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ABSTRACT

For this study, we used a competition wheelchair that can drive straight ahead with
one arm and a badminton competition wheelchair, taking surface electromyogram
(SEMG) data during forward and backward driving: the primary movement of
wheelchair badminton. Research participants in the experiment were ten healthy
men (222 * 04 yr age; 173.7 = 1.4 cm height; 645 = 2.4 kg weight). The SEMG
measurement locations were the flexor digitorum profundus, biceps brachii,
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triceps brachii, deltoid, and pectoralis major. Muscle activity was evaluated using
integrated electromyograms (iEMGs) obtained from the collected SEMG data. The
experimentally obtained results showed that straight-line driving by one-arm increased
muscle activity in all muscle regions during both forward and backward motion.
Non-parametric multiple comparisons by muscle site were found to have significant
differences (p<0.05) in the flexor digitorum profundus, biceps brachii, triceps brachii,
and pectoralis major muscles forward driving. During backward driving, significant
differences (p<0.05) were observed in the flexor digitorum profundus, triceps brachii,
and deltoid muscles. In conclusion, results show that the flexor digitorum profundus
and triceps brachii play important role in the maintenance and repetition of propulsive

force during one-handed chairwork (wheelchair control techniques) , which is unique

to badminton.
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Development of a New Sportswear with a Pattern That Changes in Response to

Lactic Acid in Sweat

by

Yasumasa Kanekiyo

Kitami Institute of Technology

ABSTRACT

In this study, we succeeded in compositing fabrics and lactate-responsive polymers
with various patterns developed by the principal investigator with the hope of creating
sportswear with a pattern that changes in accordance with the concentration of lactic
acid in sweat. First of all, we composited the polymers with the fabrics by the following
steps: impregnating a cotton cloth with a monomer solution and polymerizing it by
UV irradiation through a photomask with a predetermined shape of light-transmitting
area. Then, after coloring the obtained samples with an anionic dye and immersing it
in a lactic acid solution, we observed the pattern on the cloth changing with desorption
of the dye in response to lactic acid. Additionally, we examined the dependence of the
response on the concentration of lactic acid and its change over time and it was found
that the pattern changed from a "smiling face" to a "crying face" within 30 minutes

within the concentration range of lactic acid present in sweat.
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The Effects of Running Speeds on Loading Rates in Individuals with Unilateral
Transfemoral Amputation

by

Ryo Amma, Hiroshi Takemura
Tokyo university of science
Hiroaki Hobara

National Institute of Advanced Industrial Science and Technology

ABSTRACT

For individuals with lower limb amputation, participating in physical activities such
as running is expected to positively impact their quality of life. However, individuals
with lower limb amputation, especially unilateral transfemoral amputation, may be
exposed to a higher risk for musculoskeletal injury during running. Although the
loading rate is one of the indicators to estimate the risk of musculoskeletal injury, the
loading rate in individuals with unilateral transfemoral amputation at various running
speeds remains unclear. This study aimed to evaluate the risk of musculoskeletal injury
across a range of running speeds in individuals with unilateral transfemoral amputation
by using the loading rate. Fourteen individuals with unilateral transfemoral amputation
and 10 non-amputees ran on a split-belt force-instrumented treadmill at 4 running
speeds (30%, 40%, 50%, and 60% of each subject’ s maximum speed). Loading rates
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were calculated as the average and instantaneous slopes of the ground reaction force

from touchdown to 50 ms. We found the loading rates in the unaffected limb were

significantly greater than those in the affected and control limbs at all running speeds.

In addition, the loading rates in the unaffected and affected limbs significantly increased

with increasing running speed. The results of this study suggested that the risk for

musculoskeletal injury during running in individuals with unilateral transfemoral

amputation increased with increasing running speeds, especially in the unaffected limb.
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Amputees, Loading rate, Prostheses, Ground reaction force, Amputee locomotion
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® 1 WERERE

Time since 100-m Prosthetic Cause
- Age Height Mass . RSP Amputated
Participant ~ Sex amputation Personal knee - of
(years) (m) (kg) (years) records(s) unit model limb amputation
Individural with UTFA
1 M 54 170 658 31 16.25 3S80 KATANA- f Left Trauma
2 M 34 161 586 21 17.82 3S80 1E91 Runner  Left Sarcoma
3 M 23 168 557 20 17.24 3S80 1E90 Sprinter ~ Left Cancer
4 M 42 167 57.2 6 17.66 3S80 1E90 Sprinter ~ Left Cancer
5 M 17 177 840 3 14.59 3880  1E90 Sprinter ~ Left Congenital
6 M 26 175 66.0 5 14.08 3S80 1E90 Sprinter ~ Right Trauma
7 F 21 149 443 9 20.66 3880 1E90 Sprinter ~ Right Sarcoma
8 F 21 152 515 5 21.05 3R9%5 1E90 Sprinter ~ Left Sarcoma
9 F 19 156 588 13 16.86 3580 1E91 Runncr ~ Right Trauma
10 F 27 154 459 1 2240 3S80 Flex-Run Right Trauma
11 M 36 161  60.1 18 18.86 3580 1E91 Runncr  Right Trauma
12 M 26 171 656 4 16.02 3S80 1E91 Runncr  Left Trauma
13 F 29 164 632 12 14.61 3S80 1E91 Runner  Left Trauma
14 M 24 160 61.1 6 16.13 3S80 1E91 Runncr  Right Trauma
Mean 285 163 598 11
SD 101~ 0.09 9.7 9
Control
1 M 51 167 653
2 M 33 180 716
3 M 24 164 590
4 M 41 171 732
5 M 22 1.70  63.1
6 M 26 172 716
7 F 21 157 625
8 F 23 159 542
9 F 21 159 583
10 F 27 163 529
Mean 289 166 63.2
SD 100 007 7.3
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ABSTRACT

This study aimed to noninvasively image blood flow in the active limb using
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magnetic resonance imaging (MRI) and to measure blood flow recovery after maximal
voluntary muscle contractions. Twenty healthy adult male subjects (21 + 1 years of
age) underwent arterial spin labeling (ASL) to map blood flow in the proximal right
forearm. Subjects performed 2 minutes of maximum intensity handgrip exercise in
the MRI gantry. MRI imaging was performed three times: baseline, immediately after
exercise, and 20 minutes after exercise. The obtained images were divided into the
whole forearm, wrist flexor and extensor muscle groups, and radial bone, respectively.
The signal intensity of the ASL was determined in each area. The three-dimensional (x,
y-t) data were analyzed by combining the two-dimensional blood flow map with the
time. Compared to the baseline level, blood flow in the whole forearm, wrist flexor and
extensor muscles increased 1.4 = 0.2, 2.7 £ 1.0 and 2.1 = 0.6 times; however, radial
bone blood flow decreased 13 % on average immediately after 2 minutes of maximum
intensity grip exercis. The whole forearm, extensor and flexor muscle blood flow
measured 20 min after handgrip exercise returned to the baseline level; however, radial
bone blood flow was significantly higher than the baseline level. These results suggest
heterogeneity in the recovery of blood flow after maximal-intensity handgrip exercise

among different tissues.
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The effects of High Solar Radiation during Exercise on Body Temperature
Responses during Body Cooling Recovery in Hot Outdoor Environments
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ABSTRACT

The purpose of this study was to investigate the effect of body cooling with the fan
cooling jacket on body temperature responses during recovery after exercise when

exposed to high solar radiation in an outdoor hot environment. Nine healthy male
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subjects cycled using ergometer until their rectal temperature increased to 38.50C in
hot outdoor environments (31-35T , 48-65% relative humidity, and 950-1150 W/m?
solar radiation), followed by body cooling recovery in warm indoor environments
(28-31C room temperature and 50-60% relative humidity). Subjects repeatedly
performed the cycling exercise protocol, which consisted of one set of 5 min at a load
of 1.5 watt/kg body weight and 15 min at a load of 2.0 watt/ kg body weight at 60
rpm. Body cooling recovery consisted of cold water ingestion (10C : CON) or cold
water ingestion + the use of the fan cooling jacket (FAN) in random order until the
rectal temperature decreased to 37.75C . The time for the rectal temperature to reach
38.5C did not differ between the two trials. The rate of decrease in rectal temperature
at recovery tended to be higher in FAN trial than in CON trial (P = 0.082). The rate
of decrease in ear canal temperature was higher in FAN trials than in CON trials (P =
0.002). The rate of decrease in mean skin temperature at the first 20 min of recovery
was higher in FAN than in CON trial (P =0.013). Body cooling recovery with the fan
cooling jacket in addition to cold water ingestion may be effective in reducing elevated
ear canal and skin temperatures during exercise in the heat under a clear sky, but may

be difficult to decrease rectal temperature.

F—J—FK
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Keyword

fan cooling condition, clear sky, rectal temperature, ear canal temperature, hyperthermia
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EARY Z A7V (100%) TTETHY, HHTE
2B D200/ T 7 P BAVRE I AAK,
OB L UETB» SR T 2444 TH S, FAN
AATICBWT Y vy MEGEBR TR v
DLrbERINT:.

1. 5 JAIEIER
JRIGEATFEBRMZICRIR 2T\, 7Y 7 VR
HWERTEE (PAL-09S, 7 % TH:#L) % FvsCilll

1 Body heat gain from the sun(SHG) , heat loss, the projected area and environmental
conditions at the end of exercise in outdoor and during recovery period in indoor

Outdoor (Exercise) Indoor (Recovery)
CON FAN CON FAN

SHG (W/m?) 936 £ 178 1024 = 19.8

Dry heat loss (W/m?) -81.6 = 235 -82.8 = 19.1

Evaporative heat loss (W/m?) 1799 £ 29.3 1824 = 34.8

Total heat loss (W/m?) 985 = 38.3 995 + 43.1

Project area (%) 224 =14 226 1.3

Global solar radiation (W/m?) 1101 + 40 1107 = 22

Mean radiant temperature (C ) 679 £ 6.8 685 £ 55

Ambient temperature (C ) 329 +18 33118 300 £ 17 301 £ 18
Relative humidity (%) 50.0 = 8.0 499 = 8.1 576 + 6.9 572 =71
Air velocity (m/sec) 08 +0.3 08 +0.3 0.1 £0.1 0.1 +0.1
WBGT(T) 30.0 =09 302 =10 266 = 0.7 266 = 0.8

Values are means = SD. CON, no-cooling condition, FAN, wearing fan cooling jacket, WBGT, wet-buld globe temperature

*CON vs. FAN (P < 0.05)
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sE L7z, REE, WO EST (BC-316, ¥ =
FALB) AfEH L BRI, EEH L& o7
P—3I A% H5—7)V (ITP010-11: HAEEHE —=€
) ZEBAIC 15 emiFA L7z, BRSS9,
KEEES B & ONTFRRER D 4 T2 R & > TR R gkt
(ITP082-24: HEg%EH — 4L HL) 2L, 20D
LR =T HNT T TEo L AV HERITE R
I — I A Z 70— 7 (400EP23: H A% —
T 2 HCCHBGE L7z OB R sy
RLLARE (H-10, Polarth#) % Jiflcka5 L, 30
IR L 72 B OB B X o — 1Y
THHEICELER L7z, EEIREETRE (Rating of
perceived exertion: RPE) 14 Borg (1982) ¥ 15
BeBEAr — v AV CH I RiER L 72,

1. 6 HWHIEH

AU CTIEABINERBRHErHERT 572
O, TN E w7z

HEG11Z & 2 ZRIKE (W) = (KEIRGER X /&
H RS ( ﬁf‘f@% - FACUFE) X D H
s x B

ARBUHR R D 72007 & L7210 %%k
TR IR D 14% & L7212,

ARG ETRE (n7) = 0.043 sin H 4179 & + 2.997 cos
H 4115 /% J 0.02133cos? 474+ 0.0091sin2 72/ 12

IR = 0202 (K 0425 x B (m) 072 17

MBS = 8.3 X Jil# (m/sec) 0010

W BEBFER =4 x 0959 x X777 >-
BN R X FRIGTTRE (237.2 + (%
LRI + FrIHgtiE) /2)) 219

AT T 7 v -RBNY < EHIZE67x 108 L
7z, AR FEM R iteration BT L7210,

TR (C) = [ (E#kid +273) 1+ 25 x 108
x /ﬁﬁ.‘kaé (Efﬁ/ﬁ —)/?T&"‘ﬁ?') ]0.25_273 18)

TR R = I BB R + WA

B

AR BB = (PRI i — 1F/ i)
/ (LHRIEBIEHE + (1) LZIRITELL + B MBI IE
) 16

TR = (A BBBIEH X TR +
FIROBBIEH x Si) | (M BB + X
BB 1O

FRMBEBNFL = 165 x W HBEFH 1O

FERMBI A = (I DIFIE (B OKFE
SUHE — ZERDBRIKFLIE)) | (L RFE TS PRI
1+ (I ZIRITREIE x ZE R ERER)) 19

BIRIK S = O0.1exp (18.956 — 4030.18/ (#75
R+ 235)) 16

ZEGDRFEGIE = BIRIKFESIE x Hbt i 10

B AT = TEAERS VBT + BRI
e 16)

MA TR, ERRS X SRR H
#OBBITREAENT 272010, FTiRosRt i
W7z,

TR (C) = 0.3 x WE5EFE +0.3 x |
B i + 0.2 x ABREEREFiE + 0.2 x TREES
Ve o 19)

B D% (T /min) = (BB THO B
= 37.75C) /I (4)

HRHE DG HIF (T /min) = (EBFE TGS
— YN = TREDIRIE) | B HIFE DR
()

Kk iR DT 2050 08 HIF (T /min) = (EH)
K THEDJRIEE — 1) 231 — i THED IR ) /20

i (kg) = EBHEDIKE — FEBHTOKE
- Bkt

1. 7 #rEtinsg

AL, ETHFgE - EERFAETORLZ. 4
T ORI, SPSSD/Y— 2 3 > 28 (Statistical
package for social science: IBMfL#) % F\vTHT -
7z, 7=y ORI E FEATH OES L, £
12 1 Shapiro-Wilk O #i5€ & Levene D 7E & H
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W COHESE L7z, Shapiro-Wilk D% F 7213 Levene
DIRTE DGR BARE L D RWgE, 7%
NG XYy JHGER MM L Tt s
fz. 2T RANY vy T8 (EBIEE) 13,
Friedman @ — 5L & 53 #0047 % FI V> COrdT L 7z
HEEDNRDONTZHES L UTRET— 413,
Wilcoxon O 1 5 NEAZ AR 7E % v T B L 72
WEEIHI R ORE S L OBRILE, Ao &
DEFEIREEIIAR D R L Od 5 28K T X
FEf) 435 (Two-way repeated ANOVA) % f
W7o BEGIEHAERDRO 5N E s L Ui
B, EBRRLSMROGHIZ, BRI
IEDH B UREIT Lo T L7z, ZEILERE
|21% Bonferroni % & H 2 72,

2. % R

JEEHIFI (X CONFRAT T 36454280 + 12453142,
FAN 4T C3445 34 + 1343 298 CH B % 1%
A 38.754

38.5
38.25

38 1

Rectal temperature ('C)

37.75!
B 38.54

38 4
37.51
374

36.54

Ear canal temperature (‘C)

36 -

371
36
351
341

OCON
331 | oFaN

32

51
Lhrolz (P=0677). ) AN —EIZBU 51
HIEEF]1X CON AT T 4375548 + 557431, FAN
AT T400 0240 £ 100 53 THEZR &I LD o
72 (P=0.145).

2.1 RIEEH
SEATOEEE L OV 78N —BEr OB
RUIR L7z, BEELAMRE Aghc X 220X

BLOBBHIZ BT 2RATH THEZRZIZRO
LN ol

2. 2 {RBIRETIEE

BT ORI TS BT S ER, SVEER
BIOPYEERICEEZEZIREOLN Do
7o, U AN —BEI B A E BRI 2T TR
BN o7 (F1A). —HT, 4t
Hiiix ) #3) —B#610-200 H (K1B), F
¥Rz F§ 1% 158 X 182043 H TFAN #47%°CON

Rl

¢} o

*: CON vs. FAN, P < 0.05

Mean skin temperature ("C)

0 5 10 15

B
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The rectal (A), ear canal (B), and mean skin temperatures (C) during recovery period



AL Y AERICEVEEZ R L (B1C; P <
0.05).

2. 3 BIFRERDSHIE

) AN =B A EMR, SVEHERE L O
R EIROEGHIFIITR21R L7z, ) o) —
B2 BT 2 IR O T 21T FAN #4724 CON #
TE 0 bEWEAIA D - 72 (P=0082) A%, Hi:
205 DWW H=IZ2FATH CHBE R Z T o 72,
AWE BT RIZFANSAT2TCONRITL D &
AEIZE L (P=0001) , HI:205 O HEIEES W
HCTho7 (P=0002). FHBEROKT L2
BATH CHBERZ IR D> 720, Rid-205 06
HEFANFATHACONBRIT L D b A REIZE» o 72
(P=0.013).

2. 4 fRKDIREE
KFATIC BT 2 EE I AOMKE L L ORILEIZ
&, AEREE R, o7 ) BN —hOREHE
W, ks L ORETFE S 2847H T2 IR
DO NEDo7 (R3).

2. 5 FHEMEEZ

FEAT OB T RSB 2 RAEEB L
FEIEB)EE A B R AETRO LN o T,
WBVERIX, V) AN —B#E5-205 HIZBWT
FANGATATCONRRAT L ) d A EIMRNEE R L
72 (B2A; P < 0.05). FEIREBHRE L, 1) AN
) — B4 10-15% B 12 3> T FAN 34T/ CON 2
fT& ) EBEIRNMEZ R L7 (K2B; P<0.05).

2. 6 DEH
HRATICBIT 50 #N) —HEo0308E, 23
T THEERZITFEDO N ro 72,

3. % =

AWEOFE R, BABAEREETICBIT 2
B R OFESAFEE R, BAKERISN /27 7
ET Yy MK D HEEHITZ Y AN — B
DOOENHRDOEGHZE Z 5 BEANIH - 7205, 5
MLaWEE EEERE I o7, —HT, @
AE BB L O E RO G E R RS
7o MAT, @OFEBWIBERIE 7 7 & T vy

% 2 Cooling rate in each body temperature variable during recovery period

Time to achieve Tre of 37.75C

First 20 min of recovery period

. CON

Rectal tempeature (C /min) FAN
o . CON

Ear canal temperature (‘C /min) FAN
. . CON

Mean skin tempearture (C /min) FAN

0.017 = 0.002 0.010 = 0.003
0.021 = 0.005 0.013 = 0.004
0.024 = 0.010 0.044 = 0.017
0.037 = 0.013* 0.060 = 0.014*
0.061 = 0.014 0.084 = 0.033
0.170 = 0.193 0.128 = 0.033*

Values are means = SD. CON, no-cooling condition, FAN, wearing fan cooling jacket, Tre, rectal temperature

*CON vs. FAN (P < 0.05)

% 3 Body composition during experimental trials

CON FAN

Body mass (ke) PRE 64.73 £ 6.5 65.01 £ 6.1

POST 64.14 £ 6.3 64.44 = 6.0
Urin ific aravit PRE 1.018 = 0.009 1.023 = 0.009
¢ speetiic gravity POST 1.025 + 0.009 1.024 + 0.006
Ingestion volume (kg) 0.532 £ 0.101 0.508 + 0.143
Dydration (%) 0.89 = 0.64 0.88 = 0.85
Total sweating volume (kg) -1.12 = 049 -1.08 = 0.50

Values are means = SD. CON, no-cooling condition, FAN, wearing fan cooling jacket, PRE, pre-exercise, POST, post-exercise

*CON vs. FAN (P < 0.05)
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A 94 .
5 8{ X\ . *: CON vs. FAN, P< 0.05
‘g -] ’
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T 204
& 181
§ 16
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5 104
1 bl
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o
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Time (min)

2 The thermal sensation (A) and rating of perceived exertion (B) during recovery period

ORI X > TRIICSBE SN2 LA 5 2
Lot

S, VR, JEGE R R AR AR R TS B
i EOFIRBIRE A AR S, FAMES)RE
B R RIET. F72, IS ORGSR
BAEMIZED S o72a s, % - AR TR
IMENE A AR S, FAMGERRE ) OB L FH%
T50 . KW B S OB B 41
FEICBWC 2T CHER =T R o7 L
72hSo T, ARFZEIE2AT & b ICHGEFTIT R 72
o, EBYIEH R EENFE TR ORE £+ ORI 137
WEINGholzbEZLND.

REFFETIR ) A13) —BED BIRGHIE LCHH
T HHKEKTIE R L, ARV EHFRTLHE
HALRTwiilio7 7 &y vy ry b2 A
72, TOWT, FANBATICHBIT ) /3 —
OEWR O T #120.021 * 0.002C /min TCON
AT L hor. T OMIZFHHEMEESHE~ND
B E LCHEREN TV A0.15C /mink 27 — Y
Y NRAMIEBEHD0.06 = 0.02T /min Y X
D HIRAE & %o 72, FREOHESE R SEATISE DR
REFRLDLERE LT, ) HN) —EEOLRE
B RO IR BB B 0SB L T b L E X B
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Evaluation of Clothing Discomfort Sensation Caused by Perspiration in
Different Environmental Conditions

by

Yuki Karasawa, Seiya Fujiwara, Teruki Kitajima

Shinshu University

ABSTRACT

The purpose of this study was to clarify the effects of environmental thermal
stimuli on clothing discomfort sensation under different environmental temperature
and humidity conditions by investigating changes in physiological and psychological
states and fabric conditions when the fabrics get wet and sticks to the human skin. To
achieve this purpose, a wearing experiment conducted to investigate the physiological
and psychological state of participants after perspiration by exercising for 20 minutes
in five environments with different environmental temperatures and humidity levels.
Additionally, measurements of fabrics were also conducted to investigate the state
of the fabrics in the same environments. The results revealed the following: (1) In
a low-humidity environment, the discomfort sensation caused by the cold and wet
sensation was observed due to the thermal transfer rate from the fabric was fast; (2)
In the thermo-neutral environment, it took longer for the wet fabric to slide, and the

sliding resistance of fabric was greater. The physical phenomena of the fabric and the

T2 M AKR—=YEE Vol. 44



57

weak thermal stimulation by the environment caused discomfort sensation related to

the mechanical elements on skin contact; (3) In the high temperature and humidity

environment, the discomfort sensation was expressed by the sensations of stuffiness

and stickiness due to the high humidity within the cloths. These results concluded the

need to consider the effects of environmental stimuli when examining the clothing

discomfort sensation associated with wet and sticky clothing.

¥—7— K

HLAPEE, U, IR, N0k, BHBR

Keyword

clothing discomfort sensation, sensation of stuffiness, sensation of stickiness, feeling wet,

high temperature and humidity environment
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FARPUEIE, KRN BEOME Y £ X 25D
BEPENZ EDS, FFREE LR
B LVEN DL, T, EEEINZHE O
BBV TOEYE (EX =) 2ELTH
DY WIFL, BD AV KIROBESEE SR
TWpniew, FEAEGETORTPMMRENTY — >
TOFERNEOFFME 2R2 5. ULy, %
TS & 0 KRS B OIR B 7 PR TR 1
o &2 X BB e AL % H R L 7 RSB
L BEHRIRRE O MR A T L 2B A o,
2T, RRZETIR, RBITFICL D iERKIRO
PR A R & BRI S O BB 2 TS 5 7

DI, KIRATHENZZIREE TR Y £ & 128k ) APk
AR RT VY vV AEMTOERTFHE L
7o. B ZEBSEICBWT, KIRASHENTERY
fr7-BR o AR - LEUREE ) OV A # kBB 0 2L &
AL, BREMAAIEIC G 2 5 B8 5 2
W23 AZERHME L. HNOERDZ2DIZ,
BEBEHIAY, ARKEEOET - LBLIRREICE 2 5
B LoRIc, BEEIEOENIZE T, WO
FLARBEAS L 72 o 72 JF N % A AR REZAL O SR % B
IZER L7, RIRGER,S, AKR=Y Y270
RSt O—BhE 2 % L9 %, RPEEERT 5
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1. 1 EERIBIE

A7 O FEERFE i B B O IR 10 B S (L SR H
18T - 42%RH, 28T ,- 24%RH, 38C - 14%RH,
28T - 48%RH, 28T - 72%RH & L7-. HAf 5D
ek, 2500 KL BEOMAMRE, #Hix
WL OBIRE R H5h, MR & O
W EBEEShTwzz0 0 R
D72 OEFE M (18T 42%RH, 28T 24%RH,
38T 14%RH) DF%EE, HXHRE Tlx 7  Hkt
% 6.50 + 0.05g/ mi [ L7z, (RS IER
(28T - 24%RH, 28T - 48%RH, 28C - 72%RH)
2B W TIE, I b R B AR BR B & A
(6.50 + 0.05g/ mi) 12, kS A2 f5 (13.10g/
o), 3% (1960g/mi) 127 5 & 5 (MK IR % 7%
£ L7z DUT TR S e o 21212 18°C -
42%RH % (18 T), 28 C - 24%RH % (28 C),
38T - 14%RH % (38C), LMK OBIZ
1228C - 24%RH % (24%RH), 28T - 48%RH %
(48%RH), 28T - 72%RH % (72%RH) & s L
THEiLd 5.
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1. 2 W U ARIRERBEOEIR - HIRIREE
HE

EBZ 2o OERIERE Tirbhz, Lo,
EERSNNE (LR 24°C, AT A 55%RH |2 7% 52
ENEREREICAE L, EFEIIEE 2724,
10 MEBAE#HE Lz, 20k o F A=
wAEML, 2050 MEET 2 2 L THEIT L7
RIS, SODOBESEMED ) LOVT NI E
SNZFOERERZICEEL, Yo FA-V %
721, OSSN 2R e L. EBRS
M SR R AGEBE104 (#2245 = 255,
551735+ 105cm, K64 + 16kg) T, FEBrE
BEMYY YV EN—T R VIH— L7 Yo v
v & FERE L LTHWEEIL, KIRASEN IR
BEOAPEDSEZ ) 2T VKRO—D L Z 2 /272
DTHLH. HY v Ao EEZRT IR
R

K1 WYY vy B0 R

AVEZRE ) 7u—F CFi)
HESE M RV T A7) (55%) , #it (45%)
B A 100g/m
filE & 0.234mm
R FER11042 54cm, FET64/2.54cm
HOKRE 45%F

WA OE L EHEIZI0OSB S BY
X5 B EICERZNE O.CHIRE L SD
(Semantic differential) 212 X > CTEHli L 72. FFE
ETERE (B 5T v -RR -l -FFH 1)
T, FHIE H L 72 = E v [ 9 - B [
WTWE —FNTWE] [ Ry v g EH-%Fy
ETAHI[HTvELTVE—AY LAY LTWVS]
MEDIZC V- R TV [E6E6%-%05
2] PR —fi2wv] [RVFVTnE -we )
WD | [Ev =] (L4720 23 — K
[ThDONTWD - LaeXhni] [FHOHAE: -
FW] AR -] 014HE L L7z SDEDT—
13 -3~+3 TRERALL, fREFL72. b, SDEELS
&0 FFRAL L 7oA R I R 2 B3
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5HDTH DN, LiEFERT O R 7 kPR
ML TOORIFOBEAFMETH 5 L iE
L, AW IR & LTy, A fikat
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M) —=X) B2 B 7 GEES, fEhad, wilbes,
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BJ L Cld, Hardy & DuBois ® 7 Sl fien® %
BRI O B e Bl L7z KIRPIRE LS
ML ClE, ZFREBIIEREOMIRE & ) i)
WEETH B 2P OKRBEREIIELGEND L)
Mt 5 10 ARRFZEIC 3BT b T BE % Bl
L7z, AT, =79 7V3HFX Y (SKW-
1000 © AF /7 A) 2SEFEICEA L, BFE%
FHEl L 72

FEERSBNINE T HRNIIROM T &L N IZOW
THHEZT, ZIMoOREEEZ. AKUZEIEEMN
KFED Te bERNRE LWEICET A2 MEERER
& ORB A S CTE L7 KREFZH3125) .

1. 2 EHIKRERE

1. 2. 1 JEBEEHO - KPBENRERE
Y ¥ v v AEH % 50mm X 50mm T ) HLY, 7
MHELZ BLOIInsoRoEsEs, &
TR (GXA400: =— - 7 ¥ F-74) 2w
TRHAIL 720 ki, B2 EZBRDOSINE OB
JBEHT 57201232C~36C I2hmE L7z AT
FEE N FAF T L= Ea—Fv 7
A) \ZHEE S 2OBOREORTRE %
INBUZRE 5 /1 2 T (CPA-E60 : 7~/ —) CTRERIIL
7z, 20k, NS LB ORICHET 2 HEL
RC~3ACTITR L 728 KE~ 4 70Xy
I (Finnpipette F1 Multichannel : Thermo Fisher
Scientific) 12 & 1), KO EACKIE D HK B KR
(27 B KT L7z, T L7228 R AR
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¥ H 530D E R L7z, FE I T o
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WMEELY 20T 727 S0, ERET
R L 22 IRRE T — 5 O RMNEE B L
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T 555 T & ORI EA BB S D& 12
Lo TR DODPRBREL 7. ZiRESEIEOLENRIH
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WIREE DA MR L7z, BREEEE SR o 37K i
(24%RH, 48%RH, 72%RH) 2B\ T b, [HE
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i ] 2L

E3Lh, BLEFH105H%» 5, 18C - 28T,
18T — 38C M DOLKARMIRE IS H AR EARD S
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EWIZ K o TKIRNEBEICAE R EFRO SN
7o, BHRE 105 HO KRN X 18T o kb
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B4 Xy, BEiflsnkid, SRBEmESMN
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R
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®2 KEEEENOFHIEB AR - & 2 O MoFFHiE B OB

AP — 18C-42%RH 28T -24%RH  38C-14%RH 28T -48%RH 28T -72%RH
w7z — iR 0.70* 0.77* -0.12 0.12 -0.05
FEn—-FWn 0.12 -0.02 -0.52% -0.23* -0.49*
HWTWh =il Tws -0.84% -0.78* -0.77* -0.54% -0.76*
Ny ETL-HI7vL35 0.80% 0.33* 0.74* 0.68* 0.76*
NI LTWwb-—LT AT LTwD -0.26%* -0.48% -0.56%* -0.40% -0.66%*
EDIZC VR =F)RT W 0.77%* 0.87% 0.70%* 0.73* 0.75%
EHEL R -LOLRPR 0.23* 0.01 0.08 0.24% 0.04
A =i 0.30% 0.06 0.15 0.28% 0.10
RO TE - LD D 0.76* 0.79*% 0.72% 0.55% 0.73*
v - 0.73* 0.71% 0.70% 0.65% 0.67*
L7210 D3 — Ko 0.83* 0.74% 0.66* 0.78% 0.69*
THONTWD - LRk 0.48* 0.33* 0.36* 0.25% 0.32*

A LHIATE L — L 0.96* 0.96* 0.93* 091* 0.92%*

* 1p<0.05

RO, BICCE, BYAEK EX, Y
720 DS EARPUEO B TR HHBIB RS A S L
7z. BCOBETIE, HIEK, 7o, WIS
<&, ROMERK, ESEAPLEOBIZ5RAHR
BIRDSA BN, 23 & ZENEK & AP O RIS
RIARAS A S 72, 48% RHOBEEETIE, D 12¢
SEPLB72 D) DS EAPURO B A BB R
BHRLN, HIE, N7zo&, R EE ES
EARPE DO A B BARDSA S 72 72% RHOD
BECIE, BIUK, NoX BICCE, RY
ft & EAPUER O B IRCHHBIBIRAS AR S, ZEh
%, B, P47 ) O S ERPUEO BRI
BB NIz, TNEORED S, HBREDO K
IMSEVIEH D L DOD, ETOBRELMFIZB VT,
ZROFETIZE T, KIRAHEILTHRFIZRY A
{2 LI X BEMIREDEALS AR & K& <
L TCWABZ EpvRIEEI Nz F7, &g, &
S, BN SIBESRMIC Lo T, AREED
FHRIAR AT 2 ) ARIEEEBRBE N A DRI 70 B
EMNRIZ & o THIL 2 IREBRE TIIE 72 AR
BEBIRT S L, BIRBRE T, B3 LANEK,
BRI T, ANEASAPURI B Y RITT
T EDIRIEBEE N

KIZ, SBREEMOERMRAR HD O NPED
TMETIVEIER L, RNREICEEE 5 2 508
(1 72 B % AT 2 72 0 \CE MR AT %2 47 5 72.

FEBE SN CRHMIEIE B [ AN — ] % A%
(R =] EHBO®ECEHIEE [ 02
W=t LR EE L LT OERATHSRY
Ze TS 720 A5 — X ] % B oo R
HHABRPHESE L, B L 2 ERF
AT HRAT - 72, R IR O FEHR LA B K HE 5%
& L7 mRURAMTOMRERIITIRT. R3 &
D, ETOBRBEEMNT, BT > TRIEAHEN
7o ETRELARIRDIG D IZ SRES R EDT]
S 7 BAE A L TR ORI AU ZE T S
N7z, T/, REBERECIHFELESCEEL L
PAPEOBAZ T 5Nz, F72, 38T -
48%RH, T2%RH @ £k NI 2% W ERHR T U,
RO EWPAPROFHEL T 5Nz, 2o
LK BELACHE L CHZRIC®E S
2 BRI 70 AL DSFAE L7278, BRBESMh o2
£ oT, TOBREERBRRBORE S0 L-T
W7z,

2. 2 EIREERE

2. 1. 2TITo 2ERFEFMOFERIZB VT,
AP B 52 2 0HENRIEE L L TRES
MR EIC RS 2HE (72, iU,
WIS, HS) ICHRIRVEZER SN LR
VRO - KRB BRI & 0 O ) HHURFE
A L7
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®3 FEERHGHTOFMER

HZE% A P2 %L TR I e R pfiE
. LTS —ERTnD -0.58 0.00%%
. 0,
[18%;2_/.([);:}1] WHIZ W =IFYRTWn 0.26 0.00%%*
M%U&:0%> ThoOnTWg - Laehn 0.16 0.00%%
~ ' SEHOH 0.00%*
WOV - 0.45 0.00%%*
oo A = NI 0.25 0.00%%*
ol BTV B - BTV 019 0.00%*
y GIATES 47 0.17 0.00%
5 =0. )
(EER2=084) FE — B -0.12 0.00%*
SE U 0.00%*
LW TnD - TND -0.40 0.00%%
[38C - 14%RH] Nyt h-FFv T 0.22 0.01%*
R — v — 0.18 0.02%
(BIER2=0.70) FEV — B 0.22 0.00%*
SE RO 0.00%%*
g WD W=D T 0.38 0.00%*
. [0}
[28%;8_/,]’;1{] - R 0.28 0.00%*
(5T R2=0.60) N EFH-FTETD 0.22 0.02*
- ' SEHOH 0.00%*
o~ oo Ry ETb6-¥7vE75 0.37 0.00%%
D%%;{ﬁEHI HDIZ L - T 031 000+
(5T R2=0.65) Ho - 0.22 0.00%
~ ' 5E U 0.00%

2. 2. 1 JEEREOH - KDBENRERE
FEERMOEEAR OREL LT Wi % 72
DIZ, FEHRIRAE & IREIREE O SR o IR E O 1
AL BRSO O RKHRE O
HORRZ LA RS, KIRESFOFE O LR
FEOMHEOR M Z L% B6 1R, FHllER I
S L 7ol & R E & /Ml % B < SEELF
Yl L EEREEELZDDOTHE. 12BN
FoRERATK LT, KR IS BT 2 BREEIRE SR
N 3kH#E (18C, 28T, 38C) I2BWT, A
FHIKHE % 5% 123 L Tukey #:12 & % £ 5 Lt
ERAT, RERE LM ORI ORmIRE, X
OFRMREOHMEOZEEBE L7z, REEHEES
i o 37k ¥ (24%RH, 48%RH, 72%RH) 123
WTh, FROFIETLEERELIT, W
DOFREWE, K OFKIE R E O HE O 7% % #E
L7z, BEKIE % THEAEN RO LNI-HE1T
[%] %59

B5 %0, 38C OB LTI QML T M A
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(*¥%:p<0.01, *:p<0.05)

o7z, K6 LY, 24%RH, 48%RH, 72%RH
DOBBENTHRMBREOK T HEX KT 2 &, &
FREAMRNT &, SR O RN E O T 3 )
HE A S A7z,
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IR PT), 6 B EER o~ S, mKME
&Ml & B < SEUEL O Il & e R AE A R L
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KRR 12 31T 2 BRERIRE S R K o0 37K (18T,
28, 38C) l2BWT, FEAKMELS%IZFHEL
Tukey 12 & 2 L HILBHME 217V, BRBEE S
PR O FRE IR, BYERERST), 25 kA
D EER D7 A MG L7z, BREERE SR o 3K
(24%RH, 48%RH, 72%RH) 123\ T b, [k
DFNETL EILEBE Z 1T, R IR,
B B ) R O AR L7, HEUKHE 5% T
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K7 &b, 38C BB LR AF G/ S
Rz HASNz. H8 LY, BEIREN &
WIFE, KRR E < B EIAIA AR S
7z, X9, 10X 1, 28C - 24%RH O EH 13
DEFRIZHAT, 25 B ) B AR < 72 % A
R (s

3. % &

W Uil L7z AR ASHE B 1Z5R ) A 7234k T,
B2 2 BRI (R T S N L EREE 2 R
A L7RER, BRESEMORNILY, RIUKISE
B 5.2 50N 2 BERE OB ORE S A
b ERPRESI NI INIE, ERHREOE
WIZ X o T, ADAFIREE R KR A ) IREE A
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Cardiopulmonary Exercise Test (CPX)-based Exercise Program
for Depressive Disorders

by

Shin Nakagawa, Chong Chen, Kosuke Hagiwara,
Keiko Hirata, Yuko Fujii
ivision of Neuropsychiatry, Department of Neuroscience,

Yamaguchi University Graduate School of Medicine

ABSTRACT

Current clinical treatments for depressive disorders are insufficient such that a
substantial proportion of patients do not respond despite various treatment endeavors
and the improvement in functional impairments in essential skills for everyday and
social life is inadequate. Consequently, the development of add-on therapies is an
important clinical challenge. The purpose of the present study was to test the effects
of an exercise program designed based on the Cardiopulmonary Exercise Test (CPX)
with exercise frequencies and intensities lower than those employed in previous studies.
Subjects were eight depressed patients with chronic or recurrent episodes of depression

or persistent depressive disorder. It was found that after eight weeks of exercise,
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subjects’ depressive symptoms were significantly reduced to a level close to remission.

Their anxiety symptoms and social functioning were also significantly improved.

Although the sample size was relatively small, our results suggest that even a brief,

low load exercise program may exert therapeutic effects for depression. If these results

can be replicated with large-scale clinical trials, exercise may be a promising add-on

treatment strategy for depression.
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exercise therapy, Cardiopulmonary Exercise Test, major depressive disorder, persistent depressive
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The Effects of Competitors on the Cardiovascular Response and
Performance during Virtual Reality Cycling Exercise — the Development of a

Mental Biomarker Utilizing Physiological Parameters

by

Ko Yamanaka, Shouta Katsuki
Yoshimitsu Kohmura, Hidefumi Waki
Graduate School of Health and Sports Science,

Juntendo University

ABSTRACT

In sports, dealing with the pressure of competition determines winning or losing.
Interacting with others while competing affects one's athletic performance, but the
associated physiological mechanisms are unclear. This study included 14 healthy
adult male participants. We developed a competition that included interacting with
other competitors and was simulated using virtual reality (VR). The pedal speed,
cardiovascular responses (blood pressure and heart rate), and respiratory responses
were recorded during cycling exercise tasks at a constant speed (60 rpm). We

observed a significant decrease in cadence (non-competitive = 59.0 + 4.2 rpm versus
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+ 6.0 rpm, p = 0.0067) and significant increase in heart rates
* 9.9 bpm, p = 0.04)

during the competitive condition (passing/being passed by a competitor) compared to

competitive = 56.5
(non-competitive = 82.5 = 9.0 bpm versus competitive = 84.1
the non-competitive condition (cycling exercise with no competitors). Participants
were classified into two groups: those whose cadence was relatively decreased in
competitive conditions (performance-decreased group) and those whose cadence was
not (performance-maintained group). Intriguingly, the cross-correlation coefficient
between interacting with others and the respiratory variability was significantly higher
+ 0.12, p = 0.01) that sustained
cadence during the competitive condition compared to the performance-decreased

+ 0.03).

by competitors but regulating respiratory movements may prevent the performance

in the performance-maintained group (r = 0.44

group (r =0.36 These results suggest that exercise performance is affected

decline.
*—7—K
IN=F- )V T T4, B, RYVEEEE, U, A E AR AT
Keyword

virtual reality, competitor, cadence, respiration, cross correlation
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72, LEMEHRT IV —1 % — (SP-00-S, A v
V) ERIGEICEA L, LDERT -5 o0 E
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= IER L IO WT, S V8T A M) v
7 #esE (Wilcoxon 55 AN M) % IV C, %k
Gtk & G S 0 2B O ORIE 21T 5 72
EE)ST =~ YA (XY )VEERE) PR E L
LB L 72 EERS N & < 5OV [l R & AR
TELEBRSINE L, TNEN [T —< U A
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387 =< Y 2L D DA EICE A EA
BB O E— 2 ilik R L7z ON7 4 —< v AffERE
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IEE 5 v &9 12 A 2 T % F50 IR E)
THAHH, ZOMRKITRILEEMPREIZ L > TR E
NTW2 0 whbwa X v LD RS X
fEE DA 25572 a s OBICIENED) % HH5H
LTWBIREMED S 0, BB QMR E A5

SR BT BIST 5 —<  ADERE EA AN
AF~—J—& L COIHMEHA T RE? S Lt
B, SHIZIEmFMEICL > TERSND A
T A TR B WER CRETE L L) Ik
i, LW AYE VN L= v TEORSIZOR
BB ENREING.

4. £&£8
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L. L7z T, TAYV—=FDPXRAMNT =%
VAERSET A 01I2E, FOENTHECETT
RS, E L EOTRETLILEND 5.
REFFEBRIC & o C, HFME P HOOEHISE
BLUONST 5 =< A RITTHE L EHALT 5
LT, TR = MMED S 2T B BORE
ERMBNA =N — & L THHIITE 55
Y D, ZONA T~ —F— DFEHIEH L A

T2 b AR—VEE Vol. 44

83

YENI L=V TORBIIORN A LS
5.

i

ARBFZEIH LT, WREBIE ) £ L 72 ak i
FENAREL ST v b AR — B2 RET H
2, TARERICSIL TL 728 o 2 ERS IS,
BIPRE DT 2120 & DL L B S5

X

1) Oliveira-Silva I., Silva V.A., Cunha R.M., Foster
C.: Autonomic changes induced by pre-competitive
stress in cyclists in relation to physical fitness and
anxiety. PLoS One, 13: €0209834(2018)

2) Yamaguchi D., Tezuka Y., Suzuki N.: The
differences between winners and losers in
competition: the relation of cognitive and emotional
aspects during a competition to hemodynamic
responses. Adapt. Hum. Behav. Physiol., 5: 31-47
(2019)

3) Ricarte J., Salvador A., Costa R., Torres M.J.,
Subirats M.: Heart rate and blood pressure responses
to a competitive role-playing game. Aggr. Behav, 27:
351-359(2001)

4) FH AR, R DG, RS A I A VR
1270 7EBREOREFMEICL > THES
LGB AL DSEE) N T o+ — < v A B L O HE
RGBT TR, WURA T 1 7 SR,
44: HI2020-2074(2020)

5) Costa R., Salvador A.: Associations between
success and failure in a face-to-face competition
and psychobiological parameters in young women.
Psychoneuroendocrinology, 37: 1780-1790(2012)

6) Gonzalez-Bono E., Salvador A., Serrano M.A.,
Ricarte J.: Testosterone, cortisol, and mood in a
sports team competition. Horm. Behav., 35: 55-62
(1999)

7) Funahashi S.: Neuronal mechanisms of executive
control by the prefrontal cortex. Neurosci. Res., 39:
147-165(2001)

8) Hillman C.H., Snook E.M., Jerome G.J.: Acute
cardiovascular exercise and executive control
function. Int. J. Psychophysiol., 48: 307-314(2003)

9) Gangopadhyay P., Chawla M., Dal Monte O., Chang



S.W.C.: Prefrontal-amygdala circuits in social 10) AR AJ, T B—. [H8 & M —HER &
decision-making. Nat. Neurosci., (2020) Weid—: WL, (2016)

T2 b AR =Y FE Vol 44



85

FAERANIC BT 57 K OMFLREDO Y a ¥/ FI2k 5
JENIATEY 7 VA 2 A frik bl - NGB B K& E3 ks

mAEEARY R OE F R

R BRI
MR B
S

RS ECORE I IR M

Acute Effects of Breaking up Prolonged Sitting with Walking and Slow-speed
Jogging on Postprandial Glycaemia and Lipid Responses in Young Adults

by

Hideaki Kumahara, Miwa Agune, Masaki Kato
Faculty of Nutritional Sciences, Nakamura Gakuen University
Makoto Ayabe
Faculty of Computer Science and Systems Engineering,
Okayama Prefectural University
Yuko Ichida

Nakamura Gakuen University Nutrition Clinic

ABSTRACT

This study aimed to determine the effects of sitting breaks with walking and slow-
speed jogging on postprandial glycaemia and lipid responses in healthy young adults.
Fourteen adults, aged 22 = 2 yrs, randomly completed three different 180-min trials
after consuming standardised test meals. These trials were as follows: 1) uninterrupted
sitting on an office chair (control), 2) sitting with 3-min bouts of walking every 30

min and 3) sitting with 3-min bouts of slow-speed jogging every 30 min. Walking and
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jogging speeds were fixed at 6.0 km/h with a pacesetter. Venous blood samples and
blood glucose concentrations using a continuous subcutaneous interstitial fluid glucose
monitoring system were obtained. Incremental areas under the curves (iIAUC) for the
blood sample responses were calculated. Both the glucose iAUC and insulin iAUC
over 180 min were significantly lower during the walking and jogging trials than during
uninterrupted sitting. The insulin reduction ratio during the jogging trial had significant
correlations with the maximal oxygen consumption per body weight compared with the
control trial. However, there was no significant effect of sitting breaks on postprandial
triglyceride response. Our results indicated that breaking up prolonged sitting with 3
min of walking or slow-speed jogging every 30 min improved postprandial glycaemic
and insulinemic responses compared with uninterrupted sitting in healthy young adults.
The effect of jogging breaks on suppressing insulin secretion may be more effective in

individuals with lower aerobic fitness levels.
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Evaluation of Shoulder Joint Diseases
Using Joint Contact Area Analysis in Vivo
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ABSTRACT

Three-dimensional visualization of joint motion is an extremely significant attempt to
provide important information for understanding pathological conditions and deciding

on treatment plans. Especially in the shoulder joint, the support mechanism of the joint
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by soft tissues such as tendons and ligaments, as well as hard tissues such as bones, is
important. The purpose of this study was to develop a system to analyze the contact
area of the shoulder joint under physiological conditions using 4D-CT, which has been
difficult to understand the pathophysiology of shoulder joint diseases in vivo. Since
these analysis methods can be widely applied to the analysis of joint motion throughout
the body, they are expected to be highly practical not only for upper limb diseases,

but also for lower limb and spinal diseases. The results are expected to be reported at

95

international conferences and submitted to international journals in the future.
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ABSTRACT

The aim of this study is to compare motor unit discharge properties after exercise
between concentric and eccentric contraction. Eighteen young healthy men performed
repetitive concentric or eccentric isokinetic knee extension until they exerted less than
80% of the baseline strength. High-density surface electromyography was recorded
during ramp-up isometric contraction to 50% of baseline strength and individual motor

units were identified before and after the exercise. Motor units were tracked before and
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after the exercise. Muscle cross-sectional area evaluated by ultrasound and electrically

evoked torque were measured. Sixty-four and fifty-three motor units were analyzed in

concentric and eccentric conditions, respectively. Motor units recruited with moderate

to high recruitments thresholds significantly decreased recruitment thresholds under

both conditions. Motor unit discharge rate significantly increased after concentric

contraction compared to eccentric contraction. A significant greater increase in muscle

cross sectional area was noted under concentric condition. The evoked torque was

significantly decreased under both conditions, but no difference between the conditions.

These findings suggested that concentric contraction to failure contributes to greater

neural input to muscle and metabolic responses than eccentric contraction.
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high-density surface EMG, motor unit, concentric contraction, eccentric contraction,

fatiguing exercise
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TRACHIRESER B L BRI % B EO &
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Fi L7z M IIEEANICERO BB L UF
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Mechanisms of Exercise-Induced Improvement of Muscle Dysfunction
in Polymyositis

by

Koichi Himori

Graduate School of Sciences, Nagoya-City University

ABSTRACT

In the present study, we investigated the role of p62 in exercise-induced adaptation
in muscle of experimental autoimmune myositis (EAM) mice, a widely used animal
model for polymyositis. C57BL/6J mice were immunized with myosin to induce EAM
and subjected to voluntary running exercise for 4 weeks. Voluntary running exercise
increased the levels of phospho-p62 and improved endurance performance but not
muscle mass and strength in EAM mice. Moreover, EAM was induced in muscle-
specific p62 knockout and wild-type littermates mice. The induction of EAM resulted
in significant decreases in muscle mass, strength, and endurance performance in wild-
type and p62 knockout mice, without any difference between genotypes. These results
suggest that voluntary running exercise improves endurance performance in EAM mice

independent of p62 function.
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Mgt L7z, CSTBLIBI~ 7 A2 F v v 8 Xy
THRIET HZ L CEAMZiFE L, 1AM HSE
METEBZAML2E 2D, p20 1) VL%
WAL, EAM~ Y ZOFAMEBIGE)) & U5 L
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B~ ZOMICENE R o7 IS ORGHE,
5, HEMETEBIIEAMIC X 5 FAMEEB R
NEYET D05, OB p621XM5 L 7%
WITEEMEDRIZ S 7z,

&

il

FERPESFEVER B T B S RUM LTI, B
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RAMESEFICHOBTHELZUET L L
PG SN TB Y, SRUEHEEEINT 5
EEFRLEORMEA R T HMAIEE S NODH S
SO 1L, ARSI NS R 4 X B
OBTHELZUFET H A=A LIZO0TiEt
FIZERES R Ch R, —JF, BATEIC B LT,
ARSI IA — b7 7 V- Y VS ETH
% pb2 % 4 L CEAERIC B B PR LR & B hn
SHLTEPHESRTVEY. LdoT, £
FEVER I\ & B F OBATHZALITIRILA S L 2D
WRPHEGT L2 enbE25 8, SREMEER
BT B AMER) O W) 12 p62 AIE 72 1% E]
AR TURESE R OND.
ZZTARIETIE, 9, ZRUHEOET IV
W) T H FEERNH CRIEER K (experimental
autoimmune myositis: EAM) ~ 7 2 2B 5 i,
1R FE A B RE ) O T 16§ % FRA MR
DRI L pb2 DB Z MiES L7z, kIZ, EAMIZ
X B DBATIEZACIZ BT B p62 D% E] % M L
7z,

1. MEHE

1.1 ERBMSLUSREBRET NI
DIERT &

K BRI E 8B O MEPECSTBL6I ~ 7 A, fikE
HEApb2 RIBE~ 7 AB L ZF0HEM< Y 2 %
L7z WifERp62 K3RIE, =2 —3a—7 K
£ Steven J. Burden #03% & 1) fit 5 & 172 mlelf
Cre ¥ 7 A & FLERFOWNHEIE L h 5 s h
72p62 flox ¥ 7 A& A LIFH L7z, L KITH
HIBELE L, BB A 70V, IR (23)F) iRk
(50%) AV & N7z 4 BT LR FEERE) Yy f
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RHEL VI —ICTCRIREFAT L. §XCO
B IR, &l R KRR e R B SR
TEHAOKBE S THEM L 72, &8 AEEBR T,
C57BL/6) ~ 7 A & i H TR % (EAM)
BELATHE (ONT) BRIZANUT, & O IC4EHEE & E )
B 7o, B TR0 2 KBTI, MdFiRn
p62 % 3E (p62mKO) ~ 7 A & ZF D E AR (WT)
~ 7 A% EAMEE & CNT #1241 72, EAM IS,
PUE (5 PRI AT YY) Evag vy bEET
VanNy M ESERALIYVY g v e LA

ANRITE A o o2 Ayt

1. 2 EEAE

EEIEEIL, VY a OREESEA S
r—=YWICHEER A = Ve kE L, 4AROBESE
ETEE N L -y CEERL. EEHE b
L—= 2 7 IR s o JEAT BB A Mk 1 E L
EE)Z T CER L 72~ ADORE AT L
7o, EEREEE, EEIEES ML=V VR ERT S
Wik, FE VNI CGEFFAE L.

1. 3 MEkIEHFHE

Y 2 48 0 o 2 X /AN By Wy H R DT EF (GPM-
101B, Melquest, Toyama, Japan) % i\ 7z, 771 »
TN=II 7 ZADOMR AR S8, B EHRTIC
FRIL, s E—27 ORIl (g) #5EskL
7z WZEIESIEI3 v MMTV, KM E A EE D
Mide) & L7z,

1. 4 BAEEEEEAT X b

ANERI R Ly R 3 OvE O CREAMEEENRE S
AEHIL7.. 7 A MATHE CO3IHBIE, ML v
FIOVETIZHME S € % 726, 134 m/min O #E
TLOMELT S 7. FHAMEESRES 7 A T
W&, BEFSEEE L, I3 134 m/min A S BIG L T,
304r T L1227 m/min TOME LB L, ~ 7 AD
P WMMIREEIC R 2 3 COMREITHEE X 5 L7

1. 5 FRAEREL

I AFLER T, B AR H o —#@ ko
OB LI B 720, EBRR T 2485
M, BTz EBRTIE, Tvvyaro
ARG 5 212~ 7 A R LK & BRI
U7z, f#ENE~ o A % R T CSEMELE L2858
SE721%, BEIER B L ORISR & SR R x
HIE L7z, 2 OEBRIHARE SR THR LRI
S % F T-80 FE IS THAIRAT L 72,

1.6 JxZX&Z>7Ovy k

¥ YR HOFICIEY 2 AY T ay NEE
R L7z Hid, SEERELCRKHZ 7 -
Ay Ty VHOY YT NNY T 7 —IZ8RE
Ly oy gEx e Lz WEkR 7279V
TIFTVERCTERRB LY > /87 He
BEL 7z rHERR, F Uz EA YT L VLT
L, p-p62 Ser351 (PM074, MBL Life Science,
Nagoya, Japan), p-p62 Ser403 (D343, MBL
Life Science), p62 (p0067, MilliporeSigma,
Burlington, MA, USA), Copper-Zinc superoxide
dismutase (CuZnSOD) (ab16831, Abcam,
Cambridge, United Kingdom), Manganese (Mn)
SOD (ab13534, Abcam), 3 X (FExtracellular (Ec)
SOD (AF4817, R&D Systems, Minneapolis,
MN, USA), Peroxisome proliferator-activated
receptor- y coactivator 1 @ (PGC-1 a ) (AB3242,
MilliporeSigma), Cytochrome ¢ oxidase subunit
IV (COX IV) (4844, Cell Signaling Technology,
Danvers, MA, USA), Myosin heavy chain (MHC)
IIa (SC-71, DSHB, Iowa City, 1A), MHC IIb
(BF-F3, DSHB) & —&yifk & s & ¥ 72 X
IBt%, & A YT L id—KPUEICHHE L 72 HRP
T ) L7z TRPUE £ RS S &, I EEEIZ T
LA A=Y 27T F T4 F— (LAS500, GE
Healthcare, Chicago, IL, USA) THEIZ L 7>, 4B,
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72 (R1A). BEEfoOMmER, MEdEIIEZ, EAM
WCEVIRT L, Sho 0B bl it & E8iFo
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W5 % R Lz, EAM~ ™7 21281 5 p62
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D Ser351 ) v EEALIL, EB)IC K Y BN A @I
A BN, p62 D Serd03 1) ¥ EEbIZ, EEHZ LD
BmL7: (B2B). HER{LEEZ TH % CuZnSOD
B L UESOD D5 1L, CNTEB L U'EAM~ 7
ATHEENC XY BN 5 A A A 541, MnSOD
DOFEBIL, CNTB L OEAM~ 7 A CTHEB)IC &
DESINL72 (R2C). I hay RN 7HEAEHRS
b2 R 7T EOIBETH S PGC-1 a DFILIL,
CNT~ 7 ATESIZL VML, COX VDT
&, EBNC X DB 2 Em AR SN F e,
EAM~ ™7 21251} 5 PGC-1 a & COX IV D 5EH
I, BB X D EINT A A AA H /2. MHC
MaDZEH X, CNT~ 7 2 CTHEBICL DML,
EAM ~ 7 A TEB)IZ & 0 BIN3 2 A A 5
72, MHC IIb»%#1X, CNTE LU EAM <7 A
THEEICE D A L (K2D).

2. 2 pB2MRiBIX, EAMICL 2858, Bhb
FUBAMESENDETICHEL RIT

W
~7 ADOKREE, TRTOETENT L 2o
7= (K3A). BEEROfER, MEEE)1L, EAM
WCEDIKTL, 2o oZbic#mTFRIC L 58

C D
20- Grip strength 5000,Running distance
E
sl g 4000
E 3000
101 %
.:Eﬂ 2000
s
2 £ 1000;
0- 0-

R

& o &
& "Q«}y Oéfodée}& ");}

1 HBSHEITEEIAEAMIC X 5 i 0BT A R T I3
A) fRE (BW) ;B) BEIEHG (GA) OFfERE (RETHIIE) ;C) WEHRS) (FETHIIE) :D) FPAVLEBIRES) 7 A MZBI1T 5 ELTHHE.
CNT-Sed: % xR, CNT-Ex BEGS B HE, EAM-Sed : e BRAY F TR IR 48, EAM-Ex BBy S2ER0Y F R 1 255, *P < 0.05, **P

<0.01, *#*P < 0.001.
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00pa{== = == ==]PcC-1a 5 i, MO0, 899

0.51

oo == ==Joox v :
21.01
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= .04
0.51

&
& & 69
2B A 2.0 20, MHCIb
. - L
—
829 8151 1.5]
& c
1.5 5
s 5 1.04 1.0;
2 1.0 2
e " &
- 0.5 0.51
0 0.0

> +
o P &
g K&
2 HFMETESSEAMY 7 AFEEG O 5 2237 BN T
A) RIERICBIT DY 2 A% 70y hOREWRIEFEB) 1) 8 bp628 L p620%ZEH):C) MM LEEREOZH:D) I ha vy K 7H
WY R BB XU A Y HEHOZEE). CNT-Sed: 20 T HE, CNT-Ex : EB)xf IR #E, EAM-Sed : 225925014 B O 0028 12k /5 < 7, EAM-Ex : i
B FEERAY F O SR MER 2. *P < 0.05, **P < 0.01, ***P < 0.001.

A B D
25- BW8 Es_ GA 20+ Grip strength 5000-Running distance
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;-315- ‘;; 510 - £ 3000
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51 a 51000- =S
- |=h |
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3 FifFRAIp62 K IRSEAMIC X 5 5 OB TS U3 5358
A) K5 (BW) :B) BEIES (GA) ofiEis: (AE CHIE) :C) MRHR) (AE CHIIE) :D) FAMEBEEIREI 7 A MBI 2 T HEE.
CNT-WT:H 4= ZUt IEEE, CNT-KO: #i5 # 10p62 K $E 43 IR, EAM-WT B A4 BISEERAY 1 0 75 6, EAM-KO: #5581 p62 R $H S5
B OS948, *P < 0.05, **P < 0.01, ***P < 0.001.
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2.0 Serd03 2.0 p62
&1.5 &15 7= =
_§ &

51.0 1.0
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& £

0.5 0.51

0. 0.0-

100kDa{== == == ==] PGC-1a c 20, CuZnsSOD 3, MnsoD 4, EcSOD
15kDa - w- - =] COX IV ,
25002 315 3, 83 :
= MHC Il g i §
250kDa ———— Ste 2 S2]
| - - - 0.5 14
[ b }-_’E_E Ponceau - ; .

St
D 15, PGC-a i,
£ 0.51 208
0.0 0.6-
o“(‘%f;"ﬁ”*o & fé

O

COXIv 20, MHCIa 204 MHCIb
% 1.51 § 1.51
E 1.01 § 1.0
2 2 i
0.51 0.5
2 U.U;{\ - # P D.D-"é “{\ &
b SRR >
& FEIYT Sy

4 HFRRIp62 KIS EAMN 7 A EHFHD 8 287 FEBU KT T R
A) RGBT = A% 70y s OREMREEZB) 1)~ BEEp623 L Upb20%H); C) Mk LEEHZH):D) I hary FYTH
Wy Ny EB LI Y yEOEH). ONT-WTHAER G R, CNT-KO: /545 R i p62 K 4850t R, EAM-WT: B 2ERISZER(1 B ©5uE it
7 48, EAM-KO: #5459 p62 K FRFEBRAY F1 L5 E MEAG 26E. *P < 0.05, #*P < 0.01, ***P < 0.001.

Wit o 7: (KIBBC). EAMBIZBIT B F A
EBEIRE L, BETEICLAEVEE -7 (K
3D). FAAIZREMIZBITFL T =AY »Tay
FOREM R EGEE R L7z, p62 B & U pb2 D
Ser351 ) ¥ AL iX, CNTH X O'EAMEEIZ B W
Tp62mKO~ 7 X T T L 72 (K4B). p62D
Serd03 V) Y EftiE, CNTHE L UEAM~ 7 2125
WTp62mKO ¥ 7 A TN 3 B H A A & 7z
CuZnSOD, MnSOD, PGC-1a, COXIV, MHC
Ila, BXUMHCIbDFIIL, T XTOHTE
Wit Ao 72 (K4CD). EcSOD @ %8lik, WT
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<~ ZIZBWTEAMIZ X h L 7> (K4C).
3. # =

EAM~ 7 ZDEFHKAHIZBIT % p62D 1) AL
LA F O FBUE, 4B O B EMETER
WCEDINL-b 00, HERiIORTIZdeE
Lxdpolz, INOLOEND, HmPHIic-o
WL, 20 ZhEERIRSEHO NS, HEME
EATIEBI L 5 ) VL p62 DB =LA D
YT G LRI REMEATE . H ST E S
12X ) EAM~ 7 22 BT 5 Hia ) oK T2
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W EN LD o 2HBIZOWT, HBRILHTH
BN-TEF Ny AT A ¥ O¥RGHNEAMIZ X 55
TORT2UET L2 ENMEENTVWE—HT
Y BAMIC & % i@ I O F I3 EHOE
HASBEIRS 5 2 L AR STV a 2 Eps 1),
EATEEI AL A b L ADALO B IC/ER L 7
Mot HBHIE, ETEENC X D PURRILEEHR
DWRA, EAMIZE 2 HERHI2dET 512
ARG THoTREEAE 2 Hb.
REFFEIC BT 2 48 0 B S ETED I,
p62D ) YERILERT 5 L L L IZEAMIZ &
B R AVEEBBE ) O 2 3% L7z, ARBFFET
13, EAM~ 7 AI281F % COX IV T A Ei%
ENHh o270, EAMIC & A A M Ed) i
TETOERZI Fay F) 720 TIEH
HTEXY, HSNCTAHILIETELR-/2 —
Ji, EAM~ 7 2ADE%HTIE, EITEEHICLD
PGC-1 ¢ & COX IV OB X O"MHC Ha O}
EMHC b DA @i s . 2o, &
ITHEB I EAM~ 7 2D FHEMGICBIT LI hav
F)7HEGEROREEICLAEI Fay FY 7EOH
<> MHC IIb i #EZ e TRRALY ) > BRibRg
(272 MHC Maf§fE DRI % /- L CTHA M ES)
VAR AW & ABVARSE (=35 IS S 7 o) R
p62 DRIHEEIZ DOV, JATIFZE Tl p62 D) ~
FRALAS Parkin fRFE~ A b 7 7 V=12 BT B R
IEFFALE NI ba Y R T OSRICEE
ThorIepmpanTe) W2 pe2h53 bav
KU 7 OMmEAERICEGE T EE2 6N TV,
L2 L7%25, PGC-lax L7z bary KUy 7
= DONNIKR 3 5 p62 O E % ARG L 723
17 <, HEMEITEBIC X 5 p62 DY) ¥ ERILAS,
I MI Y NYTEOMINIESG T 0L 9D
WIS S % B MF VLI TH 5.

XS IZARWZETIE, EAM~ ™ ZIZR§ 5 3E
R REICBI D p620 BEME X MR T 5720,
p62mKO < 7 A IZEAM % 5538 L /2. Z D&%,

p62mKO <7 A T WT < 7 A & [{HIZ EAM (2
LB, #71, FEAMEERRE) O T A Sk
ZEh, BETEICLEVE 272 F72,
1) VAL p62 DFEBIL p62mKO ~ 7 A TH L K
T3 5bDD, PGC-1a, COXIVE LU MHC
DEBUIEETRIZ L 2E D ko7, 2h
LOFERDP S, BIEMEETENICL o TELL
EAM < 7 2 DHH/HZ BT 5 #2112 p62
EBE L e WIT RS RIE S e,

3. #& &

RIFFECTlE, EAMICH$ 2 BEMETEE O
BIGHZEILIC BT 5 p62 DBl 2 Mt L7z, H%
BT RSN, BAM <™ ZDBHERGIZB1T 5 p62
DV YEALEBINESE 505, R RUGE L
Bz, HERHIIC oW T, EEIRIRIC
p62 3B G- L s W REMEATE V. — T, BAZME
118X, PGC-la, I PV Y TEEEBLY
MHC Ha A DFEB 2K L, EAM~ 7 2D
AVEEBIRE AU E L. L2 Lad S, EAM
ZFHEL72WT & p62mKO~ 7 Z DT, #HAM
BRI LR S V7 OFEBUE D h o7z
ZEnn, FAMEEIREIIICOWTD, EEER
IEpe2 2 &8N EZ LN,
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Does Icing Therapy Decrease Both Regenerative and Metabolic Capacities
Following Skeletal Muscle Injury?

by

Tsubasa Shibaguchi, Kazumi Masuda, Rikuhide Koma

Kanazawa University

ABSTRACT

Effects of icing treatment following skeletal muscle injury on mitochondrial
biogenesis, pain marker, and fibrosis were investigated in male Wistar rats. We also
examined the countermeasure for offsetting the negative impact of icing treatment. At
28 days after muscle injury, fibrotic area was increased and protein level of Voltage-
dependent anion-selective channel 1 was decreased when an icing treatment (ice pack,
0T for 20 min) was applied immediately following the injury. The icing treatment
reduced mRNA expression levels of pain markers (bradykinin B2 receptor and
microsomal prostaglandin E synthase 1) at 1 day after the injury. On the other hand, the
icing-related promotion of fibrosis was significantly attenuated when intermittent heat
stress was combined, especially from 1-day after the injury (42°C for 30 min on every
other day until 14 days after the injury). Therefore, these results suggest that an icing
treatment immediately after skeletal muscle injury attenuates muscle pain at early phase

following the injury but impairs both muscle qualitative and mitochondrial recoveries
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during the regeneration. Our findings also indicate that the negative impact of icing

treatment on fibrosis could be rescued when hyperthermia is combined within 1-day

after the injury.
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Keyword

Muscle regeneration, Mitochondria, Muscle pain, Fibrosis, Icing
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28 H O fE 2 BN S &, VDACL % > /%
7 ARBE AT S 7. WAMEKT (BKBR
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v T RLE BRI R I R IR A PR 5 &, B
IR 1 H 20 S 06 L 72 Stk TRUAEL A3 AL
ERRRE T B E . L EoErS, B
BaOT Ay v ZBEIREETH > T ZHHE
HOWiR B8R TE 5705, ZOHROFEABETH
DOMHALZARAET L7207 TH L, IS haryFY 7T
wBORELIITAH Z EATREEI N T2, T4
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Vw7 yy Fa—AROIETA TSy Fa—A
OFERTICE R VEE. Lo, HEZD
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LD, —ADEBEDOHER: - BHEOBILN S
LEAENC BT ZREOFETHLLFERD.
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WCI PI Y FYTOEERSC~YA N7 7Y —%
PEST S L, MM OBHERBEHRMEOBEA
s, SO BRSNS Z L ENT
o hY  LiaoT, HIEEROTA Y Y I
BEAS 726 THEEAEOTERIZ, I ba v MY
T HREOBRE (RGBT REOILT) 2B 5
LTV AT ELONEDS, 20k
BRELED S T A 2 v 7 OEBE 2 WP I HGEE
L7cRiGiE v, F72, My 7L LT A
SUTIENENTHDH I EIIHEETH LN, F
DAHZALZLTLOHL 2 TR, ZOFH
ZEPLTT A ¥ v ZILEOE O & HF L#F
B BARI 72 J5 5 b RIZRESL STV e\,
ZZT, KWgETIE, TA Y TERS S
THEAREOTRICI bay B 7THsEO BT
DR ZET S &L DI, ARSI
ST B0, HALER - 5T EWER B
L7z (9BR1). 72, WilEzRsRe LT
BRI OIS HE Sh w2k psh59)
T A TRLE LRERE OB S X o TR
BORSAST A ¥ > 72 X A EEAR LT PIHT 5
NAREE LRV EDPIIONT HIRE L7z (EER2).

1. B &

1.1 XY

FEERBI 21210 B # O Wistar RHEME S v b %
v/ v MIZER23 + 2T, 2 50~60%,
128 OB A 7 VIZHRE L -BIFEE T
fHE L, BEEEEEE MF, 4+ > 5 VER)
EARE BHER Sz 2B, RERIE, &K
BV FEERBI B & OV H AR RS o flE L7z A4
PRGN BT B FEBREIW B3 B B AR TR EN AL
v, R EI ER T B RO R 2 5 CHERM L
7.

1. 2 EBRTH1>
FEER1ITIE, 7y POKREIFLL LS LHHH

B (IN) # G+ 71> > 27 (ICE) #o2#12
SR (% 1200). s 10 oo X, W
BT v b oW 2R L CREE T C0.5%
W7 YN A Y REL, gL ER S8
ICER I3RS P TEZO 1D A, 0T
DT A ANy 7 2 WERIINTET A2 v TLE
w2045 MAT - 72 F 72, 108G o ML E o fE K
% Baseline Ho a2 >~ @ —) b (Con) BEE L7 (6
).
FER2TIX, 7 POKEPEL 2L L) IN
BELICERE, G+ 74 2 v 7 + Bl (TH)
BB, TH#EZ S 5124861 Hik (HdD
L2H# (IHA2) » iR % G 3 % 281
571372 (BBETIL). Shibaguchi &% oIz
& efoT v FEHle T AFICR L CRBET
TOSD IR T YNNI 4 &2 Bk L, HEkhEE
Sz, ICEHLHENDT A ¥ v 7 L&,
Fehpl L FMROETEm L7z, £72, IHEEIZIE,
HEET ToiKin 42T, 304) #3#EB1IHEE
FE2HBESRHIC, w2 L 72

1.3 $>7)>7

EER1ITIHEBIHHRE 28HBICEEH %, #
B2 CIXIRB28 A 212 e T AW & FRER T CHgH L
MR CTHINL A Vv v THREE CHiR
97214, G E T— 80T THRAEL 7.

1.4 9IX2>70vy bk

FAE L REHRY Y T Vo —HE, €—X
KA % (BMS) % Hl \» T Phosphatase/Protease
Inhibitor Cocktail (+7 7 4 72 2) DEMEN7TZ
RIPA lysis buffer CxEYF 4 XL, 14,000 g T
LLTHELN: RET s & LTEIL7. 1%
LN EW G D5 vy HiEE % Protein Assay
Kit (Bio-Rad) % Jfj\»7z Bradford 12 & - CTHll5%E
L, BT TNDs o8y Gkl — b &
9 122X B £ U'1X SDS Sample buffer T L 72
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®1 IIA~Y—H—E

Gene Forward primer Reverse primer

BKB2R GAGCTTGAAGCATCCTAGGGAAT CGCTTATGCCGTGAGACAAGA
COX-2 TGTACAAGCAGTGGCAAAGG TAGCATCTGGACGAGGCTTT
mPGES-1 ACTGCAGGAGTGACCCAGAT TGGGTCCCAGGAATGAGTAG
GAPDH CTCTCTGCTCCTCCCTGTTC CGATACGGCCAAATCCGTTC

BKB2R: Bradykinin B2 receptor, COX-2: Cyclooxygenase-2; mPGES-1: Microsomal prostaglandin E synthase 1, GAPDH:

Glyceraldehyde-3-phosphate dehydrogenase.

%, ®&TOY v TIE ST THAHIIME L 7-.

FHEEFEAOF > T (¥ X7 B85 ug)
% 10% ¢ SDS-PAGE 7 )V C & & ok B - 47 H
L7 k#th, I NI4T0y 7407
# (ATTO) % H \» T 7 )V % & polyvinylidene
difluoride (PVDF) [ (Merck Millipore) 2 ¥ ~
Ny B R L7z, #55 # O PVDF [ % Bullet
Blocking One for Western Blotting (7% 7 A 7 A
7)) ChaMlTuy XL, FOHN% T VI
&7 V7 X v % & ¢ Tris-buffered saline containing
0.1% tween 20 (TBST) T # R L 7z Pt Voltage-
dependent anion-selective channel 1tk (55259-1-
AP, Proteintech) & 4C CT—Man &&72. FD1%,
5% Bullet Blocking One for Western Blotting % &
#» TBST T4 }R L 72 Rabbit [gG-HRP#i{k (GE
Healthcare) & 220 C 1R RO & &, fb50
3 (EzWestLumi plus, ATTO) % H\WCHABD
ORI BEOY TR L, RikLzY S
FIV DR (X Image ] (NIH) # HWCE&ILL,
Con DI § AHAME TR L 72,

1. 5 U751 LRT-PCRZE

WA LI REFHY > 7TV o—5 95,
ReliaPrep miRNA Cell and Tissue Miniprep System
(Promega) % M\ T4 RNAZ Ml L 72 it
L 7ZRNA # > 7 )V i%, ReverTra Ace qPCR RT
Master Mix (TOYOBO) #% Al \» T ¢cDNA |2 ¥ fix
5. L, THUNDERBIRD Next SYBR qPCR Mix
(TOYOBO) % I\ CPCR %4757z, &R D
BEIE, R1ICTRLAETIAY— 2 HTERML
7. WHEM 23 > b o — )L & L T Glyceraldehyde-
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3-phosphate dehydrogenase (GAPDH) % f \»,
GAPDH (251§ % & {5 - O mRNA B L~V D
HIRH 5B % 0 L, Con BEO TG I 1t 2 47
SHIE TR L7z

1. 6 fAREkeE

BAEL 2T AT T 5EE8 um D
KR ZVER L, 4% PFA/Y) » BR#ETE (7 5
457 A7) CHEHBEWEL 72 FAKSER, )
ALy FEELT yF—y s (RELY) <O
Fragets L7z, Qe UIR 2BAKTIkE L
70% 1% 7 —)THRl, 100% L5 ./ — v THiK
¥ L TEMLE, FHAH (RELFE) <O
Faff A L7z, WS (CKX41, #+1) »3&) &
SR T ¥ v 25 (DP71, 41 Y/¥A)
EHW, TR NS205 r AT wEHEL v &)
00 TR L, BgEHREY 7 b7 =27 (DP
Controller, #+1) »/8A) Tary¥a—% g%
WY AATE GetBifg 1B O R4S 7- ) 02
T = gl GiR) OTFE O RHME % Image T
TrEREILL, 1koa T -7 U iEmEIX5H
B oOREDOFIgHEE L TR L7

1. 7 #Hestiig

T = T PIE = FERAE TR L2, EBLO
MRETIX, oD 2w ithirEx AW CTINE: & ICE
HEOFMEDEZDOHE AT 72. Tz, EBi20
MGEETIE, —ICRCES BT 21T, ZEILER
72 (£ Tukey-Kramerik: & Fiv 72, H HKH#EI1ZP < 0.05
L7



—116 —
2. & R

2.1 BgBBO74 > JUEHN I FOLR
DT7EICRIZTHE

IharyFYTEOREL LT EF28H
% @ J2 )& i @ Voltage-dependent anion-selective
channel 1 (VDACL) ¥ » /X7 E5HB% 7T A%
Y7y MNETHE L. Zo#%, VDACL%
BIE X INB & I L CICEH CA BV EE
~L7z (F1, P<0.05).

2. 2 FRBBROTA L JUEY FEAHEER
FICRIFTHE

B2 |2 55 98 o & 4 12 B 3§ % Bradykinin B2
receptor (BKBsR) & Cyclooxygenase-2 (COX-2),
Microsomal prostaglandin E synthase 1 (mPGES-1)
DOmRNAZEBEOZ 2R L7z, HBIFIHEOR
JE£ /5 © BKBoR mRNA ZE 3 & (L INHE & i L T
ICEHECTHEIEKWETH -7 (P<0.05). 7,
mPGES-1 mRNA ¢ 8{ & % BKBsR D3 & & [6] £
(2, INFEOEASICERE X 1) b Rl %2 7= 1 12
b o7z (P=0.055). —7j, COX-2 mRNA JEH &
[ ZIZINEE & ICEHE O B ICHE AT 72 22 LR D &

12 4 60 -

10 A 50 -

30 S

20 4

10 -

Relative BKB,R mRNA expression
[=2]
Relative COX-2 mRNA expression

Nhoiz.

FRIBIEROT 1 ¥ 2 JAVE & BtAREEAD
R4 BRI L IRERIB O FALE H IR
HALICRIT

B3 IZHHMALDOIRIETH 5 T T — 7 » HpHETHFE
OEALER L7z, BB HEOL T AHD T —
TR, INBEL D) QICEHTHEILS

238

=

1.2 -

1.0

0.8 +

0.6 -

0.4 -

0.2 -

Relative VDAC1 expression (A.U.)

IN ICE
1 WHHRBGBROTA Y Y TREICE A
EHBHBOI Fay K 7EOZEAL (n=6/E)
TE#iE BaselineZ %3 *: P <0.05 vs ICERE

IN ICE

IN

P =0.055

c 251

2

w

o

= 20 4

>

)

P

Z 154

E

Y

@ 104

)

o

E

o 514

2

k)

Q -

- m o
ICE IN ICE

2 WRBHROT A T v ZAUEIC X 2B H %05 A B KR T mRNAFEH = O 2L (n = 5/FF)
WA id Baselinex #3°  *: P<0.05 vs ICEH#
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2 4

0
IN

ICE

IHd1 IHd2

M3 WEEHRO T A > v FRLE & BIGIREE O 5 2 2 BRI 2 R BRI o OF HALE C X 5
HH28H B 3 T — 7 Vi EOZAL (n=7/E)
R 3T = e, B ME, Scale bars =50 gm  *: P<0.05 vs INH#E, T : P<0.05vs ICEH , & : P<0.05 vs IHd1#

WEEZRL7: (P<005). MiEGEHOT7T A7
LB & 3815 1 H e & R 2 IR B & OF L
Z2IHAI BT, 37 — 7 Y #MERE O A ICE
LY OAEFIZELC (P<0.05), INFEOfEEIFIT
FfEECh -7z, —J7, BRI IRSMEO 5
G 2HE» S MM L2 IHR2EE T, 27—
7V ARMETRE O EATINBE & ORNCAERT Y 72 252
BFROLN o725 00, HAHOMHE LY b
HIZEWEE R L7z (P<0.05)

3. % =

MY Y TEBRBEOEL LN AT
TH ), 2OMIREDOEE L BHRICBERL T
WD), TOERTRIEDORT, ZRIIMZEMHS
IFNF-HOBRGEERA ST SR 31
2 BismaEET 5 L, BICZOBRESKAS
WIFE—FIZI P R T O - ERESE L
CETFF207. LidoT, BHRCEED
MEFE - BOMEOBLS A S, WEBHROFEABR T
OB AEDA LSS, I vay F) T7ToER
FERED[AI1E b st S T, FikkRE AU 2 K
CITEDLN), HAWZENLEICHESE, S

T b AR—=UEEE Vol. 44

EATROOND . RIFZETIE, JRIKHOBEBGE %
W7 ATy 7 %41y k, I hary K 7EORE
Td % VDACL FEBlm HMA 15 28 H 212 A BT
L7z (J1). F7-, @fdRz 25, BERICT
Ay 7 %MLz I AMCTIRIEG28 B
T =7 MRS E B L7 (R3). #HE
WAEDOT A ¥ v ZFRE IR - 55 % b S
L BIET 52 LD G STz Ligts
T, LRLofRE, HEEGRONELES L To
TA Yy TIHEROBMEILETTET L2DH% S
T, I bV TEONE D BELSE, fHitk
RE & W ACRRE O IR /7 % 15 1F 2 W REME 2 7R L C
Wh, R TIRT A ¥ TREIC & o THEAR
DI Fary B TEROEESRIELT 572
DHG LML & ORI RIS 02T
B EIZTELRDPo72. THET, HiFEBEIC
BUFLZI MY F)TEEER~YA N7 7V —%
WS 2 &, st FEA RN - Mo RS
ELBLZEpHEshTwa?Y LidsT,
SRHIETA L TEDS I bay R 7 EORIE
WCRAT TR L) REENICHERET 2 2 L b1,
Ihary R TEEERRYA N7 7Y —EE T
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EANOWBIZOWTIRE T 2 LEDH 5.
BRHEGEECEMIMEOIEENEL LT
TA Yy TIIEREAER S 5 2 EILR <5
LNTWAL00, TO5THEEZLTLLMH
S5 TR, AT, 4 OETH%RZ I
1219 AR B OFRICHE T 54
T & LCHIS A Bradykinin D H R D—2TH
% BKB.R ¥ Prostaglandin Ey (PGEy) O 4|2
M54 5 COX-2 % & mPGES-1 & mRNA %3
EEMRE L 2o/, REHBEHEEZOT A
VY ELC X o TR L H #% 0 COX-2 mRNA
FEHEIIAEICEZIL L o728 DD, BKBR
mRNAZEH =X A ZIE T LA (BH2). 72,
mPGES-1 mRNA & b K T h o7z =
DI EL, HEEHRORR - FRRE (20457) OT
A ¥ v 7 ALE T b BKBoR %38 & mPGES-1 % /- L
72 PGEg LS S, A5 14 511 o 55 98 705 %
WS N AR Z R L TWwA. —7J5, PGEyidf
FECVHEDOHY 77 4 MO EORE R T &
LTdRSNTEY Y Hom: s CPGE,
T FIAGER ET B & RO AR R
HALD TGN U % & L s St 3 1617
L723oC, RO T A > v FRLEIZ L - T
U7z boTite s 3 ha v F) 7 mRTHO BT
12, ZH 5O mPGES-1 % /i L 72 PGE JEAE D
WADPEG L Twa b Ltkw, TOHIZDOWn
TR DI Z K iz, S55%ZF 0BT % &0
FHNCHE S B LEN D D
MIBGHOFEABRE CRERIL (w277 7 —
TVORERME) Rt T I A Ml oBh B2 S
% & FARMEO AR A L, MM LD TS 2
18,19) S B O T 4 ¥ 7 RLE IR T~
Oxrua7 7=V ORMEEHTT T4 Mo
il LR BEALS 205, —HCRBEBZD
IRBHHE NS DINERRAET 5 2 L3t &
NTws? LidsT, 7A4AY v Z7REICE S
THRIE - FEIREDPEBIEL L2 LTH, Z20%

BRI E T84 IV 728> TERL %
FEHLTE DT RVhrEELL. 22T, K
WHFE T, R0 2 IR BRI O B F BRG] 0 3%
WHSHELIC RIT TR OV T b ET L. £
OFEE, THAL#E L THA2#E & b ISR LoD
B S T 7278, THALBEO FATICE # & THA2
LD WML A IS, INFEE
BEOETH-72. O L, HEEHRICTA
VU TIERToELTH, EerIs (EER
LHDAN) RBFEEOHHEZRGT S22 812k
T, TA YV ZREIC & ML TUE % JiH] <
XHZLERT. LeLaAL, TO5 T
RETH 5720, 548 5% RGP ETH 5.

4, %

ARBEFE T, BIEGZHERICT A ¥ v 7L
ZH - R (2043 1) 170 72720 T 2tk
B O 2B CTE 245, ZOBROFABEC
B 2HOEN R EE L HRHOETHL I b2
YR T EOEEOW S ARSI LRI S
7o, Fro, TA VY THOPHMLE L L TORES
WL, HEEBRL %R LD T HUNY S 6
BTAHZET, T4V 7OAOHT FHELD
TuE) AR TEDMALL L NED T LIRS
nr:.

B

ABROBIT b7 Y, HEBREIGY £ L7
BRI NARR ST > b 24— R
EICIE LI LIPS . F72, 5B - 50T
DRI THTAE £ L 7= @RS A RIFHER -
HEA e L OVBE IR, LR 7R < R
HLET
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Do Physical Activity Induced Morphological Changes in Skeletal Muscle
Contribute to Improvement in Brain Health: Development of Strategic Measures
Towards Improvement of Cognitive Function and Mood

by

Mizuki Sudo
Physical Fitness Research Institute,
Meiji Yasuda Life Foundation of Health and Welfare

ABSTRACT

The purpose of the present study was to examine whether environmental enrichment
(EE) that enables facilitation of wheel running activity and locomotor activity (LA)
increase skeletal muscle mass and mitigate anxiety-like behaviors. The present EE
consisted of a running wheel, a slope, a tunnel, and a hut. Wistar rats were divided into
four different housing groups (standard environment: SE; only running wheel group:
EEW; EE without running wheel group: EENW; and EE, n=7-12, each). The LA of
each rat was continuously recorded using a three-axis accelerometer that was implanted
subcutaneously at the back of the rat. After exposure to each housing environment for
30 days, the animal was transferred to the an elevated plus maze to evaluate the anxiety
level. All experimental data were expressed as mean * standard deviation. The level of
significance was set at P < 0.05. A two-way ANOVA found the statistically significant
main effect of group (P = 0.001). The post-hoc analysis showed that locomotor
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activity of the EE group was significantly higher than other groups (P < 0.001).

Anxiety-like behavior was reduced in the EEW and the EENW groups. Soleus muscle

were greater in the EE, EEW, EENW groups compared with the SE group. Hence,

the present study suggested that both wheel running activity and LA in the absence of

wheel running reduce anxiety-like behavior, but LA in the SE does not despite the same

amount of LA.

¥—7— K

SRTED, B8, B, BRI ) v T X2, RERATE)

Keyword

locomotor activity, mood, skeletal muscle, environmental enrichment, anxiety-like behavior

B B

AREFEIE, EFEM % BTGB E R 1 TS
LB OMRE MGEE L 72, ARERRIL, Wistar
F7v bRV, A&toMERELE LT, B%
0 7 ARG B A EBRE T TV (R + k1 — )L
T, " — VoK, BEEOAE), @EBREE
TN) wAERC L7z, 30 HEofEME T, £k
2B 5 HRIEEI L~V &2 FHII L 72, SRR
TR, RNEERATE), KUY, BECERG OB
bR BGE L7z, ZO/RR, FHRIEE LNk, R
RL )y F AL N R +KRA—)V) GRS
AEICEWERRLZZ. —FHT, ©I BT
HE ML, SRR S & B L TAREIC
BOWUHEERBINE R L. 72, REHITEN,
KA —VOREE, RUHEEDOAIZB WV CEEER
EHLDOAERKTZRLZ D EoZ Lnb
H 381 70 BARIGENC X 2 ANERATEIOUE X, &
RIGEN L NOVIREE S 5 L I3RS $, B O
REDSBEEE L TV 2 WTREMEAYRIE S AL7-.

&

il

WAE, “DPITLE & D ICES L RIRETE W
L DEEMHINTW DL, COVID-19 D FH
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780 73y 212k D [HRER] ORI
vy, ERATERERS A & LAV A DS EE I S AL
TLIENBEINTBY, [HEREE] 2o
TEREHERF D 72D T IZ B CTH 5 & & % F btk
SELNTWD, SEIEHIE, Ak EE -
B L Vo 72 A VAL A RHER - RS
2Z2FThL, FHRELTOAENRY =L E LT
BRI NTwB I ens, [EEIC X DO
RN ] OTERREE & I3, Mo iE T
& o 7z H— ol f AR B A o gEAs
L {ATbNTEz. —F, EBOBERERRIE
EHUIRRIL b 5T, Moz o X b —
VAN & o e 5 A ot Q= 5 R N 1) |
A RTZET VAL ZLCONRHIRTH 5.

INETORITHIZEL D, HHIGENA ARG
D LR FNANVADRER D 25T L1
HMONTVS Y 35 RERHIL HIZS .

B ETFVIIBWTIE, FERS g0
FR&MGE L72efTifge s LT, BTV v F 2
> b (Environmental Enrichment: EE) &7 )L 234
FToNs, BREL) vF AL MIIE, FHENLR
BRI T, BE, 32, EEYHIN A
W LB RESEENLY. T hE T EELME
FE OEER, AR EEM, AR O
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b, BIREEAFEL, 9 DML TR OYL
BIZOBHD I EARBEEATWLTO g
BE 412 X 2 IS RE~ OB i 3 1L, o
(I EESMHIC & ) 3% S b SRIG B & o BN
LRI L TV AWML E. L2 L s, &
fEfk oGS &E Ol & £ THE P, HERET 5 2
L, ISR EECH L7720, FADHDHRY,
EE 12 B 1) 5 £ ko iRkiGEhE 2« I
FEAL L 722812 CTH 5.

F72, EE, [MEEFEGORES | X [FHE]
LIRCHBET 2 L ARENTWE W S,
RS S N DR 3 3e P A e e |
THHIEDRBENTWS. S5\, BITHE
L AR Y L OB L RS T s T L
M5, OB Z DL OAWAD R A &
%0, MORREE ROWREMESFHIND DS, &
PRiE B & MARRE & S O 3T DO 5 O
MAIZIZEAE R, L7722 T, Kifgeid, H
ZEIY HOMRBE 72 B ARTE B IS X 2 B85 D TERER
AL DOREREAERFIZ 27 59 % & W ) EL % 37T
7o KW, BERRICEREZ ) v F Ry
MEMIZBIT A, 1) BENZ BREHL L%

RS ERL, 2) BRH OB L L1T
BRAT A N XD HEEELOBREN S 2T 5
ZEEHMLZ.

1. MRHE

1. 1 EREY CHABRIESRMY

AFFeIE, (SW) BIGR IR E R TIE
WA EN Y E R B S oA A A Y SR
%47 o 72 (No.2014002). &%, HEE D Wistar
rat (68, SLC, FHEN=7-12) & L, 12K
OGS A 7 VW T—EDIRE, K OWRED R
NHMECTHBE 2 To72. HEKIZAHBERE
L7, 99 MRUTO4ODRLR L4504 T CHE
fTo7 (K1) BEOFE 7 — (40 x 25 x
20 cm) WIZCTHE T 2 B H BB (standard
environmental condition; SE = f1-#), KDy —
Y (60 x 40 X 40 cm) (2R (A1 —7, /I,
MYy AW) LTV TR -V R HRE L TH
BYLmET V) vF A2 MGM#E (enriched
environmental condition; EE 5= #£), EE 4= {4 #
PHEREENTEHET LK1 —VOHEE (EE-
Wheel; EEW 5 {1 #), BEE&MHEDPH 7 > =~

X1 #EFEEAEr -2 () LBEEL ) v F A M=V ()
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TR =IVEAZANTEHET 5RO AR (EE- No-
Wheel; EENW £ 5:4) . &fiX1 7 — 228§D
OBESAE L, FETIEIE30 H i OBELHIRH &
1AM & L7z

1. 2 BHEEL NILOFHE

QARTGEY L ~Ovik, NEY Y o 3 &
¥ — (Nano-Tag: 15 mm X 14.2 mm X 7.lmm,
25g, ¥vtkAarry s, HA) 2HV7.
AV TNT K DG R T THER T2t~
T—EHDIAR, EEOUEEZBI o7
F—1f, HORATH2S30HMOMERTHIC
EAD S L 72, ISR~ — 1%, iRk
7 L7 BUE DL L oB) & % B LIRBIEL S L CRlER
THIENTE A, AMFETIE, BB T L—
H 24720 OFRIREN BT 58 2 L OF5E % 5H
WL, BIESE L X)L (Locomotor Activity :LA)
& LCEMI L 72,

1. 3 ALRTENDORME

ANERATENE, EPHHETHRIC, ST
&7 X b (Elevated Plus-Maze Test: EPM) & 1)
FHML 72, S oREEIE, 25 X5emDF — TV T —
LEES15emDBEOBICHEN/z 70— X
T—ADRELTEY, Rep5s 7 — A% T70cm
DEEEHFELTND, T—A4I121F, HE3mmdD
TIATA Y FROWHPOTFHLNTEY, B
HE TR ZBRD 72 AR L7z ah REMIL,
RO L D A% — ML, 1055 H OATE) % A Y
| ZEYM LSk L7z, MU L7228l L D %7 — A O
TEREI %2, ZRICEImfENT Y 7 ~ 7 =7 (Move-
tr/2D, Library) % W TN 2 5 2 72 - 72,

1. 4 ZERBEEFHOMEFAFHE
SEPERT I, FREBETICB YT, miEg
# (tibialis anterior: TA), & F 4 # (soleus: Sol)

, JEJKH (plantaris: Pla) Z 4 L, 5 I
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BEErllEL7 HEEOMERTSE L
1T, Solfi & M RICHBEEEITR o7 B
IV, WEBERTHALZA YRV Y
HCREEKE L, 2944 A8 v b (20T,
Leica, CM1510) T 10 u m @ ##% Wr &) A % 1E &
L, SR et r il 72, — RIS,
Mouse monoclonal slow MHC #t /& (Novocastrate
Laboratories, Univ.of Iowa, 1 : 40), Mouse fast
MHC monoclonal 5tk @ 7 1 > 7 4+ — A TA R
(Studies Hybridoma Bank, Univ.of lowa, SC-71,1 :
1000) & w7z, & ToY R, — R
%, Vectastain ABC & v I (Vector Laboratories,
Funakoshi, Japan) % i\ TSk L2 SIS %
L, JOEBAREE NS TEIS - e iTh o B
HRAERERTTAIRG (cross-sectional are: CSA) (X, e
W5 % s &1 b L — A L7, NIHOME({R
WEEY 7 b (Imagel) # AW CHIEZ TR 72,

1. 5 iRETERAR

L TOMHIE, FIGME + FEERETR L. 7V —
T D% FH 13 GraphPad Prism 9 (version 9,
GraphPad Software, La Jolla, CA) % i\ 72, Bk
HE L ~VE, SIS BIT A E T 0% bE T
FLiE DT 247V, AEHATE), KOFEE
ERHER$ 2 — TR E DT 21T o 72
F 72, CSADKEHHMNTIX, Student s t-test & Fl\v»
7o, ETCHBRMEIZS% AL L, KHEHDH
5N 784, Tukey-Kramer |2 & % £ & L E
T HERL7Z.

2. # R

2.1 &% &

BERT HROKEIL, KHEMICHERERIR
o7z (EE: 273 + 10g, EEW: 272 + 10g, EENW:
275 + 12g, SE: 279 + 15g).
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2. 2 BFEEE

BN BT 5T O GMREE L~V &5 L
72 (H2). HEiGEIL ~vid, BIZBWTED
EhBO5N (F3,24=7137,P<0001).
7z, ZENEBMIEOME, BELMHO HKIED)
LAV, &REL D EBEICEWERZRL: (P<
0.0001). —7J5C, EENW &f-#13 SESL/THEE 1L
RCHEIENMERR L7 (P<0.0001).

*%k ® EE
300000 » EEW
= - EENW
o O SE
>
€ 200000:
3
Q
o
2
2
2
3
~ 100000
L
o
e *
Q
Q
o
-
o T T T T
1week 2week 3Sweek 4week

2 BHCBITAHET L0 FEEEL N
mean + SD. **P<(.00001vs. SE, EEW, EENW, *P<0.05 vs. SE

2. 3 AZRIFTENDOFHE

EPM 7 A M2 X B2 ALZHATENE, &7 — 412
B LWHAEREICEL > TRHI S Lz (=7
T = o REROKEEDPR G, 70— X7 — 4 R
GRKEDTE ). F— 727 — AEIER I,
EEW §:F# (185 + 31 sec), [ O"EENW 14
(233 = 22 sec) TILSESAHE (103 = 16 sec) &
Wi L CAZEICEWEZ 7R L7z (EEW; P<0.0001,
EENW; P =0.042) %5, EES{FHE (82 = 14 sec)
ICEREAON -T2 T2, FNEThOT —
LAWERMO (=77 —20 /70 —=-X7 —
L) REM LR BICBI2EMESAL

3 800
T P<0.0001
ﬂ;:'
&
i A

600
£
©
&
g A
N A P=0.021
E
IH
i3 A
c 200
5
& A
5 ° &

o 1 T

EE EEW EENW SE
X3 EHRENTTFERBEICBITLET —LI2BITS
e AEIRE I T

1 (F3,35 = 33.37, P < 0.0001), EEW 145, &
OEENW &I B W TSESRMT L Y LA E
IZE Wi Z R L7 (EEW; P < 0.0001, EENW; P =
0.021, 3).

2. 4 BRFHIEE

FHER TR L2 EHET, AED
720 OfEER (mg/g) L LTHBELAZ (F1).
hEH7- ) DSl FFIZBWTEMIZ BT 2 E5) R
234 5L (F3, 20 =10.66, P = 0.0002), SE 4:ff-#
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1 UV-visible absorption spectra of UV absorbers in DMF and on cellulose acetate film

Skeletal Muscle EE EEW EENW SE P value
TA/BW,mg/g 1.57+£0.03 1.60+0.03 1.59+0.03 1.56 +0.04 P=0.79
Sol/BW,mg/ g 045%0.01* 042%0.01* 0.40=0.01* 0.36=0.01 P=0.0002
Pla/BW,mg/g 0.96£0.02 0.95+0.01 0.96+0.02 0.92+0.03 P=0.34

mean * SD.*P < (0.05 vs SE
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Does The Redundancy in Human Body Make Learning Goal-Directed Motor
Tasks More Difficult?

: Insights into Establishing an Effective Motor Learning Program

by

Natsuki Sado
Faculty of Health and Sport Sciences,
University of Tsukuba

ABSTRACT

The redundancy in human body is believed to make motor control more complex.
However, given the inherent noise in the human control system, the redundancy may
allow strategies to reduce the effects of noise during a several goal-directed motor
task, making motor execution rather easy. Here I show a case in which experimental
reduction of degrees of freedom delays motor learning compared to the normal
condition in a non-dominant arm dart throwing task. A total of 21 adult male and
female participants were randomly allocated to a shoulder-joint restrained group and
a control group and asked to perform 20 throws x 10 sets of a non-dominant arm dart
task. The dart landing point and upper-limb kinematics were measured using a 3D
motion-capture system. The shortening of the distance between the landing point and
target in the control group reached a plateau at approximately the third set, whereas this
shortening was delayed in the restrained group: at the third set, the distance between the

landing point and target was significantly longer in the restrained group (0.135 + 0.026

T2 M AKR—=YEE Vol. 44
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m) than in the control group (0.099 = 0.018 m). These results suggest that practice

methods in which each motor segmented structure (i.e., part-method of learning) is

mastered separately can rather delay the learning of goal-directed motor tasks.

F—TJ—NK
SEEHIE, 57—, W, UCMAREH , 437
Keyword

Motor control, Darts, Coordination, UCM hypothesis, Part—-method of learning
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BHEEAE (rad)

— AETHREF

XHHRRE

1

0 50
ik B S A S B e IEARERERE (%)

1
100
BFBRRE

6 J5 UFF L) B L ORRTIZ Lo Bl
BAER SRR Lot BRI 2 2N T 2010t v M H2080 7 v > TV 2R L Q% BERNE I BB i AR B 20 & BE TR £ T %
100% & L CIEBMLL T 2. B HE LAA LIRIEIZE A S N2 MV LIE 02 S BTGS2 X 27 b Va3 LI & e
B AL (EBEARTFAE AL 20 E L, IE2WHE, B2 W e L TORLTW .

T b0 A A THALE L EF L. TV R F
4 DONEERED S T )V 7 K— KO AT
(DF ) HELE) ZEEETIHTROBIESR %
EFL, AWHMNEIZZOEERTRL. BB
A%, Bl (AD 258 F8 LA (TS) (2
209 X7 b v & BRI O A & T8 BT H G2 TR
MYNRT PIVOAEEE LTHRIBIL.

1. 4 #GEtHhig

AWFZETIE, BHEOELIZOWTI Y k204
OFEE LEMEI G EDO Ky PORFEMELE L
THRERHLEIZ 72, 77— OFRITH OLHIZ &
DS O BT S — v OAEDSEHIIT & 2o 72
A LBAE L 72, Shapiro-Wilk test % v CTIEH
AR L 721, EREOF#HIZL CTHIBD 2
VW t-test & Wilcoxon signed-rank test DV LA %
HT 8 — v B 570 SR O BB D RER 722 %
e L7z, fal#= 1 Bonferroni D AN % Fva T
IR L, BUESEOREKEIS % L LT

2. % R

BIET R S RIS £y FAESIZON T

& — - B3 i — R T B A SR S 7z (K3,
4). FRREDITHL, BAEHREECIE BB L 261y
MH, HEECTEIBELZ3y NETENREN
TI M= EhEgEEIN: (M4). 3ty
rHIZB W CBEI AR (0.135£0.026 m) O ¥ —
7 )5 1 — R Y B L ook R AR (0.099 £ 0.018 m)
LVAEBEICErL-7 (=004, K4). &ETDOLY
NC, AER R FTE L7z 5 — B5E 0 SR
(X RIERT R & MR OM ICE AR O L
otz (p>0.14, K5).

ot HEBECIIBET 12 A > T BET 2549 0.2 rad
(F11°) A L7z 2xt L, B s o6 3
HillZ & A LB T W LR SN (]
6).

3. % &

IR E iy — V FTHREIC BT, TR
BLE3t v HTHE - B &
7T b =& oz, WEEETIE Z ORE D R IE
THIEPEEEN. 3y PEHTIZERET
R L ) b A EICEE N - B R o
7o, TNH ORI, FERIE Y — v EIFEEET
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Epidemiological Study in Sports-Related Trauma
Using The Japan Trauma Data Bank
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ABSTRACT

Background: Sports-related trauma is an important epidemiological problem. The
purpose of this study was to evaluate epidemiological characteristics, and to explore
prognostic factors in sports-related trauma in Japan. Methods: A retrospective analysis
was performed using the Japan Trauma Data Bank (JTDB) . We included sports-
related trauma admitted between 2004 and 2018. Logistic regression analysis was

performed to explore factors associated with in-hospital mortality and adjusted odds
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ratios (aOR) were calculated. Results: We identified 5,828 eligible patients, 2,429 were

children and 3,399 were adults. The median age was 21 years, and 83.8% were male.

The most common season for children was April-June (30.6%) , and the most common

season for adults was January-March (37.5%) . In-hospital mortality was 1.2%. In

multivariable logistic regression analysis, male, head/neck injury, and thoracic injury

were significantly associated with in-hospital mortality (aOR 4.11 [95% CI 1.49-
17.02], P=0.018; aOR 18.00 [95% CI 10.06-33.92], P<0.001; aOR 4.18 [95% CI
2.27-750], P<0.001) . Conclusion: In sports-related trauma in JTDB, male, head/neck

injury, and thoracic injury were significantly associated with in-hospital mortality.
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sports-related trauma, epidemiology, Japan Trauma Data Bank, mortality
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[Fx] AR—vBEEIMEE, TRREFHM
BThsD, KWZEOHIE, KFLIZBWT, AR—
 BEAME I BV TR L BLA D 7 EPEEE
TR R L, THREERTEZHEETLILETH
5. [HE] HARSEF— 23> 2 (JTDB) % H
TR THL ZR AT % 4T o 72, 2004 4E 7 & 2018
FICABRLZZAR=YRA#ENG R E L. O
VAT 4 v 7RG HEIT, BENET & BT
LT EFER Lz [ER] R EH 58286 % [F]
E L, 242961H/NE, 3399 BID BN TH - 7.
FEROHIMEIZ 21T, 838% M HBIUETH - 72,
INETHR L% WERIZ4-6H (306%) THY, K
AT DL WEHIIZ1-3H (375%) Th-o7z bt
MIELI1L12% T, SERMTOME, Bk, H
S AME, HERAME I BEANIE L & A B ISR L
T\ 7z (aOR 4.11 [95% CI 1.49-17.02], P=0.018;
aOR 18.00[95% CI 10.06-33.92], P<0.001; aOR 4.18
[95% CI 2.27-750], P<0.001). [#%7&] JTDB %
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FEAMEIX 1874 L HE ST b, BERIE
BEONFTIE [EH], [, [345 - FTHEE
BLWDS, BOLW R IMEREREIME & % 0 5 B4t
BAETIE R <, BIZISMEE O EE . [
fEAEE] L FEOONTEY, AR=2I12L5
FEREIMERIET IS T 204 & L CIEREMTH
5. F72, AR—VBREIMEL, FREE TS
DRI & B I HEAE, BERERESCL )
I—YaryHPDAR—YFEIN TRV, R
WiZED B, HARZE DT — 5 X—= 2% T,
FEAR— v BLEAME O L i e sdak L, F
REDHERTFEZHETHI L TH L.

1. MEHE

[((F7e 754 ] EEOEZEDHREER—AD
AIS3UL Lo EEIME X BT L2 LI A MY TH
5 HAIME 7 — 5 /3 7 (JTDB) D% 7%
MradT o7z, RBORFERFBEE R0 O i3k
HETZ RSP ARIEEZ KB LZ. A 27— A F
avky N OBEMIIRER SN (RIS 16260-
3).

(A A7 — 530 2] JTDBIX, HARYG
SR HARBABEFSIZL D 20034 121E S
729 20184EHUE, HALED:E 2 IME G
WROMEA DL YA R IZBIL T 510,
7 — % 1%, AIS (Abbreviated Injury Scale) = —
TA VT OWMEERAE T L= St OEEA S
ZI2ED, WebN— 2D AT 4% HWTIUE -
SNz JTDBICIE, AMEEREICHET ALT
DIEFWMAE TN T D L Flm, R, B
Z XL, AIST— F ()N—3 3 »1998), Injury
Severity Score (ISS), JEEEEIFZRD/NA & )L A
v, MEEEY AT AOITH LA 5BEETO
HAF &R, ALl (81 0 &7 7 — 7 )VElIRZER
), SEFRATE CT A S v >, APHE, B0
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KRR ETHD. 1SSIE, RIEHDI>D G
REBAEIC BT DI AIS A2 7 D 3D EFHE L
TRtz

[%} 5] JTDB 2§k S 1172 2004 4F 5 5 2018 4F
WZABE L7 AR — RSO B 2 o5
L L7z Fils, YRR BERISECERICEE T A 1E#HRAS
FEERIC e WEE, BXOWRERM®ICX S 2E
ICoTWATF—ZIERy L7z, dREEE, 18
A D /NR & 18T UL DR N D 25T 72

[Z%] JTDB 7 — % N — 275> 5 T 0 B4
P2 fil U7z 4rim, PERI, 009 F 72138,
HEEHE Y 27 A (119%) ~O@H» 5 ABEE T
DO HAF RG], AIS T — F, ISS, 5 b 375
DINA Z VA v BEERFOICTE. R 2 M
M sHli3 %720, 12208 242> oI5 7=
1H~3H1, 43~6H, TH~9H, 1I0H~12H
DAS DM T 72, BBERY AT A D#E
e VT 72 W % SIRER DI 12 43010 72 (3
% b 5, 00:00-07:59, 08:00-15:59, 16:00-23:59).
B % SN 5 72012, AIST— Ffb&h
WEEZ RO 7 T) — I\ L7 EHEE, W
B, E TR, EME BRI RS IR o WA I I
280mmHg Kili% v a v 7 L@k L7212, Fk
AhOME IR, R REE 5 R O UE B LT Y OmmHg,
F 72 CHEA Obpm DA L EFR L 2.

FR OB D7 b0 2R T 72002, AR
42D T V=712, BAE3IDD 7 )V — TIZHH
RO L KRR (0~ 5ik), FEM (6~
115%), P4EMIL (12~ 145%), D4ERI2 (15~ 175%),
EERN (18 ~ 645%), #4FmlE (65 ~ T45%),
EhE (75l ) 1)

(eRtARAT] B2 B b g i B & OVIU 4 i
B (IQR), 7T —Z¥IA 7 ¥ P BLU/S—
YT =T TR 2O BEREO I,
T8 85012 1E Mann-Whitney UME, 77 3 —
ERNNE A A ZFehsE £ 7213 Fisher O IEHEUE %
a7z, 2HEB O BENSE RO % T 5 729
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(2, BEERUTV AT A v 7 RS E G, %
F v XM (aOR) B & V95%EHEXMH (CD) %5
L7z

WP <005 & MatWaEE L Lz, 3T
DFEHRITIERHETY 7 -7 =7 (version 3.6.2
R Foundation for Statistical Computing, Vienna,

Austria) IV TiTo 72,
2. MRER

A I H 12 TTDB |2 RE 8% & 1172 356,535 A D
WMBEEBED D B, 6,669 A5 AR — BE M I
GHEEIN F0O B, AR—vEENMEOE
582861 % [F5E L, 242960A/NE, 3,399 Bl 7%
WA TH-72 (H1). BHEOREHARICEERL
72, BEEEROFEOPIAHEIL2] 5 (IQR, 14-40
i) T, 838U MHEMETH o7, 1TL A LTS
MG TH o7z (98.7%). =WHFHIL, 4xak— b
TIHIA»L3AD RO L0 o7 (303%). /KA
TlE4~6H (306%) b % <, IKVWTT7T~9H
(27.0%), BATIX1~3H (375%) 7°%<, F
HOSAT/NREBRATIIEEZEZ RO (P <
0.001). BEMAFE, AL EAD 08:00 ~ 15:59 A
b %< (603% vs 64.4%), /IR & BN TR
W ONAN A EENH -7 (P<0001). 16:00 ~

23:59 D EFRH O A R — v FEAME I, ANETX
D &holz. ZEEAIE, 4 adk— N CHEHERD
b Emoiz (166%). /AR, AL bIZZHH
PSR R DL <, WWT/HNETITER - T
A, N CIEHEHRETME T d o 72, BHSEHS, g,
B - TIHEB X OHEHEA~OIME L, R A
LV HEEIA %o 72 (145% vs. 18.0%, p<0.001;
3.8% vs. 14.3%, p<0.001; 9.6% vs. 16.9%, p<0.001;
7.5% vs.17.0%). 1SS H4LfEIZ9 (IQR, 4-13) TH
D, /ANBOISS HULfiix9 (IQR, 4-9), K AIX9
(IQR, 8-16) TH -7z, FHhFIERDO T 2 v 71k
Lak— T 1.2%, BEALIMEIEIZ04% Th - 7.
TWBEEIERE S 3 v 7 L Bedh O g 2 2B CRERT
WM EI ol BEOBENETERIZL2%
T, /NEOBEAETE (06%) 1, HA (16%)
I D o7z (P<0.001). /NEB IO AIZSE
DR O BB HEAR2B L ORIITRL
7z, NETIE, FEMDETLIADLS6 D%
%<, MATEEHE TR S WERILLA 2
53HTH -7,
BEEELRNECEOMGRTRICE LD
2. BEEROQV AT 4y 7 RSN O R TI,
AR E A DAL TR IZIETHETICH B2
B SN Ao 72 (aOR 0.56 [95% CI0.29-1.00] ,

Japan Trauma Data Bank from 2004 to 2018

n=356,535

Sports-related injury

|

l

n=6,669 _
Exclusion
Missing data ~ n=683
— . Duplicated data n=158
Eligible for analysis
n=5,828

Children (younger than 18 years) Adults (18 years or older)
n=2,429 n=3,399
1 BE7O—
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Total NG IIN P value
Characteristics n=5,828 n=2,429 n=3,399
Age, median, Q1-Q3 21 14-40 14 11-16 36 24-48
Male sex,n (%) 4,886 (83.8) 2072 (85.3) 23814 (82.8) 0.010
Type of injury, n (%) 0.057
Blunt 5,755 (98.7) 2,406 (99.1) 3,349 (98.5)
Penetrating 23 (0.4) 5 0.2) 18 0.5)
Missing 50 (0.9) 18 0.7) 32 0.9)
Season, n (%) <0.001
January-March 1,768 (30.3) 495 (20.4) 1,273 (37.5)
April-June 1474 (25.3) 744 (30.6) 730 (21.5)
July-September 1,391 (23.9) 656 (27.0) 735 (21.6)
October-December 1,195 (20.5) 534 (22.0) 661 (19.4)
Time of day <0.001
00:00-07:59 109 (1.9 26 (1.1 83 (2.4)
08:00-15:59 3,653 (62.7) 1,464 (60.3) 2,189 (64.4)
16:00-23:59 1,665 (28.6) 776 (31.9) 889 (26.2)
Missing 401 (6.9) 163 6.7) 238 (7.0)
Injury site (AIS 3+) ,n (%)
Head/neck 964 (16.5) 352 (14.5) 612 (18.0) <0.001
Thorax 578 (9.9) 92 (3.8) 486 (14.3) <0.001
Abdomen 369 (6.3) 150 (6.2) 219 (6.4) 0.720
Pelvis/lower-extremity 306  (13.8) 232 (9.6) 574 (16.9) <0.001
Spine 760 (130) 182 (75 578 (170)  <0.001
ISS, median, Q1-Q3 9 4-13 9 4-9 9 8-16 <0.001
Shock on arrival, n (%) 68 (1.2) 25 (1.0) 43 (1.3) 0.607
Out-of-hospital cardiac arrest, n (%) 22 (0.4) 7 0.3) 15 (04) 0.540
In-hospital mortality, n (%) 71 (1.2) 15 0.6) 56 (16) <0.001

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score
F2 /NEICBU B HAEA R — v BESME O 4E g B B R

0-5 years 6-11 years 12-14 years 15-17 years
Preschoolers Middle childhood Young teens Teenagers
Characteristics n=41 n=593 n=844 n=951
Age, median, Q1-Q3 5 5-5 10 8-11 13 13-14 16 15-17
Male sex, n (%) 30 (73.2) 444 (74.9) 737 (87.3) 861 (90.5)
Season, n (%)
January-March 11 (26.8) 131 (22.1) 190 (22.5) 163 (17.1)
April-June 9 (22.0) 177 (29.8) 240 (28.4) 318 (334)
July-September 11 (26.8) 134 (22.6) 228 (27.0) 283 (29.8)
October-December 10 (244) 151 (255) 186 (220) 187 (19.7)
Time of day
00:00-07:59 0 0.0) 4 0.7) 8 0.9) 14 (15)
08:00-15:59 25 (61.0) 315 (53.1) 539 (63.9) 585 (61.5)
16:00-23:59 13 (31.7) 232 (39.1) 246 (29.1) 285 (30.0)
Missing 3 (7.3) 42 (7.1) 51 (6.0) 67 (7.0)
Injury site (AIS 3+) ,n (%)
Head/neck 9 (22.0) 74 (12.5) 91 (10.8) 178 (18.7)
Thorax 1 (24 10 17 28 (33) 53 (5.6)
Abdomen 0 00 25 (42) 50 (59 75 (79)
Pelvis/lower-extremity 6 (14.6) 54 9.1 97 (11.5) 75 (7.9)
Spine 0 0.0) 11 (1.9) 51 (6.0) 129 (12.6)
ISS, median, Q1-Q3 9 4-9 9 4-9 9 4-9 9 5-16
Shock on arrival, n (%) 2 (4.9) 12 (2.0) 4 (0.5) 7 0.7)
Out-of-hospital cardiac arrest, n (%) 1 (2.4) 4 0.7) 1 0.1 1 0.1)
In-hospital mortality, n (%) 0 0.0) 6 (1.0) 2 0.2) 7 0.7)

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score
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18-64 years 65-74 years 75 years and older
Young adults Younger elderly Older elderly
Characteristics n=3,082 n=227 n=90
Age, median, Q1-Q3 33 23-45 69 66-71 78  76-82
Male sex, n (%) 2582 (8338) 179 (789) 53 (58.9)
Season, n (%)
January-March 1,136 (36.9) 110 (48.5) 27 (30.3)
April-June 670 (21.7) 42 (18.5) 18 (20.0)
July-September 671 (21.8) 41 (18.1) 23 (256)
October-December 605 (19.6) 34 (15.0) 22 (24.4)
Time of day
00:00-07:59 73 (2.4) 8 (3.5) 2 (2.2)
08:00-15:59 1,952 (63.3) 172 (75.8) 65  (72.2)
16:00-23:59 833 (27.0) 35 (15.4) 21 (23.3)
Missing 224 (7.3) 12 (5.3) 2 (2.2)
Injury site (AIS 3+) ,n (%)
Head/neck 537 (174 52 (22.9) 23 (256)
Thorax 447 (145) 34 (15.0) 5 (56)
Abdomen 214 (6.9) 4 (18) 1 QD
Pelvis/lower-extremity 480 (15.6) 62 (27.3) 32 (356)
Spine 512 (16.6) 52 (22.9) 14 (156)
ISS, median, Q1-Q3 9 5-16 9 9-16 9 9-16
Shock on arrival, n (%) 38 (1.2) 4 (1.8) 1 (1.1)
Out-of-hospital cardiac arrest,n (%) 12 0.4) 2 (0.9) 1 (1.1)
In-hospital mortality, n (%) 51 (1.7) 3 (1.3) 2 (2.2)

AIS, Abbreviated Injury Scale; ISS, Injury Severity Score

R4 FEOAR—VHEHEZ A BEORTRICHT 2 KEK O+ v XL

Mortality P value
Characteristics % (n/N) Adjusted Odds Ratio (95% CI)
Age group
Children 0.6 (15/2,429) 0.56 (0.29 to 1.00) 0.057
Adults 16 (56/3,399) Reference NA
Sex
Male 14 (67/4,886) 411 (1491t0 17.02) 0.018
Female 04 (4/942) Reference NA
Season
January-March 18 (31/1,768) 1.73 (0.70 to 3.38) 0.333
April-June 0.9 (13/1,474) 1.12 (0.45 to 2.67) 0.868
July-September 14 (18/1,319) 0.68 (0.58 to 3.15) 0.527
October-December 0.8 (9/1,195) Reference NA
Time of day
00:00-07:59 0.9 (1/108) 0.68 (0.04 to 3.68) 0.718
08:00-15:59 14 (50/3,603) 1.05 (0.60 to 1.93) 0.869
16:00-23:59 1.0 (17/1,665) Reference NA
Injury site (AIS 3+)
Head/neck 55 (53/964) 18.00 (10.06 to 33.92) <0.001
0.4 (18/4,364) Reference NA
Thorax 3.6 (21/578) 4.18 (2.27t0 7.50) <0.001
1.0 (50/5,250) Reference NA
Abdomen 0.5 (2/369) 1.26 (0.20 to 4.50) 0.764
1.3 (69/5,459) Reference NA
Pelvis/lower-extremity 0.2 (2/806) 0.48 (0.07 to 1.66) 0.323
14 (69/5,022) Reference NA
Spine 1.1 (8/760) 1.28 (0.54 to 2.72) 0.538
1.2 (63/5,068) Reference NA

OR, odds ratio; CI, confidence interval; ISS, Injury Severity Score; AIS, Abbreviated Injury Scale
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2004-2008 2009-2013 2014-2018

(n=432) (n=2004) (n=3392)
N 156 (36.1%) 783 (39.1%) 1490 (43.9%)
SN 276 (63.9%) 1221 (60.9%) 1902 (56.1%)
A
<6 2 (0.5%) 12 (0.6%) 27 (0.8%)
6-11 29 (6.7%) 180 (9.0%) 384 (11.3%)
12-14 53 (12.3%) 285 (14.2%) 506 (14.9%)
15-17 72 (16.7%) 306 (15.3%) 573 (16.9%)
18-64 264 (61.1%) 1120 (55.9%) 1698 (50.1%)
65-74 9 (2.1%) 71 (3.5%) 147 (4.3%)
75- 3 (0.7%) 30 (1.5%) 57 (1.7%)
PER)
Male 366 (84.7%) 1669 (83.3%) 2851 (84.1%)
Female 66 (15.3%) 335 (16.7%) 541 (15.9%)
e
0-8h 12 (2.8%) 42 (2.1%) 55 (1.6%)
8-16h 272 (63.0%) 1225 (61.1%) 2156 (63.6%)
16-24h 130 (30.1%) 590 (29.4%) 945 (27.9%)
&S]
1-3 146 (33.8%) 575 (28.7%) 1047 (30.9%)
4-6 1 98 (22.7%) 467 (23.3%) 909 (26.8%)
7-9A 114 (26.4%) 488 (24.4%) 789 (23.3%)
10-12H 74 (17.1%) 474 (23.7%) 647 (19.1%)
GHIRSE M 103 (23.8%) 350 (17.5%) 511 (15.1%)
Tl B 43 (10.0%) 204 (10.2%) 331 (9.8%)
HE M 52 (12.0%) 129 (6.4%) 188 (5.5%)
TR BRI 46 (10.6%) 274 (13.7%) 486 (14.3%)
HHEI MG 75 (17.4%) 236 (11.8%) 449 (13.2%)
ISS, Median [IQR] 9.00 [9.00, 16.0] 9.00 [4.00, 13.0] 9.00 [4.00, 13.0]
EhElEs a v o 17 (3.9%) 30 (1.5%) 24 (0.7%)
A 12 (8.1%) 28 (5.9%) 22 (3.0%)

p=0.057) #%, vk, BHSHIRSME, MY LB
WIET & A 2B LT 72 (aOR 4.11 [95% CI
1.49-17.02], P=0.018; aOR 18.00 [95% CI 10.06-
33.92], P<0.001; aOR 4.18 [95% CI 2.27-7.50],
P<0.001). F512, AK— Y BE#EIME D EFEE
DRAEBALE T L O 4ET L OEFEERI
BWMLCBY, mEE o0& EmEnT, BT
HEIHMETEmTH 5 7z,

3. £ =

HAREE DT — & XN—= 2% AT, FEIEAR—
v BESME ORI i)E, BEORIFICHEET 5
KTz oWTHiE Lz, AR—VIMEDOFEIL,
INRBTIE4~6RE7~9RD% <, AT
~3HTholz. ZERMHTOKR, NEEBA
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P 16).
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Sz MEINTVwEIY FRTIILAFER
K=Y PEATHL70, BRADOEIEAKR— Y
HWIMBIZ LA DS 3H AT TH L BE LD
BRE LR WERCTH L. TR R— Y L



— 144 —

i, 4~6HL7T~9HII%E LK, TIEHAD
FRHIEE L —%T 5. NEFERK, PER, BT
&, WEOEREISMA T, PEELEREDPHE
BICENEE S L CTAR—Y 2 5 728INT 5 2
LscE 0. F72, HAOEKRTREE £
B ZINT 2 BRI, 7r—F
7, T vy, KK R EOFEEATHhILT
WO s, NEOESRE R K — v s
B OFEICWE M D53 A |\ 5B % 5- 2 5 W Rk
H5.

BHIRMAR IS K & <, BHEF D E W 72 OB ME
FFEDLTLY =B TH A5, REIFETITRA
THEIIMEN S h o 7220 JEHHELE, Foshhs
FHRTHEBIIEL TR Wo, AETE )R
ChRFTnEEILRTWL R BEEEO L
I 7 AR—VICHE L - EE O ETER L, #d
DOIFFE TR SN/ NEOHMIESFE TR ) 3 wnv
LERTWAES Lal, AW TRARE
BN THELIRDO o7z DL TR
PLOFATDENL, FATL T2 AR— Y OFfE
TRZZLEZOND. KRB ETRT AU Y
Ty FER=— VB EDH LI Y b ERE) R
R=VIIANKTH DY, HRTRZIEERL
TWiav, @BEOEBRNIMET — 5 X—ZAD5)
Tk, 71y —AR—VDEELRIMETI,
SHER, MOER, BHE, BEOEHGSEEHTH -
LHERhTwaY oz Ers, KifkT
EBAD AR = BEAMEIEAF A L Tz
7z, GHSEES, KoES, FH/ g BHEEGOE
ENTH LI L TREVWZ EDTHHTE 2200
LNz, BEPIETERIZOWTIE, /NEEBAD
MICHEETIICE B 2RO b e o 7e.

F 72, AR—= VI K 2 EEIME O BRI & #%
RESN LI2E 2 A, B, FHEMIME, Koyt
B ZNEIMAL L CIHTCIZERE L Tz, 20
MR, AR—2IZBT2IMEO T & it O®
B O EBbNS, EEAR—YBEGET

\&, BHSEER & HESOBE L2, ARV H
DOFHFRIRFER & JFBIRER L R S N5 0
Luze 2520

KRFFEIL, ARFBD AISILLEDOIME % 58T %
FIEMEOL VA M) A HWTED, #BEMIC
BEEDEIML TWwb 2 L PE S, JITDB
X 200342 S BF B I NTH Y, AiFsEid
0040607 —=8 HHWTWwW5b 2 &, Sl
BRI L TwWAZ e 2T AL, B
FHOMININMEELEOMINITIE R, VYA
)ANDBNFEHEB OB LD b DEEZ DD
FBTHAHH. SHLLVIA NI OGN EHT,
RAEMZEAL MR L T DD 5.
KRBT O DR B 5. F—I2, K
IR HARD FE @ fiE L v ¥ —»SL 72
SEEBBEOIME T — 7 R—= A F 2L TV 5B,
JTDBIZ AAR—AD T — ¥ R—=ZATlE R, 7
T DEBGFLEETH L7720, HEO—HALIZIZR
P Hh b Lz, 5212, JTDBIE AR —
YOBHIZET AT =8 2 G ATOBRWZD, A
K=V HIZBIF AT 77NV — T 2175 2 &
IWTERDo7z B2, S RIOFREITNGAAR—
Y DGR, NIRRT, FREEHE, ER
il BE AT IR 72 2 M3 ZE T C & B WITREME AT B
5.

4. ¥ F=E

EFEHBEOIME T — 5 X—= 2% F\T, EED
AR = B EAME O TR 2 AT A FE L 72 A
A=y BEIMEA R S £ FET 2L, /MR
TId4~6H, BATIEI~3ATH->72. MR
EHANICEID ST, BEASETERIE T M, TESEA
%, BEIVE I ZBEIETC R E B L T\,
RERT L2 8T, RURITEED AR - B
SHMGEOFEE & 7 7 O IO REME DS 5 .
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Effect of Skeletal Muscle-Specific AMP Kinase Inhibition on Exercise-Induced
Quantitative and Functional Adaptations of White Adipose Tissue

by

Takumi Yokokawa
Division of Food Science and Biotechnology,
Graduate School of Agriculture, Kyoto University
Tatsuro Egawa, Tatsuya Hayashi
Graduate School of Human and Environmental studies,

Kyoto University

ABSTRACT

Exercise elicits quantitative and functional adaptations of white adipose tissue
(WAT) ; however, the molecular mechanism remains unclear. AMP kinase (AMPK)
in the skeletal muscle may contribute to the adaptations of WAT via enhanced fat
oxidation and myokine expression. Therefore, we investigated whether AMPK in the
skeletal muscle is involved in exercise-induced quantitative and functional adaptations
of WAT. For skeletal muscle-specific inhibition of AMPK activity, we used transgenic
mice overexpressing the dominant-negative mutant of AMPK a 1 in the skeletal
muscle (AMPK-DN mice). Both AMPK-DN and wild-type (WT) mice were

randomly divided into two groups: wheel running groups or sedentary groups. After
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the four-week intervention, the body weight was measured, and the epididymal WAT
was excised. The protein expression of lipolysis-related molecules, triacylglycerol
synthesis-related molecules, and a mitochondrial marker were measured by western
blotting. AMPK-DN mice demonstrated exercise-induced decrement of epididymal
WAT weight. Furthermore, although WT mice showed an increase in the protein
expression of lipolysis-related molecule perilipin 1, this increase was diminished in
AMPK-DN mice. On the other hand, no significant differences between genotypes
were observed in the exercise-induced response of triacylglycerol synthesis-related
molecules (fatty acid synthase and stearoyl-CoA desaturase 1) and a mitochondrial
marker (voltage-dependent anion channel). In conclusion, these results suggest

that AMPK in the skeletal muscle contributes to exercise-induced quantitative and

functional adaptations of WAT.
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TEB X IR OB - R EIG 2
T5H, FEM 5T S 2 Thv. B
AMP ¥ F—+ (AMPK) (ZJEIGEEFIH OfilfH =~
AF 74 v OREBEALT, EEHZ L 2 MR
MR OBIGIZHG LT A RED » 5. Db X
D, AWFZETIL B AMPK 2, EB2 X 580
MERD AR 7 & N BRI 0 53 F 8IS 12 37 5
THWREMEZMRET T A LR HIE Lz, B
BRAAMPK 0 1 KI5 MAT T 1 7ZERK8
F%EH (AMPK-DN) ~ 7 A 7 & (NI R R < v
A% AFEHEEENHE 2 & NIZIEEBIFEIZ DI T,
AZFE L7z, 4EMON AW T %, KE
2UIE L, K AOGBERE o T v
L72. AMPK-DN~ ™ AT, &&IfE) [l
PR E = O % & ORI R 5 T 0 %
BIHIMASER S HNZIES LTz, —77, EBC X

507 YN e — VAT S NS
I har Y Tv—Aa—oimt, TAERMB IO
AMPK-DN~ 7 2 CRBETH o7z LX),
HHEA AMPK (2B 12 X 5 IR0 s -
RRERBISICH G LTV A 2 EAVRIBE NS,

#® 8

EBI MBI b5 TY /P VA ERT D
LT, BEIECEICE - U R A L T
EEZOLNDLD, ZOFEM LS FHRPIEHS T
B, EB) R L— =2 2k, B ORI
BT T7 6 NS 3 by B 7HARE BN S
&5 LT, RMRBOTEICES LD
FZHNTWE, —F, EETIHES O™ L L
TEAEH S O M B 2 AT A TH Y
G TR ANES S N ORAE NP QUNER:Y i E ik 1)
Ibhay Ry TEARY - IREERS R T2
PEMT A2 EEHLNE LTS, L LGN

T2 b AR =Y FE Vol 44



5, I & B E IR - BIG % FEY
% R B X R 72 E ST e,

B #% ) @ 5'-adenosine monophosphate-activated
protein kinase (AMPK) 3 Z& M IES)IZ & V) i1
T5HI LD, BRELZLWICE OB THL D
Lo Twa Y BRI 2% AMPK o K3R
v A0d, EEEEONRIIRA AR S s &
HEE SN TV LY MAT, B AMPK I
HEBEMEOREEISE 7253~ A+ 7 A
Y OFRBEICES L TWwb I L oL %o
Twz Y. fiEoT, EEIES B AMPK O
L, BEREEHERO T FEE b 725§ 2
ETHUEMRRICHFG L TV A TRESE 2 5
578, EREOTWREMEIIRZZHE S Tn e,

LB XD, ABFFETIEE#H AMPK 28, £)
(2 X B PRI 2 & NS iR 0 5578
ISZHF G AR ZME T2 2 2 HE L
7z.

1. RBRAE

1. 1 EBR$WE S CISESHNTA

8100, HEVEDEIEFHFFRMAMPK a 1 F 3
TN AT T 4 TEEEEFE IS (AMPK-DN)
YA b WIE AR (WT) ~7 A% HwT,
H g PEE RS % 5 8 (WT + BB # [n=6] % &
N2 AMPK-DN + 5B &) [n=6]) 7% & NI IEEE)
B (WT + 2% [n=7] 7 5 (°12 AMPK-DN + %
Filt n=7]) OAFEICHE L 72, 4R OEE N A
th, WELZHEL, RHEEAE AR~
T v L7z REBRIEHRENED D [HHE
KEFIZ BT 2 B FERIEM B 3 2 BAR J ISy,
TR AR e N - BRBE R 7e Ak A Gt ot -
B BT B RO - KRR TEM L 7.

1.2 JxX&2>70y bE
B IEIAHR S BT 2 & v /8 7 BRI O
WZIEv =A% ry7ay MEEHWE. JurT—
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LHEH 57+ A7 77 —YHER ZINZ
7z radioimmunoprecipitation buffer #°C, RV b1
YEREVFAF—FHT, KM EREYFA
A L7z, Z0f%, 4°CIZTH—T =8 —I12L i
FEL 720 B BER IR IRE & B v 72 B3k 2 [
L, FREE, #OormE2 EM L, RIS 1iE %0
WL 3o N7z EERD Y ¥ Xy Bzl
EL, B TNVETSY 3y B L <
%5 & )T Lo, SRRREOY Y TNy
77 —%ig&T 5 LT, SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) i @ 4 » 7' )V
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Establishment of Scapular Dyskinesis Detection Method Using a Depth Sensor
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Takuya Ibara, Koji Fujita
Department of Functional Joint Anatomy,
Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University
Makoto Yasukawa
Biometrics Research Laboratory, NEC Corporation
Ryosuke Karashima

Department of Rehabilitation, Kawashima Clinic

ABSTRACT

Quantification of scapular motion in patients with shoulder disorders is important, but
there are no existing tools that allow simple quantification in clinical setting. Recently,
depth sensors have attracted much attention in terms of accuracy and price. Therefore,
this study was conducted to investigate the reliability of scapula angle measurement
using depth sensors as a preliminary study to quantify scapula motion using depth
sensors. The angles of superior and inferior rotation, internal and external rotation,

and anterior and posterior tilt between two trials were calculated from point cloud
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using depth sensor data, and the intraclass correlation coefficients and the standard

error (SEM) were examined in healthy adult male subjects. The results showed that

the correlation coefficients were good for both anterior elevation and scapular plane

elevation. The SEM was less than 10 degrees for both tasks except for superior and

inferior rotation. Based on the results of this study, quantification of scapular motion

using the depth sensor was considered to be good from the standpoint of reliability, but

improvement of accuracy and examination of validity need to be examined.
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Keyword

Scapular, Shoulder, Scapula dyskinesis, Depth sensor, Reliability
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Study on Neural Effects of Whole-Body Vibration Training

by

Yohei Masugi, Takashi Inomata, Misono Sakai
Tokyo International University
Matija Milosevic

Osaka University

ABSTRACT

Whole-body vibration (WBV) training is widely used as a training method for
athletes, older adults, and people with central nervous system injuries. Although it has
been shown that WBYV can strongly suppress H-reflex excitability of the soleus muscle,
the effects on other muscles remain unknown. Therefore, the purpose of this study was
to determine the effects of WBYV on the spinal reflex circuits of the flexor and extensor
muscles of the thigh and lower leg muscles. Seven healthy adult male individuals
participated in this study and underwent assessments before, during and after WBV and
a control condition that included standing only. Surface electromyography signals were
recorded unilaterally in the right leg during the experiments. In the WBV condition, the
intervention was applied for 1 minute and in the control condition participants stood

still for 1 minute. Posterior root muscle (PRM) reflexes were measured in four lower
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extremity muscles, including the tibialis anterior (TA), soleus (SOL), vastus medialis

(VM), and biceps femoris (BF) before, during, and after the interventions. Our results
showed that the peak-to-peak amplitudes of PRM-reflexes of the TA, SOL, and BF

muscles decreased significantly during the WBYV intervention, compared to before the

intervention. However, no effect was observed in the control condition. These results

indicate that WBYV has widespread inhibitory effects on reflex circuits in muscles other

than the SOL, but this effect is not sustained following a short duration intervention.

Overall, our results suggest that WBV can be used effectively to temporarily decrease

spasticity in neurological disorder population.

*—7— K

ELRER N L — =7, R FRONE, BEGY, BEN, AMEEAT

Keyword

whole-body vibration training, transcutaneous spinal cord stimulation, spinal reflex,

electromyography, somatosensory input
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B3 12 WBV &1 5 X U8 Control 112 B 1F % xh LT, AR MNE O —JCRCE 5 # AT B L O
PRM-reflex D ¥ — 7 ¥ — 7 O AL R, & Friedman DE % F7 o728 & 5, HEEIERD
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A. TA B. SOL
0.8 4 10 4
= =
E' 06 58 ] © Control
3 = e WBV
g £ ]
G 04 - @
< $4/
g a
k-]
o 0.2 4 xc; 2 |
i * @
o o =
0.0 y T y T 0 T . -
i N 2 ] e N 17 ©
® & N e & 9 N o
o~ & 5 & N N X &
<J QO Qo" QO < QOG" QO" QO‘"
C. VM D. BF
10 6 1
i~ =
% 0.8 %5‘
S 06 =
= &3,
o -
=] =]
% 02 %
$ 8’
0.0 : : 0 =
> N . e O A a2 ©
<t 0&\{&‘ ;_‘,\U é\'\q' \g;o X ood(‘ ‘}Q ‘}'\ 0‘}‘)
QO QO Qc? QO Qo Q

3 EHIREHEAM (WBV) BL N3 v b u—) L4t (Control) 1231F 5 PRM-reflex?d ¥ — 7 ¥ — 7 D ZAL (n=7)
HERIE FTICE G (TA) & A% (SOL) AL (VM) JKBRZEf; (BF) (2351F 2 PRM-reflex?® & — 7 ¥ — 7 fiil (5 filietiiEinse) %
7R LT B M S ART (Pre) Jr A (During) A AT #: 5153H (Post0-1) S 15345150 (Postl-2) S A543 474> & 153 (Post5-6)

% L 72 %:p<0.05,%%:p<0.01

bNedrol. —JiT, WBVEMEDTA, SOL,
BEO T =¥ IZBWVWTIE, AEEISROLNL
(TA:p=0.006, SOL:p=0.004, BF:p=0.002) . &
5 2, Dunnett ® #%E O 5 H, Pre & L L C,
During TH B KT 25 547z (TA:p=0.011,
SOL:p=0.018, BF:p=0.002) .

F1I1ZWBV &M4B L U Control 412 BT 57
RPEHEO T -5 2Ry, ERGESEL, K
KRG (MVC) oK FHIGEIEMN CIEHAL
L7l (%MVC) %= A7z, RAZRIED—I050
53H7 B & U Friedman ORE DR, WBV §:D
TA, SOL, VM B L U'BFIZB WV THEED LD

5172 (TA:p<0.001, SOL:p=0.019, VM:p=0.020,
BF:p<0.001) . & & 12, Dunnett ® i 5% O i 5,
Pre & I8 L C, During TH B &R BEINASED H 7z
(TA:p=0.047, SOL:p=0.029, BF:p<0.001) . — /i T,
Control = IZB W TIZFEEEITRD LN Do
7z.

3 F =

RIFFED HIE, WBVAKEE - TEOE -
5 DM F 7 A RS A] B LA 12 3§ g%

EHOPIZT LI ETH o7, EBROREE, 14
DO WBV A AHFIZBWT, T3 (B 5,
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£1 WBVEHB X UControl & 12 BT A1 &

FGEIE (MVC) O

171
b CPigfE + FRAERE)

Pre During Post 0-1 Post 1-2 Post 5-6
WBV TA 1.26+0.29 3.14%0.53 * 1.13+0.13 0.35+0.11 0.69=0.08
SOL 494+0.384 879144 * 6.19+0.68 5.01%0.60 5.05%0.60
VM 248%0.53 5.72+1.32 263%0.61 2.35+0.62 251%0.58
BF 341+0.51 7.99+1.54 ** 491+1.69 3.80+1.02 3.64=0.73
Control ~ TA 1.06+0.30 1.31+0.31 1.26+0.32 1.16+0.40 0.73%0.12
SOL 5.19+0.88 4.833%0.89 4.36+0.76 4.69+0.80 4.59%0.68
VM 1.98+0.36 2.15%0.36 2.23%0.37 2.30%0.52 2.08%0.33
BF 3.75%0.85 436*1.71 3.07+0.76 3.29+0.93 3.39%0.66
Dunnett's test, * p <0.05, ** p <0.01
b7 ARG, KERZHA) O PRM-reflex D ¥ — 7 LARENTVSY . RBFEICBVT, LI AWM

V— VP EZICET L2, ZOETIiE, WBV
AT HRITZO SN o7 DTS, KiEE
RERTD.

3.1 AHE#WICOWT

AWFZE T H W 72 PRM-reflex 1%, 3 38HI#12
X 5 TPRM-reflex D ¥' — 27 ¥' — 7 flidsig A4 %
&R RHREHIC & o TIRE oA 5
LML, VFTAENLIZULTH LD L S
Twé“.it Y3al—varrHnif

124D, PRM-reflex 13 I FHAMHHNH S 1L

HILIZkoTHERENDEEZ LN TVL T
18)

ARG TIE, MM O B A0l 2 JE L 7212,
ISR & o TEHIE S N7z BUSHEBI AR
EEGZABIZ L8 TH 20, &5
VI TARN LIS TH DR L. K1
WHRONE L) 1Z, WESNTRTOFTE -
7= EORWAD SN2 &0, K%L
PRl SN BURE, P F T AERN LIS E T
b, BT T ARGEEEOINE 2 F5E T E
2bDEEZLNS.

3. 2 WBVO#RRAERFAIZNR

WBV OB F YRR ICOWTIE, T
THREEA AT TE 725 o)
EEHOZHEICL S L, © T AHOHKY
AAHETE i LT, WBVHHIZERS IRl S5 2
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D PRM-reflex D ¥ — 7 ¥ — 7 fHEASWBV /- A 112

KB U7z IR RATII R DM R & —F L Tw»
. =T, FEOFFRMEICOVTIE, AT
FeTIEA AR 36 PP FEGE L7z L ST b
75, REFFE TN AZ LG H O T IERED S,
FATHRE O RS & —F L et o 7o, EATHI%
Tl, EasyStand 5000 & M-£A % 37 A7 S8 % R4
THEBEDPHCSNTEY, VAR B 5/
EOEPA—BORROVESEEZLND.
% 72, HEUST & PRM-reflex D3\ & LT, PRM-
reflex Ti&, BAHD 1 aBEREMMED S D AN
DN H Y, TOHLEROEROERE LT
EZOLN5.

I AHUAOMORGIZBWTH, WBVHIC
PRM-reflex D ¥ — 7 ¥ — 7 flE S KIG I KA L 72,
L I AU OFE~ O WG R % s L - FgE
X, THFETHL, AWERIZBWTHO THS 2
295D TE BATHIRICBNT, SEIA
7o ¥y 7120 5 L E L b LR
RANDERINDLFHIIBNT, BYFT AR
SR ER AR PEAS AR R ISR S LB 2 LR S
ThH Y, I afFEBAERERD D 7 AF#IH A
MELTwaeEzonTEsY, AFRICH
WTh, WBVIZ L o TER SRR AT
75, T aBECEAMER R O >+ 7 AT R Post-
activation depression 72 & OB OIFIFEFAS,
D5 O PRM-reflex DIK FIZBS- L7zb DL F
AbA.
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3. 3 ERFRMER

WBV ML —= 2270, 7A)— N, S
PRI B EFE D P L— =2 L L TR H
WHENTWS. WBV b L ==V Z7ORFEIZOW
TIE, BCEBONAMEIITThILTE), &
FRTA Y7 - LE2—Th TOAEMMEIHE S
NTwB Y flzE, PRREERE I BV
TUE, MERRFTTHEDOR R L L TA L % EE)H%aE
BEED 15T % FEAE KT 2 IR AL S
TBY, PR R 5 2 O O FEFIN % L
T—HAENESED SN TNEY. LaL, 40
EZA, FOAHZANIZOWTIEHLNIZ R
TR\,

PRM-reflex % FEMFRAE & L TH W 72 RBFZEIC
BWCTlE, WBVANEOBEEOHHOHE Y FT A
JCSF A 5 LA 1 % [ L AR S22 2 & AT & 7
W7ol ZORENS, WBV ML —= 2 778
T OB O OFERERRR R 5 SRR T O%h R %
HT5HIEMPRBEI N AFZETIE, RO
WBV 2 & 2 2WBRICOVTHRE L722%, #D
L WBV %2479 Z & TH.Y 7" 2 Rt 0] 5 8L
P& PRI T S 5N 2 245 HBET 5 2
EhHDH. T, RRIIEEEENRELLD
DTHolz7z, PR ERELGRE LT
LR B BN D B,

4. & &

ARWFFETIE, WBVAYKEL - TRLOJER - (155
DHYF T ARG EREAE LI KT T HBEE S
MZTHTERHWE LTEREIT- /2L T A,
WBV (2 N OB O O ¥ > 7 A S ] i B
A% RS SIS 2 80805 5 2 LS 5 02
ol

E

ARIFZENZ B 72 72 72 S B R N A RR A&
T b AR = B RE I HRLE L -

TS F7 BREBRO B SR TH 72
FRURFER R ERF IR, A5 S INTH
WA DO ARIZIE CBIALE L L E 9.
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Effects of The Lower Limb Muscle Activity During Uphill Sprint Training
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ABSTRACT

The purpose of this study was to clarify effect of uphill sprinting to running
spatiotemporal variables and lower limb muscle activity. Twelve university sprinters
(seven males) were volunteered to this study. Subjects performed 60 m sprint with
maximal effort in two conditions (level sprint vs uphill sprint). Then, we obtained
running spatiotemporal variables and electromyography (EMG) from lower limb
muscles (biceps femoris, rectus femoris, tibial anterior, lateral head of gastrocnemius) .

We calculated the running spatiotemporal variables (e.g., running speed, step

T2 M AKR—=YEE Vol. 44
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frequency, step length), EMG activity amplitudes (%MVC), and relative EMG

timings in running cycle (%) in analysis section (40-60m). We observed running

speed, step frequency, and step length were significantly decreased in the uphill

sprint. However, no significant differences were observed in EMG activity amplitudes

between two conditions. On the other hand, the onset and offset timings of rectus

femoris muscle were significantly shifted to the latter half of the running cycle in the

uphill sprint. Therefore, we may consider the possibility that delay in the timing of the

recovery movement (i.e., hip flexion) of the swing leg in the uphill sprint. These results

suggest that uphill sprint training may affect the timing of muscle activity rather than

the amount of muscle activity. We conclude that neuromuscular control of the lower

limb muscle is different between uphill sprint and level sprint.

F-—T7—FK
AT v g, WYy Y, TRGIED
Keyword

X, WA F A= A

Sprint running, Uphill sprint, Muscle activity, Electromyography, Biomechanics

2 B

AWFFRIL, b BGE & P B B TR
BOHEIZOVWTHHT LI LA HIGE L7z B
B ok LR o B 124 (BTT74, &
F5%) Thotz, FHB IV LYK TE0m%E 4
DEGE LB oEBE L TGS (RISEH, BEE
AAMUEE, KERE, W OREREH ) OFE
B4 % 045 L7z, fERTIXRE (40-60m) (2 B1) 5 Feze
WAL, MiEBiosy 43I v 7, Hifiex e
L& I L7z, Z2ofEE, By dsE Ttk
HME, EvF, AMITA PRSI LE 5
WEHEIIVIN O REHTHEEEN RO O RE
Motz —h, EOHGETIE, KRBRERO5EE
DILIVITNT T A 7 VOBEICHE
1237 L7z, SR EDIGEICBWT, AT g
YW o) —dptE (BB oF A 3
CTIZRBESA L, ¥y FORTIZE) S TWnz
LfEgsns. DbELY, Wy atL—=v

FH 2 h AR— Y EEE Vol 44

7\&, BEEIE TR SHIREI DS 4 3 v TSR
% BT REMEAVR ST

&

[

HHEED ML —= v S FEICE S v 2 b
L—=r7 (LYW¥5E) 5. LY¥oER,
FHEMZENT DAL Z L TG ALY
AFy RAFY v hL—=vrThaY. E
AR=VRFEE L F DL N L= 7Y
B b EFbEB SRS TBY, L) IGE
LDy TTA) = MPFE/TH ML —=>
THEOVDEDTH L, F72, L) YGEIREELE
HUND AR =V IZBWTbZD ML -2 7
WEEROLWEDNDH S >V R, L
DIGETIL, FHbE L B L TN O 5iGE)
WIS 2 L) —EHOMEPELNTR D
30 2RI 7 5m/s (i 22 Y, B
(800m) DL —AHmOERELRBETHDL, —
Ji, by TATY U F =D 100mEIZBIT SRS
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EREIIIImsE B LI LE2EETLE, 2h
FCOLEYIGE EFHEIC L B T REBIEEO®E N
1, HBAREEIC B2 MRS E o T b H
K3 s. F72, EOIGEELTFHEICBIT 256
R EBEEOLALZ MR L 72T R0 % < 13,
FLy FINVEICLIDZERRERETH Y, WM
TEHRELFE—SELL VI T baurgdd
T G L 2 B O RIE B R e A R G
HWE, EvF, ANTIA FiE) OIS
ncTwhw, 72, Py FINVEEF—N=F
77~ F3E (overground running) & TIEEDER
HIEBNCAED D B = L AR S LT p 101D,
L7z5> T, EYIGEIC & 2 TGS~ DEE
IZoWT, @k (EHEE), hot—nN—7
T Y FEIZELHIEBOIRS VP ORETT 5
VENH L. FZT, KGRz IEETO T
EENC OV T2 oD% (RIS LU
WE) CBIAHIEHOY A4 30 7B X EEE
DHEIZOWTHIS L2 L2 HIE L2,

1. 7 &

1.1 #WERE

B (IR BRI 5 % S A%
BF1%, HF5HTHo7 (RY1). HEFITL,
EERO B L NEB & OfaltkSIc oW THET

AL, EBRBNANORELR2. R R
HARFEONERRE T HUEEICHE T 2 MmHEELE
B&OAGE KRR 2021-093) #1579 2 TF
ML 72

1.2 E®7Ooran

WBRE TRy =3 v 7Ty TR ER,
R E g OB ER e &) EET S
Zt (LUF, “PlbE) &HESGEHEOT 27 7 v
MR S 7 By ERbE CPIgtER4T) 24
PET A5 (DY, ED¥GE) TER21160m
R 2AZE L7z, BEEIIE, WIS X
M4mO & &, 40-60m X [H & e K& )1 THIET
5 EHHR L7 Z040-60m X[ % 54T X &
LTERL, 20mDFTES 1 LZHEE Y AT L
(Brower TCi-Gate Timing System, Brower Timing)
TRLER L7z, MBOIEFIXT v FyAaL L, wih
b A LDRVEHBE R TR E LTRAL
7o ¥EHh, BEMWOY A IV T EEET L0
W EOENEE T I NNA A= AT
(FZ-300, Panasonic) Ci8f¢#z 5 L 72 (240Hz).
BB 1, W o K BE T UE A (biceps femoris:
BF), A KERER; (rectus femoris: RF), A€
B (tibial anterior: TA), BEAE #M A58 (lateral
head of gastrocnemius: LG) ®OFF5/5 & L7z, &5

R GEENLL LOPHEE B JCEIZ BT R ROME 7 — ¥

Running speed (m/s)  Step frecuency (Hz) Step length (m) Contact time (sec) Flight time (sec)

Subject Gender Mass(kg) Heigt(m) Age(years) Level Uphill Level Uphill Level Uphill Level Uphill Level Uphill
50 1.63 21 820  6.80 407 397 201 1.71 0118 0.136  0.128 0.116
54 1.65 21 784 6.69 419 410 187 1.63 0117 0139  0.122  0.106
48 1.58 22 735 637 409 395 180 1.61 0.119  0.142 0125 0.111
52 1.69 19 873 732 439 428 199 1.71 0.100  0.120  0.129  0.113
62 1.71 22 778  6.67 406 400 192 1.67 0.121 0.138  0.126 0.112
69 1.71 22 990 9.7 450 446 220 2.06 0.094 0099 0128 0.125
74 1.81 22 966 840 425 412 227 2.04 0.101 0.113  0.134  0.130
60 1.72 22 998 856 447 441 223 1.94 0.095  0.110  0.129  0.117
72 1.69 22 932 785 451 446 207 1.76 0.102  0.122 0120 0.103
66 1.70 22 1006 854 457 454 220 1.88 0.093  0.108 0126 0.112
79 1.87 19 935 831 418 413 224 2.01 0.106  0.117  0.134  0.126
78 1.83 22 9.71 8.16 438 420 222 1.94 009  0.112 0132 0.127
Mean=SD 6411 1.72+008 211 891097 7.64£095* 429=019 42+0.21* 207016 1.82=0.17* 0.106%0.011 0.122=0.014* 0.127£0.004 0.117+0.008*
I = B R

A
B
C
D
E
F
G
H
I

J

K
L

EEEEEEEEEL=
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Contact Early-swing
A R4 ﬂﬂﬁﬁﬁﬂ
iFS
d
§

177

d-swing Late-swing
zwwmqﬂaﬁ Ay ¢ T HREER

cFO iFS2

d .‘_,._._,;;‘ “} nd‘
jIJVX k ? /T SN

1 =717 IVHHDER

DOFERETIET A Y L AfELY P — (Trigno
Wireless Sensor, DELSYS) % f\WC, > 71~
7 JE W E2000Hz |2 Crodk L 72, KRBROFE £ >~

F— AL, AR BV CRER T
SIBEMSHEBEHBAL LS A Y PR REREE L,
ZD50 BfrEOFHIEALE Lz, FTHROMEL
H— BRI, IR AL B TR T
BRENFEEFEATZL T A Y D30 %AEE D E
L& L7z, &WomERE S, 20-450 Hz DN
VRNRAT ANV B A EN2H R T, T Y
a—& —Z) AN, REORTHR, &%
DOFABEEIHE (LUF, MVC) % 5 o fiEFHK
P DEERL 7.

1. 3 BZEENEBORNAE

20m DFFE S A LZE L 72K (sec) 25 2%
B (mfs) #8HL7Z. N AE=FRTATDH
E{§x B FAEY 7 b7 L7 (QuickTime Player,
Apple) IZHUD sAK, HGHTRMICEL724-5T >~ =
A 7V OEBOER (Foot-Strike © LT,
FS) OB (Foot-Off: LI, FO) ®% A 3
YTDTV—LBENT LI EDT L —
LB EAT v TOREWER (sec), 22k
(sec) ZHHL, PFHDOE Y F (Hz) ZHH L7
F7o, EHEELE Y FLLFEHANT A K (m)
REML7.

1. 4 FERESOBFAE
HENE S, AfEsLEHEE Y 7~ (Lab
Chart 8 for windows, ADInstruments) (ZH Y JAA,

T b AR—=UEEE Vol. 44

IR (2 DL ERE, Qsfix) OIE 505
RSN % IS, A A TR O & [
M7 HERES ORI, Bhm%» S5
AMS72FSEFOD Y A4 I v 7R ML EHE, i
A& [2LH#EH (ipsilateral leg) |, ZEMI % [ SCxf B
(contralateral leg) | & L7z, ARWZETix, MO
FSEFODY A I T s, ST A7)V
DRHEZE1OMY EFK L, Fo=r T A0
Wik, FEEHOFS (LUF, iFS) OB 5RO
AP OFS (LIF, iFS2) £ T L, iIFS2 564k
H#HOFO (LUF,iFO) ¥ T#% [##l (Contact)
LEF LIz F7z, iFOPHRAMEOFS (LT,
cFS) £T% [A 7+ v 7 WHiH] (Early-swing) J,
cFS 5 OO FO (LLN, cFO) £ T% [A ™«
v 7l (Mid-swing) |, ¢cFO 25 iFS2 £ T%
[Aw 4 v 7 (Late-swing) | L2372 (B
1). THOHD4RHEIZBT B HiEERET FRFY
TR (RMS) fii & LCRke, MVCHETIE#L
L7-AHAHMECHE I L7z (BMVC). JeATiigE % %
(2, RBRIER & M O KER S5 O FilG s o+ ~
vy N 7%y FDY A I T %HTKEO 7 4V
512 & B BEREIC VI L7121 TKEO
TANTIE, HEXETOLF Y PEEFETS
72ODEEROBENETH L 2 MR INT
Wz 2B cneotrey b, F7€v RO
YAIVIE, Ty T A 2 VO S
1307 (%) THILZ.

KERE G & WO KR ZHEHO4 >~ b
(onset) BLWF 7+ v b (offset) DF A I 7
M5, Ml oOZEETdH % Switch B & U8 Scissors
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A iFS iFO cFS cFO iFS2

# & 5 _9 - y

q '};;‘Er NS W (Y R

AN | off I ] \ /-‘/:ﬂ/p;: ,\\;‘:

.‘ “Switch1” ~ " “Switch2" ;
\

iRF
cBF
on off \
B “Scissors1” “Scissors2”
iFS iFO cFS GFQ iFsS2
J 1 .‘_ :
N on on
A8 I o »
2 il o ZE$Switch3 X UNScissors D 5E &

(GeAiige 1 % 211

12T, AR R IR L 22 1) (=2).

[ Switch

FEHE O T B & U O BRI H B FER O
KBRERS (RF) & KERZFH# (BF) Oz 12
L ORES ZRTHEL LTUTD LI
EF L7z (K2A).

Switchl (%) = (iRF-onset) - (iBF-offset)

Switch2 (%) = (iBF-onset) - (iRF-offset)

INOLDPEDMHETH LHH61E, KEER & KR
THMIIIENE L T A Z L RIRT.

[ Scissors |

Avq ry 7HORRBEEER & L TERET 5K
BRIE (iRF) &Buf (SO o BA i &
L CHERES 2 RBR A (cBF) & OIHB) I [
EERTHELLCUTOL ) CERLE (K
2B).

Scissorsl (%) = (iRF-onset) - (cBF-onset)
Scissors2 (%) = (cBF-onset) - (iRF-onset)

1. 5 #hEHIE

FHbE & B BGEICBT BRI B L O
GBI D 7 4 X > 7 OFPIEEDEDIRE T IED
HHUMEIC L WRES L. EmimgiEo Y
EDFEDOHEIZDWT, MDD D 1 ERO 5L
AT K D MRES L7z, A REAKHEIL 5% A & L
10% il & A B & Lo 7z.

2. MEHR

2. 1 BZEENER

R, FHiEE LYIGEIZBIT 2 KEHOF
W+ R Z R L. B SGEICB W TR
J# (p<0.001), v F (p<0.001), A bF A F (p<
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0.001), #Z=rER (p< 0.001) AHEF WA L 72
—77, FHER (p<0.001) XA EIHINL 72

2. 2 FHEBOEH
R2HERIE 5 DOEE O fE + iR =%
w7z B IFEIZE W TiRF-onset (p= 0.024),
iRF-offset (p=0.046) 254 1 7 VD% FICH X
1237 M L7z RS, B0 EGEIZB W TIBF-
offset 5 A4 7 VD2 Y 7 b g LI A A
SNz (p=0094). 512, EYIREIZBWT,
Swicth2 (p=0.092) B & U"Scissors2 (p= 0.057) 2%

®R2 CPHEEL EVIGEICBIAHEHOY I 2T

Level Uphill P-value
iRF-onset (%) 39.7+35 40728 *0.024
iRF-offset (%) 74.0+37 755+34 *0.046
iBF-onset (%) 734+4.1 739+3.8 0.469
iBF-offset (%) 30.3+4.4 319+34 #0.094
cBF-onset(%) 249+3.8 24.2+3.0 0.235

cBF-offset (%) 80.7+5.5 795+4.4 0.276
Switchl (%) 94+6.3 8.3+4.5 0.229
Switch2 (%) -06+t34 -1.2+34 #0.092
Scissors1 (%) 149+45 154=47 0.388
Scissors2 (%) 6.7£6.0 3.3%£3.0 #0.057
PN + A

*: 5% KIECTHEEDV S B, #:10% KETHFEMEMICH 5.

A

iFS FS cFO iFs2

iFO ¢

J ' § y J g J 4
£ i r b B A A W A
S LSRN ES

Level

Uphill

0 10 20 30 40 50 60 70 80 90 100
mRF oONo-EMG mCo-contraction mBF
Running cycle (%)
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ST AEMICH o 72, B3I, KERIER & Wik
DORBEZHEGHOWEHDOZ A4 I 2 72OV TRL
7. B4z, FEERICB LRSS A, BRI
HMEIEE, RBRERS, KEEZHEGOMGEEIREZ R L
7o WINO EMETHEERIIRO N o7

3. % =

ABFFEIEFHE & B PGE, VWb &80k
hORFZEH VRS, FilhEE, WiEo s 13 r
7 OFEIZDOVTIHHART.

3. 1 MZEENERS LUHEHRICONT
0 Y T R & [ — R R A 5 7
WIZIE, BWEy FhrERksnsbY. F72 b
DIETIE, HIEEEASBAT S &) HIRATE
STV L bl Tl B % 7 5m/s TR—
L7z Ly FIVETIE, EYIGETRER,
B, RRRERG, BRSNS, BEREASYMUSEOR
EBEISHINL 722 EhHE s hTcwa Y. Ly
L, SHHOTEIT MLy NI VEICE 2 ERE
BcHT L —F, AR TIETERE, B IGE

iFS iFO cFs cFO iFS2
¥ 4 1 ¥ ¥ 4 3 ¥ 4
VE ARL SR A4
Level
* *
Uphill

0 10 20 30 40 50 60 70 80 90 100
mRF mcBF oNo-EMG
Running cycle (%)

3 BRI & KRB OB O 5 1 3 > 7
*: 5% KHECHEAED D %, #:10% KIETHEMAIH %

T b AR—=UEEE Vol. 44



— 180 —

1204 300+
100 1n 2504 LG
80 2004
60 1504
o § 100
g 40 00
Eﬂ 20 50 4
& 0 0
g 160- 160+
o 1404 RF 1404 BF
1204 1204
1004 1004 . LeVe|
80 - 80
60 - 60 O Uphill
40 - 40
20 4 20 4
0 0

Contact Early-swing Mid-swing Late-swing

Contact Early-swing Mid-swing Late-swing

4 JEAEM TIN5, BENEG SMAEE, JIBR I, IR B O Bl i o0 b

WENLF—N=T T RETEEET L E
WO EBBREETH Y, R IGETIIEWEREOE
WE, EvF, AMTARPMET LA ('), O
T, ENICETFHEOENIERL Y LEV
EREA T L L3 F—N—=T TV FET
FEREETH Y, FLy FINVTEEREL K — 3
TATIIFE L E R Ay T, A NT A K@y
ARENTz. Flz, GBI ICOWT S RITIIE
CRRL)EHHMTHEZIRD N o7
(H4). 2hsoZehs, ML—=r 7 THE
ENDBF—N—r Ty FEIZLSEYIGER,
Tk L) BIEREREICE T LD 00, FHik
L FFOFHHEEDZR S NS Z ED D E %o
7. F72, EOIWETEYEYFORTIRDLEL S
VEVTH A IVEBOEENELD Z LD,
FHhiE & FEEOHHERE Y L ) RVERIZh72Y
HHEL W epfgEsND, DLy, F—
IN=ZFv Y FEIZE A EVHGETIE, MibsE
ZDOLDIZEALIZE L S8, FHE L RSO
EEICE 5 2 EAVRENT.

3. 2 BEHOEAILTIZONT

INET, LOIGELFHEICBIT LHEEO
y 4327 RER L OMEIC OV TRE L7
GG, AT Y b IR S B A T8
T —SHE RS 2 L1618 < R Lk
BEZBEM OIGEND & £ 3 ¥ A WA T hos
T A=V AERT L OICEELRRNTTH A
REE N RIS (Y 103t o R A
HH L7 2%, L0 IGEICBT 5 KBRS
DFvEy N, FTRY MDY IVIE, T
SV THA T VORI T M B E WD) E
e ns (R2,M3). A7 ¥ MIBUAK
BRI 95 4 A R B M 55 & L C e L 141920,
24 v FHERHICED BRI TH S A 4
MEER X ORI RET 2 (F4). £
7o, FRICEEETI, RRWEMETEM (W
AN —BE) 1L oT, BWE Y FRERT S
HRE LB ) Beb 2 1618 = o b X KBRER O
By A IV IBERCFIIEE Y Y F RS L
TWAEZEARIRTWE YW, F72 Ly
IZBWT, BEBIET I T & D O R
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FlCdh B7-0, BHIIZBIT 5 TEEIE KT 5
ZEAHESNTWLY . KR THES L
D YGETRBRER OEBO 5 4 3 > 7 hENRD &
VI 2 kid, BRBIEIEII O S 1 I 2 T bbb
N —BfEOJRIEIZBEDS Y, AERELTE Yy F
DETZFHL TR ZZ 5N 5.

S5, EDIGETIEI RGO 7Ry b
DIAITDT T A 7 VDOBFIY T
b ZAEAASA S 7z (iBF-offset, p=0.094). |-
DYGE T, AR LT AR & SR T T
BB SEDLLEDND L0, HEREICBY
% i ) OHE AR 5202 w52,
B BET A E L D O BEHER I MPRAICH B Z &
B EDSGEIC BT AEE L 72 8 v
IREREEET L, EOIGETRBTEG O F
Ty bDOYA I TARIEL72Z L, BRBIED
MRS TH 2 KB_EHHOHB 2 LR S, L
KREGHWHRIEZEEL LD & LBEILTHD L
WEEINL, DX, KEEE & KBRZEHO
WEID Y A4 I 2 73 EDIGE & Tl & TR
B HEN O D T TR T EARIZ S 7z

3. 3 FHEOEHRIZOWT
EYEEICBWT, Av g BRI BTS
KERIEAG & KR ZBEF W) 0 b ) (28 L 721
M (Switch2) 233 A MEHIIZdH - 72 (p=0.092).
FATHIZETid, Switch2 & ¥ v FIZHE R IEOH
BIBtR DS 5 2 i SN Tnb. Thbb,
FE & RO A & — X7 003 2 ANER ST
VREEEBVE Yy FERLEW. KRR TIR
EDBGETE v FAMK T L7225, ZOERODE
DI Z O EBF &P OIEB OHIE O ZILIZ B
HEFEZOND, 5|2, AY A Y THOKME
ioF 7y by A I 7 EHEBEoRE—
HHOGEOF 72y by 43I v 7 ORE
(Scissors2) ASHiE 3 2 A & > 72 (p=0.057).
ZOZ L, MR AY 4 2 ZHOKBRER O
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TSP I DTGB Ik L CTEIEL TWwWizZ &
MR 5. BATWIZETIL, 2 @ Scissors2 D
AR, DF ) AT 1 v ZHOKERER OGS
FEMNCEHL TV RIEILE, Bey F 2R
LTwkZepfEancezs @ chig, 2
TNV N OEMTEEH I N T AoV &S
TH B —AFEIAHLT 2HHHOKFTH
1), Scissors2 DIFMIDIER X, LD IFEICBITS
T — ZEEDEIE & BRI KL TV b 0
LEzoNs. DXy, nsomilEozq
A, EVIREICBILE y FORTOERNTH S
TREESEZ b,

4, %

F=N=T7F 7 NEPORRKEIIZI B
Fyvablb—Z 7 TIIEREE EvyF, AL
G4 KPP TH. ok &, THEGHEEIIZE
fLLawboo, KREHOHIEEOY 4 I > 7
W= T A7 NVOBPIZAEEIZY 7 MY
L. EORER A 4 v THIO) A3 —BE (B
MFIER) ©F 4 I v ZIBIERAEL, EvTFo
BTEZFHELTVLIREIEZONDL. TLO
L, F—N—=T5r FEIPORRENZLD
Wy ahb=—=r 7Tk, HEHEtobo
PHRTL0TIERLS, HIEFHOF A IV 713
B RITTRME RSNz LR L) sy
Va2 7B TERT S, RIRE
CRERIE R & RBRTB) OB 1 32 7%,
S & RIS ISR S5 2 LT, By T
JEFHIZEEDSY) , AERL L TEWT 3 =< v RIS
B DUFEHATRIES NG,

# o

Ageix, KM EEANAARLRS T Y b A
K= AR F OB 21 CHERE S 1
7z WHIOWSERICE CEHT 5. K52 #17
T2 H 72 0 I 72 72 72 RAR RS0 E S
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Quantitative Analysis of Foot Arch Deformation and Plantar Load Distribution

Pattern During Running

by

Akira Kiuchi, Tomoya Hirano,
Naoya Tsunoda, Kazuo Funato

Kokushikan University Graduate School of Sport System

ABSTRACT

The purpose of this study was to quantify changes in the foot medial longitudinal
arch and the plantar load distribution during running. Plantar pressure measurement
plate (Novel GmbH®, 100Hz) , motion capture system (Oxford, 100Hz) and Force
plate (Kistler, 1IKHz) were synchronized. Plantar load distribution was divided
into five sub-area based on anatomical measurement points. Medial longitudinal
arch angle was calculated as the angle between the first metatarsal distal medial,
navicular tuberosity and posterior aspect of heel, and first metatarsophalangeal joint
angle as the angle between the hallux proximal end of first phalanx, first metatarsal
distal and proximal medial. The plantar load was observed to shift to the forefoot
during push off, and the medial longitudinal arch angle showed the largest change.

Thereafter, the anterior ground reaction force tended to increase with dorsiflexion of the
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metatarsophalangeal joint. Medial longitudinal arch is a flexible structure that absorbs

plantar load during foot contact, and it was assumed that the dorsiflexion of the first

metatarsophalangeal joint during push off contributed to the increase in foot stiffness to

support forward propulsion from the forefoot.

- K

JREME, 27 —7, #E, 7o=07, FAYTAT A

Keyword

Plantar load, Foot arch, Ground reaction force, Running, Kinematics
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T Y= TIIBT B REAMME T —F ZALE
JOREMELYERLT I LA HME L 2
5 (Novel GmbH®, 100Hz), E— 3 =
VXX 7F v A7 4 (Oxford, 100Hz), 7 4 —
A7 L— b (Kistler, 1KHz) % [F#iL, RIK%
TR SIS D W CH DI FE L. BIng
84 278m/s DHEETT v = v T xfTo7z W
e 7 — F M B — R g m A, SR, B
WU O 23 AR, R REERIET AR L, RHEER
(0 SURIYA - le sU Y = SU A (VAT IR OB UN VA (XA
THAFEE LCTER L. BREMERR, #Eheld
AR B L ORUE SV ORTEA A S, D
H LB RE SRR E DS 7 b L, P 7 —
FARENRRKOELEZ R LIz, 0%, Lk
FiI BT T (BB 1T 1 O #y T BT 258805 5 18
WA S N7 —Fix, REsEs, 2
AT 2 WIS 5 720 DT e fdE 2 5, By
LIRS R BHETBIET 2 H R S 5 2 & THME R &
%, BREETELD M3 2 & TR~ DS % 4
AL TW5S EHEESNG,

&

il

e MR, 3007 —F (NHlHET —F
SHET —F, HRET —F) ICX o TR Eh
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LefkE S .
JEEBOFEEHH I RIE N B B 13 R A &
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NT&7 RBEWMEZHETLBEOMEE LT,
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EHDHo TWDO ERILLCRHT 2 2 &8
WEETH L. ZOHBREIRT 572012, EOF
Hp 7 v R~ — 71D W R iED S S
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ENEIET A7200D Y 2 — XADF%E - BEIZD
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SR & OFHIIC T AR H/m L TH L. 2
TAMFZEL BIUF 5 LR 0N
MHE T — F DAL & JE A T 534 & JE D Y
TR —= 7DV TERILTAZ L HN &
L7,

X, =7

1. MEHE

1.1 &

ZIEE, EELZRABEIHTH o7z (4
iy 208 £345%, HR 1742+ 47cm, AE
69.9 £ 5.6kg). FEERFERICHZD, BhE K
L, EBoBM, HEEB L OEBREIZOWTH
L, EBZMoFEZGZ. %8, KR,
TEERFERFIEAR— - ¥ AT ARFSERFIERR
B ZE R OKREZ S CE L 72 KREFS
21014).

A7 147 (Oxford#:#, LLF VICON) % i\
WS L7z > 7 > 7 JE 50 100fps & L7z

Wi K OMEIZIE, 74— A2 7L —k (900 X
600mm, Kistlerft#, PIFFP) 2&H% Wiz,
)y ZEBEBIE 1k HZ & L7z RIRATE SR
ORPEIZIE, LK 5% Novel emed XL (1529 %
504mm, Novel GmbH® #1#L LI F Novel) % Hw
72. Novelld, 1+ >4 — 5 x5mm (0.25cm?) T
H Y, 1440 x 440mm O I 58 i P > H |12 25344 D
AR ENTWS, v —0lllER
fliix 10kPa (IN/em?) Td ), % Dfk5kPa DF5E
THENZHETHIENTESL. 1 =120
HHLEME (N) &, 1ty —oFEHME (IN/
12, 1 ¥ — ok (025em®) #F L5
ETHWM L ) v ZREERIE 100HZ & L
72. 32®FH# (VICON, FP3 X UFNovel) (&

Novel ® TTL{E5 % VICON B X I'FPIZ A § %

cm?)

1. 2 F—42E18 L TREIL 7.
1 ICEREEXZR L7 MEEET -5 ZIN#E 21, Novel S % S 72 E K % 2.78m/
i, e Z I ENMES BT 2 A 7 4 VICON 7 STI Vv 7T 55 IR EITo7-%. HpE
VICONA X 5148
(Oxford, .
100fps) ﬁ K
BEEE2.78m/s)
/
o 1. l
7/
/ T74+#—A 7L — 28
¥ [EE (Kistler, 1kHz)
| REES#HIE
(Novel GmbH®, 100Hz}‘
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(&, CEE Z WEHEH3mICREL, #Ey A L
2RHIL, HDEHPH2HMEBE Y 4 222 ET
HH L7 BT 2721, Novel Ol 7E #i
FIZRIEZ b2 )25, RERLD + 5% D
HPHCTEST LR e it L mg L7

1. 3 EEAEEH

ARHF5ECTHV 72 VICON B X UFFP @ 1 % 13
Global Coordinate System JE 1A & L TEFR L,
FeAwh A x i, missEh A y@h, x #he y AT
L7-8h% z @i & L7z, Novel B % & VICON B
& O'FP IR R DI i E 2SR 72 5 728, Novel
OWEFF 1) 77 Ly AT —H — 4 KRR
L, Novel & VICON B & O'FPEEIE % & i iR
FREFHII L 72 IS, &) 77 LY AN — 1 —
O JE# 1Al % Novel automask > 7 b 7 = 7 (Novel
GmbH® #t%L) |2 A3 % Z & T Novel B A D

1. 4 BET > Y — V&

JEEBFRH AR S IR % X533 5 72012
Oxford Foot Model % %12, Z1% O 15 2
FIEMFHIIC S » R —27 284 L7z (F2).

TOE
(M= - B=ch R Rt MchmA)

M2 REHT > Fv— 7 it
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WA A7 &, B & 45156 (Lateral calcaneus D
T LCA), # B 22 2 (Sustentaculum tail L
TSTL), 4 — " J& & & ff ¥ (First metatarsal
proximal medial Ll N MP1), £ — w1 J2 & 3 fif
%5 (First metatarsal distal medial Ll F MD1) &
Bk R #i 5 WF AL %% (Hallux proximal end of first
phalanx DLFHLX), #5 - & = d 28 i
[ & (Between second and third metatarsal head 2L
TTOE), & # v & & & fir 4 (Fifth metatarsal
proximal lateral LL T~ MP5), #5 70 /F J& & 5% {7, i
(Fifth metatarsal distal lateral L\ T~ MD5), i &
MITH (Posterior aspect of heel LL N HEE), JFIKE
(Navicular tuberosity 2L F'NAV) O&FF10M8 & L
7z.

1. 5 REEXAYHE

RIS, B> 20 Li2g s v K
= 7 FEREATE 2 6 5ERALIC A EI L7, RIS
BT & B S T JRIR L O Z B E R T
VCION |2 & o TEHM L 72 BT >~ N~ — 7 JEFE
firi (x, y) (&, Novel i FASREIZHAT S 7z,
Novel BEfZ (X VICON 3 £ O'FPEEZ & #i— S 1 C
WA, 1 s —sHlEF (x L 5mm, y
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JERE © 5mm) T &R E X L7z

JREE % X539 57280 h,ﬁﬂﬁvaﬁ7W
TR 1 7> & IR A 18 & S L 72, MPLJSSREAT
B & STL JEEAEAL & % 4 A 72 [E AL & (Medial
mid-point between MP1 and STL Ll F MMID) &
L OMP5 & LCA % #% A 72 1 [ FE RS 17 7 (Lateral
mid-point between MP5 and LCA LT LMID) #%
PE L7z RIZ, MPL & MP5 % % A 72 v i Jg6 4

i (Proximal fore foot UL T PROXFF) L Of
MMID JE fZ {7 & & LMID B fZE A7 & % 4% A 72 FF 1
JEEAT & (Distal heel foot YT DISTHF) % S L
7. ##%My1Z, PROXFF & TOE % i A 72# % it
S AP S N o I =03 VK (R A N [ -
DISTHF & HEE # 52 12X 0, L Eh % A
EAMENCAEI L 72, %72, DISTHF & PROXFF O
xR e L7z,

1. 6 T—254

FHI L 72 Novel 77— # 1%, Novel automask >/ 7
k27 (Novel GmbH® #18L) % I\ C & LI HR
MOmEMEHH L7

T v N~ — 7 ONEEET— 713, EiEsirisk
% VTRl T B (THz) 2 v L7z, 4
KON T = AT =827 1 =)V ¥ —% T
FiEibE T o7z, BEHF AT A VAT =8 &
LT, W7 —F MR B & OV 2 ik 5 B A

J& % Visual3D v6 x64 (C-Motion#1:#) % w4
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Effect of Cloth Face Mask Wearing on
Exhaustive Incremental Running Among Young Men

by

Takeshi Ogawa
Osaka Kyoiku University

ABSTRACT

This study aimed to investigate the effects of wearing a cloth face mask on
physiological responses during exercise and running performance. Nine healthy men
performed a graded load treadmill running test until exhaustion while wearing a cloth
face mask (FM) and without a mask (CON). Minute ventilation and oxygen uptake
were measured using a mass spectrometry metabolic analyzer, and mouth pressure
(Pm) was measured and calculated as an integral Pm to assess respiratory muscle
effort. Maximal minute ventilation was significantly lower in the FM condition than
in the CON condition (p<0.05), while an integral Pm was significantly higher in the
FM condition than in the CON condition (p<0.05), and Time to exhaustion tended
to be lower in the FM condition (p=0.07). However, VOonax Was not significantly
different between conditions. Our results suggest that in healthy young men, wearing
a cloth facemask did not affect aerobic capacity even though impairing pulmonary

hyperventilation.
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Effects of Differences in Pre-Exercise Dietary Intake on
Arterial Stiffness and Aerobic Exercise Performance

-Comparison of Vegetable and Animal Based-Foods-

by

Takanobu Okamoto

Nippon Sport Science University

ABSTRACT

This study was investigated the effects of vegetable-based versus animal-based
dietary intake before exercise on arterial stiffness and aerobic exercise performance.
Eleven healthy young adults performed a vegetable-based or animal-based dietary
trial on separate days in a randomized crossover trial. We matched the protein, fat, and
carbohydrate (PFC) balance of vegetable and animal-based diets. Carotid-femoral
pulse wave velocity (cfPWV), blood pressure and heart rate were measured before
and 120 min after the meal on the both vegetable-based or animal-based dietary trial.
After the all measurement, aerobic performance was assessed using a graded power
test. The cfPWYV in the vegetable-based diet significantly decreased after the meal (p
<0.05). However, The cfPWYV in the animal-based diet did not differ before and after
meal. Blood pressure and heart rate did not differ before and after meal in the both
trials. Maximal oxygen uptake was higher in the vegetable-based diet trial than in the
animal-based diet trial (P<0.05). These results indicate that pre-exercise vegetable-

based dietary intake may reduce arterial stiffness, and may improve aerobic exercise
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TL7 7, fWHSEMFICBT S VOmax i,
FYMSEFEBR L CAEREICEMEERL. L
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LDL-cho (mg/dL) 84.5%26.2 87.9=284 90.8+27.1 90.5+25.5
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ABSTRACT

Increasing the rate of sports participation in the population is an issue that many
countries are tackling. In Japan, the sports participation rate among adults is less than
30%, especially among those in their 20s and 30s, which is the lowest compared with

other age groups, and there is an "indifferent" group to exercise and sports.

T2 M AKR—=YEE Vol. 44



The purpose of this study was to investigate the attitudes of the younger generation
toward exercise and sports, and to examine the motivational factors necessary for the
indifferent to exercise and continue to do so. Male and female university students were
guided through a new sports content (SPOREV.) that combined digital technology, art,
and music on campus, and their attitudes toward exercise and sports were confirmed
through a questionnaire survey before and after the experience.

As a result, most of the participants answered that they had a certain exercise habit
and confidence in their physical fitness in the past and at present. On the other hand,
some students in the indifferent group who had no exercise habit and had no intention
to exercise in the future also participated in SPOREV. because "it looked interesting" or
"I was invited by a friend," and their motivation to exercise tended to increase after the

experience. In the future, we will further examine the motivation and reward system to

211

make the indifferent group want to engage in exercise.
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