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Is Electrical Muscle Stimulation an Alternative to Exercise?

by

Soichi Ando
The University of Electro-Communications
Takanobu Okamoto, Yuto Hashimoto

Nippon Sport Science University

ABSTRACT

Recent studies suggest that electrical muscle stimulation (EMS) has the potential
to be an alternative modality to voluntary exercise. However, the effects of EMS on
human body are not well understood. Thus, the purpose of this study was to examine
the effects of EMS training on quadriceps muscle hypertrophy and strength, vascular
endothelial function, autonomic nervous system function, and cognitive function.
Methods: Thirty heathy male participants were divided into EMS training, resistance
exercise training, and control groups. In the EMS training group, the participants
performed EMS three times per week for 8 weeks. In the resistance exercise training
group performed leg-press three times per week for 8 weeks. Cross-sectional area
(CSA) of the quadriceps muscle was assessed at mid-thigh (50% of the femur) and
distal (70%) regions using magnetic resonance imaging. At mid-thigh and distal

regions, muscle CSA increased after both EMS and resistance exercise trainings.
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Isometric knee extension strength increased in the EMS group. The EMS training also

increased vascular endothelial function. Both training did not affect autonomic nervous

system activation and cognitive function. These results indicate that EMS potentially

induces muscle hypertrophy, increases muscle strength, and improves vascular

endothelial function. The present findings suggest that EMS can be an alternative to

voluntary exercise.
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N =R 7 6710 76+12  82x18 85=%17 91+24  98%27 p=0013" p=0025" p=0.708
L 203%16 214%17° 209+38 224%36" 249%59 248+%54 p<0001™" p=0.164  p<0.001 "
HREE 5 216+33 233%31"° 238%41 263407 23934 239%30 p<0.001 " p<0.001 " p<0.001 "
PRI 75 127+37 126+34  133%20 136+24  121+35 119+25 p=0891  p=0538  p=08l1
LTS (70%) , cm?
BRI 459%69 517+53" 510+92 55387 577=110 58.1%96 p<0.001™" p=0075  p=0.004 "
KBRS 1.1£09 18+12 1708 19+08 23+11  26=13 p=0003"" p=0.080  p=0.228
v S 12012 138%22 130+21 142+22  176+30 176=35 p=0.005" p<0.001 ™" p=0.101
SRR 120+32 139+25 137%39 155+35  161+35 16234 p=0001"" p=0.096  p=0.082
PIBIE 5 209+40 223+37  225+35 237+37  217%47 217+44 p=0013" p=0616  p=0.166
M M V2 ,N-m
SR 177+34  207+31"  200+27 18428 19560 18059 p=0910  p=0970  p<0.001 ™"
LWL 60" sec 15938 16931 154227 164%27 163+55  163=54 p=0041" p=0975  p=0.314
SEWE 1807 sec 11119 118+38™  107+23  114%16 118+38 12037 p<0.001 ™" p=0.867  p=0.035"
SHME 300" sec 8614 9418 8416 8913 9430  95+30 p=0.005"" p=0813  p=0.146
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Measurement of Ground Reaction Forces in Sprint Running Using Insoles
With 6-Axis Tactile Sensors.

by

Hidetoshi Takahashi, Kenichiro Shimazaki

Keio university

ABSTRACT

This study aimed to measure and analyze ground reaction force (GRF) using MEMS
6-axis force sensors mounted in the insoles. The force sensors were placed on the
thenar, hypothenar, and heel and measured vertical (Fz), anterior-posterior (Fy), and
mediolateral (Fx) forces with a sampling frequency of 50 Hz. Measurements were
taken in four events: walking, jogging, wind sprint, and sprint, and a 60 m run from a
crouching start. The subject had 8 years of track and field experience. Running speed
was maximal at sprint, and the stride was maximal at wind sprint. The time between the
peak heel reaction force and the peak thenar reaction force confirmed that the center of
gravity movement speed during ground contact was maximum at the sprint. During the
wind sprint and sprint, the vertical reaction force and forward shear force at the thenar
increased, while the outward and propulsive forces at the hypothenar increased. The
vertical force at the heel was smaller than that of the other sensors due to the forefoot
strike form. During the 60 m run, strong propulsive forces were measured from the

hypothenar during the acceleration phase, and the values gradually decreased with time.
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On the other hand, the sensor on the thenar outputs a braking force, which gradually

increases with acceleration. These research results suggest that the measurement

of GRF using MEMS sensors is easier and more location-independent than force

plates’ measurement. In this method, the trajectory of the leg can be inferred from the

difference in sensor output between the thenar and the hypothenar, suggesting that the

data can be used to improve the sprinter’ s running form.
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Evaluation Criteria for Texture of Sportswear in 3D Wearing Simulation

by

KyoungOk Kim, Masayuki Takatera
Institute for Fiber Engineering (IFES),
Shinshu University
Hana Ishida
Graduate School of Science and Technology,
Shinshu University

ABSTRACT

To investigate the evaluation criteria of the surface texture of sports clothing in
3D wearing simulation compared to actual clothing, a comparison was conducted on
the similarity and difference between the simulated and the actual clothing images
and those impression. We also tracked the eye movements of the evaluators during
impression evaluation using a gaze-tracking device to investigate the parts of the
garments they paid attention to. We prepared eight sportswear pieces with different
materials and colors and created simulated and actual images worn on a mannequin.
The evaluators were 20 university students in their twenties. As a result, the evaluators
gazed at the garment's chest, hip, and leg curved parts in the simulated and actual

image. There were less significant differences in the overall impression of a garment,
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such as gaudiness and elegance, between the simulated and the actual images.
However, the simulated images of bright-colored or glossy fabrics tended to be
evaluated as thicker and heavier than actual ones. The impression of smoothness also
tended to differ in both. For dark and mat fabrics, there was no significant difference
between the simulated and actual images. When evaluating the texture of sportswear
in 3D wearing simulation, the evaluation items that cause differences from the actual

nn

image are "thickness," "weight," "smoothness," and "glossiness." Those are considered
as the evaluation points of the difference between the simulated and the actual
clothing. In electronic commerce, simulation images can convey the overall impression
of a garment. Simulation images can be used more effectively as product images

considering the evaluation points of this research result.
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3D Apparel Simulation, Sportswear, Texture, Electronic Commerce
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Basic Study of The Skin Vibration
Caused by The Contact of Clothing with Skin

by

Mariko Sato, Naomi Izu, Yuko Matsui
Bunka Gakuen University
Yoshihiro Tanaka
Nagoya Institute of Technology /

Inamori Research Institute for Science

ABSTRACT

In wearing clothes, passive contact between the clothes and the skin occurs
accompanied with human movements. In this study, we first examined the contact
between clothing and the skin on the trunk during the movement of upper extremity
utilizing a pressure measurement film. It was clarified the neck, shoulder tip, and
scapula are prominent contact sites. Next, we explored the possibility of skin vibration
measurement in the vicinity of the protruding part of the scapula. Investigation of
the vibration intensity and median frequency of the skin vibration caused by contact
between the skin and clothing revealed that a site about 2 cm away from the contact

area was suitable for measurements. In addition, from the skin vibration measurement

FH v F AR—VEEE Vol. 45



in wearing several types of sportswear, it was clarified that the vibration intensity was

greater in wearing sportswear than in not wearing it, and we found a certain tendency

from the analyses of results of each sample. The relationship between the feeling of

wearing and skin vibration is different from the active contact by tracing the clothing

materials. In the passive contact between worn clothes and the skin, it was manifest that

multiple factors, such as the looseness of the clothes and the characteristics materials,

affect the skin vibration in contact.

F—TJ—FK
BeIE, Kk, Hefih, RRFIRE), HREHIHEE
Keyword

Skin, Clothing, Contact, Skin vibration, Vibration intensity
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Influence of Perspiration on Performance of Functional Sports Innerwear
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ABSTRACT

The moisture-absorbing and heat-generating fibers are used in innerwear for winter
sports. The moisture-absorbing and heat-generating fibers generate wet heat through
reaction between insensible perspiration from the skin and the functional groups of
the fibers. In this study, the parameters of thermal properties such as A Tmax and heat
retention index were measured using a device made according to the JIS method to
measure the thermal properties of hygroscopic heat-generating fibers with different
functional groups. It was found that these parameters of thermal properties depend on

the types of functional groups, and that acrylate fibers had higher A Tmax and heat

T2 b AR—VEEE Vol. 45



49

retention index. The subjects were asked to wear inners made of moisture-absorbing

heat-generating fibers, and evaluated the comfort of the inners with regard to the feeling

of warmth and moisture during the time course of a series of rest and motion activities

by monitoring the micro-climate between inner and skin. A correlation was observed

between the temperature within the clothing and A Tmax, heat retention index.
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Keyword

moisture-absorbing and heat-generating fiber, insensible perspiration,

maximum temperature of moisture-absorbing and heat-generating, heat retention index

thermal insulation property
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Development of Cooling-Down Methods for the Prevention of Circulatory

Disorders in Baseball Pitchers

by

Keisei Kosakai, Takashi Kawamura
Institute of Health and Sport Sciences, University of Tsukuba
Shoya Mori, Masaki Yoshioka
Graduate School of Comprehensive Human Sciences,
University of Tsukuba
Seiji Maeda
Faculty of Sport Sciences, Waseda University

ABSTRACT

Among sports injuries caused by pitching motion, preventive measures for
circulatory disorders have not been sufficiently established. Therefore, this study aimed
to clarify the acute effects of icing performed after pitching on brachial hemodynamics
in baseball pitchers. A pitching task consisting of 98 pitches was conducted with twelve

university baseball pitchers, and two conditions were set: a control condition without
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icing treatment after pitching and an intervention condition with icing treatment.

Subjective fatigue, shoulder external/internal rotation muscle strength, and brachial

hemodynamic parameters were evaluated before and after pitching. The reactive

hyperemia index (RHI) score, an indicator of endothelial function, was calculated to

assess one of the brachial hemodynamics. No significant interaction between time and

condition was observed for subjective fatigue and shoulder muscle strength. However,

a significant interaction was found between the temporal changes in RHI scores and

the presence or absence of icing treatment, with lower RHI scores on the following day

observed in the condition with icing after pitching. The results of this study suggest

the potential impact of icing after pitching on endothelial function. These findings are

considered important fundamental insights for investigating cooling-down methods for

preventing circulatory disorders in baseball pitchers.

-

BT, €vF oy, MENERE LRIMTERE T4

Keyword
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Development for Foot Motion Analysis System with Footwear

by

Shintarou Kudo, Masahiro Tsutsumi
Inclusive medical sciences research institute,
Morinomiya university of medical sciences
Isao Yamaguchi
Department of Radiological Sciences,

Morinomiya university of medical sciences

ABSTRACT

The motion of the talonavicular joint in shoes is important for understanding the
mechanism of sports injury, but there is no method for analysis under normal shoe
stiffness. We examined the motion of the talonavicular joint using the stretch strain
sensor (STR) that can measure the motion of the talonavicular joint with shoes on.
Fourteen feet of 14 healthy adult males were included in the study. The talonavicular
coverage angle (TNCA) was assessed in the sitting and standing positions using
X-rays, and the arch strain (AS) was measured in the same postures using an STR.
The AS was measured by four attachment methods and the correlation between the AS
and changes in TNCA was analysed. The method with the highest correlation was used

to examine the changes in the AS waveform of running motion in barefoot and shoe
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conditions. The AS condition with a line connecting the medial malleus and navicular,

and an inclination of 50 degrees downwards to the floor correlated significantly with
changes in TNCA (r = 0.60, p = 0.02) . There was no significant difference in AS

during running between with the shoe and without shoe conditions. Therefore, AS

measurement by STR might be able to assess the motion of the talonavicular joint

during running.
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Stretch strain sensor, Talonavicular joint, running, shoe, foot
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Study on CAE Simulation of Garment Pressure Using Strain Energy Density
Function Derived from Biaxial Deformation Test Method

by

Yoshihiro Yamashita
University of Fukui,
Research Center for Fibers and Materials
Satoshi Ishikawa
IDAJ

ABSTRACT

To predict garment pressure accurately, it is essential to model the biaxial
deformation behavior of textiles by considering yarn properties and weave structure.
Yarn's mechanical properties are nonlinear, and assuming a Poisson's ratio of 0.5, we
can employ a hyperelastic model to simulate large deformation behavior. In this study,
we approximate the mechanical properties of spun yarn using an equivalent model of
a homogeneous monofilament. We use CAE software, Abaqus, to simulate the biaxial
tensile behavior of a plain weave.We estimate the stress-strain relationship by fitting
the strain energy density function to the Mooney-Rivlin approximation, which is
based on biaxial deformation in the course direction. This direction closely resembles

the deformation experienced when wearing a garment. We also utilize CAD data for
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a general-purpose mannequin and a shirt. When we compared the results with the

measured garment pressure of a T-shirt worn on a mannequin, we found that they were

in good agreement with the measured garment pressure.

F—TJ—FK
KRE, CAEY I alb—3 a3y, OFAIARLY—, = b, &, —#EE
Keyword

Garment pressure, CAE Simulation, Strain energy, Knit, Knitted fabric, Biaxial deformation
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Study of Biomarkers in Saliva as Indicators for Diagnosis of Sports Related
Concussion and Return to Play
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ABSTRACT

Biomarkers as indicators for the diagnosis of sports related concussion have not
been established. The purpose of this study was to analyze saliva samples from
student American football players for microRNA and protein expression before and
after concussion injury and during recovery, and to identify biomarkers in saliva as

indicators of concussion diagnosis and recovery.
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Six samples were analyzed before concussion (Pre), nine samples during

concussion (Post), and three samples during concussion recovery (Rec). MicroRNA

extraction and protein mass spectrometry were performed on these samples to analyze

and identify biomarkers whose expression changed at each phase. The results showed

that the expression of SPRR1A (small proline-rich repeat proteinlA) protein, which

is considered to be related to nerve regeneration, increased significantly from Pre to

Post and decreased from Post to Rec, suggesting that it may be a biomarker in saliva in

sports related concussion.
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Development of a New Evaluation Method for Chronic Ankle Instability
by Blocking the Kinetic Chain Using Knee-Extension Immobilization
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ABSTRACT

The purpose of this study was to observe the postural control strategy during
the single-leg standing posture with knee joint extension fixation and clarify the
pathogenesis of chronic ankle instability (CAI) specific to the ankle joint, which is
obscured by the postural control governed by the hip joint. The subjects consisted
of male basketball players, including 15 healthy individuals with no history of ankle
sprain and 15 subjects with CAI. They maintained a double-leg standing posture for
10 seconds, followed by a single-leg standing posture for 20 seconds. In addition to
comparing the healthy group and the CAI group, comparisons were made between
the two groups with and without knee bracing to immobilize the knee joint in the
extended position. The CAI group exhibited significantly higher center of pressure
acceleration during the transition from bipedal to single-leg standing due to knee joint

immobilization, suggesting a substantial contribution of the hip and ankle joint kinetic
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chain to the CAI group's ability to maintain the single-leg standing posture. The results

revealed ankle dysfunction masked by the hip strategy, which could not be confirmed

through previous examination of CAI pathology.
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Keyword

Chronic ankle instability, Center of pressure, postural control ability, joint strategy,

joint dysfunction
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Effect of Blood Flow Restriction Exercises: Light and Long vs
Hard and Short Protocol

by

Koichi Okita
Department of Sport Education,
Hokusho University

ABSTRACT

Resistance exercise with blood flow restriction (BFR) is a new training method
providing significant training effects despite the use of low-intensity mechanical loads.
It was previously demonstrated that BFR remarkably enhances muscular metabolic
stress in resistance exercise and that the metabolic stress was effectively enhanced by
increasing mechanical intensity but not BFR pressure. However, because of blocking
the metabolic recovery by BFR, it is possible that even with low intensity, metabolic
stress might gradually increase with respect to increased repetitions and reach sufficient
level.

Therefore, in this study, the muscular metabolic stress during resistance exercise with
BFR between light-long and hard-short protocols, adjusted by totally the same work
volume (load X repetitions) were compared.

Twelve male university students were recruited and performed unilateral plantar-
flexion at 30 repetitions/min in a whole body magnetic resonance system. The BFR

exercise protocols were as follows: exercise with 10% of one repetition maximum
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(1-RM) for 360 sec (180 repetitions) , 15% 1-RM for 240 sec (120 repetitions) , 40%
1-RM for 90 sec (45 repetitions) . All protocols were same in total work volume (load
X repetitions=1800) . In addition, a standard high-intensity protocol of 65% 1-RM
without BFR (60 sec, 30 repetitions) was also performed for comparison. Muscular
metabolic stress in the calf muscle, defined as phosphocreatine and intramuscular pH
decrease were evaluated by using 31P-magnetic resonance spectroscopy.
Phosphocreatine depletion and intramuscular pH decrease at the end of each exercise
were statistically similar and equal to or greater than that in 65% 1-RM without BFR.
In conclusion, if the total exercise volume calculated as a product of mechanical load
multiplied by repetitions were equal, metabolic stress in exercising muscle might

achieve the similar level at the end of exercise with BFR and could provide similar

successful training effects.

-

MFRHIRR, WA LA, i, FL—=r7, HER

Keyword

blood flow restriction; metabolic stress; ischemia; training; muscle hypertrophy
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THIRZ G LT, 2 ORFITARRE KT
THIERRELTWDEA, —F, IEY+—F
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THEIMAPES DL S EARENTNEY . K
T, MR & ) = 3O F— R o mE
FoNsZ EIZHEH L, BIKREOENZ VT
b, MR LK E S LREMEZENE Y5
ZET, EREEAMICISECT 2RSS NS &
W% LT, WAREAES L 2 5 KHRE X £\
B L & OV RREE X A7 W 1 S L [
DEMEZ 72 MFFIR T L Y A % > Z8E) % fi
7L, BEHNAHA N L ZAZREBL:. B
Beng TEAT] L IXBIT 5720, ABFETIET A
WE—RBNCLB 7L TF ) VBB LU pHD
BT% [HIREA P L] EEEL.
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1. B &

1.1 #HEeE

SR ER T RFEL2HE L EBRISE
Vh, ETOWBRE ISR B, ik, ZAe
WA FHFICHA L, RHFENOSMOFE %15
7z F7ARWIZEENENE, ALHKFMEZ RS OK
RBEZTTND,

1. 2 EFH7yO0ba3—)L (M1)

WEERE L, 45 FMR 2R N IS CIRREMEIR T
PR L 72 B2 8 2 F V€, A BAAE A5 JE B
JEEE & 12D ~— 2 TITo 7. AfE,
BWBE OR K% FERE (1 repetition maximum,
1-RM) 2°55%%E L7z, 1-RM O l5E 13 MR #4234
T % b O L kO ES)EE % T, B
A BB SRR B 2 47V, SemZE B FE A ik
Eak L7

JOoba—- VU TO#@EY THLH OI0%
1-RM + MR (360%5,1801m), @15% 1-RM +
M AIR (24075, 120[1), 340% 1-RM + Ll B
(90#,45[), a v bu— )Lk LTD6E5% 1-RM
+ MFEfiIBR 72 L (60F5,30Mm). Myt % Hv 7z
7a b a—)uid, THREEx#R DR L = 1800] 12/t

BYELEK (E)

Zabka—-n () 45

120 180

10% 1-RM + BFR (360)

15% 1-RM with BFR (240)

40% 1-RM with BFR (90)

65% 1-RM (60) 0,

X1 ##7oba—)u
28 CLIRI O T R = SH SR E) 2 17 - 72 MG R % 5617 L 7210%1-RM T, 180 - 360%%, 15%1-RM T i, 120[1] - 240%%, 40%1-RM C i,
4500 - Q0F JEAT L 72 AR & L THT - 72— AY 7 SR EE T 4 5 65%1-RM T, 30[a] -60%% & L 72. BFR, blood flow restriction; RM, repetition

maximum.
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70 b 3= VIREERIIC AT L, 25005
D2HMIIAT TTo 72, 2[81H O #EE) % BA
LENCIE, L2 AV F— P LER IR
REFCHEEL TS Z & AMERL 2. Myl R,
FATRRGEIC D SRR ER IC 255 L 72285
K &1 7 & pneumatic rapid inflator (E-20 rapid cuff
inflator, Hokanson, USA) % HI\» 37, #iErE o
FEFR IS T U 00 1.3 65 O 1 CHAT L 72, IR
#| B 1 pneumatic rapid inflator O 7 % )L 5 1
ATVUAZERL, FMICHER L2, iR
SEENHIBAAG LOFS RIS 200, BB T SR R
BL7z.

F BNy & B) 5k E (rating of perceived exertion,
RPE) i 10-point Borg scale T&FAli L, # b &w
rating 13 0.5 point & L 72. RPE 3% EB# T A
BIZH & o7z

1. 3 BREAIXILX—KHOBE
WeERE 13 4 5 I MR #%2% (55 cm-bore, 1.5 Tesra,
Magnetom H15, Siemens, Erlangen, Germany)
(ZRRTE L 72 IR AR CURRL S M7 B BN 12 B W
THMEMZE 72 0, FENECTdd 5 FRR=E o o
I 3IPEhEE H o i =2 A v (EA£80 mm) %
B L, BRI SBEIC & 2 HE % ZEE S &
CHEEH 158 T L 12475 7257, B n/-gr 4
WE=Y VAR MV H 2 LT T2 VBB
SR ) CRRO MM TR A I L Ay
FVORE SEIMHETH LA, 7 LTF) >~
DRl Tl T [ L7 0 VR &
() VBR] OFNIEER L—ETh DT L b,
AT IS T, ZOMEHEH E425 mM &
WEL, 7L 7F ) yEEEREE L CH
L7=9. #ifepHIE, 2 L7 F > ) vk &I
WY CBROE =7 O IHVT T bOEE T
B L 723710,

1. 4 HREHQLIE

Rl T — 2, P EERFEETEL, M,
Ty E#ERGE (F LT F ) YEREPH) L
g+ (R~ (RPE) TR L7z, @EB&MHo
HEE TRIC BT A7 LT T 2) VERB L O
JE pH @ e8I 1%, —IehCiE - # T (ANOVA)
%, RPE |22 Tl Kruskal-Wallis 7€ & v 7z
BHEAEDTRD H N4 1E, Bonferroni 0% E It
¥ (post-hoc) 12 & O #RsE L7z, MEHFAHIA BAK
HIE p<0.05 & L, F_COREITEERIT Y 7
I IBM SPSS statistics version 28 (IBM Japan) %
Hwiro7a.

2. % R

R NHERE OIS, ME - M H R3S
JURARELEROFERER L.

=1 R O FEA

W HY + B2

BEERE L 12

ki A 221 =09
HE cm 1707 = 5.8
K3, kg 627 =70
RIS %, kg/m? 215 + 2.1
ISE A IE , mmHg 110 = 87
M R, mmHg 143 = 11.3
feoRzE FH S ke 523+ 74

F2 1285t B A2 LT F ) VB ERN
pHORREEZE L 2R L7, EEbofmNs LT
F ) VR, pHIFEMIRE IZAHIG L TR T3
7, WARREDFELS L 2 2 8BOTL TIRA%D L
NVZE STz (K12). S 512, MR % ff
HLZTXCo7a ha— i, #iEELTw/
FEHERY 72 W DR IE T & 5 65%1-RM % F 72 8] &
DEWRHA ML AZAL STV,

—7J, EERAORPEIZIZA 7O I — LV E
OMFIFEEZE IO SN o7z (K3).

2. &

AWFFEOFERE, BEREAT ZHVT LD
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Training and Exercise Effect on The Kidney Diseases

by

Hiroshi Nishi, Masaomi Nangaku,
Takaaki Higashihara, Miki Odawara
Division of Nephrology and Endocrinology
The University of Tokyo Hospital

ABSTRACT

Chronic kidney disease is a serious health problem, and the effectiveness of exercise
and training as prevention and treatment has not been fully verified particularly in terms
of basic molecular biology and physiology. In this study, we employed a mouse model
in which albuminuria induced by a high-fat diet is reduced by treadmill exercise as
previously reported. We performed RNA sequencing combined with cluster enrichment
analysis of mouse renal tissue with different diets and training programs, and found
a group of genes related to inflammatory responses and stress responses that were
upregulated by a high-fat diet and then downregulated by exercise. These genes include
CxclZ, which encodes chemoattractive chemokines which mainly affect neutrophils
in inflammatory response. Therefore, we focus on their physiological effects and then

performed immunohistological evaluation of neutrophil infiltration in kidney tissues
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obtained from mice with high fat diet and/or exercise. However, unfortunately, no

changes in cellular infiltration were observed in response to a high-fat diet or exercise.

This does not deny other biological of the chemokine effect than we anticipated.

Indeed, in chronic inflammation, the role of neutrophils is less well understood and has

been described as either beneficial or detrimental, causing tissue damage and enhancing

the immune response. Based on the results of this comprehensive study, we intend

to further elucidate the renal receptor mechanisms associated with exercise and aim

to provide basic scientific insights into the effects of training and exercise in chronic

kidney disease.
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%. BE#Clirisin?, FGF-21%*, myonectin®,
I%M?®¢®ﬁi#ﬁﬁ<#,mxikbf®
irisin DIEHIZOW TR RBOREZ L Twiwn
TAED 29 L7z 513 ikk e LT
RO~ A F A 25 THEET D HetEA7RIE
ENb. Fh, ZoORR - FEICEEHOD L~
AFHA Y OHRTbNTIZ, Pl EFEFERY
BT TOBRMRY —r v AL BTV - N4 T
A b HERERRT AR E R E 2 ) 2 5.
Ak 2 BB X o Ty ABRICA LT
B AR T HBEB % MR 5 2 812k o
T, EHD D 72 5 TN ORI FE ORI A 72,

1. 7 &

1.1 EEEpy 10

%@%%ﬁMMMM7@x(mmcmA
I, HA) #EH LA~ A% 0m % O
12/12 W5 TR NERIA A > / % 7 A3 & 7z 3
5 CETE L7z, SR ORoRK I Id B BT &
% ad libitum OIREEIZ L7z AWFZRICBWTHEH L
724 T OB FURF KA B E 5 R 58 F 0 52
BREHAN e T, AL 72, AW
REERZ B RO, KL 2T TTo 72,

1. 2 w9 xEHHan 9

<W A5y MIRLY FIVY AT LTMS-
8B (Melquest, B, HA) A L7 EATME
FHAEORE, BERMWMGEE03mA, EATHE O/
min THA%A, 545 T 4 1EATHE 12m/min &
TLEH L T12m/min ® FHEHE CTE&FF LR EST
BICHBR TS 70 r 50 %B%E LR 2h
1276 % VO2max WA L & N SR EE & IS 3
L. 72720, BIUERA BT 2 VO2nax 80 % %
Mz v FEGEEIEMZASH, $FEROT O
b I —WZs U728 7205 2 72,

1. 3 BEBEBRS<IZEFILO

EREOEB BT 2 G IR0 5 & [FIKEZ 60 keal%
felies - 7 — FAEH &G & (Research Diet,
New Brunswick, NJ, USA) # 8#M5 2 7-. #
23 < COfR & A L7210

1. 4 BRNAY—F 22X

RNA @ 52 4 1% 13 RNA 6000 Nano Kit (Agilent,
Santa Clara, CA, USA) % H \» T Bioanalyzer
(Agilent) T FEMli L 72. Z ®RNA % JH v
C, NEBNext Ultra II RNA Library Prep Kit
for lllumina 3 & " NEBNext Poly (A) mRNA
Magnetic Isolation Module (New England Biolabs,
Ipswitch, MA, USA) % A\ T, mRNA ¥ — 7
YAMDIAT T =% A= — DRI
THER L7z, RIZ, N4 4757 A% —DNA
7500 % v b (Agilent) * VT, 74771 —
DYERE L A X5 EE L. $XTOH »
TGRS — 7 AR ETOMITIHEH L
7. 9477V —%7 =)L, EE%10nMIZH
Bl T—NVENTTATT) = ZEMEL
Mz, SHIEHRLE 20k 71477
J—% 17 pMIZHIR L, NextSeq500/550 v2.5 (75
Cycles) ¥ » b (Illumina, San Diego, CA, USA)
% T, NextSeq 500 > A7 4 (Illumina) T®
KM =7 v ABIFICER L V= >y
YUIE36WETODONRT LY P — FTIro 7z
V=4 Atk FASTQ7 7 A V& 7 AR—h
L, CLC Genomics Workbench 2103 7 + 7 =
7 (QIAGEN Venlo, Netherlands) C /& & # &
T, KA =7 > AT T — & OFERIEH

Fxv L7

1. 5 FE=ZPCR

RNA ¥ — 47 ¥ AWz~ 7 ABREKIZOW
T, RNAiso Plus (TaKaRa, #%, HA) %Hw
T, BWyELo 70 b a— ) VIfiE> T4 RNA % il
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i L 7z. cDNA % Prime Script RT¥ A % — 3 v
7 A (TaKaRa) Z W TER L7 Cxel2D5E
Y 7V ¥ A4 L RT-PCRFHT 1X, CFX96 ¥
7 2 (Bio-Rad, Hercules, CA, USA) %  \,
THUNDERBIRD SYBR QPS-201 (Toyobo, K,
HA) & HWTITo 72, &EE TR0 B A
7 VA, Gapdh \ZOWTEHHE L72Ctiiz 7% L
FIZEICE Y IER L L 72

1. 6 ®Epe'?

HR T AR WAL A V) 7V T BRI AR
OFEMER N TR S &, mHE R LML L
7o, R IR MR V<) CEERIC T2 B
MREE ERICTO% T8 /) — VCERLE £
D%, 8774 AL, EE4um O]
FaE L7, a7 4+ — EK THEREL
L7tk @R %&7uavy 2L, HINIMP-R14 $ifk
(1:100, Abcam, Cambridge, UK) & 4C T —Hf 1
YFaNR—PFLTELFF VLI T v + IgG Hifk
(1:200, Vector Laboratories, Newark, CA, USA) &
HMTAOFHA v Fax—L7 EFF Uik
BIEITEYv-EFF ARV F T - BHEHE
& Vectastain ABC regaent (Vector Laboratories) &
T/ NI yTHRIELZ SR EAT MR
D) T g L7z

1. 7 IRETERAR

RSN TWRWRY, =% Fy b7my
b I O3 +/- BEHERRZE TR L 72, PIH<0.05 %
MBI L A KL L7,

2. % R

Llal D= AETFNTIE (G + IEES))
T GBEE+IRES) BB L <, SHEMZT
TIREET7T VT I VREENTA2ZEE, &5
2 (ERRRGE +EEh) A GEiRli& + JEs)) #
ERHBLCHEARICRE AR SN VIO
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O, KEHNDPER ALY, TVT I VR
B¥ B T LTS L7210,

INHDV T ANIDWTEEILD b TR g %
#LUTRNAZHIH L, RNADGEDIHEA TR
WL EMRL. RNAY =7 v v 7 %475 C
GEE A+ IEEE)) BEA S (BRI + JEs) ¥
THERANS AL, (EEPE+IEES)) H2ro (F
fERG £+ EE)) BECHRIDMET LT\ 2 BI5 T8
DHBEEZFER LT, TOME, FWIZLIBIbT
LEBOBMETIERE LTRESN /20, T
Y)Y F AL MENEIT) ZEIE 0T, FEHE
ZFHT— N3 5 EHOBMOERERIZOWT
BT 2 T-72. F9 LizkZh, [HERIG] [A
b ARE ] THIBOS ] (2R ) BIRFHEAS BT
ey NTAZERHLRE R ST

WIS, BRI EALICB Y L 7E 5T 0 ) b AT E
AN XL mb5ns s EH 1~ chemokine (C-X-C
motif) ligand 2 (CXCL2) % I — F 3 % Cxcl2 &
ZFICEBR L TERPCR 24TV, 7 — % OMGE
iro7z. $AE, GEEA+IRED) Hro (&
MR+ IS HToRH LA (p=012,n=
3each) X, (EHEHi& + &Sy B> (BHEN;
£ +EH) HETORIKT (p=007,n=23each)
IZDOWT, MEHFENEERZICEES L o72b D
DZ DIEEDFRD 7z (K1),

CXCL21x 7 EH A » & L CHINEK, 42
ROEACTETCHER MAE IR 2 FET 5. — 4,
AR ER VL SAE O SN VEBY 3 5 il %
THY, FERISHE L TR WEFREO~ Y
AFETIIFRERBZEIEES ALY, 202
o GEEE+IEES) BT (EIR
o+ IEEED) BE I ERDVERR I 0 LT B
N, o, (EIEIE +EE)) B CTlE2 DifpEkE
B L TWBDTIE WD, ERET Tl #
ZC, P ERRTE ST Cd 5 NIMP-R14 % FZf &
L 7 BRGSO 2R i 2 1T o 72 L 25, Btk
¥ ha— )L TH ) B B MEEE TV TIEE
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1 ~7 ABIZBI S CXCL2DE LT 563

B ERD e STV D 2 & DGR T & 72,
L2LAadS, Cxel2#8I5 TP ILEL T
5 (ElihE -+ IEE) BB WT, BB
WZIHFPERDIZE 2 B0 5 Z L IZTE o7z (K
2).

3. % 5

EEZ L > TRBHE~Y Y ADOT VT I VRS
WS AN AL EFERT L) 2T, Bk

BREmEE

T BET B Z REICRE L 25,
EEIRIT L & o THIERUS R A b L AISE Doz
FHOBBDPTEL, SHICERHET LI L TE
NPT L EDVHLNE o7z FEH
ZALDZFE Lo leBZFO—2 L LT Cxel2 3%
oM, ZOdEREBERNCAE B L CE IR
W OUFHEREERE 1275 H L C R 1 72 57 %
7o 72hs, SRR EE A D B S 2 2 MR
HOZATERD o 7z

AR I GlH &+ IREE)) B, GElEiiE +
JEEH)) B, (RIEE +EH) HoXk~y Ars
S NBEE e, EESERERY, BN
Thi, HREHELTHRIZED L) ZHF LA
NVTOREEGEZ T DOPHEN T2 2 LITEE
ToHsb. EHEMETERICBITL5E - A ML A
INEBLEAT B EE, BT H2RIZTRERTD
ZEALINETICLECWBE SN T 12,
L2 L, HICEMERGELHEFIZEE LT L
WL, 2O IR - w7 F77 -2
ZTH 5D 12, 14,15).

Cxcl2 AR F 78 2 — F & 1 CXLC2 iE Mip2-
alpha (macrophage inflammatory protein 2-alpha :
Yo UT T VRENY VN0 2-a) ELTH
MbNE, CXCL2IEEICvz7u 77—, W
Mg, LRGN, BRI X o TRICEE SN
% 1617 CXCL2 I35 R R D JIEIZ BV

=iE R +IEEE
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Does Delayed-Onset Muscle Soreness Indicate Muscle Damage?
Non-Invasive Methods for Measuring Muscle Damage :

Developments and Applications

by

Yoko Kunimasa
Niigata University
Robin Macchi, David Bendahan, Caroline Nicol
Aix-Marseille University
Francesca Rossi

Bologna University

ABSTRACT

Muscle soreness is subjective muscle pain that occurs after high-intensity exercise,
and the disappearance of muscle soreness is often used as an indicator of recovery
from muscle damage. However, due to methodological limitations, it has not been
clear whether muscle soreness reflects structural damage of muscles. The purpose of
the present study was to clarify changes in muscle damage/inflammation and muscle

soreness after endurance running using the magnetic resonance imaging (diffusion
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tensor imaging), and to examine whether muscle soreness is an indicator of recovery

from muscle damage. We measured subjective delayed onset muscle soreness

(DOMS), T2 relaxation time and diffusion parameters for each of 12 muscles of the

lower limb using MR before and after a 20 km race including up-hill and down-hill

in 16 male and female recreational runners. The results showed that the peaks of the

DOMS and T2 relaxation time were on 1-2 days after the race, and recovered 3-4 days
after the race. On the other hand, the mean diffusivity (MD) of some of the thigh

muscles increased until 3-4 days after the race. In conclusion, even after the recovery of

muscle soreness after the 20 km race, it is likely that muscle structural changes due to

muscle damage or inflammatory reactions are still occurring, and it is not appropriate to

use muscle soreness as an index for resume of exercise.

¥—7—F

EEFEEEGIRG, BRI, T VA =T 27, MR 1, EEH)
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Muscle damage, DOMS, diffusion tensor imaging, MRI, running
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RSN AMIMEELSTHETL—HTH
0, FE—FNIZ BT 2 HHEE R 2E DA D]
REPE12 13 2214 2 Lt TE AL,
MRID—EHBTH 5 LT ~ v IVIEGER, H
MR DK T OO EZFEEZ TR TE 5 2
L, FFRENICHOMEZLEWETE L)
Bl LT, MRmREmIEE s L OB s A
TV BERIIBVLCE, TF LY b Yy
o BB % ORI FZAL & MR IC X 2 k0
T A= OFALDWHES 5 Z EPRE SN TN D
1617 Lyu et al 19 ¢, EBh24MER 1%, 12081 & -
THIAIEASIER L 72 IKEE & mIRE IS, $RdkT > Vv
W12 & > TS 72 Fractional anisotropy (FA)
DA & Apparent diffusion coefficient DA HE
RINTWDE., INSOEYEBRDOFHER»S, Bk
BF o UNVEGEAWSZ EICL o T, (ERD)
HTIEES 2 EDYT & Lo 7B R O ORE
WZEALE BHOMEIC BT, Mkl VTt
ZAAHTENTELWRENENH L. 22T, AWi%
TlL, EEEHZICT]ZH I 25 DOMS & MR
B L > THRS NS T2HEAEER, EFT ~ v
WG X —% —DEERIEZHS 2120, DOMS
DFHEBRIEOIRIE & 722 ) 155 O HET L 72,
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1. 7 &

1.1 WREF

KIFFE O G E L, 20214F, 20224 12 Ffl =
1L 7z Marseille-Cassis International 20-km L — A
(+382m & — 294m D 1Y) - F Y IGE) 122 L 7z
Lryr—vargryr—16% (Bikss, ik
8%) Thol:. WREBEDEHIL292 881k, &
1702+ 92cm, KB ®66.7+9.7kgTdh o 72.
xR OFEE G120 - 45 E TOBF6HH
WHEAEOZWL 7 ) = a Y LRV D T ¥
=T, Al tbEAI =IO L—2
TRERLTVDLEE Lz EBRIZETL, w5
BIR U CTARIED B, Jrikds L UNAEICRE S
bt B L, EBRSIIE T 5 EEz
|72 B, RZEIEAVY X EFOMEICH]
), French Research Ethics Committee (CPP IDF
VII, Ethics Committee Agreement # 2021-A00355-
36) DA E G TIrbIL.

1. 2 EBRFH1>

FEBRTHA Y OMEEZR1IRT. dRE,
L—ZARiELR, L—A%ME2R 1HHE
SHH, ¥F/E20HE40R) 2FEBT 5720,
FPERIEL 72, B, MREEADT 7 & A
FROBRE, x%E2 7V — 71 &2 (%HME4%5,
wE4A%) (25372

1. PRE 2. POST D1-2 3. POST D34
(2 weeks before the race) -{ 4 D1 D2
+
Group1
4

1 Experimental design

FH > b AR—VEEE Vol. 45



—120 —

1. 3 AIEIER

xR E OB TR ORERIUSEG#E, /A A
MU v 7 AR, TR OFE % FH LS
5720, WERFEITIE50 cm B x H W CH-FFEE) &
ToTbbolz ZOB, MREVK LMK E
visual analog scale (VAS) iEIZX D#EIE Lz 2
OWEL, 10 emM EOEmEEHE L, Himx
WROFA L LT, MNRFEOWERDIREE €D
MRS HETH o 72,

MRINZ & % 54805 - 90 MEEAEEE O W21 3-T
MRIZ%1E (Vida, software version XA20A, Siemens
Healthineers, Erlangen, Germany) |2 6-channel flex
receive coils Z M A G DT, WHREDOLHEHMEN
g, BBAET - FRBIEISE A, BYET
15-20 BEORFFASE T RBRER & TR & b R IZAT -
72, MRIZEEOBIEI, BIEICEHAL /3%
FHREEMiASE L 72. MREIETIZ, F9 ML
HO TR MR Z G L, SRE KRS - K
B LEOET v I~ — 0 — 28GR G & %
REL, @&3ROMRBEEIFIZBE VT, [ LA
BTHRETEL L)1 KIS, KFHROT2
SEFEE S 12254 A, AT 4 AJFE10 mm, 10-
mm slice gap), ILEGRF WG 40A 54 X, X5
AAESmm AT A AF vy 7% L) kL7

1. 4 HIEE

MRI7 — % O HBLIIZO VT, BEfIEE S
dem2nix 7% v 47— 3 (https:/github.com/rordenlab/
dem2niix) % HVCNIFTI 7 # — < v MIZE#H S
N7z, HoT2< v ¥ ¥ 7213 mono-component
mode & V272, spin-echo train &K DR H T 7 —
AR L REZET (Bl+) OARH—HEHHIET 572
%12, EPG (Extended Phase Graph) . 1® % 4%
FA L, sequence chronogram'? |24 £ 472, 3
RTCORTZ L VIZODWT—EDTI = 1400ms D fif
% %% L, T2 signal scaling factor SO, apparent
Bl+ziftg L7z, AEOT7VITY X AL DS

5 OfEHT I MATLAB (Mathworks, Inc., Natick,
MA, USA) % F v THEAT S A7z, PRECGE 1§
B L UbBOE§1x, ¥ ¥ Gibbs-ringing artefacts®
ZHIE L, MRuix3/¢ 7 — P2 (25928 S
\» % MP-PCA routine®® % Fi\v»C 7 4 X3 L
7o, BLHECE T 5O T TE A IR 1L, FMRIB
Software Library (FSL; version 6.0.6) ® eddy */ —
WERGTF o722 5% ) O BOBEEPI E AL,

FSLIZ5E3 S 7z fugue HE 2 fEH L C, BO field
map 7> 5 DT R COEBGTHIE S N7z, ®KRIZ,

HLRE P D K53 T D YL O 55 1% % 23 Fractional
anisotropy (FA) & JL#J7 1] & X MEBA AR IZIEH O
K& & Z0b O % FE T mean diffusivity (MD) 2
DRy EYTDIDIIR Y VT L OYET vV
Ve L7z, THa 12/ ORBRIER, ML,

WA, EAm, KBRTEAGRE KR
FORIBH, PERERREE, PR, IR, S
PERERS, © 7 A, HIICEH) OFA, MD & T2#%
MR OTIMEE 55, Hefkl Vil

1. 5 #eatig

FREHLE LS 7 + (SPSS version.27, IBM,
Japan) # W CiTo72. KllEEBO LY v 3
Y (L—2H, L—A%I1-2HH, L—A{34
HH) OFHMEDIENAIRIGD B 5 —FH D5
HOIAT 2 72, 3RO OfER, FRRPHS
N7z3;4 1213, Bonferroni % 5 L E % S fti
L7z, &IHHOWERRIL, PHMHE+ EERET
Rz TRTOMEMAE O AF HAKEIZS% & L
7z.

2. & R

WRED20kmiEL — A5 A HMIEMT o+ —
TIMEM 4055 19F0 = 6553780, Ltk v F—T2
BRI 1435680 + 1590458 CTdh - 72

20-km L — 2 #£ DOMS 1& KBEPUBEA B & 7\ 20
AN VT AT OB E R EALDTFRD Sz
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Quadriceps 10, Hamstrings 10

10, Triceps surae
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g *kk *kk
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PRE D1-2 D3-4

PRE D1-2 D3-4 PRE D1-2 D3-4

2 Delayed onset muscle soreness (DOMS) after the running race
*#% and * indicate significant change between two-time points (p<0.001 and p<0.05, respectively)

% 1 T2 values changes

T2 values (ms) Mean £ SD Change (%)
PRE DI1-2 D3-4 PREto D1-2 DI1-2toD3-4 PRE to D3-4

BFsh 39018 39.7t1.6 389+14 1.9% -2.1% -0.2%
BFlh 39214 399+1.3 39014 1.8% -2.1% * -0.4%
ST 38.0+1.1 385+1.1 379+1.0 1.2% -1.5% * -0.3%
SM 383+1.1 39.0+1.2 386+1.1 1.7% -1.0% 0.6%
RF 374%1.0 379+1.0 37309 1.3% -1.5% * -0.3%
VL 40314 407+1.2 403*=1.2 1.0% -1.0% 0.0%
VI 40715 413+1.1 409+0.8 1.7% -1.2% 0.5%
VM 395+15 399+13 395+1.1 1.0% -1.2% -0.2%
MG 38712 394x1.0 38.7+1.1 1.9% -1.9% * 0.0%
LG 388*1.2 39.8t1.2 385=*1.1 2.6% ** -3.1% *** -0.6%
SOL 40.1+1.2 402+12 399+1.2 0.2% -0.8% -0.5%
TA 376+1.0 378+1.1 375+1.2 0.5% -0.6% -0.1%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius
lateralis, SOL: soleus, TA: tibialis anterior. ***, ** ‘and * ; significant change between two-time points (p<0.001, p<0.01 and
p<0.05, respectively).

(F2). KBRMUBHARE T, L—ARTE KL T,

DO, FELZEIBD N L7 (FR1)., —

DI-2 TTAHEIZDOMS 3L, D%, D341 77, D125 D3-412h I TO T2 BB, K
M TEEICEBA L2, N LA N U7 A% R BEARREE, PRERRE, RBRIERS, PEBEIE R

ZBWTIE, L—AFi& i L TDI-2 THEIC

SMAIBERE A TR B L7z,

BinL, Zotk D34, THEELRRAIZER
DN 72bOOBAEN R L. TH=
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DO, BELZEZBDO SN o7z,

T2 EFIEE R 12DV Tid, AMIBEE RS o & T,
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2%, MO FHEAGEET D D12 THIME 2 R b
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5 2 Fractional anisotropy changes

Fractional anisotropy Mean = SD Change (%)
PRE D1-2 D3-4 PREtoDI1-2 DI1-2toD3-4 PRE to D34

BFsh 0.26 +0.03 0.26=0.03 0.26=0.02 -1.6% 1.7% 0.1%
BFlh 0.21+0.01 0.20=£0.02 0.21£0.02 -4.1% 2.2% -2.1%
ST 0.22=0.02 0.22=0.02 0.22%0.02 -4.0% 1.1% -2.9%
SM 0.19+0.02 0.19+0.01 0.19+0.01 1.1% -0.4% 0.7%
RF 0.19+0.03 0.19+0.02 0.20+0.03 -0.1% 5.0% 4.9%
VL 0.20+0.03 0.20+0.02 0.20+0.02 -0.6% 1.2% 0.6%
VI 0.19=0.02 0.19=0.01 0.19+0.01 0.0% 0.2% 0.2%
VM 0.17+0.01 0.17+0.01 0.17+0.01 -2.4% 0.1% -2.3%
MG 0.20£0.02 0.21£0.02 0.21£0.02 0.6% 1.4% 2.0%
LG 0.22+0.03 0.22+0.03 0.23£0.03 -1.3% 4.2% 2.9%
SOL 0.18=0.01 0.18=0.02 0.18+0.01 -0.9% 2.1% 1.2%
TA 0.22+0.02 0.22+0.02 0.22+0.02 0.4% -0.1% 0.4%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius

lateralis, SOL: soleus, TA: tibialis anterior.

# 3 Mean diffusivity changes

op e 2 Mean = SD Change (%)
Mean diffusivity (mm/s) - o p DI1-2 D3-4 PREtoDI-2 DI-2toD34 PRE to D3-4
BFsh 183+006  188+010  1.87+008 2.9% -0.6% 2.4%
BFlh 1754008  178+006  180+0.07 1.6% 0.7% 2.3%
ST 1724006 175004  1.77+0.06 2.2% 0.7% 3.0%*
SM 171006  175+005  1.76+0.06 1.9% 0.7% 2.7%
RF 158+011  158+009  1.60+0.12 0.2% 12% 1.4%
VL 171005  174+006  1.76+0.08 2.3% 0.9% 3,207
VI 1774005  179+005  180+0.07 12% 0.8% 2.0%
VM 1724004 1734004 1744005 0.4% 0.8% 1.2%
MG 1674007  169+005  1.68+0.05 0.9% -0.6% 0.3%
LG 1724010  173+005  1.73+0.08 0.6% 0.0% 0.6%
SOL 1744006 174+004  175+0.04 0.3% 0.5% 0.8%
TA 1664006  167+004  1.67+0.06 0.8% -0.1% 0.7%

BFsh: biceps femoris short head, BFlh: biceps femoris long head, ST: semitendinosus, SM: semimembranosus, RF: rectus
femoris, VL: vastus lateralis, VM: vastus medialis, VI: vastus intermedius, MG: gastrocnemius medialis, LG: gastrocnemius
lateralis, SOL: soleus, TA: tibialis anterior. **Significant change between two-time points (p<0.01).
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The Influence of Motor Imagery on Sensorimotor Integration:
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ABSTRACT

Motor imagery is a cognitive process that involves the mental simulation of motor
actions without actual physical movements, and it is widely used as a training technique
to enhance sports performance. Although previous studies have reported the positive
effect of motor imagery training on motor function and motor learning, the underlying
neurophysiological mechanisms of motor imagery have yet to be fully elucidated.
Therefore, the purpose of our study was to investigate the effect of pinch motor
imagery on sensorimotor integration, specifically assessed using the short-latency
afferent inhibition (SAI) paradigm. Thirteen able-bodied male participants were

recruited in this study. The assessments were conducted under two distinct conditions:
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Control and Motor imagery conditions. In the Control condition, participants were

instructed to relax without engaging in any motor imagery, whereas in the Motor

imagery condition, they performed maximum pinch imagery while observing a pinch

image displayed on the monitor. During each condition, fifteen SAI responses were

measured, which represent the inhibition of motor-evoked potentials elicited through

transcranial magnetic stimulation following median nerve electrical stimulation.

SAI responses were measured from the first dorsal interosseous muscle. The results

showed that there was no significant difference in the magnitude of SAI between the

Control and Motor imagery conditions, suggesting that motor imagery has no effect on

sensorimotor integration assessed by SAI.
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Keyword

motor imagery, transcranial magnetic stimulation, peripheral nerve stimulation,

short-latency afferent inhibition, sensorimotor integration
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1315 KRFSRICBVTH SNE V. SALZE
W L7012, HETMSHIBUIZ XV FERIND
MEP &, Sl QE R ESM) & B
B (TMS) o7 (SALHIE) 12X hEEFEsh
% MEP % FHll L 7z, HIEHEIRE O MEP |23t 5,
SATI#: ) MEP O3 DREE A SAL & 32 19
SALFI T3 BB 20ms J64T L T S hal ik
A5 %72 (F1B) 19, TMS B X ONIE sl i
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1. 4. 1 BEEHSHRE (transcranial magnetic

stimulation: TMS)

TMS (3R 2 MR T Th h, B
TMS 12 X 1) i%58 S5 MEP XK 20 5 7 &
TOEERBEIRD(ERKE Th 2 FEH MR
DR IWS 52 EDRHSNTWES, K
ZEIIE BT, TMS 3RS & A
bbb T, SAIZEHHITA720ICHWLN
72, TMSIZIZARBHE M U EEE (Magstim 200,
Magstim 3, 4 ¥ 2) BLU8DFE T 1)V (D7
Remote Coil, Magstim 1%, £ F1) 2) =L
7z R & & AR O 2R D — KGR EF~TMS
%17\, FDICTEME & %5 MEP ORIBME A D
KEVIHT (hotspot) & HUFIALTE & L7z, HHGH
FEIZTMS % 10 [T\, 50% OFESR (5[a]) CFDI
5 ELFk S 1172 MEP ORIEMEAS05 mV 2 2 %
FNOBRIE L L7217 gliisE g Y b o —
WEMEB X ONEEI A X — DR OZFENENTHED
LNz 3y O — VETIIZEIRET, &5
A XA =DEMETITERA A -V E2 LTV HBIZE
FFNECHIBORE 2 2 niko 7.

1. 4. 2 EREHRESRE

1E A AR TR AR U I B AU & (DSTR,
Digitimer L3, £ ¥V A) #fiH L, 7V AIE
#3200 1 s DHTLHE BAAE E V7217 Jliin
P F E BT EMHEOIE Rk & L, AN
fir & % % X 9 3em (F & o> Tk [ e 2 10 7 ik
(Vitrode F-150s, H AGEALE, AA) 2 BifF L7z,
R SRR O 3 & L7217 BRI
WeEREDHE S 5 2 & DT X bR/ BELMEH
e L7

1. 5 F— &

BRI E 72 IZSATHIBIC L s
MEP OIS % 5k L 72, Sl GRRE,
SATHI#) (28 5 MEPIRIGME DO FI9MEN S, &

FEBRGAR (2> ba— V5l SEBY A A — P %M)
(2B % SALZ TAO@E) Hi L7z

MEPSA! stim

SAl = ——M8—
MEPSin_qie stim

x 100

MEP single stim (& H. 58 7l 3% I > MEP 3% 17 1,
MEP SAI stim i3 SAL## s > MEP JRIEfE % 7~ L
TW5.

1. 6 #hEH0IE

WRH AT IS, BETEFEH S5 (R version
42.1) &7z HERIEIEEO MEP (N—2Z 7 A
> 1100%), ¥ b B —)VEMTO SATHIEE O
MEP, £&)j1 A — T 5T o SAIHE I O MEP
%I % 729, FriedmanMiE B L OF, THM
€ & L C Wilcoxon fF 5 NEN M E 2 AT % o 72, &
TEDLEMIAE D pEOHIE 1213 Bonferroni %
M7z, Bk 5% Rk E L.

2. # R

2A LM BT 2 KRIBEIC & - THE
SN 72 MEP ORI % 7R 9. Friedman & 7€
W N—=254 >, arbo— )&t EEA
A= DVEMOMEPOMICEE L ENH LT LN
&N (2) = 1557, p < 0.001]. Wilcoxon 74
GNEMHEIC L D, T2 O — VEMETo SALH
HMEFOMEPIE, "—A 54 »OMEP (=100%)
EHBLTHEBEINS W AR a7 (F2B,p
<0.01). [BRIC, EBjA A — D FMTO SALHEK
BFOMEPIE, "—2 514 Y OMEP & LKL CH
BIAS W kR EN: (H2B,p<001). —
HTay ba— V&L EE A 2 — T SATHIK
BEOMEP I3 A B R 2R SN o7z (F
2B,p=1.00).

3. & =

AWFETIZSALIS T ¥ A4 L FHWT, EB)jA

T2 h AR—VEEE Vol. 45



0.4t
0.2 * A
.\'H
0 A [ T
0.2} \l
04}

B X — U

0.4}

0.2
V]

EMG (mV)

SAI FUE

02
0.4

0 10 20 30 40 50 &0

TMS H 5 MEFRE (ms)

131

2]
2007
%E1m-
I W *
& . ;
é % -1[}[] ....“.“.“.“.“.“.“................;C.. ..........
5 B ]
= B o
<& 50 =
s
0 "
7
,L\:T

2A ¥ PO — VEM BRI A A — UM BT D BESHIERE, SATHIEFR O BIMEPH I (n = 1).
RMASIBRIDFIGYPIL T, 563 C DR Z IR Y. T ¥ b O — VGl B8 1 A — D 4fh & 12, SATHIIRF OMEPA* SRR OMEP &

DHWHELTNEI EWDHS.

KI2B &4=M12351F 5 MEPODH 3 DOFEE (SAI)
SR OMEP% 100% & L CIEBUE L 72MEP% /R ¥ 48 ONFIRIT I, A OB AS 9Ll +FASEI M, 560 T A — U5 (25%),
FEO LIRASE ZIUS(75%), NF O ASR A S & OF/MEZ RS, K RHERE O 7 — & 25T, #13100% (N — 2T 1 )k OFE

R R (p < 0.01).

A= VHPEEEENT A G 2 B OV TR
7o Ty hua— VG, EEIA A -D5MG, L
|2 MEP D% (SAD) 23@I%E S72hs, WS fEH
ICBWTSAIOREEIZETRO N oz, &
NOOFERIL, YA A — VI SAI TR s %
RELEBR AN L CEBE RIZS v L
RORE L7z B A — U OREEERAICD
WCRET L 72 7% < RIFRILES) 1 2 —
T OB R ICOWT, REEEE &
VOB OH R E SR DL b LE
ZbNhb.
INFETIZ, EHA A — VI EBEOES) & IE
TAHWEI 2 ERT LI EDPHSNE SR TY
5. BlziE, IMRLZ F W28 Tld, FRRER
EDOGETLOER A X — VX, TS EERIC
Byh L-BEE T 2 BT o—Ha B HT 5 2
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LRGSR TWBY . X510 BlE HVTE
FEOMFETIL, FITOEE) A 2 — D IEEBEORAT
LT AREEI N — o hERENDL Z L LR
HENT0L Y, B A A — JIZEREOLER) &
FO LS 2 BT 52 & LTz, EE
OEBEEIZIE SATDSA (B $22 % %
Wb E, EEA A—TIZL o THSAIAEMT
LUREENE Z bz, LA LGd s, REFFET
WEEB A A — DI & > TSAIOZFHILFED S
Motz Tibh, SALTHHIE S 5 A EE)H
FICRIES AR T IE, EEY A A — U & g
OEFTIIR L L2 MFEEFPERSINTVS (B
%\ I SALIE TR EEOEE O X 9 % M
BdAd L) gz LNz IS Ok
X, FEBEOER) L ER A X — Y TERENER S
NAMEIEENE, TEIIIFEMETIER L, —#dt
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B L HD LD INETORME 5T
220 B2 IZMRI % V72 BF%EIC BV Cld, 5E
BiA X —VICHBEORMIEEI LI LT 5
2V 7 EBEEMT 2 L ILEHFONE GE
) AEBILENDLIETHY, HEEIA A -V
EEHETLD D, & LA OEBHEMER & L,
TLIEbEHINCVE® Fhabt, 25
L7 EBOER L EB) A A —VIC Lo THERSR
X ST IO ANC AT NG oY T ANEN T ST e
WA IREEDE 2 Sz, SEEOMIEICE Y, E
BCEBISET SN BEER D L - TR OWHA
FEH ) |k L C SATORA (B A5 53 5
RS STV D. ARSI BT 5 8 1
A=V IFEBOER) & ) EB I ENT 5
728, TNHEDSAIOZAUIZE L o lzbE R
5N%.
SALIZKEREE AT & 2 — YGEB) T BLE 0
FE (EEEBHS) AR 5 2 LA HSNT
VoW RO RS, KT 4 — BNy
(EHEEEAT) b WiEE 4 A — Tl
S DA % B S 5 DI+ Chhot
WEEMDE 2 Sz, Tabb, REEEA
LT B & 2R EBL 0, E S
EOBMEEE AN ZHINT 5 &9 72EB 4 A —
==Y 7 R LERTH BT REEDE
Y (A

4. & &

RIFFETIESAIINTG 74 L% IV CES) A A —
UOSERE B A IS RITTRBIZOWTHRANT.
ZORER, T¥ ba— VM, B X —D&N
EDICHEE L SAID R S N/zA, W4t SAT
ORERFEMHETH 72, i, EBA 2 —I
SALTHEHifli & 4L 2 &I EBE & HE R IS B % KT
SV EERRL. AWMETHL 2 E 2 o720
FAZ, BB A 2 — D ORISR RIS S
M2 EDLHOT, LR EE) A A -

bL—=y ZBIRO—B L& 5.
B

AR BIRE S 72 72 72 A28 i A AR R &
T Y b AR — I REAIRE R AERLE L R
JTET. Fo, RWREZRITTS10H72) KRR
FOFNRMBIZN LR THI % wicl& %
L7z, DR D ELE L B E .
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ABSTRACT

Regular exercise is effective treatment for the improvement of mental illness.
However, the duration of exercise effects and the impact on future mood-related
behaviors, such as anxiety and depression, remain unclear. Therefore, we determined
the long-term impacts of regular exercise on mood behaviors after cessation of
exercise. Moreover, we focused on epigenetics, which is one of the mechanisms for the
regulation of gene expression independent of DNA sequences, in hippocampal BDNF
as its underlying mechanisms. Anxiety-like behaviors as a mood-related behaviors were
measured by Elevated Plus Maze test. After 4 weeks of exercise training, the anxiolytic

effects were lasting after 2 weeks of exercise cessation. Meanwhile, after 4 weeks of
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exercise cessation, anxiety-like behaviors were increased on the contrary. In contrast to

our hypothesis, hippocampal Bdnf mRNA and DNA methylation levels were unchanged

after 2 and 4 weeks of exercise cessation. These results suggest that the beneficial

effects on mood-related behaviors after cessation of exercise are maintained in the short

term. However, over a more extended withdrawal period, they can lead to an increase in

anxiety.
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SESII 28BS ) 2 - REOUE IR TDH

LI iFE<HMOENTVS. L LADS, 20
BROFHEHIM R, RO D - A L2 THT5
DPIZDWTIEIAY L T, ABFZETIE, B
WERNRIZABMOER P L —= > 72 FEf S,
EEp LI O
ZOWHNGF A 71 = X 5 & L CIRE SRR
[K-7- (Brain-derived neurotrophic factor: BDNF) @
IET AT 4y 7 EALCER LomE 217 -

SofrEieEm L. 561

- ROATEN ORI, ANERATEIOFHINIC X <
ERA T TR LA — 7>

1=y

TOBBIFERA, 20 O — VEICHREEICH
BLTWe, =T 74— )V FREICBIT A

LI ) 7AORAEEUE, EB b L — =2 2k
28 L UGAMBICB W CHMZEZEO SNk o
72, Bdnf®mRNA L N)V, TE¥I AT 47 A
D—>2TdH5HDNA X FWALL N)VIZZEIL L Tw
ol

KRIFZER R 5, EENZ X BPALR)
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Brain-derived neurotrophic factor
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WZH722 L & LAREHHIS 2 2 LW 57
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HIBIEEREIZRE S L T2 WITREMEARIE S 7z
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S DRRET R EEREO—2>TH ),
ZOT; - BEEOWEIEE L RETH L. P
FRAHDSIE, EHREEE, k0D OFH
WCHIRITH B Z EATRSINT WS, I HED)
BED T WG, IFRIG% D DFRAE ) 2 7 H344%
W 2D, EBREN S LS, SEMRIE IS R
I O LB A A % %1 T 72D ORBE L, AR
TehHBEOBET, 5 DROBEREEIENZ &
PHEE SN TV Y, S abbERREICE, %
MBI L R B ) D - L DR A R
DHAET B TREMEARIE ST 5.

s [HE oM ] &) EENDH D &
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oL - FHIERSRIE, FHibL—=>7
1o TR VWEIER, ToTWBEDHIE
WY, ZORAAZALELT, TV RTA Y
A L) BIRFRBERERESES L Cn 1]
RS RIEESNTWS, ¥V 22T 427 AT
[DNASFEELHNZ X & 7 il {1 S8 59 i A
LERINDL, RENBZIEY 22T 147 ATH
% DNA A F WAL, 51588 % #i) 5 2 i
BWHECTH Y, WA FIALDIY B b &tz
FHERBAPMRESIND, —IIENAER LSS E L
Fzeh o, —ELF N7/ 2 DDNA XA F L/ —
S BHICRBL WS ESHIS TV
b FH e keS¢ #2 [ 1+ (Brain-derived neurotrophic
factor: BDNF) &, #HEjIC L ) R CTHE SN
LAEELRERTO—D2OTHA. b FTIE, I
# BDNF DNA X F LAk L OV ASKE i B o N 4
F— A= B ELIENFEEIR TN,
ARWFZEIE, EBENIC XY BICH] F L7z i BDNF
DNA * F )AL L X)LV OZEALAS, EE P RTZIC D
B I CHERE S B 2 & T, 9D RERIEDT
FICa5-LTwd & WO IREL 2 3L T2, RiffFEo
BiiL, ®EOMEBEREERIZL S 9D - NETHR
EBEORBEOHMMR SN O, F220H
BIZHIBETOIYEY AT 1 v 7 1%
FHONITAZEXHE LT

1. MERE

1.1 EREMEUEEHL—=27T

FEREY Y 1213 7 B O CHTBL/GT Mk~ 7 A %
vz, <o 2k, =i (238+£02T), BLO
Wk (504 1.9 %) DHEFFE N TV 12RO
HARG A 1 27 VSRR SE S N7 B KA A T F2 B
vy —fFECHE L EEERER L KT
HEICER S E72, $XToOFEBIE, - KSFE
MEBRTBROKRBE I TERL 7.

TEE) (EX) BEXMEEAR A — VARE SN2 s —
PHTEHE L, 4AMOEEITERZ FH S
7o, %HE (SED) #1L, Bk A —VoOKEL T
WHEWES A X0y —JNTHEHEF L7z &+
L—= 700 4 EMBICEHTEL R0 r—3
IZRR L, E#)fE1#%2 (SED:n=7, Exn=8), % 7:
1Z48M (SED:n=7, Ex:n=7), CON #: & [F#f12:#
HHE)EE L (R1), wAEmIc, fE, SE
BAGHT B & OREARATHIE S 7.

1.2 T87 X+

SOTENI A — T > 7 4 — )V FEER (Open field
test: OFT) B L U, 2817k BBk (Elevated
plus maze: EPM) (2 X DEFfiL7z. v~ A% 4 —
T 74 =)V F (40 x 40 X 15cm) OHLTY) T
WAL Y7 A5 MBHICITESE
7o. EPM#EEII L+ —7 7% 7—24 (30X 5ecm) &

OFT OFT
4 weeks of EPM EPM
E c
weeks old 8 XEIEISE 12 1 14 16
'y [
!‘f) " | h..|
/7 I 'I
*
Detraining after 2weeks of after 4 weeks of
start detraining detraining
1 EROBE

OFT: Open filed test, EPM: Elevated plus maze.
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s U—XR7%7—254 (30 x5 x 15cm) A HHEK
nThBh, HED2540em DM EIZEE S 7.
XY ARF =TT AT, Yy -
VT7IHEA LR, SoMBERICTE S &
TOfTEIT A M, EFFH 2T LBWATH b
Z v ¥ v 7 3 A5 A Smart 3.0 software (Panlab,
Barcelona, Spain) |2 & V) fté#k L 72. OFTIZ BT
HHULTY TAOR AR (center entries), EPM
IBUAF—T T - A L TORBERSS
(percentage of open/total arm distance) 7 & NI~
7 AW LT IR (resting time) % 7 &AL
L7z, #BRIZOFT, EPMOJET, BE&2HHIIC
TR S N7z AT T A MR 2B L8 = i
\F %72, OFT, EPMI%, /rABOAENEL 7.

1. 3 &R

TET A MOBEH, 1V T7NVT VRREETIC
WYY AR BEIE S 7014, B % TR
L. RNAZE/LHIIZ 4T T 24 B R R & & 72
RNA ZELH & e L7z8, EEBRICHEHT S
T-80C THRAF L 7-.

1. 4 U724 LRT-PCRIE

Total RNA & & |, FastGene RNA basic
Kit (Nipopn Gene, Tokyo, Japan) % H T
od L, #E B X OV E 1 NanoDrop 2000
(ThermoFisher Scientific) (2 & V) &Ffifi L 7z. Total
RNA |, PrimerScript RT Master Mix (Takara
Bio, Otsu, Japan) % Ff \» C i #% & L, SYBR
Green Master Mix (Applied Biosystems, Foster
City, CA, United States) % ff /i L, QuantStudio
3 real-time PCR system |2 & ¥ Bdnf (Forward:
TGGCCCTGCGGAGGCTAAGT, Reverse:
AGGGTGCTTCCGAGCCTTCCT) B & U'Gapdh
(Forward: AACGACCCCTTCATTGAC, Reverse:
TCCACGACATACTCAGCAC) @ mRNA 5§ 3 =
R L 72
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1.5 X4OY—JI1 XA

/7 A4 DNA &, QIAamp DNA Mini Kit
(Qiagen, Germantown, MD, USA) % Fi \» T
L7, & ®1%DNAIZ, EpiTect Bisulphite Kit
48 (Qiagen) 2 X Y /N4 )7 7 4 MLE S
7z. XA H)IVT 7 4 b DNAO#IEIZIE, TaKaRa
EpiTaq HS for bisulphite-treated DNA (Takara
Bio) B L O'Bdnf 75 4 ~—% L7 (Forward:
TAGGATTGGAAGTGAAAATATTTATAAAGT;
reverse: CCTTCAACCAAAAACTCCATTTAATCT).
DNA * 7 WV it L X )b i, PyroMark Q96 ID
pyrosequencer % i \» T2 & 1 L 72 (sequencing

primer: AGAGGAGGTATTATATGATAG).

1. 6 #& &t

T = F AT THE = A TR L2 WET
#TiZid, GraphPad Prism 7 % ffifl L7z. SED# &
EXBEOHBIITHIEO 2 W ioE 2 HH L, A8
IKHEL 5% & L7z,

2. R

4B OEE N L — = VERER L 72k, EH)
fFikr 52, 723 4EMOKEZFHME L 72, &
BiEih2, T3 4EMBROKRER, ZiFEEL
BLT, EnidifBoshiro7 (K2Aand B).
JEDpE IR 2 HM %I BT, OFTIZ L ) EHili L
7oL I ) T O AR 2 & EB) RO
BIZZEIIRD SN h o7z (KIBA). EPMIC LD
ML 74— 7 7 — A TORBIIEEEE &L, &
L B, EEBFCAEICHNL Tw i (I
3B). EPMRERH OZHFFE- 1L, 2% TH2ILER
HHNLholz (F38C). —JEEhE I 48 %
FETIL, OFTIZBITZH.LIY) TRARBUL 2HE:
WCTESI o7 b 00 (B4A), EPMIC L Y EF
fliL7=4— 7> 7 — A TOMEIEE &2, EH)
HICBWTEL LT (M4B). dEghfEl28
fif% & Bk, EPM RBRH O L s 12 1%, BER
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3 ZHMOEEEIEATTEI T X MIRITTEE. (A) OFTIZ L 2HLx) 7TADORAIE,
(B) EPMIZ & 5+ — 7' > 7 — A REIHEAESI G 5 L OF (C) ZefiHiEM]. *:P < 0.05. TIg+R iR
SED: sedentary, EX: exercise. OFT: Open filed test, EPM: Elevated plus maze.
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€ 104 8w 2
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4 GEMOEBFIESTE T A MIRIZTHE. (A) OFTIZ L ZHLx) TR AR,
(B) EPMIZ & %4 — 7> 7 — A RBBIRHEEEIG B & O (C) ke, PRk
SED: sedentary, EX: exercise. *:P < 0.05. OFT: Open filed test, EPM: Elevated plus maze.
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54
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6 EE)EIL2EME (A) B L UGEME (B) OWFEBdnf DNAX FILALL ~)b PRl
SED: sedentary, EX: exercise.

EiIh o7 (M4AC). UEDOFTEIT A b OfEHE
A5, EEE 2 £ TIEER I X PR
BIRDIRAT L T\ 528, @B IR BRI
WCEOYNY U FRIRE L2632 EAVRIE S
7.

W2, WEE 2351 5 Bdnf mRNA JS Bl & % 31
L7z, ZofEk, @sEik2, 7203480 %O
EBELIZBWTY, EEIC L 2 EBRBIRINE
o7z (F5A and B). M EBMKEAYIZ G
5 2 & ABEICHE X LT\ b Bdnf promotor IV
FHIBDODNA A F WAL L XV ENf O —7 T
ABTEME L 72, BARFFHEBEOFR & MR,

T b AR—=UEEE Vol. 45

Bdnf promotor IV DNA X F Vb L ~)vid, &8
112, FFAABBEOELLIZBWTY, EE)
2L B RBIIBIR SN h o7 (KI6A and B).

3. % =

RWFFEORGR, EENE LR, FINICIES O
PIRZRR MRS N, — B 2HE T 5 &
WEOYNT VY PR E 725632 EAHL AL
ol TOXI)BRBFROTERIIBWT, #HHEN
Bdnf AR FFEBIGIMER L, BS L Tnine
HEMEDSRIE S 7z,

Fa ORATHIFE D &, B % 72 [z



— 140 —
A —VEBTIE, FEBDGERIEGOND Z LD
PSR SN TV, KBFEofkE, EREL2
HEZOBERT, 20L& RAEERDHFEILED
SNadrotz, Z00, KFETHL»E -
72, NLERATEN RS 2B R 2 B R Y
TA 7%, EEVEIR4BEBBO R T 4 T R
X, P QEEC L AMEREOLTIAKFL T
W W BBEEATRIE S L7z,

AWFFer 6, EHjE ik 2 8% TP ZRI R
VRO L No—F T, EEMFIE4EMZTIE, 3
WA ERRATEI DY ER SN TW A ITREMEATRIE S
7o, EATERZETIE, w7 AIZB W T SEM OES)

L—=r 7%, SHEMOEBE LI % & 72
Y&, EPMIC & 0 5Ffi L 72 AN ERATEY AN N5
B2l SOHIHEBRAMEET AT EE SN
HIrEFLTVSSY. KRR CIE, 4EMO
B L, 28 X O4AEK oI % 3T 72
L7choC, #EEETEIEHOIE, 208 &
C10& % 5. RIFFEOMR L 1 EB) K O 1
MOWA20TH 2 5461L, BB X 2L
ROHEFE SN Tz (F2B). —HTAM%ED %
WIZEATIIE DR R 2, EB OVEIEIIM ot
MBLOTH BGEEITIE, REFATEI OIS,
BHFLEDOE T AR IR T8 Y . Do ED
5, el LAFEGOER ML —= 2 7 L[
BE, HorVvIizEnt 2 5B A L
7oe, EENZ L DK TEINORRITA D AN
IS B TREMAVR E N L Ladib e
MIBWTIE, BEPFREIC L 5 ) DR OFEFEIL,
BRI L EB OB AR AR TRN S
LAHESNCTNLY . F7z, BEOERERII,
BEHICBVWTIZEY 2 A7 4 v 7 IZRIES T
TVWBHIERMBNTEY Y, FHm bk
Vo 2RI, FRI ML= T EToTW R
WEITIEN, ffoTwiBolivEnY. 207
O, ML= U 7RI L) EYMOES T
) D REMEDG SN WEED D 5205, ZD

FIZOWTIEE LR MRV LETH A,

TEED (5 1L 238 B B O FIA LR R OMEFFIZ BT,
55 Banf 151 & £ O EBHHMOB 5 % M) L
7o, FOREE, Bdof mRNA L ~)UiL, sEEhE 1k
2B L V4EMBEOELLIZBWTO - TORE
FRRO SN o7z S TO BdnfE 5T %3
OB, EEIZ X D PEEREOMERS - BeEICER
THHIEFBICE MO T2 Banfix
W ODPDATIAT Y ZNYT R EHY, H
G BMR AR 12 1 promotor I B X NIV 2 S 825
ENDHN)T Y EDPMESIN TS, EHHIZLD
B COBInfA TS5 4L v 7N) 7 v MEHIC
FEND D Y, 4080 DEB) Tl Bdnf promotor 1
DH 10, 11 H o i iy 5 [ o 38 &) T & Bdnf
promotor I 8 X IV O FAFHE SN A Z & 25
EENTHWD Y. ABf%TIE, 0 coding FHl
@ Bdnf BIZFRBLANVEERELTWE I Ep
5, BEVEILBROWEE Bdf BB, ATITA
YIN)T TR LB REENH S,

BanfBIZFRBOMRE L —F L C, #EBEF L
%@ Bdnf DNA X F VAL L )V IG IEEBFE & W5
TdH o7z, AWFFE TN L 72 Bdnf promotor 1V O
CpG gz, & b &~ A TOMEMEA96% T
H5H T EITMz, oI+ BDNF DNA * 5 )Lt
LAVDSKEMIREDONA = — e {55 2
EASRIBEN TS o gka 1 LIET, AT
FEIZ D Bdnf DNA 2 F WAL L ~)Vik, 11 H o
WL VBB CR T2 aWELEY. 20
720, A L b4 EMOER R FEM L 2%, 2
W o EB IR 2 BT, EE1LH
BRI SN D WS Bdnffk X 7 VAL, 8 & — 1%
HEENTHwEEEZOLNSL., LA T, &
e 1k 2B B AR S HERE S MUC WL 2 IR R R 1L,
Bdnf coding #HI% O 1% T 5 8l, B X U promotor
IV #Hi5D DNA X FVLIZBE G- L T Wil fetk:
AIREENT:. BdnflZiZW L DPDAT S
7 N1) 7~ kR, promotor F 21X £ CpG E
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WHAHETLI NS, BRLATIA LI
V7Y M BLOCpGHEIBAEG LTwbnsS
PEE SR EMAENLETH L. 7, DNAKE
72 TR, TEFIUEEIZLDETLEA T
VEHIY, BELRIEY AT 4 v 7 BHiO—D
Thb. wEDETHIZETIE, Bdnf promotor 15
IVOFED—EIZ, B A Y H3D 7 EF Vb=,
H3K4 X F VAL G- LT 5 2 E DS S 12
N zorn, EBB L OESELEICHE
BIHEN 2 EHRIROE RIIL, DNABEHIT
% < e 2 b MBS LT 2 WD S
b.

4. & @

RIFFEORER, 4B OFHRY 2 EB)C X DT
AR, EEE L2 M E T THERE S L, 1B
BE IR 4B BRI A LHATEI 2 FHT 5 2
EWHL N E RS T FOWENTOGTHRY
B2, Bdnfe FDITE T AT 4 v 7 %l
FEIZRES- L TR WITEMEATRIB S 7.

i

KEFFEDFTIZH 7= VIR E L) £ LA
W HEANGARL ST~ b AR — Y BLeEiRE
FUCIE AL L LIFE 9. F-EBROZETICH
720 SR THII T2 & F LA KRR
JFFFiBE - B PRI - PN AW RE Sl B v B A
USRS B L P g5
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The Association between Accuracy of Motor Control and

Motor Unit Activity in Developing Children
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ABSTRACT

The accuracy of force production in children is recognized to be less than that of

adults, yet the motor unit (MU) activation pattern, the smallest unit of the neural

system and muscle fiber, remains incompletely understood. This research aimed to

clarify the accuracy of force production and MU activity in children. Eighteen children

aged 6 to 12 and 18 healthy young adults performed the maximal voluntary isometric

contraction (MViC) and ramp-up contraction to 50 %MViC in knee extension.

High-density surface electromyography was recorded from the vastus lateralis and

T2 b AR—VEEE Vol. 45



decomposed into individual MU activity. Children exhibited significantly lower
accuracy of force production during the ramp-up phase compared to adults (p<0.001).

Regarding MU activity, children demonstrated a significantly higher MU firing rate
(FR) compared to adults (p<0.05).
the lower-threshold MUs in children during the initial recruitment phase (p<0.05),

The increase in FR was significantly greater for

whereas adults displayed a greater increase in FR for higher-threshold MUs during the
later phase of ramp-up contraction (p<0.05). These findings suggest that children not
only regulate MUs at a high FR but also show a tendency to rapidly increase FR during

the initial recruitment phase. Differences in force production accuracy between children

143

and adults could be linked to the characteristics of MU activity.

*—7— K
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Keyword
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force steadiness, firing rate, high-density surface electromyography, decomposition,

vastus lateralis
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FEBITRAN L B L THREEOEREEL?S S
ZEPHMSENTVEA, Bl EZ1T) 720 DIEs
fraE LT\ % @B HA7 (Motor unit, LT MU)
DIFEBFREIC OV TUTHFICHBE S LTV,
AWEZRIE, FEBITBIT BB IEMHENEE MU
EEOFBIZOWTHIS NI L2 L2 HIYE L
72 GRS 12RO T EH 187 LR A N8
208, SRR KR ) (Maximal voluntary
contraction, LL'FMVC) &£50% MVCETH T »
TT v T BEeEMEH D RS E5) REE
Foht L7z, MR & 0 B o S BT 5 T
PagEL, s OMUEEIZ L7z, &R X
D, FEBIERAE L TR OBk
I FEIE O D H B A o 72 (p<0.001).
MUEBIZ DWW, TEBIERALBLTAH
HICEWMU O FE KM (Firing rate, LT FR)
a3 L (p<0.05), & ToH)BEMME (Recruitment
threshold, L FRT) & MU (2 3\ T [l £k O 7]
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RSN 7:. MU FRO¥IEX, # 3 RT O
MUIZOWTEIBEMIIICKE <, xFHRIYIZRT 28
I)EOMUIZOWTIE, BB %K< XEIC
BOWTRANKREVERER L. Doz &
5, FEHIIMU%ZEWFR THIE L TW5A721F
Th <, BEMIBICABICPR 2 & T % ]|
BHRON FEHERANIBIT L IHEEOIERH

HDE N, TOMUGEEOFBICEEL TW5
T REMEATRIE S 7.
% =

FrOEANL B LT, S8 % IEREC 7
BE 2B EL ISR TWwE Y o
59 BB, T 2L ORFSER MR RE IR
HLTWw2EEZLRTWEED L L,
WREAOREREBRIZOVTE, PREROK
E X Lo I R 2 STV TR S
TV 7208 MR ORERER 2 3712 355 < ##
A AT DAL T, BRI 5648 % 178
L T\ % FEBP O BRI 2 © Wi ¥ < %
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4 EBY AT (Motor unit, LLFMU) OFEjIZD
Wik, FED DA TSI E o T
WODHIRTH 5.

v NSRRI RIS 2GE, D) Hik
MU ZE1H$ 5, 2) BRICBIH SN TWwbMUDS
KHFJE (Firing rate, DUTFR) 23ins¥2 (L —
FI—=F 1), LWv) EIZ2DDFEENTLS
N5 Y. BB IR O TEENE & A
LNBARBEE LTI THWS LT A
010 4 24 o MU GBI OB #EIZ DV THRES L
7ZERATHISE U, EEBHNFERHPICR S5 MU
FRZKNEREEL TWB A, BRI EIER T
AT L L) RIEHEOBEIIB W CIME S
LT\,

TR TIE, e BELZ T—ED
HETEMICHMSE T T 77y TiiEY
BHL, D) 977y 7REICBITATOIEH
HICTFEDERATENDERSNE ), 2) T~
77y TRETOMUGEIZOWTTFEH ERA
TEWVWDRLNENIZONT, HENIZITEZ E
HWE L7z

1. MRAE

1.1 HERE

TR T &b 184 (4R 946 + 1.625% [6.68 ~
119471, &% 1.35+0.09m, 1A% 28.8 +5.1kg)
& R R K N18% (4EH 22.1 = 347%, B R1.71+
0.57m, 1A 65.2 + 8.8kg) VSARMFZEIZSML 72
WENORED BYE164, k24 TR S TW»
7o, RABEDPSIIFECLDA VT —L Ty
Ly M REBTBY, TEbORNREITOCTIIHE
HEPSEMIIBA 7+ —LFavtkr M %
Bt KWFRIEALVY CFEEICEIX,
KREMRMGHEERIC L - TRE SN (KEE
5 1 2021-101).

1. 2 EBRFH1>

B2 E, MRETRKE T D 50% T2,
70% Tl OEHRAL SN =3I V7T v T B
LB ravefio . HEFILGHT
SRR ARBEMER T (MVC) OHISE % 2 8] 5 i
L, dOREREPGHIHCENL. Z01k,
50%MVC % HIZ & LC, 17F M CHEMNICFEHE
A EMMESEs7 77y TRMEE, 108 H
DR SR ENL T v 77 v Tz %
L7z, RREIZIEMER TS EATH 72012, T
YTy THEOREEIZIE - T2 ~ 3EO#E
Ak L7, EB R O SMANL 2 S 5
JERMAHERZDEEL, 184 O MUIGE) O T I
vz, BTN, EHOREY T L7720
V250 2 R R R AV T H 7z,

1. 3 HDEHA

BEINZHOT— 5%, HEROBMERT
i (TKK.5715a, Prokteas L3, #iE) 12D
FFeonzz7+—=2AF7 v 272 —%— (LU-
100KSE, JEAIESE, Hu0) 2ol s, MR
Tx, RPET B L ORBET 2 90 & L 72 KRBT
BIJIEHCEE Y, T & 38 o 72IRRET, & TolllE
AHEAERL. 74— A T AT 2—H -1
HEREORE GRS 5em L) (FEARDPE &
IPAICEES N NOT—FIEA LAY
7 v 7 (TSA-210, Priftss T3, #iB) 24l
T2000 HzTRE SN, 16y P VFF v~
A V7 ~ 7 (Sessantaquattro, OT Bioelettronica,
Torino, Italy) 12X > TT I ¥ IV T —FITEHE
nr.

Z 7Ty THRERIL, NREOIEEICKE S
nize=% BIZHEER D L3200 7V s A
LTHORL, BAESINZTRERIRY, S 72258
WL 2 X )RR L.
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.4 SBRERAEHEHOEE

EHEREMHEXOMEIZIL, 64F ¥ ¥ A
EEEEM 7 ) v F (GROSMMI1305; 1347 x 551
; EE lmm; FARMEEEE Smm, OT Bioelettronica,
Torino, Italy) 2SS N7z, B ED KA L
LT, MREOKET 26 BEFIMI B & 5 5
M 2 T, RO 3FE 2 EREHID DA,
TATB & O R S A bR 7oA E I L7z
BWOUATEITIZLEISS CTHEL, EE%
KT SNz, BBIIREME<— A b (Elefix
V, HAOGE, ) A7 S oW EkE 7 + —
2. (KITOSMM1305, OT Bioelettronica, Torino,
Italy) (2 X > CHEfF &7z, Bo72BEBANT v
7" (WS2, OT Bioelettronica, Torino, Italy) 23F
BEEAImICEE S, T—AEMHE LTHWLN
7. BEIEGIIHEME— FCTREL, 16E Y
F~IVFF v ANV T 7 (Sessantaquattro, OT
Bioelettronica, Torino, Italy) & H\WT7 ¥ % )L
T=FIEREN, IoF—s LREshz
L5 DAF 713 256 15 |2 1R S 4172212 2,000Hz T
) TEN, NV BT 40 F — (10-
500Hz) |2 & » TR S 7z

1. 5 HeaBERAFERDEN

f#dT1Z, MATLAB (MATLAB R2019a, MathWorks,
Inc., Natick, Massachusetts) % J\»CHTh 7z,
B INLHOT— 1%, 4RO low-pass digital
butterworth filter (# v 4 7 &% 6Hz) 12 & -
TR SN 27Ty TREIZBT 2O
IEREME DR & LT, AT RIS BT 5 55
71 (%BMVC) &5 =7y b OEDEHEFAEDST)
D% ENM (Force steadiness, DL TFFS) %Ko 72,
COFSEFEBHIOLEHMELZRLTBY, il
BEVIE EN ORI RN &2 ERL TW
5. EEERMHER D HH L 72640 g
5%, W) v FORMTHICHEESTLE
R C BB L A2, KIS 59 8 o B AS 5 12kt
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L C, Decomposition of Motor Unit Surface EMG
(DEMUSE) ¥V 7 + 7 = 7 (ver. 5.0.1; University
of Maribor, Slovenia) & Convulsion Kernel
Compensation #: % i i} L 72 505347 % 47 - 72 12
B BB AEETOMUE, RBREELR1LO
WFFEE I & o TEEE BT LE ST, /3
VA A XHAHIB0dB % 2 B MU O B A 53H7 12
HEnzY. EMUIZOWT, FYTT v T
PRI D 231 7 [ OME L ) MU FR A5
S 7z &MU DR O FE KO B I FEH &
NTWB 5T (PMVC) 75, ZOMU O E
Bifi (RT) & LCEFES N/ 10, 20, 30, B
L 40%MVCIZ 51T 5 MU FRIE, £hZENn75
- 125, 175-225, 275-325 B L U375~
42.5%MVC D [X[HIZ 3515 5 MU FR O H L5 2> 5
EFEL, BT 2 XE o HHEOZ LR (A
MUFR) ## L7z (B1). MU FRI38) 5 Bl
(Recruitment threshold, LT RT) D&% 31t 5
729, B SN/ MUZRTHIZADD 7 )V —T
2501, xS A MU & B THe# L 72: 1) RT
7310%MVC il ® MU, 2) RT %¥10% LA I 20%
K O MU, 3) RT °520% L 1= 30% A ifi o MU,
B L4 RTA%30% L) | 40% il > MU.

1 . 6 L g‘l‘

W57 — #1013, FIE + HERE TR SN
ML L7 TV tiEE VT, Zv—7H
DOMVC, fREIZxF 9 5 MVC (MVC/BW), FS
It L7z MUFR: AMUFR % Ib#§ % 72
DI, BEEERT & LT (T vsRA),
WeBRE NN T & LCHHEM ) (10, 20, 30, B
£ 0V40%MVC; 10 — 20, 20 — 30, B £ 0830 —
40%MVC) &5 5 NG 2 T o7, B
B HAEHAERD & 7244 1%, Bonferroni
B X B2EBMEZ AV, E£TOHEIIT I,
SPSS 26.0 (IBM Corp., Armonk, NY) 2 & - T2
T8N, AHEAKEIZ005IZFFE SN,
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ree= SO%MVC

Spps

LI,-;

10% 20% 0% 40%
— wmve —

X1 T 77 v ZIGETICBIT 5084 OEEHAL (MU) A (FR) o #7 f]
BOIIFEEG AR L, H0B L OKBOMILME 4 O MUFR %7K LT 5. RWERIE, MVCD20, 30, 3 £ 08 40%MVCIZ BT 52MU FR
#R L TW5. MUFRIZ, ZNENMVCD175~225%, 2715~325%, 3 & U°375~425% D X TR SN HMU FROHREA HEHEENT
V%, MU FR O3jist (AMU FR) (ZB#:5 2 X OMU FRE OZE 2 HEHHE SN TV 5.

®1 AREOFEFHE LSRR, T D% e

Ty KA

(n=18) (n=18) p value
i (%) 9.46*1.62 221+34
HE (m) 1.35+0.09 1.71+057
RE (kg) 288+5.1 65.2+8.80
MVC (Nm) 574+19.7 210.8+57.9 <0.001
MVC/BW (Nm/kg) 20=05 32=07 <0.001
FS (%MVC) 1.80=0.62 0.96+0.28 <0.001

MVC, maximal voluntary isometric contraction, % RV KRR 7J; BW, body weight, A5 FS, force steadiness /] D% 5E M

2. % B
60+
2. 1 mKREHESDEREMS
TELIRARALD EMVCE LU MVC/BW B .
WCHBEIRWEEZRLZ:. 77 v 7REIC ) 40-
BIFLFSIZOWT, FELARANEEL THE E
WES &R L7z (F/1). 32
[
2. 2 EEEAFENERE & 20+
BHIZBWTT Y77y FEP IR S 1
MUDHEERTZ#E21ZR L7z, KAEHEKRLT - .
T b TR O MU AR S 417247, BER 0 -
TRTICAERZIIER S N2 o 72 (p=0.154).
FLUb (968) LA (2358) 125135 MU FR [ Children [ Adults
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Effect of Different Half-Time Strategies on
Repeated-Sprint Ability in Soccer Players

by

Takuma Yanaoka
Graduate School of Humanities and Social Sciences,

Hiroshima University

ABSTRACT

The present study examined the effects of different half-time strategies on repeated-
sprint ability (RSA). In a randomized cross-over design, ten male soccer players
completed two RSA tests (6, 6-s sprints separated by 24 s of passive rest, first and
second halves) separated by a 15-min half-time. During the half-time, the participants
were assigned to a 15-min seated rest (CON), a 7.5-min passive heating (wearing a
jacket at 5 to 12.5 min during the 15-min half-time, PAS), a 1.5-min active heating
before the end of the half-time (performing a re-warm up at 12.5 to 14 min during
the 15-min half-time, ACT), or a combination of both passive and active heating
(COMB). All trials were performed on a non-motorized treadmill in a thermoneutral
environment (17.1 +1.1C, 52.2 + 8.1% relative humidity). In CON, mean and
maximum running speeds were significantly lower during the second half than during
the first half (p<0.05), but this difference was not observed in the other trials. In
the half-time, PAS, ACT, and COMB did not decrease magnitudes of the drop in
gastrointestinal temperature. Skin temperature at the start of the second half was
significantly higher in COMB than in CON (p<0.05). In the second half, there were
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no significant differences in gastrointestinal temperature, electromyography, or muscle

oxygenation between trials. Herat rate during the second half was significantly higher
in ACT and COMB than in CON and PAS (p<0.05). In conclusion, PAS, ACT, and
COMB improved RSA during the second half compared to CON.
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1.9km/h), 3BM D4 AT ) > 2@ & L7z,
EBROREIZBIT B 7 14—V EAOBEIRE %%
BL, V7r—aT7y7T@3N—75 142K TD1
SRR T SR

1. 6 HAIEIEE

1. 6. 1 RIEMENNT+—7>R

AT) Y MIARZTLEOFEEERES I UK
mERELXHHKHY 7 M7 =7 (CURVE 15,
WoodWay, USA) % Jl \»C100Hz T#ll % L 7=.
MEIRHOFYERE T IIREERE %
100% & L 7z ARl TEHi L 72

1. 6. 2 & &

71 7tV AR 2 & (CorTemp, HQinc,
USA) # T, BT 20T &1llE L7

FH > b AR—VEEE Vol. 45
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W B - AR - RBRES - FBRES o B2 i &
K% X5 — 4% 0 4 — (Thermocron SL, KN
Laboratories, Japan) % JA\»C, 30T & IZHI%E
Lo PR lini, Serrmfseickox1?, 4
L7 CPEREFEIE= 03 x (M + ERhes) +
0.2 % (KERES + FHEER) ).

IN=T 5 A O E GRS L O E iR % 6
FRT RSO bE (A) & L TRl L 72,

1. 6. 3 REHEH

HRBREFGHEOMHERN (EMG) %, #HihEmR
*REEICRE L /-RMEM (OE-WS1223-W,
BYE T, Japan) % IV CTRSA 7 A b HIZFLER
L7z (> 7)) v 1% 1000Hz, 73> F732
74— 120 ~400Hz). 74 AREM (v
O—7, A/, Japan) ZfHH L, FEMRHEHHEL3
em& L7z, A VE=F YA (<2kQ) BARREHT
H720\2, EBOMMTEIREZHBL, T
I—VCHELZ. £AT) ¥ MIDWT, N—
A b ORGEH S 6 O R T LR (RMS)
B L O LE B (MDF) 281 L 72 RMSTE I,
BELIARBORT ) v B HN/EICK LT
EHAL L7z, /N—Z b ORIRIE, 2RO RMS
FE SEEREO2MGET AL ZEERL
7z.

1. 6. 4 FFEARENRE

2% (770, 830 nm) O ZEMI S fFL ARV
(NIRSRS : Oxy-Pro, ASTEM, Japan) % i\,
FKBRER O®EFEL (oxy-Hb), BilsFE b (deoxy-
Hb), #&NEZ B E Y (total-Hb) 2B L UHEE
FHIFIEE (SmO9) % EfMy 2> D IFREMYIZE5HZ T
M€ L7z, NIRSRS7a—Tx120 kL 2>
DI TR S, IR - SOGE I o BEEE T
20mm & 30mm T& - 7z, NIRSRS 7'H — 7134
BRMEHR T 1 AREBRICHEE S S BEdho
oxy-Hb, deoxy-Hb & & Utotal-Hb %, @i+ @
FEN SO A E LTFHlli L7z, SmOgid, DIF
DOATHM L7
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SmO2=0xy-Hb / total-Hb

NIRSRS T3 & 72 E MBI IR E D E S 1255
BINL-0, BiBOESZFIHL, 7—%%
WET2BEFH LY. 22T, GHEFHUEIC
N KERE R AIEE O RIE (6.1 + 1.8mm)
»HWT, BHY 7 by 27 (Oxy-ProifllsE 7' 100
7'Z &, ASTEM, Japan) <TNIRSRS O &1l %
#HIE L 72,

1. 6. 5 DA

DAEI TR 0A £~ — (Polar RS800CX,
Polar, Finland) % B\ Cll%E L7z,

1. 6. 6 TEWIEE

KNV T A — )& AT, FBRES) &
(RPE) % Z# (Pre), w4 —3I 77 v 7T#T
% (W-up), HiFEBIAE AT (Pre-RSAL), /N—7
& 4 ARG (HT0), /N—7 % 1 LABIGE5 5%
(HT5), 1043 1% (HT10), 154> f& (HT15), #%F
FET# (Post-RSA2) 1Ml L7z, Uk (TS)
Z13RA VMDA =)V (-6 ETH¥EN, 6 &£C
HE\) #HWT, Pre, W-up, Pre-RSA1, HTO,
HT5, HT10, HT15, Post-RSA2Zilll5E L 7=,

1. 7 HREtEEMR

TRTCOMEITTFHMHE+EERFETRLZ &
ETENT &M E 54T 7 & (IBM SPSS Statistics
Version 29, IBM Japan, Japan) % Ji\ 72, A7
U Y M OTFEERE B L OREERE, RMS,
MDF %, G0 dH 5 Z%H (BT x /=7 x A
TN Y M) OBt E GG L. AT
VY MRT k= ADBPRIL, WHIEDOHBH—
R (BAT) DG 2 Vot L7z, R,
FRRERE, Ok, FENERE, Hod b
ZER GUTXHERA VM) OG5EG TR v
AT L7z, FRR, —IREHEEM 7213 TR
YER A58 & 72854, Bonferroni £ & ik %
vy, ZOBROWERITo /2. MatFnR Bk
I3 fERREE 5% AR & L7z,

2. & R

2. 1 RSA

RSA 7 A M O P35 # B IR HAEH A
Ao BN (p=0.024, B1A). #HF:1ARHDOFY
EREIIETEITH OB REN RO b1, COMB
AATIZCONRAIT L KK LEMETH Y (p=0.038),
ACTHATIIPASHATE I L S TH o 72
(p=0.009). F 7z, CONITTILHI - P2FHIZF
¥R E DT OREAEIRO SN, B
Pl B LRMETH - 72 (p=0.025). fhoFRITT
FEEETREO SN h o7 (p>0.05).

RSA 7 A b Wi D f i 2 A RS EAE
FHOLNh o208 (p>0.05), FITXNHN—TD
—RZHNER AR 57z (p=0.028, K 1B).
CON AT CI AT - BRI i i B o 271
DEBEAENRD SN, P & B URET
o7z (p=0.021). MOFITTIIHEEETZD S
N o7z (p>0.05).

2.2 % R

IN=T 54 LD NG ERICIEERTO R R
BLOREIERDRD S o7z (p>0.05,
2A). WEWARDIZD, KD T — 5 R ENT LT

IN=T 5 A LHRO NP EIRIIESEESEH A
B b7z (p<0.001, BE2B). HTI0ZBI1F % A
PR BIRIIIAITHOE ZEDN RO S5, PAS
B X U'COMB #4171, CONB L UTACTHIT & 1L
B LEHETH - 72 (p<0.001). HTI5IZB1F 5 A
FHEBRICIIEITHOFEEZS RO SN, ACT
AT IMMORATL B LEETH Y (p<0.05),
PAS #1713 CON B & I"COMB 21T & Ib#x L sl
Th o7z (p<0.05). HWEHARDD, 9D T —
5 BN L7
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n =10, FH+IZ ({7, a: CON vs COMB p < 0.05, b: PAS vs ACT p < 0.05.

B2 N—7% 15 HT) 2B 28R (A) B X OFHEER (B) 0%t
B i n =8, IR iR n =9, FI+AZ#e(F 7, a: CON vs PAS p < 0.05, b: CON vs ACT p < 0.05, c: CON vs COMB p < 0.05,
d: PAS vs ACT p < 0.05, e: PAS vs COMB p < 0.05, f: ACT vs COMB p < 0.05.
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O-COM  —8-PAS
-*-ACT -@-COMB L

CON: 151> 2nd, p < 0.05

CON: 181> 2nd, p < 0.05

15t half | | 2nd half
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2. 3 EMG

RSAHFORMS I21F, —kB L P RZHEIEH
MERD BN o7z (p>0.05, H3A). RSAFD
MDF 2 Z R EAEH 257288 6 72 5% (p=0.001,
K3B), ZDHOMEDER, FITHORAELE
RO SN0l EHARDID, THDT —
5 AT L7z

2. 4 FhEASREEE

BPRBEAT2 SRR TICBIT 55 TL 0
MR RBHEOELEBH4IZR L7 Aoxy-Hb B
L A total-Hb I WX R BEAERAMRD e 205
7z (p>0.05). A deoxy-Hb (p<0.001) 3 & U¥SmO,
(p<0.001) (WX EAEH D FRD &z RBA
R A deoxy-Hb IZIZFATH OB EENS RO SN,
ACT 3 X ' COMB #4713 PAS 3f7 & HL#L L il
TdH o720 (p<0.05), ZFH D A deoxy-Hb(ZiE
AITH OB EEIRD SN o7z, RPREEE
D SmO2 |2 IFFATH O FEAEA RO b, ACT B

X O"COMB #1713 CON 3 L I'PAS 31T & el L
TRAETH o 724 (p<0.05), %F:H D SmO2I1Z1%
RITM OB EZIBD LN LD o7z

2. 5 DA

BPFRGERT D SRR TICBIT 55T L0
DB ER AR L DI EER A
B BTz (p<0.001). ARG 25 Fbi2 & # 2
B 13580 H% GAHDO A7) ¥ METH 515
Bt F CoLMBICIERITIOA EEDTRD 5
N, ACT3 X U'COMB # 1T X CON B X U PAS
AATE L, R TH o7z (p<0.05).

2. 6 EEHWEE

RPE (p<0.001) 3 & O°TS (p<0.001) 1275 H AF
F2SF8 57z, HTI5 2 B3 % RPE 2 IE AT
WoAEENPZDO LN, ACTEB L I'COMB &
TIZCONB L UPASHAT L LK L EHETH -
72 (CON: 94 + 2.2, PAS: 104 + 1.6, ACT: 145 +

A 180 7 -0-CON -8-PAS -8-ACT -e-COMB

RMS (%)

60 -

MDF (Hz)

40

140

120 i
1

100

B0 A

B0 A

70 -

60 A

50

1t half

2nd half

30 T

1 2 3 4 5

?89101112

Sprint Number

B3 #EATIZHBIT 5 R TIHTHM (A) B LU RE L (B)
n =7, VIR,
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| 2nd half

=25 0 25 50 75 100
Tme [sec)

X4

.1.2.5. T 15‘:‘ v .1.?.5.

I
I
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i
i
i
i
]
35 e
0

25 50 75 100 125 150 175

Time (s8]

25

AT BY B IREFH OBRFAL (A), BilkFEIL B) BLURANEI/TE Y (O) REOE(LS L UHMRFiEME (D)

n =8, FIH+E (R, a: CON vs ACT p < 0.05, b: CON vs COMB p < 0.05, c: PAS vs ACT p < 0.05, d: PAS vs COMB p < 0.05.

180 1, | ab.cd
I
I
160 4 I
£
£ 140
[1H]
w -0=CON
T 120 4 --FPAS
T -o-ACT
100+ -8-COMB
| 2nd half
ﬂl:l ‘mh‘m
25 ] 25 50 7S 100 125 150 175
Time {sec)

5 #HPIIBITHLHEOZEAL
n =10, *FI+HE R ZE, a: CON vs ACT p < 0.05, b: CON vs COMB p < 0.05, c: PAS vs ACT p < 0.05, d: PAS vs COMB p < 0.05.

1.9, COMB: 14.3 + 1.8, p<0.05). HTI0(Z 51} %
TSICIEEAITH OB EENRBO LN, PASBLD
COMB /T2 CON B & ' ACT 47 & i L &Ml
T& - 72 (CON: -0.2 = 1.0, PAS: 2.8 = 1.0, ACT:
04 +1.3,COMB: 34 = 0.7, p<0.05). HT15iZ 8
T2 TSIZIZBETHOAEEN RO HN, ACTH
L O'COMB #4713 CONSRIT L L L & TH
), COMBHATIZPAS AT L I L &ETH - 72
(CON: -12 = 1.1,PAS: -06 = 1.3, ACT: 0.7 = 1.1,

T2 b AR —UFE Vol. 45

COMB: 1.3 + 1.3, p<0.05).
3. £ =

K7 T, 75 MO PAS, 154 ® ACT,
COMB A 4 MDRSAIZE 2 BB RET 5
ZEERHME L KEFZEEORE, PAS, ACT,
COMBDWIFNHhDI- A%ITH T LT, Hie
B L72%FORSAK T ZHHITE 5 Z L 2°H
birklrolz, —HT, BT TG S Tw
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L1555 DOPASIZ L BN —7 % 4 Aho B GiE
T HIH 7 %0 L - B3R O ACT IC X 5 ik
FHREOUE 13, AL TIIRD SN h o7
IN=T I A LI NANV I Yy N EER
T5 2L THRPLPORSADHEFE SN/ 2 & 2 s
LTWBETgETIE, 202 H=A0E LTH
RO T 2 #E L Twa 27 —J, K
72 TIZPAS B X I'COMB (2 BT 5 BB RO T
HHEIPBO LN Lo bBEbLT, B0
RSADSHERF Sz, 24U, XA VT vy
FOFEBIC LB TFEEBRO LA & FAUGERT
2 WA R O 1) 110 |2 L O B T REME
Wb, AL, vr—3Iv TS
BICEERB L OFHRITE T 5 2 L T mER
FEAHIE LG IS & T — s bR 2 2
s TwE Y fEo T, KRFETLF
YR B A & F RIS SRR E S O
M 2 & o T, RSADHERFS N2 REED D 5.
G2 TIZACT (2 & % RSA T HIHIICRES 5
iR A =X L2 HLPIIT A LIETER
Mol EZOLNHEANZALE LTI, Post
activation performance enhancement (PAPE) 7%
2515 % PAPEIE, FIEBIRTICAT RHED
B> 74 ¥ a = ZIHIC & > TEESD
EEST 4 =< VAPAETHI L EERINT
V518 PAPEIC & %3EBh/ ST 4 —< v AD[A] L
&, BB & R G EAE, iAo ToHE (—
WIETEEDITICEZ) PEEL TR EEZ LN
5 2o OB LRGEMTIEBRM SR
WREMASRIEENTHE Y ¥ SHBoETLY
M A D = AL OMEINEEND.
AWFZEDORFEDO—21F, FHROBENTE T
WRWIZ ETH L, FHiREN—T 51 LHBOER
JEEEN Tk —~< 2 ADKT L BET 5 KT
Tho70Y, SHOMECTHET 2 LEND 5.
THEORAE R E LT, BRI A  S E 52
Fohs, EBEOY v I —5iHIE05 b

L7, XU EBREH AR OEE T RO R
RO ND PR B LEDNDH D

4, %

AFZE I, 155 DN—T % £ L4
PAS, ACT, COMB 7°RSA 25 2 % 528 % M)
L7z, Z0#E%, PAS, ACT, COMB IZHif:& It
BWL72%FORSART 2T+ 5 2 &L
Lotz

B

ARWFFEAT LT, BRI Y F LA AR M
NARGEE T b AR — BRI 2 <
Bt LES. F7o, #ERE L LCihne
SARVAS LY 5N LAY A D= e
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R84 F R % O IR R ICXE3 5
D=l e LT Cryotherapy DR)H

o oK ¥ F O A
GtREpEE) ® 5 K ¥ T K N
3 Kk % BRI

Effect of Cryotherapy as New Treatment Method on Muscle Dysfunction

Induced Anterior Cruciate Ligament Reconstruction

by

Ryo Yoshii, Zentaro Yamagata
Department of Health Sciences, Division of Medicine,
Interdisciplinary Graduate School, University of Yamanashi
Daisuke Takeshita
Graduate School of Arts and Sciences, University of Tokyo

ABSTRACT

Patients following anterior cruciate ligament (ACL) reconstruction suffer from
dysfunction of the quadriceps femoris muscle (QF) for a long period of time due
to neurophysiological abnormalities called arthrogenic muscle inhibition (AMI),
preventing the patients from returning to sport. Failure to reduce AMI at early phases
following injury or surgery could lead chronic muscular impairments due to supraspinal
dysfunction. Recently, a systematic review reported the effect of cryotherapy as a
treatment for AMI of QF. However, the effect of intervention using cryotherapy in
early postoperative period for a certain period of time has not been investigated. In
cryotherapy, exercise intervention is performed while exercise efficiency is temporarily

higher by focal cooling of joints. In the present study, to examine the effect of
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cryotherapy intervention in early postoperative period on QF strength, cryotherapy

was applied immediately before starting each rehabilitation session for 4 weeks at

early phase following ACL reconstruction. The knee extension strength of patients

who received cryotherapy tended to be higher than that of patients who did not receive

cryotherapy. This result suggests that AMI of QF following ACL reconstruction could

be treated at an early phase as hospitalization using cryotherapy.

¥—7— K

BIH 8, ORBRIUSE, BRI E #H,

Keyword

754 F I ¥—, EEMEW AN XL

Anterior cruciate ligament, Quadriceps femoris, Arthrogenic muscle inhibition, Cryotherapy,

Sensory overload mechanism

2 B

a0y (ACL) R %1%, KBRIUBHR;
V2 BEET R HIH] (AMI) & M3 5 i e
MEREICEY, BIICO > THEREET AT
R, BERAR=—VEFEWH T 0D 20
AMLIZZAE R OBERE TR TE 2w e L0k
A LB 1AL S 2 T eIk 2S 4R S T b,
KIERPUEE A D AMI D5 & L T Cryotherapy 7°
HEHSIN TS, MEEIII BT 5 —ELH o
AN FIL F 72 Do T\, Cryotherapy (3,
MEi 2 GHT 5 2 & T—BMIGEBMEE LT,
Z DN B 21T o TRkt E & [ 5 6%
HTh L. KWL, ACLBHEMZEY OEE
WXL, 4BIZh7-0) N 7= 3 YERNIC
Cryotherapy % St L, KERIUSAF 5 711285 %
BIREWMGEL 72, ZO#E, Uy T—2 g
ERIZTA Y Y 7 &fTofzay bu— VEEE K
L, Cryotherapy /- A T35 R i g 55 71 &
fEH s e W E TR ASER & L7z, ACL AR t2 0
KERVOBE A AMILIZ3H L C, Cryotherapy & v %
L TARERD» S ORMNGHRT Ta—F A TE S
T REPEDSRIE S Tz

FH > b AR—VEEE Vol. 45

o
il

a8 (ACL) 81513, AR — VT
ZZFSE L, RETIIEMI2 AT EZ 518
BHSELTWL EEbRTna Y. $7 itk
DE—FIRTHLHEFMET>THAKR—VE
BIE69nHIRELY, HEHEOFEHL LI
foTiEe2& 0500, HIFHDACLE
WiELER13 2.0 ~ 19.3% 12 B3 L i STz,
L7235 T, ACLBEMBRICEENLZEIERF
THRODINE)F—2a ilBnWT, F0Y
EFEOLIEIZABTHD.

GRB ARV FIRICHLELRER L L TKRIR
WG OHIREER ST 55Y ACLH
AR 2 D JE 2 oD BRI SR 5 VR S 02 5 0 YR
T2 Ee0bhoTns8D Z2LCZnfih
T, BEAMMIET S8 % 0, wgdn
FMREFEDoTWLEEIRTWEY, 2o
BEPHERERBEICHIT 2N F—3 3 v
BOWTREREEL L7720, THETITEER
TEF N (Arthrogenic Muscle Inhibition; AMI) &
EFEN, SLOWEMSTORTNEETY L
MLz H, AMIOREFILZ OBMESIBIZ 72

i
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AR ELZ L, ZORORBEHEIIMELSN
TwAWS BRI B 2 AMIO GRS %
MELTV AT T4 v 7L a—1l&b L,
Cryotherapy D& EH5EH S Twap 0 ==
TH 9 Cryotherapy 17 4 ANy 77 & CTHEE %
W L7 ETHEBREEIT) 2L RIET. ERE,
Cryotherapy 13, ATLMIZIEICHEE %5 &2 L
TARBEIUEERS % AMIOIREELZ L 728 & 125t L
BRI S35 T b 1012 F 7o ACL iR
itz o BZ I 2AMIChIZ) YN ) 7 —
a3 YEHIZ Cryotherapy % Ffi§ 5 2 & TRHER
PUSERG > AMI % 883, L 72 & o 1314 %
HIACL T EM A EE BT AR R LD 5
NTw 29 Cryotherapy DA 1x— K19 Tdh 2
B3, R ORI EBEE & 1T A 2 & T
BBEOMEN LN L I EDRBER TV S S
W AMIIZ BRI & & S ICHMEH L L0
BEENHRE L AU E BT L, R 7
RS RE R B ER) Y — v R R S & A HE
HAERENCn B ") 200, AMISEER
i, BRARCEMICHAT LI EPEZELEZS
NTw29 L LS s ZlE o — gL
M2 BT % Cryotherapy /- A & 5 FitEEE~ D5
FICHL TERE SN TBL T, MiREHOERRK
FLENTREPIIAHTH 5. ACL FFEEA £ 5 1]
DOABEBIBHFIC BT, KERIUBEG; O 718§
% Cryotherapy DRI R ASFRO b L, ZOEfE
SHUCERIRIZBWTHY AnR$ <, £72AMI
Wty AR Fu—F & LT, ACLF R #
BEORER ARV ER/OI-0DEBEIIKR
EWLERL FITARMEOHMWIL ACLH
BRI B TN T— 3 VEATO
Cryotherapy O K BR PH 55 7 75 77 1256 97 2 B R % M
IR R Rl DA

1. MELE

.1 @ R

20224F-8 A 7 & 20234 4 7 O 12 [ 37 Be i
B BE |2 T 1a] ACL PR EEAl & 47 - 723 B35 15
D 5 EH (i 14-355%) D9 bARBFEIZFE
ZERONTZIBNERRE L2,

BN AR E VAT A A R R e S B
DG (R4-5) &% F 7z ETHEML 7.

1.2 ¥ B

MR T A T EEAIL BB E L, W%
# % Cryotherapy /r A% (CRYOR), = bu—
JVEE (CONBE) O2RENTGH L 72, TR, KHE
THRABEBIUOCBEZOBENHEAFE 25 L5 E
MBL»7uy 2507 afbxfTo TEDAFIT
7z. Cryotherapy (7 4 ANy ZIZ L ) BEx &R
LT, @ERR TGRS 7T L LTiThN S
TA Yy 7 ERABOLETH DA, HiE L EEE)
Tx LIF572017v, BRERIEELZMNZ L7 T
DIzDIATH 72, BHPERL L. KT,
CRYO#IZHEH D) NEY) OERICB VT, HBfr
Woek b LIC20FHOT A Y v 7 % ffn i)
ZFIUIH L CCON#IE, MBEEIZHEZON5IE
O EE CRYOREL FSFIZT 5728, YK
ERIZ200EOTA Y ZE o7 (F1). 4
BElzB1) 2 AR o@EE ) e ) iE, ACL#%
BEEEFR—OMEB) 707 F 22> T—40
SR % A5 AT, ACL R #2258 THV 0 fif
Buh, 4ETEMEICTREEE %5, Cryotherapy
DR FEIIMA40 RS 2 L SN TV B 720
1319 CRYOBETIE T A ¥ v 7 HEVEIZ @ H )
NEY) G L7z 28EH 128\ T Cryotherapy DL
PATREREIA UL S, CRYORIT A &
Y HEETO 4050 & @E O ) NE ) EiEO 4055
M, CONILHEFE D) N BAIGTE AT 40 551
ETA Yy TEBRDOL0 G EHIREIZTT A ¥
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Rz FALLT || . . E4 1
- S T -

CRYO#
[mh#E]
R ey | TAYLYT L ERUEBEEEF N
[ {40min) ” BRRUREY H {Z[Jmi;J ‘ (40min) 2B
\ J
%

ABRAAM4GE, ASEO Y NEY
w BRI BHET A LT THPE AW

X1 W7o bau

Y RiThba WM (K1), 74T
\21& 7 A4 A3y 7 (ICE MAT. MIZUNO., Tokyo,
Japan) % O LRI & R I24 T, /N
7=V TREE L. B5E O A% 48 R
L, flitc48EECT ™ b4 & LC, BIODEX
system 4.0 (Biodex Medical Systems Inc., Shirley,
USA) DACLT % vF A~ b&MH L TR0 JE
A7 CEE R i ) (kL) 2 lsE L7z,
HIE IR REAND ) NEVIRERI A, FHT I
LTV R WE=EIMTo 7.

1. 3 7— XN

TR B N7 SRR R ) B o E
B LT, tHE% i L CCRYOH & CONFED
MCoERIE L. F72, 2HOWRR T2
BN EERT L HBT, WA, EW B
£, KE, AR—Y L)% RT Tegnar activity
scale (TAS), LB D&M & L CHliRT O H ARG

Wi Anterior Cruciate Ligament-Return to Sport after

Injury Scale (ACL-RSD) & fif &/ ABA%GEF 0 H
7K 5 4% 4 B Tampa Scale for Kinesiophobia (TSK-
1) ZRAFE L2 S OICREBNETME L CEE
DOFEFE % 7R T Stroke test, i A& DFEFE/R T Visual
analog scale (VAS) (J&J ih 70 BE A7 C 0 & R
KIEARREIVERE), JfiE~ — 7 — Td % C-reactive
protein (CRP) % /v ABHGIE, % 2 80, i %
4RO RAZFEMIFICHTHE L, TNETNOEEE2
HEMTHE L. 2O, N7 RETH 5 Stroke
test ® & Mann-Whitney D UM EZfH L, Z®
finix eisE 2 A L7z, AT IZWET T Y 7 PR
(IBM Corporation, Armonk, USA) # /L,
FKHENL 5% Al & L7z,

2. MRHER

PERI, AR, B &, R, TAS, ACL-RSL
TSK-11128\WT, CRYO# & CONHORIZHE
RIERO LN Rrotz (R1). T2, TOHD
S RUME MR 0 B L IS BV TR IR

R1 WNERFOEREE

CRYO CON p
B (B etk) 6/3 6/3 -
i (%) 202%6.7 19.2+3.8 0.75
HE (cm) 167.1=13.0 168.7+55 0.79
HE (kg) 63.8+11.9 711+176 0.46
TAS 78+16 72+22 061
ACL-RSI 458+938 514+6.1 0.28
TSK-11 23.8+3.0 242+77 0.92

g + B R (DN A2 7R T)

CRYO: Cryotherapy /- A#, CON: I > 1 — )L, TAS: Tegnar activity scale, ACL-RSI: Anterior Cruciate Ligament-
Return to Sport after Injury, TSK: Tampa Scale for Kinesiophobia
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]2 SRR RS & SRR RTIIE B

I A B GRS 7 74 2008 I 4 ra o iilixd
CRYO  CON P CRYO  CON P CRYO CON P
g%}%@?@ﬁﬁ ; ; ; - 571131 480%85  0.066
VAS (cm) 4427 39%29 080 0304 04=04 080  02+03 03+03 089
CRP (mg/d1) 1210 07+04 031  02+01 0201 097 00400l 005£003 077
Stroke Test

O/T/ 14/ 2413+ 012121312 0/3/2/2/12 0.72

3/4/2/0/0 - 3/3/3/0/0 0.82 9/0/0/0/0

9/0/0/0/0 -

Sy + AT HEAR 2 (Stroke TestlX FEXME & O N % R)

CRYO: Cryotherapy /i Afff, CON: = > b 1 — )L, VAS: Visual analog scale, CRP: C-reactive protein

EERHTE L5720 DO CRYOHE TEIWE
23 H S 7z (p=0.066) (FR2). F7z, /- Abid
We, ik 28I, RHEFHIHROWTIUIB N T
VAS, CRP, Stroke test D& A BT
Nhhotz (R2).

3. £ =

ACL B4 4 B 12 A 1 A KBRITEE S O AMI
1, MEHERE 2D BEREAETH L L E R
LNTBY, e AR—VEFEEYITLKE
HBERO—STH255, AMIICIE, BHOER
DHMEICHE LA TH 0 0 Rk kg
FIIRZHESL SN T2V, RFFETIEACLE
BIFHREL O EBE O AMLIZXT T AE#EE LT,
Cryotherapy DX F % MGE L 721 CTOWFE T H
B, FERE L CilitR4EM O ALY, HEt
MEEEIIRDONL o735 DD CRYOHET
BNHKEL B BEADBESN, AR D S

TREMEAVRIE S L7z,

AMID X ) = A 0%, HHOERH =2 —0
T VEEEOET & v D) BRI E A 1 = X

Wz, Ao RiE bR E DSBS L CTwn
9. BEICHIE I AMISSE O AN E LT
<, HMfkofafs, BIEIMRE, BHE, WA SE
HREDBZOREREShTWws™Y 21T, 22
TEBEINTWDE A D XN, WFEEZED
BTN OB 2 2 ORI IR K 2 ikt AT
W CRODMEERT A 71 = X 2) 920 Lsaei i
W7 12X 2 RESHEECHEHRM AR

BoE (REBAEM AN = AL) 2228 o4 2
Cryotherapy I3 £ Z OEEREN A H = X 412
TER L, & 5MOEFHHII L IR L LTtk
REX T 230 2 A W REME & SEATIT SR RIBE L T\ 5
W15 - gzpe o ERAGICIEIE S & C AMI O 4RAE
(2 U 72 BRI R % T L CEERRZ 20U B & bR
R L7k oW b B2 KBTI, JHAE,
A, FIE~Y— T —E2RERMICFHOLTBY, F
WP T I NS OBEL R, BHEEE &
IR A B L T BT OSERR T &2, 2L
T, CRYOH & CONBETI NG DBIEIZEN %
Mol Z b wfEA DL L, Cryotherapy HSHEMRE %2 i
F, FIELDH DT G2 TWAHbIFTIE
B L72h o T, FHEHRIZ T Cryotherapy 12 &
% I N CRBRIYSER, O f ¥ IE A3 L & 72
me LTIE, FICZORMICZBIT 2 B EE T 2
HZAAMERL, @BIFHE %o TV L REZE
2R B SZ 7 2R 0 © O IIHIE O R B % B
OGN X Dz, —ERRICAREE LTS 2
L CTEBRIEOM ESHNIEEZ HND.

ACL 815 4 F @A 4 R B2 G20 5 1L 2 KRR
TUEHA O AMLICIEEMOEE =2 —1 >~ 7 — )b
BEERTPRECHS L TwLEFEbR TN
A5, FERREE & & HITRE L~V B K
L, RN S BRI O & 21
PO itkREREE 25 S T RIS ST
W5 Y L7285 T ORI OB TR
W OWEREREE 2 Bk S5 2 &3, ACLFH A
BEEDNLEIIAR— VRS 5 L TEELER
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HO. AW L - T, ACLEHEMHZEEC
BT 2 KERIUTEAG O AMIIZ A 5 ABEdh 560
BIERT 7u—F T E LR Rite 72
LT, ABROAMIEEICET 20— & %
bLEZD.
AWFEORF L LT, TA Y 7 REHT5
RIFFEOREE L, FRER ) N FREEE I L
TYAIAEATZ edp o7z, LA L6, K
72 B iR 25 C Cryotherapy DRI RII R TH 1) |
WREHFLTET A > 7)) OFifh e
HO5PREDE Vo ERIIEZ TRV
B, YAZITHRWIRRIZEEZ 5.
SRIOWIFETIL, BEREMHERIC LD, SR\
PARFGFTH o720, SHOBBRETHR L
WHEL T FETH 5.

4. TEB

REFFRICE D, ACLHEMBEZFIIBIT LK
RO SE 55 0 AMLIC %} L C, Cryotherapy % Fiv:» %
CETABRRPLORINGET 70 —F05TE 5
WEEMAVRIE SN, SRITARBEEHESCL, &
B bh7 MM 2T > T 2 & T, ACL
FHEMBEED L) RERAR=VEFOOD
UNEY 78k IVOREIZEIF TV,

# O

ARBFFEICAT L C RIS ) £ L7225 HiEA
ARLET T ¥ b AR =Y REIREE F1E < 1
LR L ETFE S, ARz £l 212H720,
T3 72 7200 72 S Be e B RF e D FKEF T
BERE I HESRAERER, B RAR o/
BB L L R
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The Relationship of Morphology and Color of Nailfold Capillaries with
Disease State of Diabetes and Obesity: An Observational Study

by

Kengo Miyoshi, Tomohisa Aoyama,
Toshimasa Yamauchi
Department of Diabetes and Metabolic Diseases,
Graduate School of Medicine, The University of Tokyo
Masatomo Chikamori, Yukiko Matsunaga

Institute of Industrial Science, The University of Tokyo

ABSTRACT

Nailfold capillaries are small hairpin-shaped blood vessels that aline the nailfold at
the tips of fingers and toes. Those vessels can be repeatedly observed using relatively
inexpensive and small microscopy without injecting needles or administering
drugs. Nailfold capillary morphology is known to be altered by various diseases,
and morphological abnormalities have been associated with type 2 diabetes and
its complications. Though, there have been few reports of quantitative analysis of

nailfold capillary morphology. The conventional semi-quantitative analysis could
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only analyze the presence or absence of diseases and complications, so by shifting to

quantitative analysis, nailfold capillaroscopy would be a new examination method in

the treatment of type 2 diabetes, as it will provide more accurate results and also enable

the evaluation of disease severity. In this study, we quantitatively analyzed not only the

morphology of nailfold capillaries but also the colors of the capillaries, and showed that

capillary diameters in hospitalized patients with diabetes had a significantly positive

correlation with HbAlc levels, a glycemic control index that indicates the disease

status of diabetes (R?=0.21, p=0.027). Additionally, obesity, associated with insulin

resistance in diabetes, had a significantly negative correlation with delta E, a color

contrast between the inside and outside of capillaries in obese and diabetic patients

(R?=0.19, p=0.035).

*—7—F

JEREMIMAE, TFEEHIMmAE S, RN, NEAE

Keyword

Nailfold capillary, Nailfold capillaroscopy, Diabetes, Obesity
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JRER AN 13 TR S O IR A AE S 5
T YUV —TIROMN MEED Z LT, 154
DEFIRIEH O 7 L OREM R <, K
lli o /NI SR S C A 2D AR BRI B AT ik
Th 5. JNEHEMINEOEIIHA ZRBICL -
TEALT A2 Db, T F TIZ 2RISR IR
REPHE & ORIEASIER S N T & 7228, NEEM
METEREIZ DT OB O 58 = WFRIT % 1T o 723
Fidd v, EROFERN R EGEN TlEEL
LCRE - AHEOHED ADITHRIRA T, &
DREIE DV ERBITICRITT 22 & T, KR
OEFEEFFHMT AL OWEEIC RS20, N
SR M PSR 05 2 BB RS 1 B U % B 7
RS EE 2B EPHEEND. RIfFRET
V&, BEPRIR A BB OIMEERDS, BERIK O %
RTIAED Vb u— VIR Td 5 HbAle &L AR
BT 2 2 2 %2R L7 (R2=021, p=0.027). F

THERIRIC BT B A A VIRBUE L B 5 &
SNZIEME, RS - BRSO M
HNofmoary b5 A Mdelta E& AR L 72
(R?=0.19, p=0.035).

i

il

PRI\ R - A TRENA LIS
FHEELEDLEMADFEIZ2I% % 5D 5 EE
LR L 5. R I £ > R
DFRREZEORMEEICZL Y, ZhaHELSD
N2 HEFRIRHBIEE, EFRARIEEE, MR I
BEdE o 72 2 OB M O Gl S
BEE) RUE, BHEZE & o 22K O B IR
1L (RIERE) 4 X7 3KEBTH L. MK
EIRHARICBT 2 EHEROFEIMY chh, B
SEIEIE L BHEADBEROE1Y Th Y,
BERRATARE S BV CA P OSSR - RIS R
TEEE W2 5. L L, HERESEOHICB W
THPHED R 7 1) — = 7RI 5 L ir S
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<, M DM A 1A 1 BL ST T 2
PRI BE L RIED 46 5%, EIEOIRETH 2 IR E
H - 7V7 IV EBEREICOWTER T L 194%
ISBERVEVIHELH DY, AIHEOIEIC
DOVTHEDFHITKENEWR L. FERFOHE
BRI OHR I X - R S, fE
JEDFHM I ZAREMRAE AT DN TV B, wih
LEREE DX MR RESETH Y, IR
PRI R N REFENLENL EE 2 5N
5.
TEBEAMIME L, O H R ORIz & 2 RE
EWV) GO TIKFEICARZATE S V=T
ROBMIMMETH ), Hold S 45k B - 351
2B IS B T E A~ Vo T
FOIMECThH L. TNETHEES Vo2 gl
FICUSRE e 2 i, B4 2 e O MR AM I
EOWENZALT B2 EHFESIhTBY, iR
FICRE LA, BRmEEEY 2607
A bIIEAEILT B 2 LS S, BEIRIR
DFIEY) A 7 RWETEICBES 5 4~ 2 ) VT
Pk B 2 & X2 MEE© b M TR
L U7 A8 2 2 & #ED SnTnd.

LAL, ST CHERRESE &, TEBTH
HAS 521 20 AT IR A B, AR, e
FBC L HEEIIAT, MoBEBIZOVW IR ER
AT (BEPEEFA) (2360 < 7Rt 2 e 1 s
vy, ARBFZE T, BB 52 & 34l % B
S L, 2BUBEIRE E 72 HEE b OB IR L
T, BRI & BB o B 58 12 D W CREE
L7,

1. IRAE

1.1 NRESH

AT D% G 13 2B R T 72 I D2
Wik h L, BECRSFEAE R R R - A
BRNARE L7 BE 2 58 E L, A0Sl
2B COER ORI TR i e 21, &
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2 & 2 AEAES 25160 (B30, ik
200 zing e Lz, 2, UTFowThnric
WAl 2 F IR RIHAAN N L & L7z
1) EMEMES, BN, 121 OGO BE
HIEN D 58 2) FRHAVERLAE MBI X 0 BAb%
HEICMIED S 57 3) O, BIEEAREMAE
WO R E L CTAEE) &Hlk L 723

RIFFEIE R E AR E B S ORE % %2
NG L 72 (AR © 2020316-NI).

1. 2 JEBEMMETRME

ARFZE TR L 72 GBI B s, Bt
# Smart G-SCOPE (Genie Tech) & UNBAf$E A &
> FSGS-H100 (Genie Tech, Korea) % %12, A%
Y FHEO7z0D AT v ¥y 7 E— 5 — 8HS15-
0604S (OSM Technology, China) % ¥ Arduino
CNC Shield V3.00 (Protoneer, New Zealand),
Sytem on Module @ Jetson Xavier NX Developer
Kit (NVIDIA, USA) % JU5UR SR Rl i 72 i
DLX 74 ¥ 7 RIZTHAGHETHERIEL Th
D, £ F7 %y FMTEAR LT F 7% Google
Chrome (Alphabet Inc, USA) 2> 5 BHI%EEA ¥ ~
Fofl#EEZTEIC L7z, (K1)

1. 3 HRFIE

WeznE o Abith (ARHE) B & OREEE
B2z 0, JEF & TR 45O NEEM MM
B FRUHEMEE = W T80 DR T L 72,
W BRI O ZEE I AR S, AR 18T
~25CHREICER I NEHBITRET T, W
WRT9-12Bs o AT b7z, Wifg T — 4 o4&
REICIDZ BEIER L, TOID & & b IZHERT —
Y & HRE L2 PCICERF L7z, BTZHEr 50
HERIED ZOIDICHI T TESEEL, Hla
ID\Zx L CREHFFOXT TR &R LER L 72,

FARERIARDHICEAREL LCh
£, RE%, MEHRAETHbALcZEHIL, W5
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1 NFFTAMmAE M S & ONFTHIMmE OB TR

deltaE =J(L'

_ 2 _
capilary ~ = backgrouna) T (@ capillary ~ @ background)

24 (b )2

capillary b background

2 delta E ®EHER

SINE OB S IEME 1572

1. 4 BEf&EERAE

WG IE, B S P ICHUSEEAAEE S L <
BESEDE > T RWIzoWTho N EMImE
DONT Y UREEDEES L TIARICRZ %% I
W, EEATY 7 M Fiji® 2L TBI ko
7. BUSESIE NGB & 5o ZfEftEk
(ZZEMR L o MR AL E TS B
Foe— b~y TEBICER L%, EIZE-
TOIRE % R LM% 5HE L2, REEEMIL
HrWREEoBOa Y T A ML, BUSEG %
RGBH {%7> 5 CIELAB (L*a*b*) H{£IZ2546 L 72
%, ZAEALMIGCMEBMINE & TREE % 2 h
FILEIRL, faideltaEE LCEELZ (H2).

1. 5 F—=45%H

FEEHENT 1212 Microsoft Office Excel (Microsoft,
USA) % ' TMP® Pro 16 (SAS Institute Inc., USA)
AR L, #EI2IE 28 i Tt Student O tHi5E
T HV, BRI TG0 H % thie & v 7z
2% = OMB L Pearson OABEREE 7z, A
EAREIZVTFNRLE5% L L, B NnHEIETY
fifl + FRHEAR 22 TRAH L 72

2. MEFR

2.1 BEE=R

WEZMEDH B, AKREHRE X OREERNC
AT TT B8 22 JNEREAD LA W {5 2 15 5 72 013 23
Bl (BYE1H, LH8H)) 72o7:. BEERER
TWIRT. FIERIT 547 % T, HERBEE - L
iifi B2 @ F-39 Body mass index (BMI) & 29.3kg/
m? & 1~ 2B OREGIAZ < 2 5, HERIE
BEITBIT 5 HbALc I3 FH8I% TH o7z, 72
2RMERRIG OB W 2 3 5 b DA 2161, MHHEaERE
WERETLHHDON2HTH Y, BMI 25kg/m? Pl
T2 H 5 b D176, JEWmOZR WD D06
BT o7z ABEERICH L-EREEE - T
B O EMIME B R O Cld, MERIL75 £
08 umT, deltaEB1383+207-7: (K3, k2).

2. 2 JTEREMMEBG & BRKRT — 2 DLEE
ABE I 1% o TSR B Al 1 % & JEF o 7 o

®x1 BEHR

A (%) 54.7+10.7
P50 (B /%) (15/8)
B (cm) 165.3+6.8
k& (kg) 80.1+17.8
BMI (kg/m?) 29.3%6.1
HbAlc(%) 8.95+2.06
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delta E

0

3 AREZOMERB L N deltaE

F2 AREHZOMERES L ONdelta E

M PE( 1 m) 75+ 08
delta E 83 =20

TrANVERELE (B4, B5 F3). #HKRA
BEOMERIE, HbAle & A E R IEOMM%Z R
L (R%=0.21, p=0.027), ABEiOIMMET > b o—
WHEARR I EMSEBMMEEITILR L. £
o MEEMME & EREEOT Y M T A &R
T delta E I3, BMI X A E R EOHM (R*=0.19,
p=0.035) #/RL, EWEIEVIEZEIY FT R
FAMET LC\Ww/z, —77, HERIGHEIEE O A &,
B L ORERIREEHEDIRIE TH 5 eGFR, R T
VT IV LT F= b MEREB L delta E
OB THEELRBEIIAON D>/ F72, AR
Bk & BEER ORI T, MEEL LV
deltaE L D BABLREALE RS Lotz

mEE(um)
[ ]

3. £ =

KHFZET, 2RUBERAG B L OHEE O A Bt B
RS, TTEREM I O FT L % AT L 724
APBtks O HbAle & IEE, BMI & IME N0 2
Y MR MIEREGHEESA SN, NEEMIME
OFT FLAFERRIE < FLIHE DIFRE D IRIE & 72 5 W hE
AR I N7z,

PEIRIE B L OHEmE & JNEREM IS D TEREZ AL
OREIZESL IR SN TWw b, HEOWEICE
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Heatstroke Risk Informing System Using Wearable Perspiration Ratemeter:
Human Experiments to Decide The Timing Point for Informing Heatstroke

and to Evaluate The Validity of Wearable Appratus

by

Toshio Ohhashi, Hideya Momose,
Masayoshi Kobayashi
Shinshu University School of Medicine
Masao Sakaguchi
Toumi Institute of Skinos Co. Ltd.
Yoshiko Kawai

Tohoku Medical and Pharmaceutical University

ABSTRACT

We constructed a wearable perspiration ratemeter to develop an informing system
to users for the heatstroke risk. To decide the timing point for informing heatstroke
risk, we conducted human experiments of 16 heathy subjects with the step up and

down physical exercises In addition, a wearable self-identification and -information
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system of thirst response was developed with a smartphone. The blood and urine

samples of the subjects was collected before and after the 30-min physical exercise.
The concentrations of total protein (TP), albumin (Alb), and red blood cells (RBC)

increased slightly with the exercise. In contrast, the concentrations of vasopressin in

all subjects remarkably increased with exercise. Using the simultaneous recording of

perspiration ratemeter, we decided that the timing point for informing heatstroke risk

was to change from positive to negative on the second derivative of sweating curve. In

almost subjects they identified their thirst response until several min after the informing

for heatstroke risk. In conclusion, the wearable ratemeter and self-informing system of

thirst response were suitable for informing system of heatstroke risk.

¥—7—F
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Keyword
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wearable thermal perspiration ratemeter, thirst response, informing system for thirst response with

wireless smartphone, clinical human experiment, heatstroke
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Documentation of Changes in Body Composition in Athletes Who Trained
for Return to Competition During Pregnancy

by

Takao Matsuda, Kohei Kiyonaga,
Nami Miyazaki
Institute of sport medicine,

Nishibeppu National Hospital,National Hospital Organization

ABSTRACT

Objective: Although body weight is used for routine physical conditioning, it is
desirable for athletes to be able to routinely measure total body water (TBW) content,
which correlates with skeletal muscle mass. Body composition changes during
pregnancy were documented in para-athletes who continued training during pregnancy
in order to return to competition after childbirth.

Methods: Body composition was measured once a month during an outpatient visit
and compared with the TBW calculated using a body water meter (BWM) developed
to easily calculated TBW on the upper arm.

Results: TBW showed an increase until 20 weeks gestation, then decreased once, and
increased in the third trimester. TBW on BWM was almost constant and showed similar

changes to the changes in body water content in the upper rim.
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Consideration: Because she continued to train throughout her pregnancy, her weight

in the third trimester was considered to be almost constant, a pregnancy in which she

was able to manage her weight properly. Weight gain in the first half of pregnancy

showed an increase in intracellular water content, although an increase in fat mass was

observed. A decrease in fat mass and an increase in TBW were observed in the third

trimester. This was mainly an increase in extracellular body water content, which was

thought to be an increase in amniotic fluid, and an increase in trunk water content.
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