0.858) 0.925 (0.837-1.014)  <0.001
Potential energy J 0.577 (0.484-0.671) 0.684 (0.591-0.778)  <0.001
LV mechanical efficiency % 57.8 (55.6-59.9) 58.0 (55.9-60.2) 0.688

These data were demonstrated as estimated mean and 95% confidence interval. Bold p-values presented < 0.050. BP: blood
pressure, EDV: end-diastolic volume, EF: ejection fraction, ESV: end-systolic volume, MAP: mean arterial pressure, TPR:

total peripheral resistance
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B Ny F7Yy TEBEOREIRA ¥ €= 5> 2 L OHRRETE
(A) WIN—FEZ v 7 AZBITHRBIRA > =5 > 2, (B) FilhA v E—= 5> 2, (C) BRFFMIREL (D) FEA ¥ ¥ =5 v A LUk
RFEEOBMRERT. (A-C) 2B 2 H XL, RNy M7y 7TEERZRT. (A) O] 3FENE CHERHHEZESRD S
N2 eamy. (B C) OMils LIV DLH RSN B 7Y v TlBREOZ{L 2Ry .

D7z FALHETHRN—FE= Y 7 ATNY KT
V) BB O J A E IV Modulus 25260 5
Nz, GO BN I/ NRIZ 7 BRI A V¥ —
oA (Ze, A1 (B)) &> F7) vy B2
AR 2.

EEMEFREORBETH 5 FHikFEMiEE
(Tension time index) (&/N> K71 v 7 EBRF |2
AHEZHEmMLZ (1 (C)).

B D= v AL ERIAVE—FEL O
BRI 2 PO e AH B o0 AT CREAT L 72828, HI
{ ¥ =% A%, Stroke work (rmm (18) = 0.46,
95% CI [0.024, 0.751], p = 0.04), Potential energy
(rem (18) =0.59, 95% CI [0.201, 0.819], p = 0.006)
3 & O Tension time index (rmm (18) =0.51, 95% CI

FH N AR— Y EEE Vol 47

[0.089, 0.778], p = 0.021, K1 (D)) & IEDHBIAS
;B b7, —Ji, TPRIZ Stroke work (rpy (18)
=-0.20,95% CI [-0.59,0.267],p = 0.401), Potential
energy (rmm (18) =-0.03,95% CI [-0.469, 0.415], p =
0.889) B X UNTension time index (ry (18) = 0.16,
95% CI [-0.307, 0.56], p = 0.509) & FABIRE AR 1L 7
Pz

2.1 RE BHEEE

HIZHLES) S 197 B A& L 72hs, Ll
B L OEE RO S THEDRE T E 2o 728
D314, EEFO AIMEATE T & %o 72870
5%, KREMRIMLG & ML QR ERMAHS TV 72
BRVBHEE LTz, IS ZBRILL MR, 2



90
Fp18%, EBHFR 13 B OIMATE RIS X VAR
BRIEEN SO N 2B, KBRS v E-F
AL, BRI 122 0%EHEEZ HWT
RN 24T > 72, AFREIC BT D REEHRTIE, RE
IEE 7V & By, RIR(EAH SE LB AR AE Y 72
PR S IO W T o7z, FERIL, e
B LW EHXMETRL.

H s HLEE) R O MATEIREOZLIZR 2R LT
WL B OREIIRIIGED], SRR, SPIImT
FREIZHN L 72, Augmentation index (XK & < i
BPLTVRDLEH BRI NLIPIEEDENRE
{, HERELEIRLRP -7

EDVEB X UESVIZEL 6 b AEICHIL 7.
EF (X3 IME A7 & 4172, Heart rate & Stroke
volume @ [ J5 @ 1 2 7 ¥4 /il @ 45 K, Cardiac
outputid BB L Z 2/ Mz /R L7z, TPRIZET
L7

H i 8 B R O /8 AR T A OV F — (T,

Storoke work & Potential energy @ i 5 & H i
LM ARR® H 7z, L2 L, LV mechanical
efficiency |ZZAbIZ & o 72

HEzHEH RO KBRS > ¥ — 5~ 2D
3, N—FZ v 7 AOTEMREMENEH D
723, LA R JE P S R B D 2 13 7% 0 o 7z
Modulus (345 7-8 D& W FHIS 721 T, A5 1-2
HR/N— & = 7 Z O JE AT b B iR g S H)
DHBEEIENA Y E—=F v A%Rk L (K2
(A)). L2 L, ZcTid HIERELES) R OALT A
LB bk iro7z (B2 (B)).

—77, H¥EHEB)EF O Tension time index 134
ZlzHEmL 7 (M2 (C)).

LR D HERHEE) 12 L 5 Ze D2 ALIL Stroke
work (ryy (11) =-0.43, 95% CI [-0.793, 0.158], p =
0.142), Potential energy (rym (11) =-0.54, 95% CI
[-0.84, 0.019], p = 0.058), Tension time index (rpy
(12) =-0.37,95% CI [-0.75, 0.205], p = 0.199, X 2

3 2 Change in cardiovascular parameters during cycling around heart rate 100 beats/min

Rest Cycling

N (female) 19 (7)
(95%CI) (95%CI) LMM
Mean (Lower-Upper) Mean (Lower-Upper) p-values

Blood pressure measurements *
Brachial systolic BP mmHg 112 (108-117) 122 (117-128) 0.006
Brachial pulse pressure mmHg 44 (38-50) 47 (41-53) 0.235
Aortic systolic BP mmHg 96 (93-99) 106 (102-109) <0.001
Aortic pulse pressure mmHg 27 (24-31) 27 (23-31) 0.818
Aortic diastolic BP mmHg 69 (66-72) 79 (75-82) <0.001
Aortic MAP mmHg 79 (77-82) 91 (88-94) <0.001
Augmentation index % -1.2 (-9.7-74) -8.2 (-18.3-1.8) 0.205
Left ventricular measurements *

Heart rate beats/min 63 (57-69) 94 (88-100) <0.001
EDV mL 101 (88-115) 122 (109-135) <0.001
ESV mL 43 (35-51) 50 (42-57) 0.006
EF % 58 (55-61) 60 (57-63) 0.058
Stroke volume mL 59 (52-65) 72 (66-79) <0.001
Cardiac output L/min 3.69 (3.15-4.24) 6.70 (6.16-7.25)  <0.001
TPR mmHg/L/min ~ 22.33 (20.28-24.37) 14.38 (12.27-16.49)  <0.001
Stroke work J 0.800 (0.708-0.893) 0.969 (0.870-1.067)  <0.001
Potential energy J 0.574 (0.466-0.682) 0.704 (0.589-0.820) 0.007
LV mechanical efficiency % 59.0 (56.0-62.0) 59.1 (55.8-62.5) 0.927

These data were demonstrated as estimated mean and 95% confidence interval. Bold p-values presented < 0.050. BP: blood
pressure, EDV: end-diastolic volume, EF: ejection fraction, ESV: end-systolic volume, MAP: mean arterial pressure, TPR:
total peripheral resistance, * : Hemodynamic data were available for 19 participants at rest and for 14 participants during
cycling exercise (blood pressure waveforms could not be obtained in 5 participants during cycling). +: Data from all 19

participants were available for both rest and cycling conditions.
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M2 HEmBEEFO KBRS v =50 A L UHERETFE
(A) DIIN—F=Z v 7 ACBIFLRERA Y E—F X, (B) HlhA v ¥ — ¥ R, (C) BRI, (D) kA » ¥ — 5 v R L.k
FEEOMBERT. (A-C) B2 HI3%HE, RIFREESHELZRT. (A) O] IZHEBERE THELHBZEI RO b2 &
Y. (B C) OAGET & PrIVITE N DL & Bz BRI O 2L 2 7R § .

(D)) o&n& LET IR o7z L
L, TPR &, Stroke work (rym (12) = -0.81, 95%
CI [-0.936, -0.481], p < 0.001), Poteintial energy
(rem (12) = -0.74, 95% CI [-0.913, -0.348], p =
0.002), Tension time index (rym (13) =-0.88, 95%
CI [-0.959, -0.662], p < 0.001) Z 15 DFaHE | BE
Loz,

2. 2 FFRE2 BAXRAthlete (IBHEDR)

FEAR Athlete (15%4) & Sedentary (16%4) #o
SEILERE (20 £ 1vs. 21 £25%, p=0.181) L HE
(1714 £ 6.1 vs. 1728 =57 cm, p=0529) 1ZidE
ViAo 7o, KT (57.6%6.2 vs. 67.3+135kg, p
=0.017) &BMI (19.7 £ 1.2vs. 22,6 = 42kg/m?, p
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=0.015) 13 Athlete HA5E =K - 72

TRTOIBEDOLEM A2 EK IR L7z, Aortic
diastolic BP & Aortic MAP, Augmentation index
13 Athlete D13 ) A% Sedentary £ 1) & HE KA >
7z. Athlete I3 Sedentary £ ) & Heart rate 23K <,
Stroke volume %5 %> - 72 %% Cardiac output (2 (X #
MEE o7

KEIRA >~ ¥ — % > A Modulus 1%, Fij[llZ#ts
L7oRi R ERIBRIC, SREFIR TR 2oz, £
D728, Zc b Athlete D13 ) A¥Sedentary £ ) b &
B A o7 (3R3).

JEERIR Y T 4 L F — @ Stroke work, Potential
energy |ZH# M 2213 7 < LV mechanical efficiency b

BN I o7



% 3 Cardiovascular parameters in Athlete and Sedentary group

Athlete Sedentary
Mean = SD Mean = SD p-values

N 15 16

Blood pressure measurements
Aortic systolic BP mmHg 947 997 0.051
Aortic pulse pressure mmHg 31£5 30£5 0.686
Diastolic BP mmHg 64£7 69+7 0.023
Mean arterial pressure mmHg 73£6 80=7 0.009
Augmentation index % -13=10 -1+8 <0.001
Heart rate* beats/min 48+4 58*9 0.001
Stroke volume* mL 95+21 80=10 0.022
Cardiac output* L/min 453+0.81 461+0.58 0.748

Left ventricular measurements
Tension time index mmHg-ms 1399 =137 1733 =254 <0.001
Stroke work " J 1.05%0.08 1.08=0.12 1.000
Potential energy T J 0.70+0.21 0.78+0.11 0.428
LV mechanical efficiency l % 60.63 +6.88 58.23 +2.65 0.713

Left ventricular afterload
TPR* mmHg/L/min 16.80+3.92 17.53+1.83 0.509
Zc dyne-s/cm® 76.1+19.0 915+194 0.035

These data were demonstrated as estimated mean and 95% confidence interval. *: Data calculated from aortic blood flow
rate of phase-contrast MRI due to the small number of people on cardiac CINE images. Bold p-values presented < 0.050. BP:

blood pressure, TPR: total peripheral resistance, Zc: characteristic impedance,

T:Because of suboptimal image quality, the

number of participants included in the analysis was limited (Athlete group: 6, Sedentary group: 10).

—75, Tension time index |% Athlete D (X 9 3
I o 7

Zc & Tension time index (& 1IE O A B B2 (rg =
0451, p =0.010) % 7% L7225, Zc & Stroke work (rg
=-0.012,p =0.966), Potential energy (rs=-0.085, p
=0.753) IZFEENRBD 5N D o7z,

3. & &

ARWFE T, 200 E A2 0T, EB)IZ
kﬁ%%yﬁ—ﬁyxmﬁmﬁE§l$W¥—@
BICRITTHELMF L. 2o/E, UTo
MEPELN. B, Ny FZ) v Tok
ARV I AY v ABEE I KREIIREFE A > ¥ —
¥ oA (Ze) P EFL, KEJIREEDILIRMEDT
R L7z ZOZLEIEZE ORI B L O
IANVF R L AEICHE L, Ze DM
[ 7 FREEH ) (Stroke work), {EAERY T 4 )L F —
U Wk 35 7% % (Tension time
idenx) ~OHFLGHF20 ~35%1E L. —H,
FEEFRER P, KENRA >~ € — % >~ X Modulus

(Potential energy),

MET L7222, I oZfbe AR A F—H8)
HE L OB B BEMEERO S a otz E512,
RIFFETIE, T OZALHEZE ORI B REFEIE &
R L v —7, UHEIEIEE L XA EICH
WA EDHICREN RS ORI,
SEERER OB NS L > TEE-BRY v 7)) v 7
DEEVN R D Z ERRBELTEY, L<IZLY
AZ v AGEB) TIIEE T ROV F —FIREN D22
KEVHREMEZRL T D, REEIE, E&hkX
12 & B O BEIG A = X5 OFRIZE5$ 5 &
&b, OIMAEREICK T 2 LS L7z E B
FONFNEEZLREEH5-2 5.
EE-FRT Y 7 v 7%, KEIRES T A
5 A (Ba) LEEEILT A% A (Ees) W HEF
iz &AL, ZifREiCBvCEald (B
WRAT 4 v 74 ZBRT 2) B0 B LD
b CRAMIMEPUC R T 2) B8 kDRI
LT, 3o aE->Y. MBI, Ea
WBENRA T 4 7 A AR KGO BB 2T 5
LENTWBY, L7zdso T, HEkoIHEREE
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fliCld, ZEiEE L EBEFICBIT2H y T 7D
ZAL% [ — O CRHfi§ 5 2 L BHEETH o
72, —F., KEIkA >~ ¥ —4% >~ A1, Heart rate
CHIsk T 2 BB T 1K L CEHM T X %
728, X0 KBTI RE T d 5. AFFZETIE,
LIRS v AEBHIIIEESEAS Y E=F VA, T
RO BEEIRA T 4 7 ADLEACAEE R AN 2
CHFGL, M (aah) B X ORE#n 4
WF—IZHPHEEOREL G525 I EARIN
72, —77, BEEHERTIE, A E—F 22
Nz, HEAFRBICAR L HAREBER T D 1~
E— & ZADMETF L, TPR &AZET AV F —EhiE
EOMIZHERGCEEDS RO bz, T b OfER
Mo, LIRS A TIEERAT A 74 AD
£ RREEREEEIC X D EERANDS, AR
T BTl SO R R IS O - sz IC X 5
FIMEDZEALS, EE-BRAT v 7)) ¥ 71K
XHBTLIEHIRBEND.

S 512, A DDA HE L 72 FF AR Athlete
DU 7 — % TliE, TPRTIE % Bk A 7 4
7 AAHME &0 kST s hY oz
Lid, EEIO SRR LB, BIROR L
BERRIAC Bz B R AT S REME ZRIB L T
%.

4. & @

BEEERORNCL Y, KREIRS Y E—F 0 R
PELEOIANF—FREICE 2 2 BIIR LS
CEAIRENT ARRFEVEERTIIE, KR
TPR 7z &, 25 OBIRFEEABG L CTRENR A >~
E— 5 AHWEAL L7z, FIRFEB OBRIEN %)
RL LT, REROITREOUGE, T b b
YA v E—=5 2 ZADTF A0 5.
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A Foundational Study on Novel Body Composition Assessment Using
Ultrasound in Para-Athletes with Amputee
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ABSTRACT

Purpose

The purpose of this study was to examine the validity of subcutaneous fat thickness
(SFT) and qualitative muscle assessment using ultrasound, and to further investigate
their relationships with phase angle (PhA) derived from bioelectrical impedance
analysis (BIA).
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Methods

Twenty-one individuals (16 males and 5 females) who underwent CT scans at our
institution were included. Subcutaneous fat thickness was measured at the thigh, upper
arm, and waist using ultrasound (US-SFT) and CT images (CT-SFT). At the thigh,
echo intensity (EI) from ultrasound and CT attenuation values were obtained to assess
muscle quality, and their correlations with PhA were analyzed. Pearson’ s or Spearman’
s correlation coefficients were used for statistical analyses.

Results

A very strong positive correlation was observed between US-SFT and CT-SFT,
confirming the validity of ultrasound for measuring subcutaneous fat thickness. A
significant negative correlation was also found between lower-limb PhA and both
US-SFT and CT-SFT, indicating a localized relationship between subcutaneous fat and
PhA. Regarding muscle quality, CT values showed a significant positive correlation
with PhA, whereas EI demonstrated only a limited association.

Conclusion

Ultrasound-derived subcutaneous fat thickness (US-SFT) provides an accurate
estimate comparable to that of CT and may serve as a useful alternative indicator,
especially for individuals such as those with limb amputation, in whom BIA is difficult
to apply. Conversely, for qualitative muscle assessment, CT demonstrated superiority,
highlighting the importance of selecting assessment modalities based on specific

evaluation goals.

*F—TJ—FK
Tr—=AXT7 7V ETVERHE @& CT
Keyword

Phase angle; Subcutaneous fat thickness; Ultrasound; Computed tomography (CT)

25

5 &
- T34 B 1 BT CTRE DT < h 7z 21
B & S (51164, lE5%) & L7 KBRS, FR

AW FRIBE R T HWRTREESL L
B OEMFFMOZ L EZRIEL, S5I1I22hb
LHERERA Y ¥ — 8 v 25 H (Bioelectrical
Impedance Analysis : BIA) |2 X % Phase Angle
(PhA) & DBHEMEZISIZT L2 L2 HIgE
L7
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W, IS B W CBERERIC X DK TIREE
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Can Thermal Comfort be Evaluated from Brain Activity?
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ABSTRACT

Human thermal perception is essential for adapting to environmental conditions
and is divided into two main components: thermal sensation and thermal comfort.
This research employed electroencephalogram measurement alongside dipole and
event-related spectrum perturbation analysis to clarify the spatiotemporal patterns of

brain activity associated with thermal perception. In Experiment 1, we analyzed brain
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activity patterns associated with thermal sensation when exposed to localized cold

and warm stimuli. Experiment 2 focused on brain activity patterns associated with

thermal comfort, using a combination of whole-body and localized thermal stimuli.

The results indicated that overlapping brain regions, such as the right anterior cingulate

cortex, precuneus, and medial prefrontal cortex, were activated in response to thermal

sensation, with distinct temporal activity patterns observed between cold and warm

stimuli. Regarding thermal comfort, the anterior cingulate cortex, medial prefrontal

cortex, and insular cortex were implicated, with unique spatiotemporal activity patterns

distinguishing comfort from discomfort. These results indicate that thermal perception

is processed through different neural oscillation patterns within distinct brain regions.
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thermal perception, thermal sensation, EEG, dipole analysis, ERSP analysis
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EIFS 10-20 95120 Y 158 i & Fo i@ L 7= (Fpl, Fp2,
F3,Fz, F4,F7,F8, C3,Cz,C4,P3,Pz,P4,01,02).
GHRICHEEEHEZREL, 1 -4 X135k
QLUITFICHEREE L2, 7—%1d, 7Y v 7
W 128Hz CTHLAS: L 72, BEG #4712 1 EEGLAB
version 2022.1 % fli [l L 7z, ®iALEE & L T 1-40Hz
NV KRR T4 vy R L, SRl 2F
PH#ZI0FE Ry 7L L 7z RiEA 100 4 V
RHADHIRY 7, BIUYARY ST =53¢
W32z IRy 72BN L. ZOREE,
WEMET21£222 Ry 7 (51 +55%), st
T19+21x KRy 7 (48 £53%) DIz,

EEG f##7 X EEGLAB % ] L 13, & %54
516R Rt L7z (&30054). %4 K-
fEAT 1213 DIPFIT function (version 2.3) ZfHMH L,
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BT WS 16% % 8 2 5 o 1 BRAh L 72 (251K
5, 83%). IC7 A% ) ¥ 7|23 k-means % &
v, B MNRTZIT T 14—y 7, BUBTAE,
NI = ART N T AERENTE L. HERES
T ALY OFERIEHELT70% D O35 E (n=14) 28
H59 525 A% L L7z Brodmann fHis O [F] 52
|2 1% Talairach Client (version 2.4.3) ZfHH L, M
W FLE D S Amm DN O R A BER 7 2V %
FEdEL L7z, ERSPRRMTCTIE, #HHEZ 724 T
1-40Hz ® ERSP % S bl L 72, AT DR 13 5%
PR 280 2 5 #2108 & L, Morlet wavelet
A #EA L7 (IHz T34 A 2 )V 5 40Hz T
4044 7 V). 20017 (— 332-8324ms) & 79[
Wekoi (1-40Hz B bE) 2 A L, #Y A X
3336ms, FFf4fERESSms & L7-. EEG7T — % 12
% LCi&, EEGLAB7J 7 4 ¥ % F\wC, #AT
f#] @ ERSP DR B R D2 % WS 72012
N=Iar—varfErElLz. /=3
T—¥a YBOETH, BHOMERE Y 5 72
® |2 False Discovery Rate %12 & 2 i lIE2S LB &
B3N8 HH3, AL TIRIREH B R DK H#E A
SRS L7200, Mt AEZOMMAHEE T
HDHTENOMIEITEH L ho7z. 512, 6
(4-7THz), u (8-13Hz), B (15-25Hz) #iid
¥poxg =2 b H L, 3RS ARG & E
ML, %54 R=VIZBIT DR RO/ ST —
ZALDINY — > FFAH L7

2. 2. 2 EB2

FLER2 TR LA 2 Rl E AR & L
7o ImBRIEOE, A4S IEE (TSbody) & LT
KIEE A=Y 2L, 17C (Cbody) Z 721
47C (Hbody) DK% 2L/4r CTHEFE L 7=, JRT#
W (TSlocal) & L CHAISHIIZ ANV F = EilE %
7L, 32T ofiiliif (Nlocal) 15125k
T 24T (Clocal) ¥ 721340C (Hlocal) 44l
B10R & K440 M50 L 72, 45 SimA o I
J% 1% Cbody @ £ 12 Hbody & L 72, J&j A i) # o>
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MEF X & RETT > 5 aqibL, HATMIZ30H
DEDWRBEZRT 2. &FiRiME5 2, &l
FEAVEE L 7212\ ATl Baa L, PARRIREE
TEEGMl7E % FE i L 72. 7 B, Cbody #1213,
32°C (Nbody) DK &R S, HWib L U8
[T — N 7 o 72T, BEGHIEIATH T,
FRMRE A 108 v M3EME L 72, CbodyNlocal,
CbodyClocal, CbodyHlocal, NbodyNlocal,
NbodyClocal, NbodyHlocal, HbodyNlocal,
HbodyClocal, HbodyHlocal |23} 2 J&HT (k)
B LU G ORI - PR S DN -
VAS 7% Fv CREAM L 7.

EEGll7E - AT I3 EER ] & FMERDRE THENE L
72, AIALELT CbodyClocal 34T T0.9+29T K v 7
(2.3+7.2%), CbodyHlocal i#7T0.1 0.3 K v
27 (0.2 *0.7%), HbodyClocal 41T T34 * 64T
R 27 (85+159%), HbodyHlocal 34T C5.7+ 7.8
IRy 7 (142%195%) ZBAL L7z 7801 (B
0%) ORIRENEHEGS D7 T A5 DHh% BES
FAL L LTEIRL, R0 & H BB B
B HEERZG T =2, WO H B RE &
v, HlEI o 22 oFH3T — LifgatiE
(P <0.05) #°256ms LA Lk 3 2 28) & A &R
75 R AN B D2 b L e S L 7z,

2. 3 #hEtEEM

FEER1ICBT 5 VASIZ L % JFHT & &5 O«
EHIEL - RHPEIZOWTIE, WSO H B thRE
T L7z, KRBTSO 78T — 12065
2 HEXOMA L, PUERE RY) B X OFH
7 (OriginPro 2024b, Lightstone, HH, HA)
T HWTEHI L 72, F2BR212817 5 VASIZ X 5 )5
pr & & H O E P - AREICOWTIE, J G
D& % _JTHLE 5 H AT (TSbody X TSlocal) %
VT L7z, SaH#ITIZSPSSY 7 b = 7
(SPSS Statistics 27; IBM*f:, Armonk, NY, USA) %
FAVTHERL, AEAKEIP<005IZFEEL.



R 1 VASIZ X )Tl L 72T (1) 35 & UMz & oy i & By bl - APk

B 5t Paired t-test

w524 C) w440 C) P value
il
R I -64.4 = 23.3 69.0 = 234 <0.001
BRI AL -15 % 30.0 5.60 = 45.0 0.554
e
pTREEE -88 £ 16.3 89 = 12.1 0.002
BRI AL 05+ 174 2.8 =209 0.272
I = B

3. 2 B2

3. f& R

3.1 FEB1

VAS FFi 1 & 2 s (P =0554) F721%
EHOP - AHE (P=0.740) ICHEBEZIASR
otz (F'1). L2L, B (P<0001) B &
O &G oiREE (P=0.003) TIEEERICEES
RO LNz, ERREFEGFMETIEE 20 L&
L, mBEFTIRIEIVEKLZ (R1).

7IAE) 7Ky, 10D T A8 B
ES Nz STNSIEANRIETEEE (MNIEZRE  x =
9,y=4,z=>55,BA6), fimiA LMl (MNIERE:x =
50,y = — 3,z =24; BA6), ZEHi FH-0o Al (MNIEEE : x
= —46,y=0,z=238; BA6), HHZATEE (MNIEZEE
=3,y = —56,z=55; BA7), itk [A (MNIERE
=12,y = —57,z="5; BA30), fEai kAl (MNIJEEAE :
x=— 14,y = — 31,z=29), F5HATEE A (MNIJEZE:
x=37,y=45,z=9; BA10), 745 LAisAmR (MNI
@:x =2,y =60,z=2; BA10), FH2E (MNI & :
x=9,y=— 77,z =24; BA18), JEvh{kEHE (MNI
JERE :x = — 36,y = — 78,z=9; BA19) "& F iz
(1, +&2).

ERSP#HT Tld, &RBMEETHIC BT /87 —
ZAbpsEig s n (1), 3L HX G547 ¢
&, AR W RN p iR R &, & TORHE
W BEEGTIR TR E R EE RO bz (P<
0.001). R2E120.037%>5 0.93 F CTIAHIFHIZ A0 L,
YRARE S 5 — kGt - R R 8 - Ak aEs
TR -T2 (F1).

X

X

>

TR D, 25 ORE K IZ 13 TSbody @ T %)
WSS B AL72 75, TSlocal D ERHHE LD 5L
72/ 72 (TSbody: P < 0.001 ; TSlocal: P = 0.147 ;
ZHAEM:P=0299; B2). Fi&5H O£,
Cbody I3 Nbody & » & i \» #45 J& %, Hbody |%
Nbody & ) iV iRE A B &R L2 & H0H
Larbkoiz (WINLP<0001). F7, 4
B o BAP - ARPEICK LTk, TSbody 8 &
UNTSlocal D T /512 F 7% ER R D H 7z
(TSbody: P < 0.001 ; TSlocal: P=0.012 ; ZHAEH
:P=0.183: ®2). FHHHTIE, Cbody s &
Hbody (£ Nbody & Ik L THBEIZAPREE FH5E L
72 (b P<0.001) —FT, Cbody & Hbody
BIZIZEDS o 72 (P=1.000). & 512, Nlocal
& g L C Clocal TUEEAIYPL - ANPLEAZEAL L 72
7% (P =0.010), Hlocal TIZZ L L h o7z (P=
1.000). SO IRmBUKIZ DOV TIE, TSbody ® FE
HNLFED 5 N7 o 7275, TSlocal D FRHHE DS
HEIZF0 57z (TSbody: P=0512;TSlocal: P <
0.001 ; ZHAEH:P=0.139 ; ®2). FHESHTIZ X
1), Clocal I Nlocal & 1) b 5#\ i %, Hlocal &
Nlocal & V) & BRWWEI& A SHERIC BV TE SR 2§
CEPRENT (WTNRHP<0001). —F, B
AT DB - AP 2DV TiE, TSlocal D E%)
H3 X UFTSlocal x TSbody ¢ % H.1 I %h -5 O
J %88 517z (TSbody: P = 0.565 ; TSlocal: P =
0.004; % HAEH: P<0.001;X2). FHESHIZLD,
Cbody 4= T T, Clocal iZ A& %, Hlocal
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X1 R - RS T Ty M, BRI LIS B B HREEE A2 N VZER) (ERSP) 2R L TWw 5
CHPIETSER]: A, ARG E B, ZERT O] C, AT D, AR E, ZEme R0 F, 45 S isEm : G, 45 L RigEm - H, 45
] AT B )) . B BV T, B L O SR OV IZE & B £ ORAMEOERSPE F B IURT. Fid 8T
— DWW %, FRNEST — OEINAE FET ATO/SR NI~ 3 25— 3 VREOREE AR L, AR CHEEA D 5

7o I (P < 0.05) IZIRETRLTWA.
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K2 I IAYY U TICLYHEES NI
T I 2 B S i R

Bt EIE FER MNIKx,y,2) 70— F< i

LTI H 50, —3,24 6
I —-46,0,38 6
R AT H 3, —56,55 7
WRIETEER 9,4,55 6
WHRIFTE A 37,45.9 10
i EE ] H 2,60,2 10
B H 9, =77,24 18
] I —-36, 78,9 19
AR H 12, =57.5 30
s —-14, -31,29

Whole-body thermal perceptions

TSiaay: P <0.001
TSiear P=0.147
Interaction: P =0.299
100 4

504

B4R (mm)

-504

-1004

Chody Hoody Npody

B TStaay: P < 0.001
TS P=0.012
Interaction: P =0.183
1004

504

FATR - AR (mm)

-100+4
Chody Hoody Npody

TSbody

IFE K A ST 5 2 & AR S 72 (Clocal vs.
Nlocal: P = 0.001 ; Hlocal vs. Nlocal: P < 0.001).
—J7°C, Hbody 5t F Ti&, Clocal B & U8 Nlocal
IR - ANPUR A 2L S b o 72 (Clocal vs.
Nlocal: P=1.000 ; Hlocal vs. Nlocal: P=0.133).
7IAZ) KD, 3Dy T A Y M
&Nz, TSI EETEE (MNIERE @ x =
16,y =65,z = — 2), ISR (MNIJEEE :
x= — 23,y =43,z =7, BA10), A PAIFTEE A (MNI

- C:Iocali
E Hlocal
: NIocal

Local-body thermal perceptions

C TSy P=0.512
TSicar: P < 0.001
Interaction: P =0.139
100 4
50 4
E
a 7
My
g
-50 -
-100 4
cbody Hbody Nbody
D TSbody: P = 0.565
TSiear P=0.004
Interaction: P < 0.001
100 1
50+
£
£
g 1.1,
2 L i
fisg
2
F -50 1
-100 4
Cbody Hbody Nbody
TSbody

2 5B ILUORIORSIES L OGP « ASPUKIZEE 3 2 B EEMR E (VAS) FFfl
S LR FERL (TSbody) 144 (24° C, Cbody), it (40° C,Hbody), #ifil (32° C,Nbody) @ 35T, T4L5 & [RFHIJEATRERH (TSlocal)
L LT (17° C, Clocal), ifit (47° C,Hlocal), #&fil (32° C,Nlocal) #f§5- L7z, (A,C) MGEOFEMIA 27 &8 (A) B LRI (C).

(B,D) #f AHIEDFHII A 27 1 428 (B) B X ORFT (D)
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JERE © x =14,y = — 2,z =50; BA6), A5 HI5EH|

(MNIJ#ERE @ x =41,y = — 63,z = 17; BA39), /&

ArIREl (MNIERE @ x =0,y =18,z =45), 1l

IRE] MNIFEEE @ x =16,y =32,z=1), HZEwIK

A. 10 Ps
RV:2.13 %

N

) (AR ]

B. 10 Ps
RV:7.02 %

i
L

\ |

£,

C.8Ps
RV: 2.79 %

D.7Ps
RV: 1.90 %

39
B (MNIJERE © x=4,y= — 61,z= — 19; BA23),
EEREE (MNIERE x= - 48,y = — 37,z=18;
BA13) &£ T\ 7z (KM3).

ERSP AT Cld, &R EATIRIZBIT 5787 —

E.8Ps
RV: 3.68 %

H.9 Ps
RV: 3.86 %

Y

K3 JairiEEE (Clocals & U'Hlocal, Nlocal) %34 i E#HIE (CbodyB X U'Hbody) &
RIS G- S NBED, K7 A R— I & 0 [F%E S 2 7R g
(A) A5 buygeml, (B) Z2AMIRTEEIR], (C) ANMIRGSE]Rl, (D) A3 gEe], (E) Zemiikia,

(F) Hiniii ke, (G) fifki

2
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40—
ZALDBIE S, 256ms DL L kST 5 BB 2 A
TR 2 R R ARG B O AL L e SR L 7oA
CbodyClocal G4 (ANHR) T A HAIE R 0> 6 7iF
B (25-82s), KA 0 (18-4.1s), /&
BRE O 058 (72-8.1s), A5 LETHEIE O u i
B (4.9-53's), A AHIETEE ] O u e (3.5-8.3
s), AR O pF e (31-35s), Afewr IR
Bl g (04-8.3s), ZEariREl O w i (1.1-
16s), fAfiRElo g (1.0-8.3s) TiFEMHAL
A3FO 5 4172, CbodyHlocal &1 (k) T3t
HORIE @ 0 i (1.0-1.6's), FifaaIRE o u
B (25-29s), EBEED uiis (76-79s), &
BRE O B (3.9-4.3s) Tl LA RO SN
7z. HbodyClocal & (Pi#) TIidA - W MHT
BEM O 0 Hid (14-76s, 4864 ), Z-PIMIHETH
Bl Oy (75-79s), GNBEIETEER O B 5 ik
(4.3-4.9 s) THMEALDFED 54172, HbodyHlocal
e Cld 256ms DL Fik#e 3 2 H B BEERED &
g, TIEEBEHECHOEROE LD % 2o 72
Ll L T (M4, K3).

4. £ =

4. 1 BABOWE A H=ZX L (£E&1)

JR AL - RIS L, BT, A, A
BIRISE 72 & 10 O FEH 9 2 s anG i b L 72,
R S K ERANBR R, AL N E BB, A
SHION S RRANALEE, Ay RIS - RLIB LR |2 B 5
LChh 10 RS B OB A1
IVAERESNDLZ EPIRENT BmERHE LT,
[ — A1 T b 1 - IR T 58 70 2 e AR AR AR
BNy — 2R L2 THDLH. IREGHEA NG
ALY, BUGEREUS Y — 23 - e
I - BNGEI TR D Z E AL o7
W, IV T A CEIEREIIERL Y, Al E
BT DLRZ DM RS = X LI E o THEEH
B ThND T EFRIELTWD. 9% (EE),
il ORSOEBPLE), Bk (R - Hrh) DRk

BN R OB et L & SO L
Twa D F7 BHMAEEET DA OBk
TS % A28 T B C il O 05 1820)
BXORECO MG (Gl miRIE L %
BERBISL) 25, B SN/ Sy — 20
ERIZFGLTVLEEZLOND.

4.2 REUR-RNIREDHE X H =X L (EER2)

FEER2 T, PGB & AP TR IZ
% HWEZEMNG BN — Ul S . FRICE
B3R, FURFRETO &FEMHICLD
FEMPEEDZAL L, Fs L 72 RiEE)
IRY = DECHPRIE I NI ETH B, AR
%M (CbodyClocal) Tl LRiISER], PIMIFTHE ],
B E], fRATIRIE, wEIRE, BREE &) A
i PH O i SR ANE AL L 7201 2xF L, Pl St
(CbodyHlocal %> HbodyClocal) T (& BE 7€ #Y 7 R
DIEHALD A DTS Bz, Ziug, APEom
BIZE DL 0fRH - BIEEEPBHIHSNDL 2 &
TR LT\, ERTEEENIERA - EEH A -
Ay bT—7ONT L LCHRREL, WHIETEEE
TR RERAIRERE, AR AR R, AT IR
FHLEIBRRANG, FarRind o ¥y — MR, B
BTG - BIERE IS L Twad EshTn
6T s omi, B - R
KO - BB v b — 7 OFATEENIC &
DERESNEZEERLTWE, FEHTREI,
256ms DL EfkfE s 2 HER BRI OERIZLD,
FERENYIZBE S 2 G B 2 DRI 0REC a2 2 &
T® %. HbodyHlocal &t CTH & % RIUHEE) 2552
DN o7 L, EBEHECEAPL - AR
BTG Apo7zl L —HLTBY, ZOERDE
WP Z TR LTV EHd L.

4. 3 R R
AWFENZAIZ N O DORE D H 5. 15ERIZL D
SR REEDHIBE, A OFEAEDSZET 5N 5.
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KRIA TR 7 BLOHGHEER RS }VIES) (ERSP) AT 12 X > THIE S L7z

it LI N %* 1
(X, Yy, Z) K BA Frequency band Cbodyclocal CbodyHlocal Hbodyclocal HbodyHlocal
i EEn]
(16,65, —2) H 0] 7.80-7.89 1.19-1.45
2.19-2.28
u 4.89-5.28
7.28-7.50
4.19-4.32
5 4.67-4.89
VAR i 58 T 1.41-2.19 1.28-1.50
(-23,43,7) 3.14-3.23 3.58-3.71
E 10 © 3.71-4.46
7.19-7.57
1.54-1.62 0.53-0.71
2.62-2.71 1.41-145
u 3.58-3.71 2.28-2.50
5.46-5.50 6.06-6.24
6.50-6.71 7.46-7.94
0.58-0.67 1.06-1.14
p 2.23-2.32 4.67-4.80
5.85-5.93
AR i 58 T = 6 o 2.32-241 4.80-5.10
(14, —2,50) 5.92-6.01 5.76-6.37
3.54-3.89
u 4.76-5.50
5.93-8.33
4.46-4.62 0.45-0.54
b 7.15-7.24 4.28-4.85
ECIEETE 1.28-1.50
(41, —63,17) 2.54-4.06
H 39 C) 4.85-5.28
5.85-6.78
7.50-8.24
3.14-3.46 5.46-5.58
u 6.46-6.54 7.02-7.10
8.06-8.33
B 1.89-2.14 5.10-5.37
IR 1.50-1.54 0.45-0.58
(0,18,45) 1.84-2.32 4.67-4.76
i 32 C) 3.67-4.14 245-2.58
7.24-7.37
0.49-0.62
u 1.10-1.58 7.94-8.15 1.93-2.02
3.02-3.29
NE] ’
Hi IR 1.14-1.19
(16.32.1) H C) 3.58-3.62 503615 0.50-0.58
u 2.76-2.93
0.71-0.89
9 2.06-2.10 2.02-2.10
6.15-6.41
5 & @ ANEMALT 2 2%, 65 - Tl C R 7% 2 Rp Y /¥ 5 —
o YRR T ECHIATDI D, AP TS,
ABFFEC &0, SRS & OB - AP Pl - AP CHIREIZ 70 2 22 G B /8 8 — >
TR B 2 S B DO REZER] /X 7 — 2B 5 DB S, AREDTERA I ILFEIROFEH -
HERMBE O N7z s Tl 3t o fsE s THHEISS B S b, Tho ML, EEG
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RIB 7 T7AY) T BLORERWEANRT M IVIEE) (ERSP) AT I & o CTRE S L7z ik diis

b A 3 xR BA Frequency band % fF
(X, Y, Z) Cbodyclocal CbodyHlocal Hbodyclocal HbodyHlocal
L SRNE]] 1.02-1.58 4.19-4.41
(4,-61,-19) 1 3 © 698700  SO3T0 531562
0.41-2.10
2.39-4.67
4.98-5.10
u 5.41-5.80 2.54-2.89
6.67-7.41
7.76-8.33
0.54-0.75
1.02-1.58
1.89-2.02
2.28-2.45
2.67-2.84
3.02-3.14
B 446462 2.89-3.02
3.32-3.54
5.89-6.15
6.37-6.41
6.80-6.98
7.19-8.33
TR TR 1.10-1.14 5.67-5.71
(—48, -37,18) 1.45-1.58 6.37-6.46
3.14-3.41
I 13 C) 480493 0.02-0.14
6.37-6.50
7.24-8.00
1.58-1.84
4.15-4.28
u 6.41-6.62 480493
7.58-7.94
1.32-1.37 1.75-1.84
6.76-6.80 3.41-3.54
3.89-4.28
4.85-5.10
b 5.28-5.50
6.28-6.41
7.06-7.15
7.94-8.06

BA, 70— K~ [ fEK

AT bV —OEEN, TSlocal DfF 57 5, A7 < & %256 msfHFie L 72356 1 3RF TR SN, ZEFAO 5z

Dol EIRIFRFTIREN TV S,

HATOFERIZ LY, FRAIZIIE NGBS E D LR
DOPLELEDFHAL S A T L DFAFER, EHE - il
R TOMBEIRRBEILAND Y AT AICHDP IS
ns.

&

FZESIEBRBMEO T 2 KM OE 2 E
T4, AMEIEIAEYRENAARLET T ¥
b AR — v BERETF (HW) B X OH AR

FH N AR— Y EEE Vol 47
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Assessment of The Effects of Appropriate Footwear
on The Comfort of Movement

by

Shintarou Kudo, Takahiro Watanabe,
Toshinori Miyashita
Inclusive Medical Sciences Research Institute,

Morinomiya University of Medical Sciences

ABSTRACT

This study aimed to investigate the effects of footwear-induced arch support on
subjective "comfort" during running and its biomechanical factors. In experiment 1,
arch deformation was measured using a stretch strain sensor in 30 healthy adults. The
results showed that the condition with greater arch support exhibited significantly
higher visual analog scale (VAS) scores for perceived comfort compared to the
non-support condition. In experiment 2, 20 healthy adults participated to examine
the biomechanical factors related to subjective comfort. Participants rated footwear
conditions as either “comfort” (perceived as light) or “non-comfort” (not perceived
as light) . Biomechanical parameters, including dynamic joint stiffness (DJS),
co-contraction index (CCI) of tibialis anterior and lateral gastrocnemius, and jerk (an
indicator of smoothness), were measured during running. The results demonstrated
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that the comfort condition showed significantly lower DJS, CCI, and jerk compared to

the non-comfort condition. These findings suggest that footwear providing appropriate

arch support may contribute to an increased sense of comfort during running by

suppressing excessive joint stiffness and muscle co-contraction, and by promoting

smoother joint movements.

*—7—F

B, MfatiEA L o —, BEmEIE, FRDURETER,

Keyword

movement comfort, stretch strain sensor, joint stiffness, co-contraction index, jerk
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CmﬁM*ﬁ)@,@%Wﬁﬂﬂﬁ,ﬁ%Wﬁ%ﬁ
(CCD, oS ERT ek 2 E L7z, ZOH;
# Comfort 5113 Non-Comfort 5 & iz L C,
DIS (p=0.047), CCI (p=0.044), Jerk (p=0.010)
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HEAOHEFFE Lz RUSEIEPTE R o 3
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ETONREIERANCETC LB Y 75— 4
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AFER L, B & ARRE AR L7 b
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#£ 1 Comfort5:ff & Non-ComfortSc - D48 x — & — [t 2

SEB)3] S A
Comfort  Non-Comfort MD p-value Comfort Non-Comfort MD p-value
(95% CID) (95% CI)

DJS 0.11 (0.06)  0.11 (0.06) 0.0009 0.949 0.05 (0.03) 0.06 (0.03) -0.03 0.047

(Nm / kg / deg) (-0.03~0.03) (-0.06~-0.0003)

CCI 0.12 (0.05)  0.13 (0.05) -0.01 0.274 0.09 (0.04) 0.12 (0.06) -0.01 0.044
(-0.04~ 0.01) (-0.02~-0.0003)

Coordination 4.1 (23) 5.7 (44) -1.53 0.123 6.6 (2.5) 7.1 (34) -0.55 0.420

variability (deg) (-352 0.46) (-197~0.85)

Jerk 306 (18.1) 321 (20.3) -1.47 0.670 30.7 (16.6) 359 (18.4) -5.2 0.010
(-8.61~ 5.6) (-9.04~-1.35)

%5t :MD ; Mean difference, DJS ; Dynamic joint stiffness, CCI; Co-contraction index

& o 72 5 % Comfort 5=, & bR TH - 72
Z& 1k % Non-Comfort 5 & L 7z & 5= 0 Jerk,
DJS, CCI, coupling angle variability |2 % L T
Shapiro-Wilk #7E & it L, It D & 5 thie &
FhiL7z. 2otk T THESLH»S] 2R
% #%, DIS, CCI, Coordination variability, Jerk
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deg, Non-Comfort =f4:0.06 [0.03] Nm / kg / deg, p
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Miyashita 2D 3 FRRER O Jerk & FIVC, HATH)
EDOW SN EDIRIEL LTwh. 2F 0, K%
TH72DIS, CCI, Jerk iZ V41 b BE D MiE
PEFML ) AT A= —LFRDH. FIT,
EDO MBI IT L, TR [Eeh &
BEVEAGHE LT, ZNHONRTXA—F =L D
B A MET L7z, ZORE, 1 vy — L EiEs
L7z EoEBINS [Behs] Euniil, &
FOMNBMERE N EDHL NI - 72,
Murley 5 1%, R FREEIZBVWTREET —F D
T2 TREBI Oz b 72563 2 L2 lE L
THH 2 RO TR ORI B
THWEEREZRL TV, RfETIET =7
HOT —FORTEHETESL A >V =TI,
BerSpmELz, 2%, T—FOLFIIE
D, 7 —FERCIER S B TR OB AT A
T 5720, RO DIS % Jerk 25HA L, i
5 BEHEBI AT REIC e o728 E X H 2 5.
AWFEOFE RS, JEEHT —F % @Y I HlB5
% Footwear DL, T v = 7dhoEE%
[ERH S ] O EICF5T 5 W R Sz
S50, VEEEEICBIADISRCCL, BLY
Jerk &\ 9 BEIN 20 KT FHIFREES B BT
L2 &, RS Esh ot E
FLEZTWAZ ERRIET 5, B Terk i3Ik
- CHEICHETETH Y O, Sz
NS DRBUHRE A W 725FMi2S, RN & H

ARG HE TR LT R — T+ OEIRREE /3
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Creation of Novel Chitosan-Derived Polymeric Materials
for Shock Absorption

by

Hiroharu Ajiro

Nara Institute of Science and Technology

ABSTRACT

In this study, the author developed a novel flexible and biodegradable material by
blending chitosan (CS) with a specially modified copolymer of poly (trimethylene
carbonate) (PTMC). To improve interactions within the blend, N-methyl-D-
glucamine—functioning as a polyol—was grafted onto the PTMC copolymer, resulting
in poly (TMC-co-TMC-glucamine) (PTTG). This modification was designed to
enhance hydrogen bonding between components. The CS/PTTG blend films were
then prepared via solvent casting. To evaluate the chemical interactions and thermal
properties of these materials, Fourier-transform infrared spectroscopy (FT-IR) and
thermogravimetric analysis (TGA) were performed. The results showed noticeable
shifts in wavenumber and a reduction in the temperature at which 10% weight loss
occurred (Tyg), indicating changes in chemical structure and thermal stability. In
terms of mechanical performance, the addition of PTTG significantly enhanced the
material’ s strength and flexibility. The tensile strength increased to 16.0 = 2.6 MPa
in the formulation containing 75% CS and 25% PTTG (CS75PTTG25). Flexibility
was also improved, reaching up to 55.9 = 6.6 MPa in a simple blend containing CS,

the PTMC copolymer, and N-methyl-D-glucamine. The study also presents a detailed
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explanation of the mechanisms underlying these improvements, offering insights into

the role of hydrogen bonding and polymer compatibility. Overall, the CS/PTTG blend

films combine biodegradability with excellent mechanical properties, highlighting their

promise for use in a variety of flexible material applications, including environmentally

friendly packaging, biomedical devices, or shock-absorbing components.
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RWFZETIX, F M2 (CS) LABMIARY) 7 —K
A= FRIEASARPTMCE® 7L Y F$ 52 LT,
PBLO Tk & A TR % Ml 2 7o @ o TR &
BAZE L7z, PTMCICIERY F —)b & L CHERET %
N-XFNVD-ZNVHIv%757 ML, Kk
A omibx By & L 72PTTG (poly (TMC-co-
TMC-glucamine) ) % & % L 7z. CS & PTTG ®
TL Yy FBIREEES v 27 1 v ZETHER S,
FTLIR B L ' TGAIZ X ZFEfliiC L 0, #%o >
7 bR DERT VRSN, bFEEs LU
BB BALATRIE S Nz T ERE T,
CS75PTTG25 DHLIE I B\ THIREE 25160 =
26 MPa 2l B L, ZFgkikd & K559+ 6.6 MPa
FoESIN NSO DX =X 4
WZOWTHFICHET ST s, H517-CS/
PTTG 7' L ¥ FIEI, A5 fTE L B 7By 4
PEATN. L, BRESGIS R W R FA, &
BN 7 &% S~ OBERSHIES NS,

&

il

TIAFy 7IZZOMEL LKA P SIAL
MHWHNTE72, RO S RANEY) 7 BE 2
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LB X 2 BREEEANEZML L TB Y, FHI~ A
707G ATy 7 PWEHIROEKN & L CEED
SDGs THLHL) EIFsnTwa Y, REHmIEE
PEFEELTHY, WA T ARMIZL R
FEHENRTWS, FTHF M~ (CS) I3ENT
A AR & BEEE A SRR ST B A8, K
LM BRAY D Y, M EREICZ LW
2. ZOYEDDIZF ) LT — VRV VY | —
W7 EDLAM TV I — VR EHSHC S, §]
RO LS S Tws Y. F7 ok
SRR =0T LY FARASN, B
FWMEICENLRY P XAFL A —KA— b
(PTMC) 1EiEH &M Tw2 Y, PTMC 13RI
P& S FI0R L, BREAM MR SO T
»H5.
INFTICCSEPTMCO 7L > FIZHT 5
HiIA <, FICERICHICRSNTnW, FHE
HIXLEL, AV ARF OV EEEA L /2PTMCH
Bk HWCS 7Ly Rk, Fitxm L
S, BIRREOUHIIENTH > 729,
ZOJENE LT, CS & PTMC iFE KR o E B A
HYEROFEPE2 5N 5. wFEIFF /TR
PR & OBEAIZ LD CS 7 4 VLA DEMERELD i
ATV2Y.
AWfgETlX, 27V a— IV THbHN- A F )



-
-D- 7V 3 v % PTMC OI$HIZ3E A L 72 PTTG
(poly (TMC-co-TMC-glucamine)) % &H. L, CS
LTV YR AHZET, KMREIZL BZKRFEHEE
GH L CCS O MEE L EAIL, 5IRME & M
Bz FARKICSEHTL 2 HIEL. 2,
T CETERE LB NA +~ AR E ST HE OS]
KT AT TU—FTH 5.

1. KBRGE

1.1 # #

¥ M (CS) 1, MiEES ~ 20mPa-s (0.5%
fgk B, 20C), BT & WALEE70% UL o>
bORFMMA L, RFHEE ST VT A (10 wt%
O—7 4 »7, HEEER) 2HEH L2 XY
VITINVa—=), 18T THFET 7 ub40]1v v
771 -7-x.> (DBU) (HIEZAER&MEH), N-AF
V-D-ZV#3Ir MGlu), 7hIekFarzsr
(THF), BLXUNN-Y > 27 u~F LA NEY
13 F (DCC) =i L7-.

1. 2 K1 (TMC-co-TMC-OBn) LUK
(TMC-co-TMC-COOH) D&k

TMC (2.63 g, 25.85 mmol), TMC-OBn (2.16
g 862mmol), BL IR TILT I a—)b (0036
mL, 0.345 mmol) %#2/§> 7 1nu 2% » (DCM,
20 mL) (2% % L, DBU (0514 mL, 3.45 mmol)
R CEIR T L7z Sk, ¥
J=)ERPeERINL, NFY e 2-T a8 —)
(5:5) MAWNIEE AR, THyT—arbki
OTHEIC X DR, HZREB 52 LT, K
(TMC-co-TMC-OBn) (75:25) #1572 (JU=E87%,
My, 5600) .

K1) (TMC-co-TMC-OBn) & THF & 12, K
1)< —12xk LT 20 mol% ? jieHAHFF S5 U L %
WL, iR, KFEFFST T24RM S S 87z
fildlE 2 Aot & LB KD PR, AR RS

X4, A (TMC-co-TMC-COOH) (75:25) # 15
72 (R T74%, My, 4800).

1. 3 PTTGDERK

A1) (TMC-co-TMC-COOH) (0.20 g, 1.72 mmol)
% THF40 mL |Z ¥ f# L, DCC (0.11g, 5.14
mmol) % AwE 3 ORI L, ST 2 RHEHE L 72
MGlu (0.33 mg, 1.72 mmol) Z¥RINIL, ZiET2
BRI RS S 72, O NEHE A 4 2k TE
Wk, SEEE L, PTTG (K'Y (TMC-co-TMC-
TIVA X)) (75:25) #1572 (EE10%).

1. 4 RY (TMC-co-TMC-COOH) ¥ & U*MGlu
EDCSTLY RT 4 ILLDFHE

CS (0.18 g) % 2% (wiv) D1.5% (vIv) BEBRKIE
WAZHE L, R (TMC-co-TMC-COOH) (0.06
g, 054 mmol) % 1% (w/v) @ THF |2V L 72,
MERERAE%R, R (TMC-co-TMC-COOH) 12
*F L C03%E V% MGlu (0.031 g, 0.16 mmol)
R, | TLRMEEL. Bt )2
VELY v — L (EAOmm, & 12mm) (JIEE,
OQCHRITTMF v )N—=T1~2HMEZHES
&, CS75/PTMC-co-TMC-COOH25/MGlu 7' L >~
K74V A%fET

1.5 PTTGEDCSTL > K7 1 L LDFHS
CS % 2% (wiv) @ 15% (viv) TWE Bk K 7 ¥
2, PTITG % 1% (wiv) O i A 4 ¥ KIZHEM L
7z. CS & PTTG DG ER O E R % 250 mg &
L. Kkt 4 % b= (CS50PTTG50, CS60PTTG40,
CS75PTTG25, CS80PTTG20, CS90PTTG10) T
RAEL, S|MTLIRMEELZ. Eiz ) ary
Wy — L (EFE50 mm, & 212mm) (X,
0CHKTT M Fxv 2 )N=T1~2HME S,
CS/PTTG 7L > 7 4 V%157

v
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1. 6 4FM4ETE

FTIR Z}%7 bVid, 7—1) Z&BGRIVE8
JE 5t (IR Affinity-1S Shimadzu) % H \» T, 4000
~ 500 em™ DFIFH, SFEEE4 em, BRI 6415
THlE L7z, BeFH 5= (M) &, SEC (SPD-
20A Y 2T o, BEEEAET) 2 HWT, 7724
(TSKgel a -M), ### DMF (0.6 mL/min), i
FE40C D5 THlsE L7z, SEM %L, EFXAE
FEEmEE (SEM, SU6600) & AT, JI#ELE 1
KV THUS L7z, BEESHTIZ, TGA-50 (i
1ERT) 2 AWC, EFRFMAT (50 mL/min), F-
MR 10T /min, REEHIPH 20 ~ 500C O 5fFT
Fh L7z, BEMCRRIE (BIARGREE, BT SR O,
Yo rE) X, EZSXT 7 AF ¥ =T+ 714 %—
(BEESUERT, 500 NT— Ftv) 2 HwT, ¥
TP A ZX5mm X 30mm X 0.l mm, T— K+t
JVB00N, 7 T ZA~y F#E 1l mm/min, 7¥— kK
10 mmDOEMETHE L7z, £ 7 Nico &3

(@)

'ﬁ‘o/\/\o":;to’f\oﬁ

07 0
Poly[TMC-co-TMC-OBl?@
(c)
H ?H ?H
- ; OH
OH OH

N-methyl-D-glucamine (MGlu)

(e)
OH

0
HO OT
® NH

57
DWEZAT, Il L FERETER L7

1. 7 HEREER

WS T7 4 VA E0S5X05emA e HiL,
EEZIER, 01 mol/L, pH 74®PBSAIIZ
ZL, 3TCOIRE HFETRIE L 72, FraE ORERH [
fECH > 7V ai) i L, 60C DI CTrz
etk WEERZIEL, ERBVELER L.
BHEMICDEZODY Y IV EMH L, FEBRIE3
[l b o L7z,

2. MERER

2. 1 poly(TMC-co-TMC-0Bn), poly (TMC-co-
TMC-COOH), PTTG D&k & 4T

RIFFE TR L72RY) ~— 0L F RS 1L
ISR ENS. EATEIZEY 125D, TMC & TMC-
COOH % 73R TH_EA LR v =725, &b

(b)
o] 0
,H‘l\ o0 ,];H‘koz\/t\ 0‘}:

HO™ "0

Poly(TMC-co-TMC-COOH)

(d)
0

/Pko/\/\oﬁiof‘oi’

n
OH OH “N" 0
HO '

Poly(TMC-co-TMC-glucamine) (PTTG)

OH

n

o~

cs

1 Chemical structure in this study
(a) poly (TMC-co-TMC-OBn),(b) poly (TMC-co-TMC-COOH),(c) MGlu,(d)PTTG, and (e) CS.”
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BENT AW A R 3 2 EAMERE S LT w7z,
N %%y, TMC & TMC-OBn % 75:25 D& 4T
FABREA L, SHITKRFEMIZL ) R DB
#4252 LT, poly (TMC-co-TMC-COOH) 7%
a7 THNMREEITIZE D, ~No UvHkpsk
DY 7 F N (§7.3 ppm) DEEITHELTED,
B DI DHERR S Tz

#E vy T, poly (TMC-co-TMC-COOH) @ fil $8
IZMGlu% 75 7 MbL72. 'THNMR 22 bV
Tlx, MGlulZH¥3 % ¥ 7 (35-3.8 ppm,
32 ppm, 2.7 ppm) DL SN, BADKY L 72
LR ENT BAZE (DS) 1399% L. ETH
N, IEEITEHCRERERINER Sz PTTG X
FOOMIRDOIMERZ IR L, RO EEEDSE 1
e EEN72—J, THEICIANATH o 72720,
DMF #1CSECll 7€ & Fhti L 72, #5258, V57
T (M) 127900, PTMC/TMC-MGlu @ € )V It
13 55/45 T & V), A i 1 poly (TMC21-co-TMC-
glucaminel?) & HEE S 7z,

EHICFTIRENTIC L Y, PTTG & D BT 28
EAHF 5172 poly (TMC-co-TMC-COOH) Hiff

TIFC=O i (1737 cm™) & C-Ofiffi (1223 cm™)
HHEFE & 7275, MGlu & OB R A Tld OH i
(3332 cm™) B L U7 3 ¥ N-HHlIF (1579 em™)
WHN, ALEEE TR CWHENEETHLI L
HIRENT. —JF PTTGTIX7 3 FIY > K (1625
em™d) BB E N, 75 7 MEAMLEEIIC
WL TWD ZEHTRIEES T

2.2 TJL2RT1IA

KFFETIE, 7 4 )V A OKGEDPWIEIZS
BB EERL, TSN OB L7
TCGAGHTIZ LV, iz TIE20%, 40TH
FECTIERI 7%, 60T EZER 1 TILHKI 5% DIK5 A
AL TWSZ AL 72720, 40C Tzl s
&, 45% RIET TH ¥ TV E AT 5 5 EIR
Sz, B2IR$ 8918, #iBRCST7 14V A
BEEEWTH Y, PTTG RIS % & mAKE
Wi o7z, REBIZETIE, $§XTHT 1 IVA
AR TILA R <, WIRL LTIk —RIBED
ERENTWD I EDTRIBEI N,

2  Physical appearance of CS blend films
A. pure CS, B. CS9OPTTG10, C. CS80PTTG20, D. CS7T5PTTG25, E. CS60PTTG40, and F. CS50PTTGE0.”
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2. 3 TL2 K74 LD T

SEMIZ X 2 Wil %2 ClE, TXCTH7 424
THIERAERRIZ 2 T v 7 A LTS, fliks
CS 7 14 )V &, CS75PTTG25, CS9OPTTGI0 T i
W OPLRHSHRE SN, BW—2RESERL SN
Tz, —J, HMEE 7 4 v 4Tk 200 nm
DML HAATE L, IRERBRPHS L ko7,

FT-IRGAT T, #li#72CS 7 4 L AIZBWT,
I 4 7 OH/NH ffifii (3400-3200 cm™) * 7 3 NI
(1635 cm™), 7o b Ab7 3 73 (1545 cm™) 12
Hisk 3 2 R 2 sl g s /.. 7L o F
7 4V LTI, C=OfHiE (1745 cm™) DY —
7 B E O-HMEIE O Y 7 b DR S, CSH
IRFEAE A DOWIE & CS-PTTG [ TOH 72 7 Ak FE#b
BB R Sz, PTTGE=SHINT 5 &,
O-HFH I WM~ 7 b+ 25—, C=0B
L O'C-OfifiE /N v B RpE B M~EE L, PTTG
HNED 53 F AT EAEH OZAL A & 7212 7% o
7o BEIS, TIRINY ROV T s, fSHR
TOF-KEBEDEREN TN D T LS
N7,

B E MR ClE, 47 4 Vv A H7100~ 150T
THKTFESE, TR < — 4RI X B ERED
R L7z, CSHAKT 4 VA D TplE291C TH -
7205, TIAFHAF =L aRY v —OFMI &
D Tl 3T L7z, 412, CS75PTTG25 7 1 )V A
TIEHHAMMREA 74V AL bEVT 2R L, b
1% R FAG BN & B Bt LR Sz,

PEMAREREE ClE, BISIIRT L), TR
F A F =R TR 7 — ORI &0 Bt
S IEPERIEAN ORI ATEISE S 172, CSTSPTTG25
T A IV AITHARE 7 1 VA X0 LSRR
CHHEREEZIRL, B RiRA Lt I kE
WAL b0EeEZONZ —J, HMRA
T AV LIIFEEEE D OO, WERIE LN
FLIZ X 1) AR B AT L Twv 72, poly (TMC-
co-TMC-COOH) 7IITiE, CS 7 1 v 2 DN
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10.6 = 3.6% 7> 5 189 + 2.2% ~¥4HN L 7275, BT
IBINTIZITEAL L 2225 72, MGl T Mo
H346.0 £ 25% \ZKRIEMM L, —K&R 7T 7 AT
P AP —ZhRE —F L7z MRS 7 1 VAT
OATE 512559 = 6.6% F CTlaj L L7245, 5[5k
FREE X T L7z, CST5PTTG25 7 1 )V 4 ld,
FIERIRE 16.0 £ 2.6 MPa, Y > 7' #286.69 * 43.47
MPa & B WIEZ 7R L2 —J7, N2 20.1 + 3.3%
LR LA ZuE, 797 M7 LY RIS
LV EHEERKFEES Y VT RS N
Tl ABEEZLN 51, PTIGHRE
wWinsEs L, BIRME, 0, Y7Lk
M L, 8 2 KRG AR ) ~ — 8O B
HEHIRL TWD ZEPREBENZ TL YK
7 4 WV AHONH, (CS) & OH (PTTG) €WV
AT CIE, NH:0H=2:1 (CS8OPTTG20) THcE D
B & 7z, PTTG BRI M4, Fewkit:
LHREIX T LA L7

7 4V LA O ZZTIE, MGlu HAAN
TIXCS IR TG OBIRI & ) T E L
CS/PTMC-co-TMC-COOH 7 4 )b 4 TiZPTMC &
POFBME L AKRFEEEIC L) EMEISE SN
7z. CS/PTTG 7L » FTid, PTTGHISE 7 3 N3k,
CSHINH, 3 3 & O"OH #: [ T O A1 70 K HE A
& EHEM ISR E I F G L Twb L
EZOHND.

Z =

PBS B Clk, &% 7V TR & & b
CEMA IS E = WA AN L 7. 24 keI %, CS
Hi{R1X30%, CS9OPTTGI10!%17%, CS75PTTG25
1£15% OFE A %R~ L, PTTGEAIZ LD 57
BESHHI S Nz BFONA AR ) =T L v
F (VI RTFEF, Era—2R, kFr7Y)
LY 5 &, KFEDOCS/PTTG7 L > K7 4
VAFEYEBCBRMEZ R L7 72, —#
BT ITGAFHAY— (F)ku—), FL T



(a) Cs

(b) CS75/MGIu25

(c) CSV5/PTMC-co-COOH25

(d) CS75/PTMC-co-COOH25
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3 A.typical tensile stress-strain curves of blend films
(a) CS,(b) CS75/MGlu25,(c) CS75/PTMC-co-TMC-COOH25,(d) CS75/PTMC-co-TMC-COOH25/MGlu, (e) CS75PTTG25,
B. tensile strength and maximum strain,
C. typical tensile stress-strain curves of blend films
(a) CS,(b) CS9OPTTG10,(c) CS8OPTTG20,(d) CS75PTTG25,(e) CS60PTTGA0, (f) CS50PTTG50
D. tensile strength and maximum strain ’
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ABSTRACT

This study aimed to compare the effects of neck cooling using Peltier elements or
internal cooling achieved by ingesting ice slurry during exercise on thermal strain in
hot conditions. Eight healthy male participants underwent a randomized crossover
trial with two conditions: (1) internal cooling (INT trial) and (2) neck cooling using
a Peltier-based neck cooler (NECK trial) . Participants performed 45 min of cycling

exercise while monitoring rectal temperature, tympanic temperature, mean skin
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temperature, heart rate, thermal sensation, thermal discomfort, perceived exertion,
and reaction time. The results showed that in the NECK trial, neck skin temperature
significantly decreased from 5 min after exercise onset. However, rectal temperature
remained elevated in 40 min. Thermal sensation was significantly improved in the
NECK trial up to 20 min, but the INT trial showed significantly lower at the 40-min.
No significant differences were found in thermal discomfort, perceived exertion,
or reaction time. These findings suggest that Peltier-based neck cooling effectively
improves thermal sensation in the early stages of exercise but has limited effects on

deep body temperature regulation. For effective heat stress prevention, combining neck

63

cooling with internal cooling or other body cooling methods may be necessary.
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1 Schematic representation of the experimental protocol
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K3 The rectal (A), tympanic (B), neck skin (C), and mean skin temperatures (D) during experimental trials
*# INT vs. NECK, P < 0.05

% 1 Body composition and reaction time during experimental trials

INT NECK
Pre Pre Post
Body mass (kg) 63.35+12.89 62.75+12.45 63.28 £13.21 62.33+13.06
Urine specific gravity 1.019+0.009 1.019+0.007 1.017+0.008 1.020+0.010
Total sweating volume (kg) 545+ 234 944 +190*
Reaction time (msec) 350.8 £545.8 381.7+456.7 371.2+9775 353.7+112.6

Values are means = SD. INT, internal cooling trial, NECK, neck cooling trial.
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4 The heart rate (A), thermal sensation (B), thermal comfort (C), and rating of perceived exertion (D) during experimental trials
*: INT vs. NECK, <0.05
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ABSTRACT

The purpose of this study was to quantitatively evaluate knee impact loads during

basketball practice using wearable inertial sensors and to investigate differences

between the dominant and non-dominant limbs in high school female basketball

players.

Eight female players (15 *+ 0 years) from the same team participated. During 3-on-

3 or 4-on-4 practice sessions, inertial sensors (BlueTrident IMU, VICON) were affixed

bilaterally over the tibial tuberosity to record acceleration. Composite acceleration

exceeding 20G was defined as a high-impact movement. The total count and frequency

per minute of high

impact were calculated for both limbs. Simultaneously, video
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recordings were used to categorize high-impact events into stops, sprints, decelerations,

side-steps, and other movements. Statistical comparisons between dominant and non-

dominant limbs were performed using the Wilcoxon signed-rank test (p<0.05) .

The median frequency of high-impact events per minute was 14.0 (0.0-41.3) for
the dominant limb and 18.2 (0.0-40.2) for the non-dominant limb, with no significant

differences. Among movement categories, stops, sprints, and decelerations accounted

for the highest frequencies of high-impact movements on both limbs. These findings

suggest that rapid acceleration and deceleration typical of basketball induce substantial

knee impact loads, yet no clear limb dominance was evident in high-impact frequency.

Future research should examine the relationship between high-impact thresholds and

anterior cruciate ligament injury risk.
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Predictive Model for Core Body Temperature

Using Wearable Devices
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ABSTRACT

Continuous monitoring of core body temperature (T.oe) is essential for preventing
heatstroke, yet traditional methods for measuring and predicting Tcore €ncounter
challenges in practical applications. This study aimed to develop a novel T¢ore
prediction model integrating variables such as forearm skin temperature (Tforearm) and
physiological (heart rate, exercise duration), environmental (ambient temperature,
humidity), and individual parameters (gender, body mass index). From 12 young
adult participants, a predictive model for ear canal temperature (Tes;) as an index
of Teore Was formulated through multiple regression analysis of all variables in a
controlled hot environment with an ambient temperature of 35C and relative humidity
of 60%, during multi-stage treadmill exercise. The concordance between measured and
predicted Te, in both experiments was assessed by calculating the intraclass correlation

coefficient (ICC2;) and bias using Bland-Altman plot analysis. A preliminary multiple
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regression model was established, and by refining the model around the inflection point

where thermoregulatory responses became significant (Te, = 37.5C), prediction

accuracy was enhanced (ICCy) = 0.968, P < 0.001; Bias = 0.001). Prediction accuracy

varied among participants, with ICCy ) ranging from 0.861 to 0.995 (all P < 0.001) and

bias ranging from — 0.136-0.097. These findings suggest that the prediction model

incorporating Tforearm and other relevant parameters may be valid for real-time Teope

monitoring.
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multiple regression analysis, brain temperature, ear canal temperature, skin body temperature,
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Elucidation of Joint Power Characteristics that

Generate High Skating Velocities in Speed Skating

by

Yuya Kimura, Toshiharu Yokozawa

Japan Institute of Sports Sciences

ABSTRACT

This study aimed to identify the mechanical factors necessary for achieving higher
skating velocities and better race times by estimating blade reaction forces using
wireless insole-type foot pressure sensors, and by characterizing lower limb joint
torques and joint torque powers during skating under conditions closely simulating
actual races. Simulated races were conducted and analyzed with 16 skilled skaters. The
results showed that skaters with superior race times and higher velocities exhibited
greater hip and knee extension torque power in the right lower limb during both straight
and curve skating. Additionally, greater hip abduction torque power was observed in
the right lower limb during curve skating. These findings suggest that generating such
torque power is critical for achieving better performance. Furthermore, during curve
skating, ankle plantarflexion torque power in the right lower limb and knee extension
torque power in the left lower limb showed sex-related differences, indicating that these

power outputs may be particularly important for female skaters.
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Development of a Foot Morphology Self-Check System by Image Analysis
Using Deep Learning

by

Makoto Komiya, Mutsuaki Edama
Niigata University of Health and Welfare
Yasufumi Takeshita, Shota Matsuda
Daiichi Institute of Technology
Yuki Nakai

Reiwa Health Sciences University

ABSTRACT

Foot posture assessment is recognized as a screening tool in the prevention of sports-
related injuries. However, the practical application of clinical foot posture evaluation
indices in field settings remains limited due to the need for specialized knowledge and
training among medical professionals. This study aimed to develop and validate a deep
learning-based model that classifies foot posture using images of the hindfoot. The
classification was based on indicators derived from the Foot Posture Index, focusing on

the relative alignment of Abduction/Adduction of the forefoot on the rearfoot, as well

FH N AR— Y EEE Vol 47
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JEERTERERFAIE A R — V BEETHICEHTH 5
. ERGERH T O R AR RERHA O FE % % 3
THEAT2ITHREDND B

flli > $8 1 T & % Foot posture index D % /5 G- H.

as Frontal plane alignment and position of the calcaneus. The model was designed to
categorize foot posture into five types: adduction, abduction, varus, valgus, and neutral.
A total of 750 posterior foot images were collected and divided into training (70%),
validation (20%), and test (10%) datasets. During training, the model demonstrated
progressive improvement, with increasing precision and decreasing loss values across
epochs, indicating effective learning. The model achieved a mean Average Precision
(mAP (B)) of 0.72 at IoU thresholds ranging from 0.50 to 0.95 (mAP50-95 (B)), and
0.80 at an IoU threshold of 0.50 (mAP50 (B)), reflecting high overall accuracy.

Evaluation using the test dataset revealed that while the classification accuracy for the
neutral foot posture was relatively low (accuracy: 0.26), the model performed well
in identifying the other four postures, with accuracy ranging from 0.69 to 1.00. These
results suggest that the model has practical potential for use in sports and clinical
settings, particularly for non-specialists who require accessible and automated tools
for foot posture assessment. Future work will focus on improving the classification of

neutral posture and expanding the dataset to enhance generalizability.

F—TJ—FK
JEEVERE, RESE WV, iR EAN - AR, BEE T T A4 A 2 b
Keyword

Foot posture, Deep learning, Discriminant model, Forefoot adduction/abduction,

Calcaneal Alignment

mAP50=0.82 & S &R L7

=
=

HHE O REBE RO FIIIEER 1 0.26 K< 2

ABFZE Tld Deep Learning & H V>, JEENIZRERE Rz,
73\

#® 8

) AU L LB AT B 475 7247, 4
ORI (W, SV WK S0 18, S
069~ 100 L EHWRLAFELTH L Z L°

SHHITE B IRIEA BE TN - SME - N - A
B - lH D50 REIEEEE #BI T % €T & B
FE L7z 50RO EE % FE (70%) - WGk (20%)
-7 A b (10%) \25# L ChI% L Bk & o 7.
WERITIR Yy 7 HOBIMIE AL, $HE
BRI T 2 Em AR L, #YICET
WASEER L7 2 L 0SHERE S 1, mAP50-95=0.72,

AR = BEEEDOR 20% 13 LT - LA
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HEDPLENEZ LN TWAE, MEDVDEDE
LT, REREOFMiADH Y, ko e
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BERIEEBV. Z0L) REHIERELZFHMITE 218
1> 7 212 Foot Posture Index (FPI) 2882 3. =
DIEIL, 5o BL1IODMBL S, 12~
R2FTORAITIIHET 5 L TRHTERER
fEICEHIS 2 2 EATUTRETH 1), FE5l 2 EE AN
T\ enb, BRBGRLAR—-YITH
BALRTWV, UL, 2OFEITER»S EER-
JE RIS OFFAN % SEH6 3 2 BEIEIEFHE 1T & - TIEF
FEIZFFHTTBE T 5 A%, FERRIZ AR — BT
B35 RFPRERICE - T, B TOEHO
FIESEVE V) FELFIEL TwD. ZOME
fRPLCEDR LI LA & LT, 5DODHB T EE
HEli A BECRET L FEsbIFo Y, =
TS XY, FFAEE R O RGBT WIEEIERE
FHEVFHIE E LD L Z EDITE L RN
RENTz L L, Hog SN mgic & 250 %
FHV T b FHlE T OFHIREEE DS 0 T v & v
) BE) T - T Y.

W4, Deep Learning Fifff # Fiv % 2 & C,
YIRMB NG X — 5 2D I EHNTEDL L) IC
o TWAh, FRICH LI BWTIX, &Rk
H=z2—F )Vt v F7J—72 (Convolutional Neural
Network ; CNN) {9 % 2 &A% <, 20124F
DOM{FAR D T > 7 A FILSVRC TEFH L iEH %
BLTWSY, ZoFETIR, BgErLESND
fa, IR, T2 AF % Lo 2B E TR
FERTNT) AL RN L TCREIET VAR 2
720, FHIE RS T ISR O L @ % &
WIS TEBTEL EFAHNTWEY . HEp
EHEFN BT 5 EHBEESE T, EROZH
WY —NVE L TEASNILHOEEZ TEBY
B OGRS O 7 5 4 TR &, B
BIROHI R ERORIBIZERL T2 &
HEolE, 2oL BERNS, CNNOFHEE
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HIEREDFEMIC ST A2 & T, ThETFPI%
VTR CRE L SN Th LB H O
FEAIAS EE R B TG O L S 2T & L]
REMEAH B L EZ LhL, BEEFTICZOL
I Bk TV, BEEICI CE TV
DF%E L HERGES LR E 72 5.

AR50 HWIZ, 1. FPI-6 DT EHEH & W
R TR T 2R EHoN ] & [§E
FOREE LOME] % BF (R ERONE - 44
iz, JEEONR - S, EE D50 OFBIA EE
BETNVERETLIE, 2. RHEEEZ AW
FEEMGEZ ATV, FEHTREELHRET A2 & L
7z.

1. EBA&E

1. 1 YOLOv11 # A/ BEAasHIRI €5V
OF7INTY X LOFE

AHFZETIZ, Ultralytics HUB F — A 12 X > THY
FEEN TV LW AEBE 7 )V T1) XA, You Only
Look Once version 11 (YOLOv11) 10 #% v #)
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Wik % FEFCRIEL, ZOMEE 2 9 2% —§FT
WhHT&E27VT) ALTHD. FIZYOLOvIL
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Research on The Structure of Segmental Coordination Based on

Neural Control During Underwater Dolphin Kicking

by

Keisuke Kobayashi-Yamakawa
Institute of Health and Sport Sciences,
University of Tsukuba

ABSTRACT

Kinematic-muscle synergy analysis is a method capable of estimating the functional
role of muscle synergies in real space. This study aimed to clarify the spatial role of
muscle synergies involved in the underwater dolphin kick for competitive swimmers
using this method. Eight female competitive swimmers participated in the study.
They performed 15-m underwater dolphin kick swims with maximum effort. During
the trials, kinematic and electromyography data were collected. A mixed factor
decomposition algorithm was used to extract the kinematic-muscle synergies involved
in one cycle of the movement from both the electromyography and segment angle
data. The results revealed that four participants controlled their movements using three
synergies, while the remaining four used four synergies. Four synergies were classified
as a result of grouping the extracted synergies: Synergy 1, active during the first half of
the downkick; Synergy 2, active during the transition from the downkick to the upkick;
Synergy 3, active during the middle of the upkick; and Synergy 4, active during the
latter half of the upkick and involved in core movements. Therefore, it was suggested

that the underwater dolphin kick movement in competitive swimmers is primarily
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achieved through these four coordinated actions related to the muscle synergies.
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Nz,
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L7 Ay MEEOMAE b T ST 5 22 A
R, ClEYFI—EE LY A 3 v 7%
THMMMERTH L. KAREY 12, siE
W& CEMVATIT — 5 OFREEEREE * )3
2 ERE (RD) &V CHvE L7, KT,
REH08ZFMA BTNDs & MBI O Y F 2 —
el F72 LAY FY—id dREH
DW DI A MR (CS) 25060 % #8252 F
V%A= NV—TDYFTY - LTHEL, ¥
W—=TCTE LDz F T — I REREE D
FU—E L Fh VFV-OEMSAI VT
DFBNNIET OPAEMEZ R L 7.

2. 1% B

1, ARECBILHHLFy 7 3EAM
DT T —HOKREIR L7z, KRR TIE, &xf
KHEZBWTHW L723EMoN, 2B LT
WRINTF P —HENREDOL FV—HL L
THMWT L7z, &6, RELEYFY—HERT
L%y 7 BAEICB TR D R b Eh o B O
T = & EDBROGIHI AT,

K212, G REZ>Fy 7 HBOF 2~
TA 7 ABEROMRER Lz B212, YT Y-
HH3TdH o 7-Swimmer E &+ F ¥ — 24T

R BWNRFIZBT B0WEHO Y F ¥ —HoFER
HENT I ZDBROSITRE L THW 2R

Number of synergies

Cycle 1 Cycle 2 Cycle 3

Swimmer A 4 4 4
Swimmer B 4 4 4
Swimmer C 4 4 4
Swimmer D 3 3 4
Swimmer E 3 3 3
Swimmer F 3 3 4
Swimmer G 4 4 4
Swimmer H 3 3 4

Mean 35 35 39

SD 0.5 0.5 04

& - 72 Swimmer B IZ BT A 5T EEAD A T 1 >
7 €7 Fx (K2a), EMGT—% (K2b), &7
Ay MyET—% (B2c) OBlZRLIZ. ik
GlholFy 7EMAOMESINAYF Y-
V=T LIZHER, 420DV F T =T V=T
(Synergy 1, Synergy 2, Synergy 3, Synergy 4)
E3ODMREREA L F T — I TE 7 (RI).
F 7N — TR BIT B3 REH O CS DF3fEIL,
Synergy 1 T0.90 (+0.05), Synergy 2T0.73 (*
0.20), Synergy 37T0.70 (*0.19), Synergy 4 T0.70
(£023) ThHYH, £+ —=7—TOHEHAN
BRI ETh o7z, T Iv—Tfedhi:
VFU—EMRBEEAE Y ST DWW ECORR
*E3EB4ITRLT:

3. & =

ARG B, EBF -2 Y — & i
W, BKETORF NIV 4 %y 71257

K2 HHEICBT XA~ T 4 7 AEBORR

Variables
SV (m/s) KF (Hz) KA (m) DK phase (%) UK phase (%)

Swimmer A 143 2.13 0.50 46.8 53.2
Swimmer B 1.31 1.92 0.50 48.1 51.9
Swimmer C 1.37 1.64 0.55 459 54.1
Swimmer D 1.40 2.22 0.46 46.7 53.3
Swimmer E 1.22 2.04 047 51.0 49.0
Swimmer F 1.36 2.08 0.44 52.1 479
Swimmer G 1.33 2.04 0.38 449 55.1
Swimmer H 1.45 2.00 0.51 46.0 54.0
Mean 1.36 2.01 0.48 47.7 52.3
SD 0.08 0.17 0.05 2.6 2.6
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The Effect of Exercise by Non-immobilized Limbs on The Recovery From
Atrophy Induced by Cast Immobilization

by

Yumiko Takahashi,
Tatsuya Matsumoto, Hideo Hatta
The University of Tokyo,

Department of Sports Sciences

ABSTRACT

Disuse of skeletal muscle leads to a reduction in muscle mass and alterations
in mitochondrial function. We previously found that treadmill exercise primarily
performed by forelimbs during a period of hindlimb muscle disuse attenuated atrophy
and decrease in mitochondrial protein contents in the immobilized hindlimb muscles.
In this study, we investigated the effects of treadmill exercise mainly performed
by forelimb during bilateral hind limb immobilization on the adaptations in soleus
muscle following cast removal in mice. Male Institute of Cancer Research (ICR)
mice were divided into three groups: a control group without immobilization (CON),
a remobilized group subjected to 14 days of hindlimb cast immobilization followed
by 3 days of remobilization period (R), and an exercise-remobilized group that

performed treadmill exercise during the immobilization period, followed by a 3 days of
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remobilization period (ER). After the intervention, the soleus muscles were harvested

and analyzed. The results showed that both R and ER groups had significantly lower

total average cross-sectional area (CSA) and levels of mitochondrial-related proteins

in the soleus muscle compared to those of the CON group. The average CSA of type Ila

and IIx/b fibers were significantly lower in the R group compared to the CON group,

while no significant difference was observed between the CON and ER groups. These

findings suggest that treadmill exercise mainly performed by forelimb during hindlimb

immobilization may induce fiber—type—specific responses in remobilized muscles.

o K
R, 3 bas NYT, AR, B
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exercise, mitochondria, disuse, skeletal muscle, fiber type

=

of

BHMBORNEHIHREOKT, I harFY 7T
DORREAR PSRRI, —F, &xik, w7 &
IBWTHRBANGEII M I Hi R A b & L7k

REMT B ET, PRI O ZEEOHH R
IR THEEHFFEIND I L MHERL
oo ARBRZETIE, WHBANGE T I B A%
Huls & L7 BT E B O S fiAS, F 7 A 2 %
DL T AHICE 2 5B BT L7

HEVEICR ~ 7 A %, ZeHilE (CONHE), 14 H#H
DB F 7 A E# 3 H 1 o [ 8 M BRI R % 7%
T 7ANE B (RHE), 3 X OV e M 2w
JB & s & L7z B AT B % 4T 5 7214 12 [ 52 B
W% Rl 7o (ERBE) 03RSz MART
%, I AMERIML TR L7z, TOE, ©
T ABHOEEOBMERES LI rary FY T
Wy 8y BEld, CONBEE L TR, ER
HICCHEICKME R L, —FH, 44 71ab
£ O TIx/b AR OMEWTHIfE 12, CONEE & it L ¢,
REICTHEREIWELZ /R L7225, CON#E & ER
HOMICARERZIRO LN o7, TOZ L

5, &7 AR EL R OEE i NI
LT, BRI I HAE Y A TR 7 IS
b 7O R RIR ST,

i

Jill]

BRI O R0 )1 OMERHE B R ENE O FERERERE
CEETHL. o, BEMIITRLE YRR
HETbd), REMEEOTHICL EELEE %
B —F, HEAEGETIE, BRRLERGBES
ETHEGEH ORI (LT, A % 4k <
ENAHWZLITLERT S, & hERe L7
WF7eCid, v FLZ DR EREE, SR 2z
CORIEEEE 1 1A T4 5% FEEE, 28R T
5-15% EDHRGEOE T ALY %
KREEOWHE R L, FHREHL NV ERES L
I o 72f2121E, TTHEZ R D B wiiim i o
[MEARD HNB .

RIFENTEEH T ba v F) 7OLE (K
WA RIFRBEREACT, (SHEERRMER N &) & b
7253 3 b3y B 7RSI 5
INT A RD 725 O ATP FELEZ B o 5 /N 28
BETHhY, FiLlL7z3 b3y R 7 OERIE-

T2 h AR—VEEE Vol. 47



HIME T OHEATICE D 2 TREEAR S LTV B
68 —FC, BEFUEICLIVIPILFYT
AR IRET 5 L HEms R s s » 10 5
5IZiE, RIGBHIMR T %ofEs L OHHET
ORFEE I b3y B TEEOBEMEAHE S
Twa L2 o REBEEEOI 3y

N TEREBNT B ENHIUE, AEEHIH
KT HOBIRIZ OB TRNA D 5.

VAR, EBEER T &% A L CIRE LU
OHBETHLHIEE S 725 T TREAR STV
13 @) X 2 ERGOMEICEL TS, ¢ b
AL LT, FHTo SRR & o Ik
B C OBE T RBLOZSHE s hTna Y,
FZTHAIFICRAK DO~ A ZEt R, 14H
M DI 7 A EE R B & ol & L 72 A
WH L — =Y FRERL, RSO M
HThHHBIME T AH~OEEBEMGEL 2. 20
R, BB T A THIBEE GERESE - EBIIEE)
LWL T 7 A OBRBTHEREOE T I b o
YRV TS 8 BROKTAA LN (1R
Ko RERT—F). —F, HBIEF7 ZEEHH
HUCHT 2 L s LB T L —= v 72 FEhE L
7EETH, I AFOHBKTHEOE TR ko
YR TRERS 7 HEORKT A N

PO EEISH L, A TIEF 7 2
SEHI OB e 2 BRI & AT, [ AR
B OB OB 2 R R RS 5.

1. MEHE

1.1 ER$MS L UEBRBE

HEPEICR~Y 7 2 (HARTZ ATV Y — | HE) %
7z 128861275 % F CTHEEAE L, EBREH
HL7z. v AX23C, 128 0BG A 2 L
OBEEE (KFH 5 07:00-19:00) TP — 212 TH
H L7z SEHIH X SRR SR (MF; 3.6 keal/
g, B 60%, NG 13%, % » 7327 & 27%:; F )
I ZOVEERETZE, R0 B X UUKE B HICIEEL

FH > F AR—VEEE Vol. 47

129
ST B, REBRIHEGERFRFERREG L
WHERl - HEEF A ERBMER R L 2KR0 b
cATbhz (2021-11). FiEfEHH %, ~ >
A % %W (CONE; n=10), 2:EEFEE—3H
MR RTE n=10), 2:BMFEZE+EFT b
L — =7 —3 HMEEFRE (ER#E;n=10) ®
3WICT v ¥ 2. T ARER O3 HT
LV3AM, &aToOYYAREWHINL Y FIL
(MK-680; ZHT ML, 50 b ToEATHEEI~ O
5LELTHEEL m/4, 105 B oEFTEE) % %K
M L7z, REER X OERHEL, WEEZ X7 A2
LD MHMEEL% F7TRAEEERELZ
RAET3HMMAB L7z, EREIF 7 AME3 H%
76 by K3V BT % el & L7z E TS
RFER L7 AR T RICHR R L7

1. 2 ¥7ZEEAHE
REELERBEIIEREA T IV (AT M3V
1 [Meiji s BHiG7 =~V ~V A, HE; 0.3 mg/
kg), IFVIL(IFVTL; N, Hil 4
mg/kg), HAMBRT MV T7 7 /)= (NPT 7 —
JV; Meiji Seika 7 7V~ , AEAR; 5 mg/kg) #iRA&
L7z =MER A MM 2 AE10 gH 720 100 u L %
JEWENESH TS L7z, MEEREEICH L 2 8 %
MR LT, F7 AME %2 %M L7z, FEHIE38C
ICRE S NI HES~ Y b (3oL ) S
YN=Y T —F — < EF) TREL
72, B, 15 emiZYIRL7z15mLoO~ A 7 1
Fa—TEHVTYT ZADOBDO G EE- 7.
D%, MR %2 B2 S BRI TIE
i 7 — 7 (Multipore™ Sports White Athletic
Tape; 3M Japan, 3 5t) (2 CHERIEIRAMER, 2
MEIR KNRIEMCTRIE L. ZohrbEAL
2~ (UNIFAST II; GC, ¥ 3t) % &AW L7z, &k
(2, 54, SREMED S R BRI CREBIET & itk
i % BTN F v 2 M (754 b ® s 7ous
TLOHRE) ICXoTHEL, EMSESLY VR



—130 —
BAT L7z BB T, SRR A RE O R
P TH IR T F/8A =V (T v F Ly ®
HAS# T fEE,; 03 mgke) 2AEI gdH
720100 u LIGFENTESIC & - THG- L, &8
frezr o OEEE % RS L7z, CONBED R - ER#f
TOX 7 A ELE & FSEEORR, =LA KT
X B EEIREEIC B W2, UMHB X7 A[E
EIRTRICA VY 7T P12 L ARE EE T2
T, FTAREL L.

1. 3 Ei&EHLELEETIL—Z2T
EAT ML == 73 Ly FIVZ W
TERML 7. EEEIXE510 m, K 60450,
FLy FIVOBEFHIOE L L7z, EREEL, F
TAFEIHHR LD, 3HMETEMRE 1HKA
OFA 7 VEIE, $Thbb, FTAREEKH
(ZEHO RO EFTER) % 1T o 72.

1. 4 B1&EEREH

BB THRI, 41V 70T Ik B
AJHREE TS THORERIR X 0 BRI L CLeSsBALE &
fTofztk, I AMEMB L7z & X Hidhm
By CITBARERTHAS L, -80C TRE L 72,

1. 5 XEYVFA4X

B L2z EoOe 7 X84 7 %&2mL %
JHAxA 7 ua0F a2 —TIZAN SmmAT v
LAY — X & finE = O30 f% & O RIPA Lysis
N v 7 7 — [60 mM Tris-HCI, pH 7.4, 150 mM
NaCl, 0.25% deoxycholic acid, 1% NP-40, 1 mM
ethylenediaminetetraacetic acid (EDTA) (Merck
Milipore, Bedford, MA, USA) (2, % > /37 &4y
B EBHE#] (cOmplete Mini; EDTA-free; Roche
Applied Science, Germany) & ' > BEALAL& Wi
IK 4 % T 3% BH 55 % (PhosSTOP; Roche Applied
Science) ZHRML72b D] 2z 7212, ¥—X
7 F v ¥ —I27C2500 rpm TP 30 H DR =

SEFT- TR L7z, Z ok, WTEbLEE e LT
K ET3045HIRE S & 7%, 4C, 2800 ipm T
159 M om.LEExE T, BiEEZRIL, >
TVERE L7z

1. 6 I BRERNESR(CS)RAEEDETE

CSHEAFHMHITERMmI by P T7TEEE
WIEOMBABRIZH L Z s, I Fa Y
TEROREL LTELOMETHASONTYS
(Larsen et al., 2012). CS & KMo il 5% 1% Srere
DFkE b LI L THEM L 72 (Srere, 1969).
VT NVERESEEDOREY A= My T 7 —
(100 mM KH5POy, 0.05%Bovine Serum Albumin,
pH7.3) TAHML, % CS &A% E o A 4
TNV E LT, Yy FIVEHE6 w L, Tris-
HC1 207 u L, 5,5-Dithiobis (2-nitrobenzoic acid)
(DTNB) 18 uL, 7t F WVCoAl2 uL, FF
FopEEE9 u LE37CO% R~ A 707 L — |
NTRAEL, 1707 L — MBS IBER
(SpectraMax ABS Plus; €L % 2 — 7 /8 1 &
VXY, HWE) VT, 412mERICB T
Bt (Abs) DZ Lz Bl L7z, CSiFME (u
mol/g wet tissue weight/min) 1L TF D32 & 1) &
Lz,

CS {14 = Abs/min x Total volume X Dilution
factor / (13.6 x Sample volume)

Dilution factor {3 (tissue weight + buffer volume)
/ tissue weight & L TRk 72, 72, 13.613412
nm 2515 % DTNB O EVIEHARITH 5.

1.7 J9xZX&>7H0vy k

W2 T VE R O & 2 X B RE % Bicinconic
Acid Assay (BCAVE) 12 Clll5E L 72 (BCA Protein
Assay Kit; B+ 7 1 )V A HEHESE, KBK) . RIPA
Lysis/N\v 77 =B XUV TNy 77— (025
mol/L Tris-HCI, pH6.8, 8 (w/v) %Sodium Dodecyl
Sulfate (SDS) , 40 (w/v) %Glycerol, 0.02 (w/v)
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%Bromophenol Blue, 20 (v/v) %3-mercapto-1,2-
propandiol; &7 AV AHGHIEE) = VT H >
TNVERZ1IO ug/ u LD EHIHRL, 7z
Ay Ty TAYTHFYTVELL 2O
B, xRy rTuy T4 TRt TVE2D
250, —J7E90TC TR VL. b9 —
JilEOXPHOS D7 = A% »7uy N 7w
ELTRANVEERL 272> 72, 7.5-15% D SDS
RYT7UVNVTIFTFVIZ, £L—=210 ugd
¥y BEERT T4 L, 150 VT6045H SDS-
RUVT 7 I)NT I FEGIKE 21T - 72, Bk
Bfk, 7o v MEIZLD SV D 5 Polyvinylidene
difluoride (PVDF) Jii& (Merck Milipore) D ¥x5:.
1o 72 (BET5-100VT755 ). BE#T
%2, A » 7 L ¥ % Tris-buffered saline containing
0.1% Tween 20 (TTBS) (Zi% L, PVDF Blocking
Reagent (REERE, KB T60M 7wy ¥ 7
WP % AT o 720 Z O TTBS T 545 [ 3 [ i
L, —RIUEAFGICE L TR (20C) Tk
M, 4AC MUt &7z, iR L 7z—kiukix
OXPHOS (1:5000, ab110413, abcam, Cambridge,
UK), COX IV (1:2000, abl4744, abcam), PGC-1
a (1:1000, #516557, Merck Millipore), 4HNE
(1:1000, ab48506, abcam), SOD2 (1:1000, #13141,
Cell Signaling Technology, Danvers, MA) T 4.
PUBHE T2 TTBS T54- M 3mIYEE L, Anti [gG
(H+L) ~ 7 A (American Qualex, San Clemente,
CA) F 721X Anti IgG (H+L) 7 ¥ v b (American
Qualex) O WHUE & 607 M BUG S &7z, 2RI
IRBUGHET 1, 6% FFOSTTBS C 545 i 3l gk L,
b5 38 e e i 3 2E (Pierce ECL Western Blotting
Substrate; Thermo Fisher Scientific, USA) & X
IS S TN Feu gL L, b3t E
(ChemiDoc XRS; Bio-Rad, Hercules, CA, USA) T
Psg L7z, Bt L7223 > Nid, ImageLab software v
6.10. (Bio-Rad) |2 Xk W g L7z, 2Dk, x>
7Ly xRV — S (Beacle Inc., 5HR) TY
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1. 8 HEBIEARIER

BHLAFEO I Afae bIHA v T A
(BL7 A V2 s 20 72MKavs b
CHEEIZZT, WAERTHA STy Ry
CHTHRE IS E L L THR L. 20,
29 4F A% v (CM1950; Leica Microsystems,
Germany) % J\W T8 umTHYI L, HMiEAZ
PERL L 72, AR S b P g ta 2179 £
T-80C TIRE L 7-.

1. 9 SEHE#ILFEE

PERC L 72 FRIEAR 2 -20C 0 7 &  » CHREEH
ZEREEER S 72, T ICRa S 71, AR
A % 5% goat serum, 1% BSA/phosphate buffered
saline (PBS), M.O.M. blocking reagent (Vector
Laboratories, Newark, CA, USA) T604- 71 v
X UM AT o2, DK, —RIUE LN
Z, ACT—Mn s &7 R L -k
¥ MyHC type I (1:50, # BA-D5; Developmental
Studies Hybridoma Bank (DSHB) , Towa, IA),
MyHC type ITa (1:100, # SC-71; DSHB), MyHC
type IIb (1:100, # BF-F3; DSHB), Laminin (1:200,
SC-59854, Santa Cruz Biotechnology, Dallas, TX)
TH B, FIS# T %, PBSTH4 2 M ¥k &
L, WPk & 37C T604 il st S & 72 X
JB#T 2, #L#EFEA % VECTASHIELD Vibrance
Antifade Mounting Medium (Vector Laboratories)
THE AL, HIEHMH TH S BIOREVO BZ-
X810 (KEYENCE, K) (2 TH# L7z gL
72§75, Hybrid Cell Count 7 7)) r—3 3 »
(KEYENCE) % Fi \» "C i e o0 4 T TR % 54501
L7

1. 10 AT hX2 UL /ITHT2 (HE) 46
PERE L 72 RLRR A % Mayer’ s hematoxylin (&
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LT AV AR TTMGE L etk
50C T34 MKk kE % 1TV, =4 Yy (B+L7
AV AHIEAESE) THOR Mgt L7z, Z ik,
B% Ty ) —)V (FL7 1L afEHEE) c58
M2ME, 100% =% /—) (E1X7 4V 2 HIGH
) CHMR2EBIAKL, FYL Y (BELT7AVA
FGHESE) 545 3B LI & 1T o 72, HL#k
BEARIZDPX YW ¥ T 4 ¥ 7 X7 147 A (Sigma-
Aldrich) THA L7z, 3 XTORERE HOGHMEE
BIOREVO BZ-X810 (KEYENCE) CH#i5z L 7-.

1. 11 #REtIE

T IR B FEATOR L, £
7z, #ERTALEEIZ1E GraphPad Prism 7 % a7z, 5
NRTHF—F 2B T, Shapiro-Wilk Hi%E % 92
LIERSEOMELX TR 72, 3BMOIBIZE L
T, IEHMENTRD & N E1d—ICE B 5 BT
4T\, O Tukey-Kramer 212 £ A £ [Lifg
W% S L7z, IERESRO b N b o7z
&, VITANIN - T AEEREML, EDE
Dunn#58 & iV CHERBMEL FEii L 72, &
NTOMEHI BT, G 5% Kz AE L
L7,

2. MEHER

2. 1 FHiRAEAERTETE

A R B B SF RN RS 1L, CON#E
CIERLC, REE, BEREF L B ICAHEICIRNEZ
AR L7z (p<0.001,p<001; E1-B).

FARAE 7 A TR OB IZ OV, & A
71 MAHETIZREE, ERHFEE HIZCONEE L I L
THEIKRMEZ R L7 (p<0.001; ®1-C). A4
TMaB LI xbMMETIE, CONBEE LEL T
REEICTHEIRMEZ R L7272% (p<0.01), EREE
L CONBEOMIZE R 22RO SN A h o7 (K
1-D, E).

2. 2 I hOCRYTEAERRRAEE - 2>
NVEE

CSH RIE ML, CONBEL LKL TRHEEB &
OBRBEE L ICHEICKMEZ R L7 (p<0.00L;
2-B).

BIEER TR T 5 EE R IFREEAR S
YSTHEIZOWTT 2 A Ty MEIZED
Em b L7z, EAERIORER KT T4 % NDUFBS
(H2-C), #H4&1k1loSDHB (H2-D), #4&1k
Il ® UQCRC2 (K 2-E), # & K1V ® MTCOl
(B2-F), BLXUATPAERKIERTHLHEAEKVD
ATP5A (H2-G) ¥ d CONHE & I L CREE
BIUERHE D ICHBIZEMEZ R L7z (p<0.05).
BERIVERBR T 5 COX VS » /327 H 1 CON
BEL B L CR#EB L OBREECTHEIK W ES
RL72 (p<0.001,E2-H).

MY P THEGHRO EELHIEEASTH
%HPGC-1a % » /%7 EIZCONHE & Lk L CRE
BILUERFETHRIKRMAZ /R L7 (p<001,p<
0.001, X 2-1).

LA N L ADIRIED—DTH % 4HNE & /%
7 BIXCONBEL Il L CREEB X OERBETH
HllEEr R L7 (p<0001; ®2-d). —F, fit
ALEEE TH 5 SOD2 % » /37 B3 CONHE L 1t
L CREEBLVERBECHEICHKMERL 72
(p<0.001, E 2-K).

FH L 2T oOHBICBW TS, REEELER
HoOMICAEELZEIRO N 1o 72,

3. & =

RIFFE T, HEE 7 AR 2 W P O R %
L LB N == v Z7OFERIE, 7 ARME
fEER3HRIZB VT, NEEITH D T AFHD
EERTOHEMEBOBRTBLOTI bar FY 7
WZBET 2 5 V8 RO 2 Hfls 5 2 ki
T&ELDo72b0D, 4 71 a, I x/biiH ok
W THi R O 2 30 L 72
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Total

* %k % %%

-
o
o

Relative to CON (%)
o $
0

[l Type I [l Type Ia [l Type I x/b [l Laminin * &

C D

m

Type I Type Ia Type I x/b
kkk  kkk * %k %%
150 150~ 150+
10 10 100
8 8 8
2 ] 8
£ = £« £ ol o
0- 0- o T
& < &

BT & T AR AR B T A
CON: i FREE (72 % L7 Wil o R: 208 F 2 —3 H R e MR ER: 208 B B2+ E T8 —3 H R R, A: i e de tr
K E; B: EOFMRAERIIIR: C: & 4 7 T SRR D: & A 7' T ERERTIRL E: & A 7' T x/bRAEREIRT IR, 7 — £ 13 P9 i
AR TR L7z, FNTD 7 — 5 13, CONFFIZ RS 2 HAHE TR L 72, ##p < 0.01, *+*p < 0.001 vs. CONEE

Ferld, FT ARG R ORI Z R0 L Lz
AT M L— = 7 OESEA E R T EEZ O
HEWHEREOK TR I bay M) 7H#E Y V87 B
BEOBRTEIH L2 L 2 MRL T D (AR S,
KFERT—5). —H, KIEOFHRLR, F7AMH
EMRERA S 3 H RO LTI, ek coF
RO TR I oy Y T 2 4
Y7 EmORTIC LT, FEEME oSO
WMEER SN o7z, THIZIE, F7 ABETEMH
BB R ZEME S — R L AT A BIR DS 5 L 7
MRS L. 7 v bxHWTE 7 R E B
DFETINE ORERENZAL % B 5 72078 T, FEE
R 3~7THE) 12BWT, FEEME®ETE
BE D DWEMS—REMIHEIT L, 28 BZICIE
PRI T AR S E FERR I & 0 B F 5 & & skl
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ENTVEY . ZoBGIEFEERR RO E
\ZPE D BHRGDSE D o> TW A WTREN S 5. ST
BFZEICC, MR T RAT e Oy E B
5 DILIF 4 O T FE A B ORI O 4R
BAELLZEPHME SN TR F72 ¥
TABEET NV EF /R TH, BEMR2H
BICHEEI AN LHESRTWE T 2o
LI BHGOFERE LT, BEMIKEIZL > TF
KRNEE DT L 3 X 7 7 & ORI R 9R1L
L, HmEEORICH 2 ENTHBEIFHESIN
LUTHEMEATRIZ S TV B, B2 5
BT LERO—DL LTELLRTWE I LW
M5, ARWIFRIC BT B F 7 A b E MR O 5 2
(IR G L TR B

BB OFEANZ, Wiy A4 72 & OEEFEE
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A B

o

CON R ER CON R ER CS activity NDUFB8
ATPSA (EENDRNEDNNNS  COXIV [Smw——— dokk ook dekk ook
UQCRC? | s s PGC-1a | s s o 1504 150+
MTCO1 £ - .
4HNE Saes S o o 8
SDHB | s s e c_:%g 2
NDUFBS [We—— 2 ki
Ponceau S Ponceau S 0 o
< & < &
SDHB UQCRC2 MTCO1 ATP5A
kkk  kokok * % * %k kkk kKK * % *
1501 150+ 150~ 150~
£ g g g
b Q
100 10
g 8 8 8 "1 a5
[3)
2 2 - - 00
: . £ £ =
& & & &
0 P, .
*okok  dkokok
150, T EER 00y HEE  kEE 150-
g a0 g
= 1004 100
3 é 1s00{ 2 8 Qw)
8 8 —f E wopge
2 10004 o
£ = £ 5 % |0
@ 5004
2 (4 onoo ) é
0- o T o T
@ & < &

M2 vIAHOIbay N TICHEESTL Y V87 Ba
CON: * FRBE (58 % L2 W2eile) 5 Re 208 HI [ 2 + 3 H WS e R B ER: 208 B [ 2+ EATE B —~3 H ME SRR A v 2 A5 v 70y
MGG B: 7 =V ERG IS (CS) RRIGE; C-H: ISR &R & > 77 B & (C: 4 4k 1 _NDUFBS; D: #4{K1I_SDHB; E: #
A RIT_UQCRC2; F: # A KIV_MTCOL; G: #1 & 1KV_ATP5A; H: COX IV) ; . PGC-1 o ¥ ¥ /37 B &;J: 4HNE % > /¥ 7 ' &; K: SOD2 ¥
YOSY R, T YT ERERE TR L. $RTOF— & 1d, CON BRI A 2 MxHE TR L 72, %p < 0.05, **p < 0.01, ***p<0001v5.
CON %

WIS L CTRZ DRSS L. 7 v MIBWT, FTAFEEREIARE V) 2T v TR T
H 072478 T B A BLER) AL (SEL) | 1, IGEROEV Y A T EIC X 518
BIEG AL (FFAL, FREL) (ZHATEWIHE)E BOEELZ TR T olz—T, 4 TUHHET
ARSI e s sy Y, SEERHA WEFMEIZL 5 5 A — DSR4 70 7 > 72T RE
BT 5 & A 7 UHAMEE H 9 2 4T B S |2 w4 WA s, LoT, FTABEMMAIZERL
FECIHEI L CWb 22 6Nb. AIFEICBIT 5 A& ol & U7 AT BN L 2R RATY 1 7T
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Exploring the Effective Thresholds for Resistance Exercise
with Blood Flow Restriction

by

Koichi Okita
Department of Sport Education,
Hokusho University

ABSTRACT

In recent years, low-intensity exercise with muscle blood flow restriction has been
used for the rehabilitation of patients with neurological and musculoskeletal disorders.
Therefore, the purpose of this study was to examine the effective threshold and exercise
volume, taking into account differences in load intensity, in order to obtain effective
muscle hypertrophy and strength gain in resistance exercise with blood flow restriction
so that it can be applied to a variety of clinical settings.

Twenty healthy university students performed plantar flexion exercise with blood
flow restriction for 120 seconds, 60 times, using four levels of load intensity from
10% to 40% of one repetition maximum (1-RM) . Intramuscular energy metabolism
was measured, and the effective threshold was examined by comparing with exercise
at 65% 1-RM, which provides an effective training effect, and exercise at 20% 1-RM
under blood flow restriction.

It was shown that an external load of 20% 1-RM or more is appropriate for obtaining

reliable effects in resistance exercise under blood flow restriction with a fixed exercise
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time and number of repetitions of 60 times. However, it was also suggested that an

effect may be obtained even with 10% 1-RM with blood flow restriction, because it

obtains a stronger intramuscular metabolic stress than 20% 1-RM without blood flow

restriction, which is usually considered to be less effective.
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LR X OKEEZIT TN 5.

1.2 Eg7Oba—

MEAER L 72 B3 E 2 VT, BV
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X 7 & BHRZEEIE AN (B-20 rapid cuff inflator,
Hokanson, USA) % H\T, #ER# O % i IUHE
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BFR, blood flow restriction; RM, repetition maximum.
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Development of a Non-Invasive Method for Evaluating Motoneuron Activity
During Explosive Knee Extensor Contractions

by

Taichi Nishikawa
Chukyo University / Ritsumeikan University
Ryosuke Takeda, Marino Karaki,
Kohei Watanabe
Chukyo University

ABSTRACT

The rate of force development observed during explosive knee extensor contractions
is a physiologically meaningful index closely associated with motor performance
and physical function, particularly in athletic and aging populations. This rapid
force generation is underpinned by distinct motor unit behavior, including high-
frequency discharges not typically observed during sustained contractions. This study
aimed to determine how anatomical characteristics under the electrode—specifically
subcutaneous tissue thickness and fascicle orientation—influence the number of motor
units identified from high-density surface electromyography (HD-sEMG) during

explosive contractions of the vastus lateralis.
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Twelve healthy young adults performed explosive isometric knee extensions while
HD-sEMG signals were recorded from the proximal, middle, and distal regions of
the vastus lateralis. At each site, subcutaneous tissue thickness and the angle between
the skin surface and muscle fascicles were assessed via ultrasonography. Motor unit
discharge patterns were extracted using the convolution kernel compensation algorithm.
The number of motor units detected during explosive contractions was significantly
greater at the proximal and distal regions than at the middle region (p<0.001) . The
proximal and distal sites yielded more motor units on average compared to the middle
site. Significant negative correlations were observed between motor unit count and
both subcutaneous tissue thickness (p=0.003, r=-0.475) and fascicle angle (p=0.002,
r=-0.506) across all regions.

In conclusion, the proximal and distal regions of the vastus lateralis provide more
favorable recording conditions for HD-sEMG-based motor unit decomposition during
explosive contractions. These findings suggest the importance of accounting for local
anatomical characteristics in electrode placement when assessing motor unit behavior

in explosive contractions tasks.
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Keyword

high-density surface electromyography, vastus lateralis, motor unit, rate of force development,

muscle strength
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Development of a System to Estimate Muscle Fatigue Level and
Provide Feedback Based on Muscle and Soft Tissue Gliding
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ABSTRACT

This study aimed to investigate the relationship between changes in fascial glide,
ankle dorsiflexion flexibility, jump performance, and subjective fatigue (measured by
the Visual Analog Scale; VAS) before and after running. Seventeen collegiate long-
distance runners participated in this study. Fascial glide was evaluated by acquiring
dynamic ultrasound images of the lower leg and calculating cross-correlation
coefficients between the fascia and muscle layers. The differences (A values) of each
variable before and after treadmill running were analyzed using Lasso regression.
Cross-validation determined the optimal regularization parameter (a ) as 0.163.

Among the predictors, the standardized regression coefficient for A fascial glide
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was the highest (f = 0.271), indicating the strongest contribution to changes in

VAS scores. This result suggests that a decrease in fascial glide is closely associated

with an increase in subjective fatigue. The findings provide preliminary evidence

that quantifying fascial glide may serve as a useful objective indicator for fatigue

assessment. This study highlights the potential importance of fascial mobility as a target

for both fatigue monitoring and future Al-based prediction systems.
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Factors Associated with One-Year Changes in

Trunk Intramuscular Adipose Tissue in Young and Elderly Women
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ABSTRACT

The purpose of this study was to clarify the factors associated with changes in trunk
intramuscular adipose tissue (IntraMAT) content over one year in young and elderly
women. Twelve young women (age: 19.4 + 1.3 years, body mass index (BMI) :
20.0 + 2.6 kg/m?) and 18 elderly women (age: 72.7 + 3.1 years, BMI: 21.8 + 2.7 kg/
m?) participated. IntraMAT content at the third lumbar level was measured using
magnetic resonance imaging. In addition to fasting blood tests, we assessed total energy

expenditure and the percentage of energy from major nutrients using questionnaires.
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These items were measured twice with a one-year interval. As a result, among the

percent changes (A) of each item in young women, A IntraMAT content had a

significant correlation with A total energy expenditure, A protein, and A carbohydrate
(r =-0.726 to 0.642). In elderly women, A IntraMAT content significantly and
positively correlated with A fat and A saturated fatty acids (r = 0.516 and 0.523).

These results suggest that the content of trunk IntraMAT might be influenced by

daily physical activity and the percentage of energy from dietary macronutrients.
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iE, HEIZBIT 2 ARG FEREROT
INF—HREFBEIZHES S 2 LAVREI N

i

il

T, BHRGOEORARH T - Sk
BOET, $hbbH L a~=7 %5HET 5 ThHE
WA L. P aRZTIEERG OB T 7
FTRL, BRBOEOKT b BET L. B
OEE, FIEEHNICERT 2 BRI (5
PRI 1k DRI S s Y. BNEERIE, B
BOBRHT - BATHEN 7% O kbR & B
BOMBBGRE RT3 TRZY, BREAN
OHEDOT ) IAA AT S, A A V=
AZRY vz Ly Fu—AEoREHEREE) X2
RUMERBORIE) A2 7 &b b MES 240,
D%, FiMEET & BT 2 BT RIS
T i, BHNEMOERAE THIL, R
MIRBEDFIEDO T - WHIZEGT 5 2 L2l
BTED. LoLads, HINRICHET 51%
DRAEIBWI L BE L EFoTWD, 207
O, W BV CHELBEZ R L2 HHR
LOREERIIAITH 5.

—Eiz, HIRNE, IEORER L. &
T RERERIC B 2 MR OB/, o &
72y P EREL, ERI»SELL L
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PRSI, 2SR v sy Fu—n, 28
PR, OISR, BIRE LR S0 2y L HE
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RAWT 258, KBEICB 2 HNIRN OB
HEROTP 2O I SEL, EEEERO—K
FB (RIETH) BXOTRTH (RHIBHE - %
) DBEICBTEETH .

ARFFE O B, RBEH AR ERED 14
MOZAL L BEST L HFEZHONIITEILETH
%, FATHIZRICT, BPIRIERE & OF 5 M
RS STV B MR, SAGBIE, 538
BRI ESS10 1HH L, s L HNIRE
WD VEMOZES ED L ) IBET 2 0% i

A5, RN OFBERIZAEEEEIZ L 5280 KE
WETREREIND Z 0D, BHNIEIEREDZL
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&V G & LTz

1. MRHE

1. 1 MENRE

TR 72 o304 %, A imAE 124 (R 194+ 1.3
%, I8 %0200 £ 26 kg/m?) L Bk 184 (4F
727 = 30k, MRAKIEE 21.8 = 2.7 kg/m?)
R L 72, RIFZEI LT B R A TR E R
b vy — AT Eé@@;%ﬁf%htt
KRG 23-04). WHoea & I2IEEFEE 2 AT
BRZE B 7 & a3 L, Bl
L OIRESmMOREE B2, WEEE 04) 5
S51EOMEEZe, UToREHRE 247200
g L7z

1. 2 TEEFMIER
GECAEEZNEL, FEER (BMD) 2 & H
L7z, F72, ATV ¥ =% HWTHEO L)V BIT
B OME 21T 7z
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1. 3 HSHEEE
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Verio, Siemens Healthcare) % FiWT, # 3JEMEL
ANOVIZ BT B AR O 4 T I {5 % 2-point Dixon
FIZE e L7z, fooh, W REE B L
TR M U IRBEE TR IC 2 ), A% v v
OWWREENZ L BT —F7 7 7 NEHD 7012,
Wi f, #I MO EIED %2772

P sl L7 H{E OMBHTIZIE, H{EY 7 & Slice
Omatic 5.0 (TomoVision, Magog, Quebec, Canada)
% FMH L 72, SliceOmatic ® 2D, region growing,
morphology #RE % AV C, B4 EER, ME#
ke, IR RE, BRI (28T 5N
AR B & O R 2 s L 72 1Y),

1. 4 MEMIR

WERH OB L\ aEB) 2 551k L, 10K 2L
DA FIRTE I THFZE R R E O IE IR & O $%
MZEAT-72. HHELSI A 7 1 T ¥ A ZARIE L
7o, RPEEL, FVa— X, Il AFa—)b,
HDLZ L A7u—)v, £ 2AR) Y THhoTz.

1. 5 BIEBHE

iU L RSB E Y 2 T, 1A
Y OBIAVF N EEEEN LY. B,
R B & OSBRI O SRIEENE, 24 R
vBIU8AYyYEL, ENUAOWEEHE 1 A v
VELTIHS ) ORI AN F e 25N
L7219,

1. 6 FEERRR

MSE AR AFEEENEY 20w 18
HYOTANEF—ENEDIZ, ¥ 30 H,
TEE (BERURIGER), B L o = % L F— b
EHESE LT WIS = v ¥ — AT AV —
FDHQYKR—Ft ¥ —IKFEL 7-.
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1. 7 HestiEm

45T O 5E il 1 Shapiro-Wilk D HE % F VT,
EBEOMEREITo 72, 0FHICBIT2KHED
HER CEWoRE & Sieit) osid, EHS M %2R
LZZHBIZOWTIERIG D 2 W thioE &, RS
i % 7R & 72 h o 72TH B 122 T id Mann-Whitney
DUMERIT -7z, HinhEd L EREEThTh
BT MERE (OFH & 14FE) DlEIZIE,
ERAR 2R LZEE I W T RAENE O 5T
FCiE o Wit (RExRef) 24TV, ERIRD 50
I HAE DR & 72354121, Bonferroni @
LENBHREEHCTEELREITo72. BB
Ali &R & % o 7ZIHE 2D W TE, Wilcoxon @
P IEAZARZE &2 ATV CRIERT 2 O i %, Mann-
Whitney @ U 72 % JH W CTHEH 0 I8 % 17 - 72
F7o, HWEHEOLEROZAERE (A) 2K
O, BT EIZAFHMNIENHERE L 0BG E
Pearson DA BAMREUC CTRFM L 7. 2Dk, tR
e AR SR E, M2 %% A BMI,
ARIANVF iR, ATEFREIEOI LN

F—RE L2AT v T4 ZEOBEN RS &
1To7z. HEKMEIIS% RN L. MaHEITIC
{ZIBM SPSS Statistics 20 Z £ L 7.

2. MEHER

F1E212, 0FFH ETERICBITAEIGB X
O EETEOTREAIE IR, ARG EhE,
RAEEIUR OB EM B X O TER OB E R

TEREAWIHE Tl SUEENE O e iE 5 5
Mrooatike, MNIRIGE AR CRE & IR D2 HAEH
W 57z (F=7692,p=0.019). Bonferroni
DL BILEBRIEZ T o 12kE, FiEECB VT,
NI ERES1TFERCTHEICR T LA &
£, JEH, AR e 3 B E I
HOLNTporzbon, 1ERTEBEOEE
FAEEICEML, SO S X O R
BEWIAR X 2 A BIIRT L7: (p<0.05 £ 72
1Xp<0.01). F7z, FEB X UMM,
HERE = L ) S ARICEHEE, BB LU
BN SRR S Sl e L D D HEICH

=1 T M=12)12B1F 5 ZRERCOHEM & HER O ZLZE (%)

04F 14 2 b=
P35t £ SD SE¥4H + SD SFHf# = SD
A (%) 194+1.3
<JEREFZRYIEE >
B (cm) 157.0+50 157249 % 02%0.2
IR (kg) 495+85 488=77 -1.0+47
BMI (kg/m®?) 200%26 19.7+24 -1.3%45
B (cm) 695+7.4 700+7.8 0.7+39
FPIIRIFEAEE (%) 116%22 0.8%1.6** -18+22
LR T T A (cm®) 80.1+174 792+176 -1.0+54
<R PR >
7V a— A (mg/dL) 79359 768+738 28+94
#2125 1 —)b (mg/dL) 167.7+33.3 179.6+35.8 75+106
HDL-2 L 27 1 —)V (mg/dL) 716+12.7 715+12.2 04+88
4 A ¥ (uU/mL) 4019 40+16 359+927
<H RG>
A F -4 (keal) 1517.8+4159 14655+377.7 28%58
< RAFFRHCIRI >
T4V F— B (keal) 1458 =650 1519 =467 13.1+336
¥ 0 (%) 158+2.1 16.8+3.8 1.0+40
M (%) 314+4.1 308%52 0.6+80
FIRIIRTIR (%) 79%15 81+1.3 02+27
KAL) (%) 52.8+6.0 524+83 04111

BMI: £#%&45%%, HDL: High-density lipoprotein, *p<0.05, **p<0.01 vs. 04}
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F2 BT (n=18) 12 B 2 FHIER T OMER & 1ER DAL (%)
04 14 ZALE
P4 £ SD “PIfiE+SD “FHfiti = SD
il (%) 72.7+3.1
<IHESERYIEHE >
&% (cm) 152.3+45 152.2+4.6 0.0%0.2
R (kg) 50.2%5.6 498+58 0521
BMI (kg/m?) 21.7+24 215+24 04+20
JEEE (cm) 80.5+6.8 825+72% 29+48
PRI SRR (%) 259+77 263+73 0.3%2.0
RS ITII RS (cm®) 61.6+33.2 58.2+30.9 * 57+4.8
<M PEAR >
7V a— A (mg/dL) 93.0+9.6 92.0+10.0 07%75
¥l A5 0—)b (mg/dL) 228.0+28.0 221.3+335 -28+9.0
HDL-Z L 25 1 —)b (mg/dL) 75.6=21.1 745+222 -1.8+10.7
42" ¥ (uU/mL) 50%2.0 5.2+3.2 53+3.2
<B B>
AV F — 4R (keal) 1550.7 = 348.2 1500.5*247.8 -05+145
SEARBICIRI >
T A F— B (keal) 1785 + 560 1806 + 588 49+19.2
5N E (%) 18.2+3.3 19.3+4.3 02+3.3
NRE (%) 318+53 315+38 -1.0%5.2
SRR (%) 84+15 84+15 0.1%1.7
WAL (%) 499+69 492+59 08+7.3

BMI: £#%45%%, HDL: High-density lipoprotein, *p<0.05, **p<0.01 vs. 04F

fExZRL, HOENEIED LN (p<0.05 F 72
13p<001). ZDOMOIHEIZ, HEHRZALLHH
IO b N o7,

MR TER DI E T,  FARRIE O Z eHiE 53
ST OFER, MAHEIT L AT 0 — )V TH &
DOIRHANEF DRSO 57z (F=6.152,p = 0.010).
Bonferroni £ LR TE % 1T o 7246 F, A H
DIMAFFEI L A Fa— VA TAEM THEICHN L
72 (p<0.05). F VI —ABIUHBIL AFO—

VL, BRESEREL ) DARICEEE R
(p<0.01). ZOMOIEHIZ, HEARZALRLBE %
FREO bN oz,

BTN F—HHE, TAVF—HEB LY
FEREROI AT —HEIZ, AR
IR BN h o7z

AFFNRRIFEREE & A IR, A BRI H)
B L OA FEBEIURR O BEBERERIITRL
7o, FHHEO D B, HREEO A FHNBRIB R L,

x3 KEIIBT B AFHWNIRIGERE (%) & ABREHE (%) & OB R
At (n=12) ElitE (n=18)
r p r p

HWENEIR (%) >

AZ)Va—2A -0.156 0.629 0.122 0.631

ARV ATa—) 0.187 0.560 -0.137 0.589

AHDL-Z L A 71—V 0.033 0.918 -0.189 0.452

A VA Y -0.468 0.125 0.077 0.762
<HEiEEE (%) >

AT A F— T -0.646 * 0.023 0.333 0.177
<SRBI (%) >

A )b F — R 0.090 0.782 -0.278 0.263

ANZ IRy E -0.726 ** 0.008 0.195 0.439

ANRE -0.530 0.076 0.516 * 0.028

A SRR -0.550 0.064 0.523 * 0.026
A BekAey 0.642 * 0.025 -0.410 0.091

Az 1M O%ALEE (%), HDL: High-density lipoprotein, *p<0.05, **p<0.01
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AT ANVF—HHEEBLOAY V87 TR
FHREFBELAOMBEER =-064658 LV
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3. % 5

RIFFEIL, B 2B L O E T 5,
RN IRI B O VE 02 b & 5 5
HT2RaT L7z, TR, R IR ERE
FEDOZEAICIE, HWTHEB L O & b ICHRER
OFENCREAE IR L, T OREFITEMRIZ
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7z, ERUFSATICE Y, AFNIRSREE O Tl
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FRZE 1518 1o BT b RS, FBRRL A
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L L7-fERgE I, & o8 OBt 02k
LRI ERE OZALO I A & 2 ADOHBER
BAED SN EH L EREE TR L
THERTITZE Cl, ¥ v X7 BT AL F— )
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EThHo7210 T OB R L A0
Rrn, & 2237 BEOBRURILASH NIRTE SR
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Mo, BEFTOEZA, & 87 BoBEIURN
EWPIRIEOBERNCET 2 A = X L IEARHTH
% EEEECEY 2 m0 s v X7 OB,
Wy v BEOEREREST S £ s
X7 B OEBILRIE, 7 4 X AR AR 7
EOBPMIE B OISR L FERIEOMBMREY
AL, EHEFBEREmOMRA v A VK
DUFIZEGT 28 5oy HEAENT S
ZXicky, A A VRO, LT T v
wE O, TNF- a SFORKREMET A bh A~
DETFRERFRT LI EMHMEIN TN D,
A VA YHEIUER FIEMWY A P A 1, A
BRI O LR L A5 EOMBBGR Y 73202,
DEDZ Ens, ¥ o0 BEBRTLI L2k
B A v A VIEZEOUEERTIIEERAS, N
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Sitting-Induced Endothelial Dysfunction
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ABSTRACT

Purpose: The purpose of this study was to investigate whether eight weeks of
high-intensity interval training (HIIT) can attenuate sitting-induced impairment in
endothelial function.

Methods: Twenty-one young, healthy, recreationally active young men and women
were randomly assigned to either a control group (CON group, n = 10) or a training
group (TR group, n = 11). The TR group performed cycling ergometer-based and
bodyweight-based HIIT four times per week for eight weeks. Before and after the
intervention period, participants completed a three-hour sitting test during which
popliteal artery flow-mediated dilation (FMD) were measured before and after sitting.

Results: In both groups, popliteal artery FMD significantly decreased after three
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hours of sitting both before and after the intervention period (P < 0.05). However,

post-sitting FMD after the intervention period was significantly higher in the TR group

compared to the CON group (P < 0.05). This group difference remained significant

even after adjusting for pre-sitting popliteal artery FMD after the intervention period as

a covariate (P<0.05).

Conclusion: These findings indicate that eight weeks of HIIT did not completely

prevent sitting-induced endothelial dysfunction. However, the degree of impairment

was attenuated by the HIIT.
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TV L RFFH S L CHMBIC BT S IMERN
BHEEDIE T 2 FHCx 22 2L AICLTE
7o F 7 BURZEGC L1Z, BB SV EE)
ML= R L TV L BEGET (HEE
FOBF) LRI b MR REAEDIL T L 20w
ZEDROLNTVEY CofRIE, BVEER
FURE) 2 AT 2 H R ATEIC S M PR B
EOBT2FHCTEpMHERARLTRS. L
L., LROMZEsET & —Ri A% ik 7
BWTIZECH ), — A ICER P L —= > F %
oA LT ZE AT DI T,

1. A &

1.1 H&R#E

AT B A EB) L T 2 R 5
BHULEBLOLKETHAENR L L. 3TO
XREEIFREE TH Y, LIMER, PR
AR, T 73RO B OBEEEE R ERIE 72
Motz MEROEMTIEIOWVTIE, $XTOXf
KA LU CREM 23 Z AT, SIS o T
A T7+—LF-arery beRUE L K3

AV FESOFANCANY E S, HER
FONERHRE L2 mEEALZE X L DK
ST KA T 1 2024-006).

1. 2 XBRFIE

W RBITEESICT Y PO — L (CONHE:
n=10, B¥=7, &W=3) BLO L —=v 7
(TREE : n=11, W=7, Li=4) 25 5hre.
S ABARIRT O M EEH IC B VT, AR 2 RN
PEICHBEEEED SN o7z (R1). CONEE
OxFHREISHEM I D72 1) HH O HAREE B L O
FAEEZMEELZ. TREONSH X, SHMO
Mz 40m, #3200 HIOT % 256 L 72 (GERIE
BABO ML —= Y FFRIEBR) . RKERREIGE
(VOsmax) DHIES & O3 O MERLF A b I,
AR FER SNz, b L — = FHRE % i
$ 5 72%, VOsmax O il 5 13 TR BE D A A 1 1]
R4 HIZ D FRHE S 7z,

1.3 hL—=>49FE
TREEO® G &1, SHAMIZH 725 HIT % i

%= 1 Physical characteristics, VOsmax and blood parameters before and after the intervention period

0-week 8-week two-way ANOVA
Interaction: P = 0.55
Body mass (kg) CON group 64.3+11.8 65.5+11.5 Time: P = 0.051
TR group 65.2*94 64.2+9.3 Group: P = 0.82
Interaction: P = 0.67
Muscle mass (kg) CON group 29.5%5.7 304=54 Time: P = 0.30
TR group 299+6.4 30.2+6 GI‘Ollp' P=093
Interaction: P = 041
BMI (kg/m?) CON group 228+3 232+29 Time: P = 0.24
TR group 227+2.1 224=%2 Group: P = 0.55
Interaction: P =0.27
Percentage fat (%) CON group 18.5£56 17.9£5.7 Time: P < 0.001
TR group 19.1£64 17.2+6.1* Group: P =093
: . CON group 43+6.1 4297 .
VO;max (mL/min/kg) TR group AL+ 46 4934 4.9%F Interaction: P < 0.001
Interaction: P = 0.68
Serum Klotho (pg/mL) CON group 485;: 61 444 4_;117 Time: P=0.02
TR group 383+106 354£96 Group: P = 0.06
Interaction: P =0.40
. CON group 1.19+0.51 117045 e D —
Plasma ET-1 (pg/mL.) TR group 0.92+0.55 19s04r e PEO0
Interaction: P =0.47
Plasma NOx (  mol/L) CON group 42'6f 145 43'7f 113 Time: P=0.61
TR group 499+17.2 432+104 Group: P = 0.56

Mean + SD. *P <0.05 vs. 0-week. T P <0.05vs. CON group in 8-week.
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SPSSV 7 b =T (N—=T 3 »23) & HWCHENM
L7z BEKIEIP<005& L7z, 7= %13+
R (SD) TR L7z,

2. & R

2.1 bL—Z> D=
TRECHBITA ML — = 7 DEFEIZ100% T
HoTe.

2. 2 fMERH & U VOomax

IR, TREEICBWTOAR, A AMRM®E
WCHEBEIIRT L (P<0.05). ZOMoigiEIcs
BRI R, RHELRO NG o7,

VOsmax (2 TREEIZBWT DR, - ARIRIIC
BECHMLZ P<005). 7z, A ABIRREIC
$1F % VOsmax 13 TR AT CON BRI Hl L THE
WEEE R L7z (P<005 F+1).

2. 3 MK/INTA—4

i Klotho, IMAEET-18 X O'NOx W4 1o
HHIZBWCOREEHIZBED LN o7 (R
1).

2. 4 JBEEMT X MIMT 2 BEERKFMD
AR BT, SR FMD M &
b 3MFM OB A ICHEEIZEKT L7 (P<0.05).
e NI %, R T O R B IR FMD 13 TR A 12
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Three-way ANOVA
Period * Group: P=0.018
[ Pre-sit Sitting * Group: P = 0.056
(%) Period * Time: P=10.342

12 o I Postsit  period * Time * Group: P=0.917
lO | l l
[
st
E 8 | l
[
2
LA 4 .
5
= 44 *
=
[=]
[-™
9:d
0 T T T
CON group TR group CON group TR group
0 week 0 week 8 week 8 week

1 Popliteal artery FMD (%) pre- and post-sitting before and after the intervention period
#P < 0.05 vs. Pre-sit. T P <0.05 vs. Post-sit in CON group 8 week

% 2 ANCOVA of post-sitting FMD adjusted for pre-sitting FMD after the intervention period

df F p-value Partial 72
Group 1 9.438 0.007 0.344
pre-sitting FMD 1 1.278 0.273 0.066
Error 18

Analysis of covariance (ANCOVA) was conducted to compare post-sitting FMD between groups, adjusting for pre-sitting
FMD measured after the intervention period. Group remained a significant predictor after controlling for baseline values.
df = degrees of freedom. Partial »# ? = Partial Eta Squared.
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S AR 31T 2 EAL 14 O 5 B IR FMD 7%
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%728, S AN BT B EEALHT O B B R
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ABSTRACT

[INTRODUCTION]
Few studies of sports injuries and illness in athletes with intellectual disabilities
have been conducted. The purpose of this study was to determine the incidence and

characteristics of sports injuries and illness among Special Olympics athletes.
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[METHODS]
A total of 503 athletes who participated in the 8th Special Olympics Japan Winter
Games 2024 and the Special Olympics World Winter Games Torino 2025, and a total of
30 Unified Partners (able-bodied people) who play sports with athletes were subjects
of the study. The number of cases of sports injuries and illness, the incidence rate per
1,000 athlete-days, and the mechanisms and modes of occurrence were investigated.

[RESULTS]
A total of 31 injuries and illnesses (Any complaint) occurred during the study period
(6 days for National Games and 7 days for World Games) ; the incidence rate per
1000Athlete-days was 9.6 for athletes in the National Games, 93.8 for Athletes and
83.3 for Unified Partners in the World Games. Among them, 2 (2.1/1000 athlete-days)
Time-loss injuries and illnesses that forced the discontinuation of sports activities
occurred in the National Games and 4 (21.7/1000 athlete-days) in the World Games,
Mood/emotional disorders and worsening of pre-existing medical conditions were also
identified.

[CONCLUSION]
Sports injuries and illnesses in athletes with intellectual disabilities ranged from severe

cases to aggravation of pre-existing conditions.
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ABSTRACT

In this study, we investigated the effects of carbohydrate loading on hydration status
and thermoregulatory responses during exercise in a hot environment.

Ten healthy adult males consumed either a standard diet (CON condition;
carbohydrate: 6.1 = 0.5 g/lkg BW/day) or a high-carbohydrate diet (CL condition;
carbohydrate: 11.2 = 0.6 g/kg BW/day) for three consecutive days. Total body water
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(TBW) was assessed using the stable isotope dilution method. Participants performed
40 minutes of cycling at 60% VOymax in a hot environment (31C , 70% relative
humidity). Rectal temperature (Ty.) and mean skin temperature (Tg) were measured
before exercise and every 10 minutes during exercise. TBW after exercise was
estimated by subtracting sweat loss from the pre-exercise TBW.

Pre-exercise TBW was significantly higher in the CL condition compared to the
CON condition (37.7 = 4.7kg vs. 37.0 + 49kg, p<0.05). After 40 minutes of
exercise, both Ty, and T increased in both conditions, with no significant interaction.
Since sweat loss did not differ significantly between the two conditions, post-exercise
TBW remained significantly higher in the CL condition than in the CON condition
(369 + 48 kg vs. 36.2 + 4.8kg,p<0.05).

In conclusion, while carbohydrate loading did not significantly alter

thermoregulatory responses, it may help maintain body water content during exercise in

a hot environment.
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PDLEOMEIRIECTHRIF L 72, 20, HHREHE
FH7- 1T, KEET (HW-100KC, A&D L8, 3
) &V C00lkg AL CAREZH%E L7 CL
ST, ) a-rrvEORTEHNE L
T, #9605 O FE5REE B RN Bt HE ) % 1T - 72
(WIBSERY). HIBEB)IX, SEfTirzeIciE L1,
100%VOomax 58 5 T 17r B O #EH) 2, 30W TD 4
SHEOA 2 =NV R B2y MERL .

Z1LC, CONKME CLEMIZBWTHE SN
EFEEZIHMIIHA B 7.
EEAHHEIZIE, 1HH EAKOFGHTHRED
WoE 2TV, S HICBREIRES L UL ER
RFEZ T HEARZRE L7z 2%
AR ES#E12Y, RIR3IT, MKHRET70%
ZREE S 7z BBk E (ESPEC#E, KBR) 12
TI0r DR, BEEILVIX—FZHNWT
60%V Oomax 5 £ T 40 55 [ O R A VBB 7 F2 0t L
7o, sEBhRIE, SRATRRZEICHEV Y, 10408 X0k
T lkgH 7z ) 214 g DEROAKZBIL 72, FEH
B CHMRMEEZIEL, SETFaxEm L.

1. 4 BENA

CONZA & CLAATIE, 1 212,000 keal/ H,
2,500 keal/ H, 3,000 keal/ H @ 3D &FHN %4 %
HEL, "EEOMWR, Fin, HE»OHEE L
MIANF—HEEICEUT 2 A VT -0/
HERMELZ, BEMFICBT L0V F—EE
BIUORBEZEROMELRIIRT. CONKME
TIX6.1 g/hkgRE/ H O kb B s, CL
ST 11.2 ghkg R/ H O R ASEIL S L
7z,

60%V0,max34E T404 F B SR EE R

@ @imEE31°C . HMRET0%
-104
AR 1 t t t t
BEEE
toEEER (EBR) . EER. 088, RPE, REEE
B BREE
5}% IR (CONSKH) 2712 & _x
EhEm) EREE (CLEM) i o e
EAHOE @ L)
1 ) < [ b
L i = i 1 Il -F
18H 2HH 3HH 4HE
X1 WisEOREE
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K1 BENAEMFOT AV F—BIGE, FERE
CONZ:A: CL&M:
IALF— (keal/H) 2716+ 243 3458 + 397
72 PAEE (g/H) 97+6 94+5
iy (g/H) 82+9 26+7
BeARAL (g/H) 397+38 731 %81
(g/kg/H) 6.1+05 112+06
PFCIL 14:27:58 11:7:83

Bl I3l = R R 2 TRy

1. 5 BHEm

B 1R% (X BOD POD (COSMED SRL#t, 1 %
V7)) BV ZREREC X ) WE L ok
ST RN RGEIC & 0 llE L7z, gl
PMARAREETIE, HEEARKR T EDH 72D 0.06g DE
7K 3 (Deuterium Oxide filtered = 99.8 atom% D,
Kb HRMRA AL, TR0 2R G- L7z, g
ARG\ ENRIE 2 15%, BRI IR O ZCr =8
%732% EAGEL THRM L2, Ry 7,
5, $5-3MEM R, BG4 RR 121 HARRIRIC
L DERIL, —30CTHRE L IR OLIENR
AR, e RN L & 04T R (Hydra 20-20
Stable Isotope Mass Spectrometer, Sercon, Crewe,
UK) & ClllE L7z, M S N7z 5g [ An i
W s, SEAFRFgEIC S & W foksr R g 5
L7z, BonIREEZLEKRyENPS, 3K
FETMCE o TR, KRR, BERE 2
FMLY, BRI S kR EE LTI T
BRI 2 2 R 7.

1. 6 ESHRBETEHEOIENESRE,
BREEE, OBH R

BHEE T TOA0 5 OFAMER R TIE, T
BES)EE (RPE), MAKE, LA, %H
iR, R % 104 2 & IZEIE L 7. RPED
SEIZIZBorg A7 — V& WY RS o flE
WIX 21 EEBE D A r — )b (= 10 JER 125y, +
10 FEFIZB Y, 0 EH5THRV) ZHWwE
18)

PREMRIR I i (Tre) TR S 72, Teeld,
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B EA 70— 7 (ITP010-11, HBE%EY — £4k,
WE) L5 — & ah— (N543, H B — 4
HH) 12X D 001CHMCRfFsSnA Tu—7
CIZEA T AN N— %L, BHEH &0
b, e HTF 2 5 10-15em 3§ A L CTHISE %247 -
7o FREIRE, Ry vREE o — (-0
YSL,KNFRZ b1 —, KB 12X 05CHAL
TRk E N, Ky CELRE O — 3B T LA
IN—Fegeas L, Mwn, MOER, KBRETO 3 MIZE g
L7z, PR (T TRk 519,
UTFoRTHEM L

T = 0.43 X JOERRE R i +0.25 x I 3 5z i i

+0.32 X KBRHBEZ i i

1.7 T8, ESHROBKSE

EERT T 2 o023 & & o 72 IRRE TR
H2005 kg M THEL, BITOXZHIZLD
FiFEEHH L

ST = BT A E - GEEpRAE + EBR Aok )

T72, EEEORKDENSFITEZ R L, &
Btk oK REHEE L 72

2. #& &t

FERIT A TPIME + ERRAETR L, BRED
S OB EERE T B ORI E 12D W TE, ##
DR L D@ 5 ICEESEGHTC & ) SR o
AT L72. BREAREHAERA RS 5 NIz5E12
I%, Bonferroni |2 X % % & ILEME % w7z,
Z OABOFHHIIE H £, GO H D thEll &) 4
PR O # % WET L7z, fEHLELIE SPSS Statistics
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ver27 (IBM#AL#) % W C3ERE L, AEKiER
5% A & L7z,

3 f& R

3. 1 B

BEIIAE S < BHOZHE/ERPRD 5
7= (p = 0.009, partial n° = 0552). FEER1HH®
REICGMMCHE 2 % 5 - 72 (CON &1t
65.9 + 9.7 kg, CL 4= 65.7 = 10.0 kg, p = 0.441).
—7, EB4HBOREIILMEICEZEEN D

(CON 4= 1654 = 9.6, CL 4= 1 66.0 = 99 kg, p =
0.004), CLE&MFCRifix R L7, EBR4HHO K
A Z R 218, BIRTE, RKkoEE, &
PERICEREDH ) (Wb p<0.05), CLEMN
TR L7z —F, KRS & OBIEiE
FRICIISHMTHEERETIRO N Do 7.

3. 2 FEHREHHHE (RPE), BHEBE, 1O
biSEg
BEIBE T B O RPE, RABUKE, LK

=2 SRR
CON%tE CL&AF
RE (kg) 65.4+£95 66.0 £9.9%*
e rri (kg) 139+6 132+54
Fahi i (kg) 55.7+6.2 56.6 = 6.3
AR5 (kg) 37.0+49 37.7+4.7%
Bl I 1 9 (kg) 187=16 188+138
B3 Ml + (R 22 TR T #p<0.05, #¥p<0.01 vs CONS4:.
(a) ) (b) ”
20 ~ 10 -
18 g
16
& 14 g 6
o .
12 - B o4
10 ne
8 4 2 9
6 T T T 0 T T T 1
109 209 309 409 10493 209 309 409
EE AR EE R
(c)
*
200 -
E 180 -
B
~ 160
o]
B 140
3
120 )
104 204 304 405y
EENEFART
X2 ZHEEITEBFO (a) TEINESGRE, (b) REEE, (o) o Z L

PIGMARAER 2 TR S OCONGeft, @CLAAT. HFH D LA R #p<0.05.
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(a)

39.0 -
38.5 -
38.0 A
37.5 +
37.0 -
36.5
36.0

T (°C)

EBHR 109 209 309 40%
FEEh R
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(b)

38.0 -

37.0 A
36.0 A
35.0 A

T, (°C)

34.0 A

33.0

EEhRT 109 209 309 404
SE & EFAE

M3 ZHETTEBRO (a) B, (b) PR EROZ
PR fifie e (R 2 TR OCONGft:, @CLAM:. I3 D E 4R #p<0.05.

DAL K227 3. RPE, REAUKE, LAk
T b BB A EICEL L (B o F %)
H:: RPE p < 0.01, partial n° = 0.949; {R#U& 4 p <
0.01, partial n? = 0.922; 015 p < 0.01, partial 7°
=0.949), HEERFRIAEE T L T L ICEMERL
72. LA L, RPE &iRBUKICHE 2 410 < REH
O HAERIEFED & 17 22> 72 (RPE p = 0.688,
partial 72 = 0.052; il 24 & & p = 0.279, partial »?
=0.132). CHBUZ SR TEL D B HFH R0
S (G0 TR p = 0.075, partial 72 = 0.310),
CL&EMCTHMEE/RL. LaL, CHARICERE
LM X MO EERIZFEO N> 72 (p
=0.360, partial #°=0.107).

3. 3 REHEE (Tre), FHKEER (Tew

BEBEE T B O T & Ta DZELE K3 I1IR
T T & Ta \ZEB A ZTICZLL (B oo+
N Tee p < 0.01, partial #2 = 0.927; Ty p < 0.01,
partial #%=0.985), FEHEEH BT 5 T & (2
ElE &R L7z, Teld, CONSET37.0=03T
75382+04C, CLEMTIZ371+02CT 05
381+ 04CT~E ER LA Tell&ftxEE O
HAERIEFED S h o 72 (p = 0.202, partial 7
=0.169). Ty b [AKEIZ, CONZM:TIE34.] =
06C# 5368 *04C, CLE&MTIE34.1+05T
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75369 +03C~EERL, SUEXEHOKE
PTEHIZED 5 h o 72 (p = 0.977, partial 5° =
0.001).

3. 4 RTE EHEROAKNE

5T 5 13 CON $ T 0.79 £ 0.25 kg, CL 4
TO77+£027kgTH Y, FHHTHEZ TR
B 5N H -7z (p=0.770, Cohen's d = 0.095). 3
Tt OHETE K58 1L CON ST 36.2 + 4.8 kg,
CLE&MT369+48kgTHh Y, FUMICAHEE
A1 (p=0.008, Cohen's d = 1.082), CL&MT
EfEix R L7

4, & =/

RIF7ETIE, SHMOY —Ra—7 1 » 7Hk
AKIRAES S OB BB T B O IR A2
FTREERE L. Z2OE, CLEMHTIHE
BT AR G EOMMD A U72As, BB T &
BIRE L BT 2 SREBAIR & I B2 iR 1 E 2 LSRR
HENL»olz. —JF, CLEMTILERZICE
WD R mATE VIRREATHERE S LT 7z,

AFFETIX, CL&MFIZBWT, KE, BiE
&, KRG EAEEE R L. RZETIE, 71—
RO — 74 ¥ FHife CHEFEZIZ SR O i 2
ToTWinboo, FITHRICBWTIE T —K
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00— 74 ¥ 7 hOEES X ORS8RI H
mxhnp 0 Lzhso T, CL4 M & CON 4tk
DHFHROETH — RO —F 1 72X 554k
FURCZAAL % PO L 72 W REPEDSE V. MO S 1
ICiE, #5270 a—7 > OBEEIHED fEKROHE
MAEGLTwEEEZONL. 7)) a—=r Vi
SRR B, BUKEDE C, BREBNICER S
LEIC—EOKRFERETHEEZOND (FH
K). RWE TR 7)) a—rreriilEL Tw»
A, CLEAECOREERE X112 gkgfAE
JATHY, 36-48KHTHIZ ) T — 7 v EAH2
REHEINS % 2 & 2 L7261t st o380t & [
BETH-7210020  F7- p—Ku—51 >
FCEXDH7) 3=y oA, FENCH 7
) 3= DB o T AR A U
%7 KBTI B ER A ToTH D,
TR BNTH ) a—7 v OFER-PH - 72
LR END. AWK RE L, HRIEE
PL 7z ARAB I B 5 TR ROHE 2
TN 725 7)) O — 8 v OHALHREE B 72 1) B
B2 53 TR X EE 150g RO 2
=7 UHPFEINTVLERBELONE. &5
2, lgd 7 ) a—77 2 55F1xk L 3-4g DIKG
DHEET 5 EHEEINT VD L) ST ZE D
Hh 5 b, CL&MCHE SN-#07 kgntk
KpmOEIE, TRHHICBT 570 a—7
CEOMMAELGERNTHLEEZHLND.
SELRE T COEER A UL EE R KR
Hix, B ST 5 —< Y ADET R, BPEDF
WEZzn, i<, 2Lv7Frao—741
TR Y O—T 1 VT L o TRKGEDS
BL, AU XD EEKRO LA S S
LGS TR 22 KR, H—Ko—
TA TR IREB X OB IR T EE)R 0
RIRABC G2 2B Ao TRE L2 DTH
%. CLZeM T3 CON Gt & He~ Mok sy Av e fil
wRL, TOEFIILVLTFrU—T 4 Y TRT)

) ra—74 Y7L o TE L ARG o
ELEABETH-722M . LaL, CLEHTIE
H—KRE =T ¥ TPEBIEETT OB O Ty
RTa 52 2 MR LB IIR SN e odz. &
DFEFNZONWT, H—Kua—F 4 v ZEZEn$
HERKGOVEEDN G L T AN D 5. 7
k) ra—5g 7T, MR & RS
DWFNLHINT 5 2 oG shTng?, —
i, h=Ra—F1 7k o THEL DK D
M, EEERA ¥ — ¥ A ERPMRIL R A
WEIFFEIZ B W T, FICHIRAR O BN E R
THEENTVE 0D Bz MR AT
THKRGDE L ZFEGTFORPICE ISR ST
WAHIEERTH Y, MlEsNRICE TN s HlkE
FRL DB EET D EELOND D),
KRR B\ R 7o AR B RE IX B & 22 Tl
HBWLOD, h—FKa—F 41 » 7k o THIRA
WAL 722 & T, RIRFEEI T B
REMTH - - REMEDSHSH. —HT, ZLTF
YH—F Y Th A —Ra—F 1 7RIS
AN R % 3 &5 26K EDOINA R %
D 7272l H—Ku—F4 ¥ TRET) a—
7 m DI AE o TRPTI 24K 552 O s
LRSI NS s o—
T A Y T BT BRGSO AR SR Cld %
WS, I —FRO—F 1 TR0 L) mEiE
BEEL, 7L T7Fru—74 73 EORIRH
BN R A RS o T2 REMED D 5.

2B IR T E O RPE B X ONRBVER 124
T TEITBO LN o7z Thid, EEd
DT, T bFEMUHNEN o722 L2, W
FCBWTHBEEDOBHA b L ADD 5 Tz
ZEN—WEEZONDL. T, EBEIFOLHAE
1% CL 4 T % /R 3 2558 B 7z, AR
FeCIIHEEEEB) & FEhi L 722°, CL&MRICBW
TITEEDBENN & 0 AR R =2 2 1T
L, ZofiRe LUK TEIZRS b
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MRS B L. —h, T Y=Y T EOREN
EFIEBE AT (BT 2 BB T, R
FOBENNAFIR AR OO B L EZ 5
Nb. L7zh>T, A—Ru—71 v 7 h s
OIS R T B WL, EERE % %5
L7 5B TH 5.
CL4AMTI%, CONGfhL B L CGREE)HF D5
TFEIZED R, EERIZICBVTHRKTEDSS
WIREEDM R S T w iz, ki, EEMEiRO L
FEBEL, EE ST+ —< Y ADMEKT R, Brp
EFAEO—YR L2 b L END. AU TILIRE
31T, HHXTREE71% O 2 BB T2 B\ T40%5
MO EERFA VB 2 955 L, FTFERIX 1.2 ke/
REBICAHY L7z, SEATIRZE CIERE O 2% 12424
THBAKIZ & ) EE ST+ — < 2 ADE T S
ShapbESRTWL Y KBRS
TTIEB L2605 0B % AT 5 7B & 12K A
HED2%\ZET D EHES NS, —T, CLE
TR TIEAY0.7 kgD IR RS BIINATRD 5 THD |
COMEMAFIZEY, RED2%IHL T S BAKA
HEU 2 F CTORM%Z CONSEF L IERTEB L 240
EMETE L LM SND, ZHLHIZ, CLEk
PRIZ BV THEBIE ORI GEDE R Tw iz
CriE, H—Ru—F 1 Y IHRBBIBEEET TOM
KFICHFEGT LWL RIELCBY, S
L LTO—TFEE LTORMEL T 258
Tho:.
KHGEDRA L L TW L O m235T b
5. 5, KT RERDRENTH > 72
B OISR OZLIZ OV TRATIICE B 2
FIBDOONL 272000, 10%H8FZIIB
T, 40 5B D T ASCLEF CRAEZ /R L 72
L7eh3o T, 4RI REHEBMS €729 2T
B —RU =T v THBBIEEE T EB R OAIRA
B BARIREBIC T T, L) BT
b o THETT A2 LELNH L. KIZ, AIFZETIE
HEIEEOH 5 — R AN & L, 4055 [ o g
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HRHEB) T O A BN E & A L7220, FEBROH
HSHICBW T —Ra—7 1 ¥ I PRSBBRET
DINT F = Y ANZE- 2 BB OWTIEH S
IZT&Ehdol, KUIEORR»S, 7—Kuo—
TA TN K B HIRG R ORISR T B EH
T LU REEAVRIE S 72— C, REOHAE
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B — RO =71 O TR T ICBT HHA
PEEE R O AR A U CHIfE 2 28 % TS
Liprotz, —HT, h—Ko—F4 72k ik
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1285 L7z, ZofiRIE, BKROTR v BT
ME, H—RO—T 1 v T PEBEEETT TORK
ELTHMTHLUREMEZRIET 25D THS.
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