JAPANESE JOURNAL OF

PHYSICAL
THERAPY
FUNDAMENTALS




Eﬂzkiiﬁ%iﬂ%Fﬁgéﬁ%Fﬁﬁmu

F19%2%5 2016%F

H X
B B BXHZTIAFRARDRATHER
R BRIELAT LS 365 1) 2 X1 7 A 5 1 3
R . T & 2T 3
b b OEB I EH RS BN OB
........................................................................................................................ BE - 9
R HE WA X — T ¥ 7 & B AR O WAL
........................................................................................................................ A FETe 19
JURAHEO MM LOBLID b B REB 22X %
........................................................................................................................ o A 27
JRER
SRR 22 o 72 B SR BR 7S5 A B I O BRI RS B 12 T 9 R
.................................................................................................................. BA = ffge 31
BRI EATHYT ¥ 28> DEISR T v b ORBAMIZ B 2 NG KT R
.................................................................................................................. s SEfE - e 4]
EEEERB R T 2 A5 & mkn s O YR O FERE
.................................................................................................................. BH %2 - Ml 51
BORs T/ 70y ) CEBFEMEMES M 7 v~ OBFRILIC B 1) 2 PR AR 12 21T 9 58
.................................................................................................................. B BB - e 59
SFEIEVE I B HE - AR E BN IS0 B RERR, KPR O fih B & B BRI 1 O B AR
.................................................................................................................. D U - e 69



8

Regional neuromuscular regulation within human rectus femoris muscle
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Abstract
Anatomical studies reported that human rectus femoris (RF) muscle is comprised of two
different muscle-tendon units or neuromuscular compartments. Based on these anatomical
characteristics, it can be assumed that the two regions within the RF muscle are controlled
via different strategies by the central nervous system and play different functional roles.
We are applying multi-channel surface electromyography technique to investigate region-
specific neuromuscular activation within the RF muscle. First, our study demonstrated that
the proximal regions selectively activate during hip flexion while whole regions activate
during knee extension (Watanabe et al. J Electromyogr Kinesiol 2012, Muscle Nerve 2014).
This region-specific functional role was found during walking (Watanabe et al. J Biomech
2014) and pedaling (Watanabe et al. Muscle Nerve 2015). We also reported that regional
neuromuscular regulation during walking is influenced by aging (Watanabe et al. J Biomech
2016). These studies suggest that regional neuromuscular regulation plays key role in
human movements. Moreover, we showed that proximal regions are more fatigable than
other regions (Watanabe et al. Muscle Nerve 2013). This may be explained by the potential
of non-uniform arrangements of different types of motor units or muscle fibers along the
muscle which was tested by electrical nerve stimulation (Watanabe et al. Eur J Appl Physiol
2014). From these studies, we concluded that the RF muscle is regulated by different

strategies during human movements.
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Mechanical properties of bi-articular muscles with movement
of the extremities

Tomohiko Fujikawa"

Abstract

The existence of bi-articular muscles greatly contributes to hybrid position and force
control, and compliance control of the end point of extremities. In electromyography, the
coordinated activity pattern of three pairs of antagonistic muscles, consisting of mono- and
bi- articular muscles, contributed to control of the output force direction, and the output
distribution at maximum effort was a hexagonal shape with the muscular strength for each
pair of antagonistic muscles. In mechanical human leg model experiments, we demonstrated
that the parallel link mechanism of a bi- articular muscle along the posterior crus was
involved in stabilizing a jumping motion, and that the coordinated contraction mechanism of
three pairs of antagonistic muscles in the femoral region contributed to absorbing the force
generated during the landing motion. The results obtained from the mechanical leg model
experiments strongly suggest that coordinated muscular functions could provide rapid and
precise human like movements without a feedback control system.

Key words: Biomechanics, Mechanical property, Bi-articular muscle, Mono-articular muscles,

Coordination control
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Force

Fig.1 Two-joint link model provided with three pairs of

the antagonistic muscles of human extremities

D,

Activation level [%]

Activation level [%]

L S

100

Activation level [%]

D,

D,
Force direction of the end point (6,

b) Theoretically calculated activation level of three pairs of the
antagonistic muscles

Fig.2 Coordination activity pattern with the maximum output force at the endpoint under isometric condition
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b) Activation level of human upper extremity

Fig.3 Muscular coordination activity pattern with the maximum efforts under isometric condition

Gm : gluteus maximus, Bs : short head of biceps femoris muscle, VI : vastus lateralis, Hm : hamstrings, Rf : rectus femoris,
Da : deltoideus anterior portion, Ds : deltoideus posterior portion, Br : brachialis, Bla : lateral head of triceps brachii,
Tlo : long head of triceps brachii, Blo : long head of biceps brachii.
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Fig.4 Calculated output force distribution with three
pairs of the antagonistic muscles in all round directions
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Fig.6 Output forces at the wrist joint with the maximal
effort in the horizontal plane

222 HHHERBOHEADHORER

v U O A EO ORI IE =6
1 DT 22 55 DTGB ASAEAE T B A%, KRBT D
L&, Thbb, FHOMWHEIIKT 5 eum T % M
RO Z &, K40 X)) RigmSomhe s, K
AWNTIRZW 6 OB TRTEHELVWEL, =46
momifiei (=123) O E > T, LimEICHE
TAHHMNENF, F, (i=123) L LTHiLLE 2o
M4 Xy, LwmolhF, F, (=123) Z3TXTEH
L72mD; (i=1-6) LETHAEIEeWbhb. Thb
5, el T mD,, LD, #5315 D,,
fif21E 1D, Mielld 7 Ds, Mie3id D I &
HoTWbIENbhrb, 72, LMEICHET SR
KD ZHTHRE 6 AATLOIIRE 2 5. 6 O
A OTEEHEH 1, €2, 37 WIKEI L 725 Th
D, KD NF,, Fo FuORZ VRS L72HE %
5. [ERIZ, W54 0 6 MIEOMOTEN H, (i=2-6)
=6 HOND 3FHDOITIRT PV EEKLIZETH
5. 206D EHERT AL, HhrVED
BIEFAT, o, REBPELWI Elbrb. T,
D6 MILOBOME XL LE LMD HID, (i=1-6)
LPATTH Y, UHH,E HAH BT, & BT, %
AN AT, BHy-Hy & HoHgl 3G E & B ], % &
KA EAT, JBHAH, & HeH 3G E & B ], % &
NG EPATE R D, $72, BORESIZEERGRT
OMNME %Y, WH-HEHHDE ZIZH 13, e3D
WM Fat+F, #H,H, & HeH D B S35 12, e20
SJIMFp+F, WHyH, & HeH, 0 £ S 3 Hifleld i)

12

£519% 277 (2016)

Fig.7 Hexagonal output force distoribution at the
wrist joint
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a) Jumping posture

b) Landing posture

¢) Photo

Fig.8 Experimantal mechanical model of the lower extremity
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a) With the parallel link (f4)

Fig.9 Postural change of the experimantal model during jumping up
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b) Without the parallel link (f4)

Fig.10 Postural change of the
experimantal model during heel landing
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Floor reaction force and posture condition of the experimantal model during Jumping and landing
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Visualization of muscle mechanical properties assessed
with ultrafast ultrasound imaging

Keigo Taniguchi”

Abstract

Injured and dysfunctional tissue often demonstrates abnormal mechanical properties
including muscle stiffness. Muscle stiffness can be evaluated via methods such as simple
palpation, myotonometry, and standard ultrasonography. Using models based on ultrasound
B-mode imaging, changes in the viscoelastic properties of an individual muscle after
intervention in clinical practice have been inferred, but more direct quantification of the
changes would provide objective insights into these inferences and advance more detailed
assessment of rehabilitation efficacy. Recently, developed ultrasound elastography has an
advantage in that it is simple to use, virtually real time, mobile, does not require vibrators,
and is more affordable. This new ultrasound technology has opened the possibility for
objectively quantifying the stiffness of muscle belly in vivo. This technology serves as a
foundation for exploring the use of muscle shear modulus as clinically relevant information
for assessing the severity of musculoskeletal disorders and potential improvements due
to various treatments. In this review, we describe the basic principles of ultrasound
elastography techniques and review the current muscle research, including the strengths
and limitations of their measurement capabilities.

Key words: Muscle elasticity, Shear modulus, Ultrasound elastography, Rehabilitation

1. FUHIC

WA, A LBERT I AN T T 413, @BE
DFFEL & v 2 B IFRERYE, M, FEREEECm R C,
FURRMEIR B9 A T MO MU & W HELS L 72 WY i 70 9
BT, 1Ek1 5 OMEGEY £T BE— Nk
BREAWZ D NI PSRN ZEGRE—-FE L
TOMEAMEE N TWE. KETIE, MR Z K
WL BB E D B R T T A N T 7 412 K AR

1) ALBEERFL R = PR AR R R 2750 BR AP 10257 5 i g
School of Health Sciences, Sapporo Medical University

HHESE ¢ T060-8556  ALMWE UL IX R 3 41171 H

E-mail : ktani@sapmed.ac.jp

17

WO EFEIEEZMH L, ATFEO—2TH LA
BEWA A — 3 v 7 % F 725 K55 O R R 2T A 12
DWTHMNT 5.

2. HEEEOER - B

PRI DB W R I, Mk b oIRE, #
i, TERICET2HEHRPAHTHL I LITL{HSN
TwWb. IhI TORMMBEANZRZET, AR
OWRITEERREEORE A ET AT LE X 725
Cehn, PERGHIIIRLIRA 2 £ & 3 2 4 B
WRAEALAE O 535 Wi R0 85 B 2 W~ O 1 FH 251 Ff S ¢
X7z BHHICBVWTDH, REOZERLEE), ML—
U T K o TERRIZEIL L 9 2T BEICE BT



H AR B A LR AR

HDHIEND, HHEEEZIZUDE LMEREIROFE
IR R E ShTWwaY,

PRI DOIRERLTIRICHT LT, WIROE (HEM
2 H5E) 2EWT 5. ZoOREO—o L LT, btk
ik (elasticity) 2% 5. BEO LITL X &ad ik
BRI, MRS O WBRIC L ) Filshs, A
RIIIE, 4R %L (elastic modulus, G) (& HA T
Hz0 DN THHINT) (stress, 1) &, TDA
ML AZIMZTZBICAEL 2EEE, FEA (strain, y)
EOBREERT 7y 70FI (1 =G- y) HHER
Na. BAOHBEHlHERRTH L L0, Z
DB ENIZE, HE—EDERZITTIIRT 72D
B LI NLKREL D, LehoT, R
NEY)TF—=Ya VERFERAR—=YERFLSTTHE
TEEIND AT 4 7 0 A% Hli§ 5 Z BN R 8RR 7%
DI %. Fiz WWHOHMEEROMFITE T 3FHE
BOGBERE (Y > 7=, STWmMEss, ARmEE)
PAET 5. X v R EBEROY KL RihJ7 112 A
MU RAEMZZZBOERTERD S, SRR (3
0P, WIPEER)  GIESL RO AT A
BN, F 7R K IIWASETo Nl R
SN %EZTTHREIHS &) 2B B TERSNLY.
PRAE AR O DR R ORE R E BT B HEdE CHL
W) OEENPSHEMTE L0, ThZEFHLT
B OB & R R A D B b DY, Ak
ALK O F #1X1500 m/s Rl & MK 02220307 <,
FEBIIHAEANOISH I LW R 2 F o> TWwWb.
—J, YU ELMEERIE, HEE L T A L
BEDSIE C, HIRRI OB WK X WA b OfiE (35
Wik) 2oRDOEND720, HAT 4 THAAORER
BT L2HMCIEELTWA. T2, kLA
Kb & Rk, BHESH LT %5 25 K2 & - Thif
PEREMEDS 72 2 M8 (32751 anisotropy) & #2720,
FHWEEMGET Y ¥ 7ETIE 2 SRR %2 v
BOWEKEEZSNTWEY,

3. BERISANI ST« DEREEREEEREDRE

FREHE OERIIFEIRN 2 BEIKRE VD OD,
NETIEEMBICE > TRHHE N TE 72, filli2I3AE
MOML BN RBRETH 5720, BREZOEBR
BRI T AWREESH ), S OITHEMEICHREE
BRI RLObWREDH S, LA L, EE L
RO X 9 7 filis D BRFE & Sallk 3 B I L Y 7 R
BWIHMTASHEA U2, Z O 2 W 7o R P AN
B, LI A7 7 4 (Ultrasound elastography)
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Thb. TIANTT T4 E0) HiEE, HIKOH
oA % WHRAL - 2= A3 2 Mk L5 (Tissue
elasticity imaging) DM TH ), RKIFTH—HKIZ
BYOOH 5L, 190EROWDENSL LT AT T
7 4 OWFED GO SN, BUETIZE T 2 WHlk (E
A, BIRIIEREEE) L RIRRIC I FER 2 52 )b
OB HFMME, 2T, ST
WX o THMDEEN TS, 2040 T2KFHD
—2C& 5% Strain elastography (Static elastography)
&, EREANOFHEBR.LI & o THE I NEAR
DFHIA S kAl % A 5 b DT, Parker H° @ L
Ya—Ii2Xk5%&, Ophir bASHFE MDD, ARIFTIIAME
% 6 D20044E IC S E O FEALIZH T L T 5. 5§D
BV, BB EWERIEEREA NS WD, EADE
BB 2 W5 EToOMMNRIEES ), 0
HHMEM A DRSS CEFHInTwb. Ly
L7755, Strain elastography % H v 72544 55 o -4
BEINAATHE STV 2 00", EEICE
HENDIZWERIZRE>Tnw R0k Ebh s,

—, ARTHEHIHNT S, ) —20RENLTF
T Dynamic elastography O #ilE1Z A A Shear wave
elastography Bk —o A 757 1) 1%, HEEWN
ARIET B AR A O G AR A SR D TR 1Y 72 B R A
TRADLLDTHAH. AFHRIEEREEZERSIETE
T —2 (HFERETE acoustic radiation force) % H
B &3 5B0HEIRICE 2, TOMEE LTHEL MM
ZRREYIAE D STk (shear wave) OfnHFdEE % $2
25 L THMREESETHYS (K1), HEHUIIH 2
7ot KIESEAVKIE Z M5 2 & THIHIZIAA > TW
CHEPEASTIWT I L) 2L TH 5.

VAR (BTWTREYE % Shear modulus, ) &, B9
W B AR B D 32> & TRL O W KT HE D W T
HIRTRE L 22 5.

Stepl:Shear wave generation using acoustic radiation force
induced by focused ultrasound beams

Step2:Shear wave (1~10m/s) propagation captured with
high—rate ultrasound insonifications (5000 frames/s)

Step3: Visualization of local shear wave velocity distribution as
color-coded map

Fig 1. Measurement process of muscle shear modulus.
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REDFHENAT 4 T A AGATZ) TV I A NZBIZEL7-
NETHD TRENTWSY. I ZIZFEFY 0201041213
Innovative Methodology & L C, #7&#HiB T %P2 H
W72 BB WM R O FHINC X 0 AT B K HE 2 A
THHMETTREIC 22 5 2 LB ME SN TWBY. $72, i
T4 B 25 L U O ERlomwEEREMED
MERINTWEY, X512, BAIOMERCER S
727 7 ¥ b ARWE ) EABREE Tl & L7 S ERE)
DAL & B G A A — T 2 7 X A HEfE
L O RIS S HEFHIOR M ET SR THB Y,
ARF: % 725 185 O AR A X A 112 & 72
OOLNOOHLEFZA.

4. FhtEmEMEICRIE T EREE (R NV YyTF VD)
DFNRAREIE
NI SE Bl R AR EE O b5 R R BB 0 T )
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FRICERT 205 5. TO XD I L TR
M oW EIERCEM AT 4 7 A A0SR HIIZ, #
DALy F v IR EEFREO—DE LTRSS SN
LOD, K KIZTTA MLy F U F ORI EE
R Z ORI TS RBHICE > T v, BEED
E— NETROONDERDH AT 4 7 % A L BHEI A
T4 7 A ADRIZIZE VB (r = 080) 25RO LN
%500, I OMEIRFEE % 7~ 3 sk & B
AT A4 7 HAIIHEE (r = -037) DKW &
REDOWHETH LM Eh22H 5. Lo T,
HRETEEA A — Y V7 X ADEBN B AT 4 7 2 A
DERALD T ENNUE, ThETOHERELN 2T
ili % BT 2 BN 2 BROA R LT, A MLy F ¥
TOFMGAREHEE 0TI ENTFRENS. F
CC, HAITEBRILEON R & 7% 2 BEED = BN
WAIEE (MG) - AU (LG) @ £l 75 1) o 2 i I it
YRGB8 A N Ly F ¥ 7 OZAanMEE ML
7o, EE L TREEEERA RS L L, A AREL0%
VRSB CREHERICE 2N EA Ny F 7
140, S MRIET 2B % HEh L7z, MIREELI0H
X5 MOV OAREEE L7, 72, AR
%, 2070\ B 2 BT IR A D e L7z, 55
TSRV AR I AR BN A3 5L S 072 835 0 I R 35 T 2 1
(AixPlorer MSK mode; SuperSonic Imagine, France)
W, AR, AAER, 5%, 10501, 155%
B X U205 % IR O Y8-THIE S iz Z DfER,
TR O R FEL A B L2 B\ TR B LS AHE DS A S B
—Ji, BHA N Ly F v 7R A RIS TR
BHOMERDH LWL E o727 (M2). BiR
CiE, A Ly F v ZER SRR R AT
WL CTHBEIC14% KA L7z, BRI - T
PEIZ A DLy FHIOMISED L b DOD, A% F
TRAZIEMEZR LTV, BHEMHOMmfGEE 12
A MLy FEE, SRR T L2, &
ALY F ¥ TDBHBEIMOHGAT 4 7 4 A% —tatk
WD SR Z2RTIDEEZONL. WHMAE
A AEAIZ31% DR B S N7, S AR2055%E
W DHEANLYF U IHIOME L RIREEIC D Rh5HE
WEHR LTz, —J7, VADRERRRO At L 72k R
TED LRI A EE B X OBk R I L ThH o7, F
72, BRI ORI E Y 5 2 AW RO H 5 PR
ALNANMBTELZRD L7, ITRLHDOZ &I,
A b Uy F v FHiAT RIS S - BT T B O 3K A
WFEEA T 4 7 A AOBRIGER T 2R H 5 2
EERRBLTWS. X512, S ARSI AR L
MO 2 MG 5 &, WO T
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Fig 2. Shear modulus of the muscle belly of resting gastrocnemius (upper) and dorsiflexion ROM (lower) before and
after the intervention.
(a, b) Experimental group with stretching. (c, d) Comparison group without stretching. Mean: mean values across muscle heads;
Pre: before intervention; 0 (Post): immediately after intervention. *P < 0.05 from Pre.

Pre

25 25
MG
20 20
")
15 o° ° 15
o~ o
10 o 10
5 o 5
n.s.
0+ v 0
0 5 10 15
Post (0 min)
— 25 - 25 4
< MG o
b= 20 A 20
o (Doo
T 15 & 15
s
= 10 o 10
()
= 5 A 5
@ n.s.
o 0 v 0
o 0 5 10 15
20 min after
25 4 25 -
MG
20 20
15 4 15
10 10
5] r=-0717 o
P<0.05
0 T 0
0 5 10 15

LG

r=-0.735 )
P<0.05

LG
4 r=-0.667
P<0.05
5 10
LG
e .. ®
e g o
[ ]
[ ]
n.s.
5 10

Shear modulus (kPa)

20

Fig 3. Scatter plots of the relation between dorsiflexion ROM
and shear modulus of gastrocnemius muscle in each muscle
head at each time point.

Pre: before stretching; Post (0 min): immediately after stretching;
20 min after: 20 min after stretching. Solid lines, linear regression
lines showing significant negative correlation (P < 0.05). Broken
lines, 95% confidence interval. n.s: no significant correlation.
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Fig 4. Representative images for shear modulus measurement of muscle belly with increased ankle dorsiflexion at
neutral position (0 deg), 10 and 20 deg dorsiflexion (top to bottom) using ultrasound shear-wave elastography.

The figure includes the color-coded shear modulus distribution (stiffer areas are coded in red and softer areas in blue) within a 15
X 15 mm square region of interest overlaying the ultrasound B-mode image of each muscle in the sagittal plane. The scale for the
color code is provided to the right as estimated shear modulus. MG: medial gastrocnemius; LG: lateral gastrocnemius; SOL: soleus.
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Fig 5. Shear modulus in LG was less than SOL at 0 deg (P
< 0.05), but greater at 20 deg (P < 0.05). Shear modulus in
MG was greater than LG (P < 0.05) in all joint angles.
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Fig 6. Shear modulus of the vastus medialis (a,c) and vastus lateralis (b, d) at control group (upper) and patient group

(lower).
*P < 0.05 vs unaffected side.
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Human activities are documented from the simplification of the

redundant degree of freedom

Motoki Kouzaki'

Abstract

Human achieves complex and redundant movements, such as standing and walking.
Central nervous system (CNS) coordinates huge degree of freedom of the musculoskeletal
system. To this end, muscle activities were accounted for with low-dimensional sets of
muscle synergies. Present review focused on the muscle synergies to comprehend human
movements from the simplification of the redundant degree of freedom. The muscle
synergies during human movements were extracted from the data matrix of recorded
EMGs of lower limb muscles using non-negative matrix factorization. During postural
maintenance in horizontal plane, the CNS flexibly changed patterns of the muscle synergy
recruitment to achieve effectively postural control. During gait transition between walking
and running, the muscle synergies and their activation profiles dramatically changed
when a gait transition was observed. To examine the functional role for existing muscle
synergy, learning speed of neural network model with and without muscle synergy layer
was calculated. As a result, the learning speed was higher with muscle synergy layer than
without it, because the muscle synergy reduces the bias in the mechanical direction of the
muscles. From these investigations, present review concluded that complex and redundant
human activities are enabled under existence of low-dimensional sets of muscle synergies.

Key words: Central nervous system, Motor control, Muscle synergy
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Figure 2: Global and separate synergies in each postural
stance.

The muscle weightings of global (most left) and separate
synergies in normal, narrow, and tandem stances. Directional
tuning of separate synergy activations in each postural
task. Sol: soleus, MG: medial gastrocnemius, LG: lateral
gastrocnemius, TA: tibialis anterior, FL: fibularis, RF: rectus
femoris, VL: vastus lateralis, BFL: long head of biceps femoris,
BES: short head of biceps femoris, GM: gluteus medius.
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Figure 3: Muscle synergies (left panels) and their activation
profiles (right panels) during walking and running.

Left panels indicate muscle weighting of each muscle synergy
in both legs. Right panels indicate activation profiles. The
vertical axis shows the gait transition step. Zero means walk-
to-run gait transition. The horizontal axis shows the phase of
one gait cycle (from the onset of the right leg to the next). Sol:
soleus, MG: medial gastrocnemius, LG: lateral gastrocnemius,
TA: tibialis anterior, RF: rectus femoris, VL: vastus lateralis,
VM: vastus lateralis, BFL: long head of biceps femoris, BFS:
short head of biceps femoris, GMed: gluteus medius, GMax:
gluteus maximus.

27

£519% 277 (2016)

HEF CHEB T2 AED, WHoe I A8, B
RERPIINGE, WERE AV, miRSE R, KRBRER,, At
WA, PR, KRB B RE, KB B
U, WPBAE, KR O R ER A L. M
i oBRITE X OETOLI7TENCE L CIEaMETY)
WLy F Yy —BIOFOEHER2EHN L
7o, BHEEP LK IO Y F Y=o h (K
3). WO TFI—IZBWT. HIEBON%
THHEORESRZD 1PN TO Y L I V%
AbL72. B 203, FTREZBEN 2 KRl 3 A/ > F ¥ — (W1
BIOW6) &, H9 5 ET~OMEEBPIZBWT
WHIESRRE RBP4 IV DL EPINTLY v
FAIVTNEBALL Fo, miBEHERLET
LYY — (W2, W3, W7) Ti&, #1775 5iE47

(A2 B AN HORD A XL L. Wi, K
&S % S 5 >+ ¥ — (W5, W8, W9) 1, #&

T2 OEATICHER T 5 LGB ML 7., 282
AT LTI R 2 2 MR TR S T2 L Eb
NTW5HY, TN ) B2 IERERDOH >~ F ¥ —~
DATIDFVF T7HHVIEIA IV T BLE 8L
LIk oTITbRTwah &2 SN,

VZab—YavICKkB &R

Wiy Y —OFIEREFRTAEICT 572012, B
FHEENCTH Y F ¥ — OF N FEHEEIC T
BEAME L7z, AT VL, —UGEBY T o s,
v ZREOEROETV (K4H) ITHYFY—
DgEMz7-=meE L (K4k). YIab—va
YIAFEEY oK ETE IR L,
MEBLOEMHELVO MM ZERHETLILOE L
7o, BB I ONMEEEYE-C8MHEL (K5
FBRE), ENENOFOIEMTAILE —RB L5
EHRRICHFEM D> TWb Z Edbarb (M5

FHRE

BH>FS—-EFIL ERDETIV

AS LD AN

- 1Y
Y

L

i Lo

Error [Nm]

b Lo

Figure 4: Neural network model with (left) and without
(center) muscle synergies, and learning performance in
both neural network models (right).
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Figure 5: Eight muscle model for shoulder and elbow
joint torques (upper left), and mechanical directions of
their muscles (upper right).

Muscle synergies and their mechanical directions by simulation.
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Effect of chest wall restriction using an elastic chest band on autonomic
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nervous function during steady-state exercise
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Abstract

Purpose: We examined the effect of chest wall restriction (CWR) using an elastic chest band on
cardiorespiratory function and autonomic nerve function during steady-state exercise. Methods:
Twenty-one healthy subjects performed 9 min of steady-state exercise at a work rate of 80%
of ventilatory threshold on a cycle ergometer under CWR and non-CWR. Borg scale ratings
of dyspnea, respiratory rate, heart rate, blood pressure, low-frequency (LF) power and high-
frequency (HF) power of RR intervals, and the LF/HF ratio were measured during exercise.
Blood pressure was measured at rest and at the final 1 min at the end of exercise. Results:
Borg scale ratings, the respiratory rate, and heart rate under CWR were significantly higher
than those under non-CWR. There was no significant difference in blood pressure at the final
1 min at the end of exercise between CWR and non-CWR. The HF component under CWR
was significantly lower than that under non-CWR, whereas the LF/HF ratio under CWR was
significantly higher than that under non-CWR. Conclusion: These results indicate that chest
pressure fixation by an elastic chest band facilitates sympathetic nerve activity and constricts
parasympathetic activity during steady-state exercise.

Key words: Chest wall restriction, Elastic chest band, Cardiorespiratory function, Autonomic
nervous function, Steady-state exercise
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T Tukey D% B ILEME % 1T\, BRI ER R
O HNHAIE, post hoc g & LT Dunnett D% &
WBMREEAT - 72, MEOEIE, KFEHIER (NCWR
ZfFd L IECWR M) R AZZEN & Lizxtiho
H B ZICRLE BT R ATV, REAER SRR bz
Vi, B ERIROMEZ1T 5 72,

WEMLELIX, SPSS 11.0] for windows % JHVy, f&ki
5% A & AT EAKHEL L7

fm R

1. HiEEEEFHR

W EB AT RIS B A IR AN R, 2142+
304 W, %k EEREIZ, 22223+632.1 ml/min
T, VIHroBAMEIE, 992+179 W, MFEEHEIZ,
1076.0£296.2 ml/min Tdh - 7z (Fl). T 7=, f8EN
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FR B D60 rpm % HERF H A 3712 07 0 G Bl £ 4 BRI % A%
TL72boidwhhroiz,

2. R E RV REEEC & % EERFIRORE
7€ s BT S B i) 0 J SR BT 212 B\ T, Bl R,
Jg SRHIRR AT (4.8+0.7 L) 126f L CHsRiil A (40+0.7
L) DA (P<0.05) Thotz F7z, Mebiil
FRAT 2 T O ROMTRIZ163+77% TH o 72.

3. NRZES JUBEENESERE

— RS E, e AMEBBG S WSME B I
L, ERAMEEHS F CHLGHICAES TR
Motz (KIA). MBI, 28 Am E8hBEH S i
FEE ML, @wAMmEEK TIZ2) T, CWR
FMEANCWREMH I LCAHBEICEMEE R L2 (X
1B). i id, R AaLEE 75572 595520 T,
CWRZM2SNCWR LIS L CAHBEICEEEZ R L7
(K1C). EEHT|UC=L, &AM EE)BG & W4tk
ERITHIML, EWAMEIK T CHmSMERICHE
b ol (M2A). ZEALREPEH =X, EFA
TEEBAAG 2 S WS E DI L, 25 A EE%
TEF MMM CTHEEREIIRD L1 -7 (K2B).

E R S B 50 2 T 4 B CRb R L 7ok 5, ey
5 B EMEE 2 AT TCWR A NCWR 4
LD bEniizR L7z (NCWR £ vs. CWR 5214,
GHRE 0610 vs. 8+1, EHHAMEENIS 1 12+2 vs.
13+1, P<0.05).

R, AEEHARSRICH T ZFREREE

gl AT B Peak B¥

aEmEW 99.2 = 17.9 214.2 == 39.4
B FREERE (ml/min) 200.0 =+ 57.9 1076.0 =+ 296.2 2222.3 =+ 632.1
ERIERE/AE (ml/keg/min) 3.0 = 0.9 16.2 = 4.2 33.3 = 8.9
ZERERFRBEEZE (ml /min) 178.7 £ 49.2 1018.3 == 302.7 2814.6 == 970.7
TRt 0.89 = 0.09 0.94 = 0.06 1.25 = 0.14
FEIR% 2K (breaths/min) 13.8 = 4.6 24.5 = 5.3 40.9 = 11.6
SEHBRKE (L/min) 7.7 = 2.0 28.2 = 1.5 80.9 =+ 33.2
8%k (beats/min) 73.7 = 9.3 113.5 = 14.9 161.5 £ 21.0

AT W« R SR VEVESE B R, Peak I : JEBIRF OBLFR DU E 721300 ik il 27 L 72 R

P EREERZE (n=21)
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1. NCWR & & OWR D EEEBBFFICHSITS 1

ER&KE, TR, SHBRSE

NCWR 504 : MEE o JEmI RS, CWR 4 - MRl

FRZeAt:, NCWR &4 (O) & CWR &A1 (@) O ¥l
LHEER A RT. % 1 P<0.05 NCWR 54 vs. CWR 5

, 1 : P<0.05 vs.rest (NCWR &) , i : P<0.05vs. rest
(CWR 41%)

4. DIEFS SUME

NCWR 5t @ % # A fif 58 B) b o 041 % (1095 =
144 beats/min) &, 3 E B & 47 BRI X A80%
VT E D% (1034128 beats/min) & A &7 % #%
DR,

DAL, EFAAEBIBIG 2 S WStk & B I2Hm
L, ERANEEK T2 TCWREMASNCWR &
izt L CAHEICE 2 - 72 (IM20). IFEE, IUHE
MF, EEMIE & 12, WRoHBEEYE (NCWR
b L CIECWRSGAM) L IER (2 & @B i)
DOEHAERNEED T, BRI X 5 555 (P<0.05) o
AERDI (F2).

5. LREE
WP B e iE, NCWR e Tldi{0.25+0.08 Hz,
% 1043 +0.08 Hz, CWRS T # 1£0.29 +0.07 Hz,
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2. NOWR &t & OWR EHDOEHESAMBICEITS
BRENE, —BRitxFHELE, DAK

NCWR 44 : BB JEMIBRSA:, CWR 44t : MR il
PREME, NCWR A (O) & CWREAN: (@) O
LERERIE 2R, %k P<0.05 NCWR /4 vs. CWR 5%
T, +:P<0.05 vs. 708 (NCWR 5:f) , 1: P<0.05vs. %2
#r (CWR Z:f%)

155049011 HzCTH o 72, F 72, LHIFEWL I,
NCWR £&F THeif43+12, H%63+3.3, CWRSM:
THIR41£1.2, KFE53£20TH - 7.

TP, W& bICRERD O EFAMEE)15 12
MUFTEIML, W AR5 7% 590 ) TE
X DAL L7 (M3A). HFnuid, WgfhE 1%
WRMEB G ST L, EWAMEE25 5%
W ERHEB T2 TCWR S 2SNCWR £4: 12 %)
LCHREICKMEZR LA (K3B). —%, LE/HF I,
CWR Tt B EB B IG A S L, &% Asr
B T2 TNCWR S 128 L THREIC R Z
mL7z. F72, NCWRSGAFTOLF/HFE, KM X
% FRPATERO T, BN D ZEHR D 5 E L E RO &
o7 (K3C).
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aEd, Wigefh & &1 EH AR B B G A 5 W L
W AR EE3 DL, (2T THERLL. 2o
Z L b, Mgt & b ITE R AT B R OB R I,

£519% 277 (2016)

EHREBIELTW 22 E2URB I N, 72, %H
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s 2 FH S 72 SR BR LS X 2 IR IR 3 Js L2 o T
O'Donnell 5 1Z, MiRRMWE D 5 O ROMEMEEIGE) O 1=
AW UART G5 MERIC X im0l o b
AnD, BIEEEIC X 5 WEBILEOEILE MET 2D
TRV EHEELTWEY. F7, JEmIE %
W72 g ERHI R IZ X 2 IR B R S D 2 LI D W T,
R BE A O Wi B O e H AR B IC B\ T, B
TEH O — WA IZT L, P EIms %720,
TR WIFR & 220, KRB IH IR A L,
MR T L) BT AREND L LRI TV
208 CRKWFRRIZ BT, CWREME, W %
7B E B X IR TH - 72720, EHHA
BB DFAIE D HRE TP TR E R S
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IRE 2> © I PR] 36 Je& & WP B s 3dim L < B 0, BasRilpR
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ZHN5.

—J, EWAER % TIZ, CWREMHANCWR
FMIZHART, R EOHEMZ ROz, SmED
B\ THBREE O H A EE) I B W T, JERHIR T
BRI ASE ST § 5 2 AR ENTWBE? . Kifge
T, EWAMEESORIGY 5T F TR =X
MRS TW2b oo, JEBRFRIAE > TR 57
DL, MK EORD A S, PRI OIEN & 5k
HREOWINA D726 L-WaetE2d 5. RUIZEDE
Bh s, PERNT 2 v 7zg W i) <l EEhe)
WA SIS 5 — AL L, EBEE IS0 TR
S 2 b 203 eSS,

%2. NCWRZAf4& CWREADIMNE

NCWR &4 CWR &4 XEEA EHE
) B REHEF EE fERHIR s3]
IRHFEHAME (mmHg) 114.0 =8.9 147.9 = 11.6 113.7 =£6.3 145.9 =+ 11.2 P=0. 63 P=0. 52 P<0. 01
PEEREAME (mmHg) 72.8 = 8.4 76.7 = 6.1 714.6 =+ 8.2 79.0 = 7.6 P=0. 81 P=0.09 P<0. 01

NCWR Sef - JagBoo IR AA:, CWR e : JOSROBIRSA:, ) HIEHEHRAE (n=21)
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Abstract

The purpose of this study was to examine the effect of intermittent heat stress on muscle
dysfunction in adjuvant-induced arthritis (AIA) rat. Rats were divided into four groups (n
= 6 in each group) : a control (C) , heat stress (C+H) , AIA (A) , and AIA with heat
stress (A+H) group. AIA was induced by an injection of complete Freund s adjuvant
to the knee joint cavity. Rats in the C+H and A+H groups were exposed to heated water
at 42C for 30 min every other day. After 21 days of injection, extensor digitorum longus
(EDL) muscles were removed and analyzed for force production and immunobloting.
Compared with C group, the maximum specific force was decreased in the EDL
muscles from the A and A+H groups. Moreover, the reduction in force production was
accompanied by increased expression of TNF- a , 3-nitrotyrosine content, and actin
aggregates in these groups. The levels of HSP72 were markedly increased in the C+H and
A+H groups. There was no difference in the expression levels of HSP25, a B-crystallin,
superoxide dismutase 2, and catalase between the groups. These results suggest that
the increased HSP72 expression by intermittent heat stress does not ameliorate muscle
dysfunction and inflammatory redox stress in AIA EDL muscles.

Key words: Rheumatoid arthritis, Contractile function, Heat shock protein 72, Inflammatory
cytokine, Oxidative stress
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RRL72. ZOERZLFFTH L9, T, RAOH)
WMEFNCTHET V2N ViEFEVEME% (adjuvant-
induced arthritis; ATA) J v M Ro*as—4 v #s5
PERAf %8 (collagen-induced arthritis; CIA) <7 2>9
DFEFZBWT, RREARDOETBIE I TW



H AR B A LR AR

b, =, @WFEBICBWT, FEIEOK T, HE
BT BEARDICIFEAEHEEZ RITE RV &N
WEENTWEY. Lo T, RADH KT, B
iR EICE ) GBI RO FICXDFIERIIND EE
ZHNTED, NEFHLUNDORHET-23ZF D ERIZEE Y-
THIEDREENS.

AR, PR SIETER B ) BA R T o EH &
LT, EMMEMLE RO B A I X AL b
LADEH SR TwBY, hTd, —MtaE# (nitric
oxide : NO) &, A—=X—=FF T F (0, ) BRI
LCERENES—FF T+ 4 54+ (ONOO )
X, HOBEAEDZET €57, BHHRICBNT,
AIA S v N T, EAEIOMKTFL, ONOO 12k
% 7 87 B OB CH 5 3nitrotyrosine (3-NT) @
actiniCBUIF2HME L) S ehmEIhTnw5, 72,
Iho0Z X, PRl OGICL D IpHlsns 2
ERRENTVDY. L7255 T, RAIHES BEAED
DETICIE, BILA ML RIZE D% v 87 oL
MIEEISEGTHbDEEZLND.

72, ATAZ7 Y FOBEHITBWT, KAEETA
MH A 2 THDHHESFIEIEN T (tumor necrosis factor;
TNF) - a mRNA OFBIEIBINT 2 2 EAVRENT
W5 Stasko 5" 1%, TNF-a 25, BHEMGIZHBIT S
MR — b E R A KEE % (neuronal NO synthase:
nNOS) #{GMALd 52 & T, MARIOKET 255
FTHIEEHE LTS, nNOSIE, NOKT O, %
KRR L ONOO ™ & IKICEH 555, 2 b4l
B25, RAICBIFAMILA ML AD ERKETE LT,
RIEETF A N AA DB EERFRE 2 RT3 2 L aHELE
INa.

BLERIZR W &0, BB I X ) BEFHE IR
LE a7 % 87 (heat shock protein; HSP) 72
&, IEW Ty bOBBHIZEWT TNF- o 88 % $kl4
e F72, C2CI2IH12351F % TNF- @ mRNA
KHZIHST A EVRENTWAY. &5(2, HSP72
i, FiADA ML RIZK DY VS OBH, D
FVAREEOZLEBHET A EEZLNTWAEY. &
NSRS, BN, HSPT20%H %2 /L C,
TNF- ¢ #BHEZHHIT5E LB, BILA ML AIZX
L5 N OB RS 5 2 & T, RAIHEIH
PGHEREREAC T 2 HIHl 3 2 etk & 2 6 5.

Z ZTARWIZETIE, BV FaMDS, AIAT v PR
W45 (extensor digitorum longus: EDL) (28115
BRSBTS I TR R E A T2 2 L2 HIWE
L7z, 72, FOXDZXRLZHLNIIT L7280, B
FIARTAHS, SAEMEY A b A A v OFBER, BRILA
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LA RIT SR E R BRE L.

MR ETE

AWzeix, FLIRERI KB FEBREH SO KR LY %
I KERFE T 11-072), REDOED B HEITH NG
i L7,

1. EEREY

EERIZIX, 9D Lewis RS v 24L& FH v,
ol (C, 608 BELOBE% (A, 608) B
W27z E51, NSRBI (H) %A
T AHCHHIE XL TA+HEE (£ 618) ZikF7z. &b,
AR OEEHIH BB E L, 128 oW1 7 VD
T 24+ 2 A2 HRHERE L 2B R 12B W T
Fv MefiE L7

2. AIAZ Y FDOTER

ATABICI, WHIREHITHLA VY TINVT Y 2%,
2 L/min) ICX2METFT, 704 MNERET Y an
v b (complete Freund's adjuvant: CFA, Difcofl:#)
= B S (2 mg/02ml) L, Bfik%E kS
7. MEIROREZ, Ozawa b9 Ofp:ic#l, /
FRAZHWT, mAEEEHEZFHNS 5 2 & THHEiL
7c. CFA¥:5- 3 H M2, FREE N CTEDL 2 $RHCL 52
BRI L 72,

3. BFBEFHE

% L DFATHZEICB VT, Bl BRI 13420% T
607 IR E SN TV AET . L Ledss, AHFZE T,
FHEBICB VT, 605 MoOBRMAMICLY, KE
HELLETF T 2B MHRINL. LT,
IRANDISH % ZRE L, AHFSE T 1Bl i i R 2 30
SEEL, MEETIZTS vy bOTEED» S B eAE
A2 \HERR L 72 mKIZIR L7z, $72, TRERICBW
T, BRI BIT 5 HSPT25 RS, Bl B fa i 1448
B CIRRICR D ERBIZE L2 0D, BliA
TBEEE L, CFAHG- 1 Huiz @kl & L, 48K L L
7o (F—r AW, Tz, BT E LRw CHLD
AR, WO AR Z AR L7z, B, ARIF7EIE, RA
RE ) AR BRI S B IR BR B O A M0 & it
AT B RBENIIE CH 720, BORIEDSHIEE X
NBFEERSEME, $74bb, HSPT2AY V237 L)L T
BB % & & AR STV B Bl 5 2415 [ O I T
CFA #5172,
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Table 1. Body and EDL muscle weight of control and adjuvant-induced arthritis rats.

Group n BWt(g) Knee width (mm) MWt (mg) MWt BWt! (mg g")
C 6 313.3+10.3 9.7+04 133375 0.43+0.015
C+H 6 2925+14.1 9604 1275+52 0.45+0.013
A 6 265.0 355" 121+1.3" 1063 +17.1* 0.38£0.019"
A+H 6 249.2+19.3* 11.9+06 1052 +7.0* 0.40 £ 0.029*"

Values are means * SE. C, control; A, adjuvant-induced arthritis; H, Hyperthermia; n, number of samples; BWt,
body weight; MWt, muscle weight. *P<0.05 vs. C, "P <0.05 vs. C+H.

4. RTEE

L7z, ROGTEEERNT7 -2ty ML
72, 95% 0°—5% CO, % A AN A SN7Z30ED ¥ 4
7 — Fi (121 mM NaCl, 5 mM KCl, 1.8 mM CaCl,, 0.4
mM NaH,PO,, 0.5 mM MgCl,, 24 mM NaHCOs, 5 mM
glucose) FUZTE W2, T2, FHOWGIZE H N 72 B
AL, EXUHWMEE (HALEMR) 12X ELH
WEMmICEMT AL THIEEEZFETI L. &b, W
R, mKRHBPEERDPHON LR SITHIEL 2, |
GG K ONdgiaaR 11 (10—120 Hz, 600 ms) OilE i,
AR PRI (21 V) oME (05 ms) # Wz, ik
HMER, HERTHERLZFHNL, Ho®E (1.06
g/cm®) A S MR AL 2 B L 721, BRI AT
M 720 O THLEAERITEL .

5. 9z X4 J0OyvTFa>T

T L 72 Of %20 mgFEEYI D ELY, FEY S
A =12 T40f5D b ) AEW (10 mM Tris Maleate,
35 mM NaF, 1 mM NaVO,, 1% Triton X 100, 1 tablet
of Protease Inhibitor/50 ml) WTHEILL 7. % ~
X2 BE O ERALIE, Bradford % 12 X ) 4T o 72
Ly 87 EH %, 4—20% Mini-PROTEAN TGX
Precast Gel (BIO-RAD #:#) 12, 1L —>r&%72020
pug OB L, 150V TH05r B L7z, £ %, Mini
PROTEAN 1 Cell (BIO-RAD#LE#) % H\wvy, 100 V
TI8Of@EL, o N2 EEZTX AN ATV
LB Lz 270 viE, 3% (w/v) AFA3I
V7w E Ltk (403 mM Tris-HCL 9.7 mM Tris-
base, 150 mM NaCl, 0.02% Tween 20) H'ZC 1 K¢
Ty F 7 UL%E, RERTL00 3o 3MvkE L,
anti-3-NT Pifk (500454, Cayman chemical #1:82),
anti-TNF- a HUfE (3006 4 B, Cell signaling #: ),
anti-actinPifk (500f5 A, Sigmath#), anti-HSP72
K O anti-HSP258TU/k (1000654 R, Stressgen fL#),
anti-superoxide dismutase (SOD) 2 #Hiufk (1,0004% 4
M, Millfore4: # ), anti-catalase JT & (1,000%% 7 R,
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Sigmatl #), anti- @ B-crystallin Pt & (2,0004% 7 R,
Stressgen f:#!), anti-troponin (Tn) IHifk (3,0001%
A, Millipore #18) & 4 FEICHR - 724N C©—
BB S 7z, Y%, 10,00065 12 AR L 72 2 kBifk (goat
anti-mouse & UF goat anti-rabbit$if&, BIO-RAD ##)
CERTIRFHIL S8, S5 ziro7 ¥~
237 O HALIZIE Immobilon (Millipore #32) % Fwvy,
ChemiDoc MP (BIO-RAD #L#) (X D3y Rl
L, WMWY 7 FImage JICX D ERILL7Z. & B,
TNF- a, HSP72, HSP25, a B-crystalin% ¥ &= 1
actin OFEH I T HHET, 72, 3NT, actin,
SOD2, catalase DB E I Tnl DI E K3 2 Ak}
ficE L.

6. fREthLiE

KT =513, P RERGETRL. EHNTO
WRICIE—ICRLE S BT 2 Vv, BREEN RO LN
7236 1& Post-hoc test IZ Student Newman Keulis %%
BWHLTARB OO 2T o 72, G BAHEKEIZS %
L7

=R S

1. A8, FHTEERVBRREERE

ABER O A+HEEIC BT B4k HEI1E, CBE RO C+H
FEICHAEMZ R L7 (P <005 (Table 1). F7-,
EDL O & AR CHiIE L -SRI, &b
5 CHEMCHHEICIER, ABKTA+HEEIZBW
TIRTF L7 (P <005). AREMOTA+HEEO B G
X, CHELLRLTENREND%, 23%WML 72 (P
< 005). BfIEOHINE, AIA S v MIBU 55
BWBETHH T ENS, CFARKGICL ) %I T &
BIENZEDRENS. T, ABLOA+HE
DM, BB ERIGED LN o722 Eh b,
e a OFERE L7 ImBORITL (4282, 3047, 1 Io] /48MR¢H,
SR &, BAFIiEBIEL 2 WITREEAURIR S /.
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Figure 1. Hyperthermia fails to ameliorate maximum
force depression in EDL muscles from AlA rats.

Force-frequency relationship in EDL muscles from control (C)
and AIA (A) rats with or without hyperthermia (H) . Data
are presented as mean * SEM for 6 muscles in each group.
“P < 0.05 vs. C, P < 005 vs. CH.

2. RiFRD

FREI BT B EA RO R % Fig. LWRL72. C
BN O CHHEBRICHR, AR A+HEEORBA R,
e B IO (100 —120 Hz) I2BWTIEMEZ /R L7z (P
<005). —J, ABOBEIMII, C+HEICHEE
#RL7: (P <005). 512, AREIZ10-30 Hz D1k
SRS BT, A+H#EIZ30 HzicBW T, CH#
KO CHHBRICHREEZ /R Lz (P <005).

3. TNF- a %R

Fig. 2A12, BB 5 3Ry 72 TNF- o 83 % 7R
L7:. TNF- o J8HEE, CRECH L TARE, A+HET
FNEN3IRG, 33T L7z (P < 005) (Fig. 2B).
—77, ABEE A+HBEORIZERIIAD SNk o7z

4. B2 INTEOBALEMSER

Fig. 3A&CIZ, HHIZBI) 5 A 73-NT [ W actin
BHARL. ABROA+HETIE, 130 kDafiElc
BWY ZF RO LN, NS DOHEIR, CHIZ
LT, ENENL6R, 19f5EMEE R LA (P < 005)
(Fig. 3B). $7:, ABMLOA+HEETIE, @HEEIH
L HifRD actin (42 kDa) 12Nz, 130 kDafizizds
WTHEEAL L7z actin & E 2 DN A S 7 F IV AsiRe
SR, INOIZCEICH L TABRCA+HEETZENZ
2665, 25f51CHML 7z (P <005 (Fig.3D). —7,
3NT J Okt sE b actin ORI EI2I1E, AL A+HEEO
MCEBRIFED SN2,
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Figure 2. Hyperthermia does not alter TNF- a content in
EDL muscles from AlA rats.

(A) Representative immunoblots for TNF-a in EDL
muscles from control (C) and AIA (A) rats with or without
hyperthermia (H) . (B) The levels of TNF-a expression
were quantified as arbitrary units (a.u.) normalized to actin
content. Data are presented as mean = SEM for 6 muscles in
each group. *P < 0.05 vs. C, P < 0.05 vs. CH.

5. HSP%IH

Fig. 4A IZK#EI2 BT 5 HSP72, HSP25 K UF g Bcrystallin
SEH O 22 kB R R 2R L7z, HSP72ZBlEIEC
TSR L CCHH B, A+HETENETNE L 74645, 4.7
fRicHmL 7z (P <005 (Fig 4B). ¥7:, CHEA
BEOMIC, HSPT2RHBDOAEBIIRD SN o 7.
—77, HSP25K OF @ B-crystallin ®3¢H &E1x, & TOHE
MICBWTERIED LN o7 (Fig. 4C&D).

6. SOD2X Ufcatalase DEIZE

Fig. 5A 242 BT 5 SOD2 K U catalase O S AL [y
ZRUKEIRE R Z R L7z, SOD2 M U catalase DB & 1%,
TRTORMIZBWTERPRO LN h o7 (Fig
5B&C).

z B

AT RICBNTIR AL, AIA T v FOBKG TR
O ONLHBEEDI TS, FIEMEY A M A4 VFRME
DIBLA U AIZ X B actin DEFEALDBEET L L%
W L72Y. HSP72i3, KEEVEH 4 b AL 12X B
Faditk Sz s 52 &%, F72 ¥ o2 8
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Figure 3. Hyperthermia does not inhibit oxidative stress in EDL muscles from AlA rats.

Representative immunoblots for 3-nitrotyrosine (3-NT) (4) and actin (C) in EDL muscles from control (C) and AIA (A) rats
with or without hyperthermia (H) . The intensity for the protein bands around 130 kDa (indicated by arrows) in 3-NT (5) and
actin (D) was normalized to troponin I (Tnl) content. Data are presented as mean + SEM for 6 muscles in each group. *P < 0.05

vs. C, P < 0.05 vs. CH.

DEEALZIH S5 EBMEENTNDE I EHND?,
BAHAC X 5 HSP7238 B 0B INAS, 25 F N oW b
A ML ZAZWHIT AL ET, BEERICHE D IUEERED
BTFZBIET 22 E2MHELE Lo Lads, &4
OFMIZK L, BfliEiE, AIAT v FOEDLIZBITS
HSP7258 8l % SR 2N S & 528, I KFE AR O
TEIH L AW ERHL L o7

Granado 5% 1%, AIAT v MIBWT, BEiLEIR
3EM %I, BB S TNF- ¢ mRNAJSH &
2%, RARBEE IR L CTH X 234651 2Wh$ 4 2 & %3
EL7 ZOWMEE LT, AWETIE, AIAT v
N DOEDLIZBIT 2 TNF- a D ¥ v 87 BB, %R
B3I L7z, —7, Ohnob™ &, EWH T v
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4282 T6055 [ D Bl AT 12 X
D TNF- ¢ 83 EDS, SRBEICHN, BXZ30%BEKT
FTHIEERE L. F7o, Wele 5™ 13, 428 T60%
M o B i B 202, C2C12/ Mg 12 B1F 5 TNF- a
mRNA BB B M IIEPT 5 E 2R LTV A,
X512, TNHDA B = AAITIE, BUIMERICL S
HSP725BIR OB AN 5§ 5 Z L AVRERTw A,
LA LA s, REFFETIX, BURREEAMIC X ) HSP72
SR L7275, EHKLUAIAS v hOTNF-a
BRI SN otz ZOHAIIARZE

FOEREFHIZB T,

A, AWFZETIEX, IO DOEATIIZRICI, Bl
RERI AN 72012, B2 BRERPErNTz0rb L
N,
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Figure 4. Hyperthermia increases HSP72, but not
HSP25 and a B-crystallin, content in EDL muscles.

A) Representative immunoblots for HSP72, HSP25, and
a B-crystallin in EDL muscles from control (C) and AIA
(A) rats with or without hyperthermia (H) . The levels of
HSP72 (B) , HSP25 (C) , and a B-crystallin (D) expression
were quantified as arbitrary units (a.u.) normalized to actin
content. Data are presented as mean = SEM for 6 muscles in
each group. “P < 0.05 vs. C, "P < 0.05 vs. CH.

AKHFFEIZBWT, AIAZ v FDOEDLOREAARIIE

EE B OIS (100-120 Hz) TIET L7228, (R E
s (10-30 Hz) Tilxdhnailo sz, ML,
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Figure 5. Hyperthermia does not alter the expression of
anti-oxidative enzymes in EDL muscles.

A) Representative immunoblots for superoxide dismutase
(SOD) 2 and catalase in EDL muscles from control (C) and
ATA (A) rats with or without hyperthermia (H) . The levels
of SOD2 (B) and catalase (C) expression were quantified as
arbitrary units (a.u.) normalized to troponin I (Tnl) content.
Data are presented as mean * SEM for 6 muscles in each
group.

COMRTBHLPEL L7720 B /NAR D B D
@?mﬁiﬁéwiﬁﬁﬁﬁwaﬁﬁiﬁwﬁﬁk
Z7URT7Y) Y YORDEATEIOK T 2SFEEICAL S
VENRDHDL, ZOEZZEMNTLIIIC CIATT R
DR TIE, BRI 0 A P 38 Bl Ca™ I EE o B &
70 RAT7Y)y Y ORDEAERTORT 2 FEFICAT 5
TENHEEINTVAY. BRI VT, HEMR
HMEPERE I MRALIUIBA I X D J S B 28, i/ ifko
Ca™ W AR BB 1L IR AL S A S SR S hTw b

ERSY, IS oBEIGEERICB T AL
FTNLWBILA L AICK DG ERI SN e %E
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Zbih.

FATHFZEY & —F LT, AWETIE, AIAT Y + D
EDLIZBWT, MILA ML ADRIETH H3-NT DB
TR actin D EEEALHRD SN —F, BB
WZX D HSP72R B IEFE LML 7248, # v 828
DEALI BT EIH X N2 A > 72. Komatsubara 52"
&, BRI HSP725 Bl & % 8N X 2 72 )RS f e <
&, EEBALRE ST AR T A2 L 2R L
HSP205HiRILIE Z /A5 2 L 2RI LT b, —
73, Lepore 5% 13, #{Z%MIZHSP72% #MEEH & ¢
7RIS BT, EEREKFE IR B BifHRE I 2L
BRDOLNLE W EZRLTWA. S5, BRIEA b
LV ADREBICH S B G-9 5 L& 2 5L T\W 5 R I
TFEEICBWT, B, HSP7253H & 2 X ¢
BN, BRGREENZ2RE VI EIRE IR TV
2% Zo k12, HSPT20HiBALERICE L Tidd
EMRELFAELTBY, Rifd IhbomEs
TR MR E o7

RIS AEM LR, B, R
IR ED SO REST 2 2 LA, %< Of%
CBWTHESRTWAT®, BIREVWI LI, 20
Bl B KL AR FER F 1%, SOD2D 38 BL % Az 1123
W32 EHETLIELST, ZOREI2I1E, HSPT2
TR R P EE R EHER-TEEION
TWwWh., —J, KR TIE, BHESARIZEY, AIA
7 v FOEDLIZBWT, P LE:#H TH % SOD2J
catalase DM A ICEALITZEDO LN L h o7z, Thb
DFEFNL, BRI B VT, Bl AN I XY JiEt
OB L 2w & %5k L7 Pan 52 o#HiE
E—HTHLDTHDH. Lh->T, BB HH
FaPRBEIAS, B L O TRL DI, PR LEE
FKOBBFEOENHHEG T LM E 2N 5.

HSPIZiZ, W20 DT A4V T 5 —2HBFHL, T
5 Tl&, HSP7212hnz, HSP25% UF a Bcrystallin 25312
FBLTWAY, —fkiz, K51 HSP & Frsh 5 HSP25
KO q Berystallin DFEHIE, HisEicBWT, FFICH
JERHE OB BRI I R B R E 2 B2 LT Y. AT
W72 BT, EFHSPIE, BB 3 5 SUSTE
AL, —J5, MR & oW Eg A kL 20
BIUBHED N Z EAHE SN TwAEY. ZhsnMRE
E—H LT, ABFZETlE, HSP25/% O a Bcrystallin %
BRI, B X VB2 b o

HZRREFR
FATIFZEIC B W THE S X, ATIA T v MSKL,
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4285 TO0 M o Bl 2 H 5 M, 2EMAEMNT LI &
T, LI XHOBmEMBIIEEINEZ LB LTw
B, —F, RWFETIE, BRICHZSEICBE, BE
NOREMEEZE LT, 42 TI050BWlEME 2 HIC1
b, 3 EM B L7 MBI 5 HSP725 Bl E 1E,
B BB R AR LTl 5 2 2 5%, ATF
ZE TR SN h o 2 HHICI1Z, HSP7238H &
DB TG TH o7 RErEZ 5N 5. FHE
Feax DOFERICBWT, 42T 1 ROBHIEIZL S
HSP7238 = 0= 1%, 3050 (276%) (2, 60
i (106F5) CBWTHELWEME /R L (K5
n=4). L7205 T, 5k, B 2 BB AN % v,
ATA T v MIBIF 5RO UEERI R ATRD S5 H
EI)DVTHUENRHLLDEEZOND.

2]
[=1=]

f&

RABEZ MR L LB, MEoZHLIEY
R, KR EOERE BT 5 72D IS HAREOBY;
TEAINTWS., KREFFETIE, REBEIREO BT
ZHIEL, AIAT v FE2HWT, RAIHED MR
RIS 3 2 B O R 2 Wi L7z, AFZEOR R,
AIA T v FOBEEHICB VT, B X ) HSP72%
BURIZWHZE SN L 7228, e KEA SR O T IERs Ik
ENhol. ZOREKELT, BARDIKCTOEN
THbHEEZOND KIEFREORILA ML ADS, 2
FIBIC X DI EN o/ EDEZ NS,
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Prevalence of accidental falls in the older adults
with mild cognitive impairment

Hyuma Makizako" Takehiko Doi" Kota Tsutsumimoto”

Abstract
Severe cognitive impairment is an established risk factor of falls in the older adults.
However, it is unclear whether mild cognitive impairment has an impact for falls and which
subtypes of mild cognitive impairment have the greatest association with falls. The purpose
of the study was to evaluate the epidemiological evidence linking cognitive impairment
and falls. A total of 7712 older adults aged 65 years and older (average age: 73.2 years)
participated in the study. Each participant underwent detailed cognitive testing to assess
MCI. Screening for MCI included a standardized personal interview, the Mini-Mental State
Examination, and the National Center for Geriatrics and Gerontology-Functional Assessment
Tool (NCGG-FAT) , which included the tests of memory, attention and executive function,
processing speed, and visuospatial skill. The fall rate, single fall during previous year, of
cognitively normal, amnestic MCI single domain, amnestic MCI multiple domain, non-
amnestic MCI single domain, and non-amnestic MCI multiple domain was 16.7%, 20.1%,
22.6%, 17.5%, and 19.9%, respectively (x> = 11.95, p = 0.018) . We found significant
relationships between single fall and amnestic MCI multiple domain, the odds ratio was
140 (95% confidence interval 1.06 to 1.84, p = 0.017) . Future investigation is necessary to
determine whether this population is at increased risk for incidence of fall-related disability.

Key words: Falls, Mild cognitive impairment, Older, Care prevention
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1. BERKRICEZAERE DL

(n =1343) (n =7287) (n =425)
AW (%) P = R 730%52 740+57 <0.001 731+53 743+58 <0.001
PR () % 52.3 57 0.002 53.3 496 0.138
AFEFE DL b o R e
(v 9% 289 36.5 <0.001 29.7 395 <0.001
DB (BY) % 16.8 20.8 0.001 17.3 20.9 0.062
2R (B D) % 14.4 16.3 0.084 14.7 16.5 0.316
EIRVEEBEE (H D) % 17.3 235 <0.001 17.8 28 <0.001
VY B A% 5 48 L (kg/m2)
S 1 i (2 6911 69+11 0518 6911 70+1.1 0.012
SPPB (%)
i) + B 115+12 113+13 <0.001 115+12 112+14 <0.001
ANIEBYER 5 (45) 3703+179.6  3838=1830 0016  3715+1802 3932+1956  0.026
MCI(BH D) % 227 26.3 0.005 22.8 31.8 <0.001
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A ORD950 CIO P
i (%) [ ] 1.03 (1.01-1.04) <0.001
PER (&t Bik) —— 1.42 (1.20-1.70) <0.001
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Effects of heat stress on contractile function in the diaphragm from rat
with monocrotaline-induced pulmonary hypertension

Masami Abe" Jaesik Lee" Daisuke Tatebayashi” Koichi Himori" Takashi Yamada"

Abstract

The purpose of this study was to examine the effect of heat stress on diaphragm function
in rat with pulmonary hypertension (PH). Male Wistar rats were randomly assigned to
control (C), control with heat stress (C+H), monocrotaline-induced PH (M), monocrotaline-
induced PH with heat stress (M+H) group. PH was induced in rats by a single injection of
monocrotaline (60 mg/kg). C+H and M+H group were exposed to heated water at 42 degree
for 30 min every other day for 4 weeks. After 4 weeks of injection, diaphragm muscle was
removed and analyzed for force production. To assess mechanisms underlying the effects
of heat stress, we measured expression of myofibrillar proteins, heat shock proteins (HSP),
antioxidative enzymes, and redox modifications. Compared with C group, there was a
decreased tetanic force per cross-sectional area in the M group. The levels of HSP72 were
increased in the CH and MH groups, but there was no difference in the expression levels
of myosin and troponin T between the groups. The levels of superoxide dismutase (SOD)
2 and catalase were increased in M+H group. The levels of redox modification, including
3-nitrotyrosin, malondialdehyde, S-Nitroso-Cysteine, and methionine sulfoxide, did not
differ between the groups. The present study suggests that heat stress can ameliorate
PH-induced diaphragm dysfunction. These protective effects could result from increased
antioxidative capacities through upregulation of SOD2 and catalase.

Key words: Pulmonary hypertension, Diaphragm, Heat stress, Antioxidant, Myofibrillar
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Table 1. Body and heart weights of control and monocrotaline-induced pulmonary hypertension rats

group n BWt (g) HWt (mg) HWt BWt' (mg g?)
C 5 23578 6274+119 2.68£0.07
C+H 5 228+71 609.8+19.9 2.67=0.05
M 7 1814 +16.2° 6364 +54.2 352+0.12*"
M+H 8 186.3+134*" 634.6 £40.6 344+0.13*"

Values are means = SE. C, control; M, monocrotaline-induced pulmonary hypertension; H, heat stress; n, number of samples;
BWt, body weight; HWt, Heart weight. *P<0.05 compared with C. »P<0.05 compared with C+H..
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Figure 1. Specific forces of diaphragm muscles in
control (C) and monocrotaline-induced pulmonary
hypertension (M) rats with or without heat stress (H).

Bars show the mean and SEM results from 5-8 muscles per
group. ‘P < 0.05 vs C.
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Figure 2. Myosin heavy chain (MyHC) (A) and troponin T (TnT) (E) expression of diaphragm muscles in control (C)
and monocrotaline-induced pulmonary hypertension (M) rats with or without heat stress (H).

The percentage distribution of the MyHC content in total myofibrillar proteins (B). Fast-MyHC isoforms Ila, IId/x, and IIb
and slow-MyHC isoform I were electrophoretically separated (C), and the percentage distribution of the MyHC isoforms was
compared between the groups (D). The levels of TnT (F) expression were quantified as arbitrary units (a.u) normalized to Tnl
content. Bars show the mean and SEM results from 5-8 muscles per group.
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Figure 3. HSP72, HSP25, and a B-crystallin expression of diaphragm muscles in whole (A) and myofibrillar proteins (E)
in control (C) and monocrotaline-induced pulmonary hypertension (M) rats with or without heat stress (H).

The levels of HSP72 (B&F), HSP25 (C&G), and a B-crystallin (D&H) expression in diaphragm muscles were quantified as arbitrary
units (a.uw) normalized to actin content. Bars show the mean and SEM results from 5-8 muscles per group. “P < 0.05 vs. C, P < 0.05

vs. M.
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Figure 4. Superoxide dismutase (SOD) 2 (A), catalase (C), and peroxisome proliferator-activated receptor gamma
coactivator 1-alpha (PGC-1a ) (E) expression of diaphragm muscles in control (C) and monocrotaline-induced
pulmonaly hypertension (M) rats with or without heat stress (H).

The levels of SOD2 (B), catalase (D), and PGC-1 a (F) were quantified as arbitrary units (a.u.) normalized to actin content. Bars
show the mean and SEM results from 5-8 muscles per group. “P < 0.05 vs. C, "P < 0.05 vs. C+H, °P < 0.05 vs. M.
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Figure 5. 3-nitrotyrosine (3-NT) (A), malondialdehyde (MDA) protein adducts (C), S-Nitroso-Cystain (SNO-Cys) (E),
and methionin sulfoxide (MS) (G) content of diaphragm muscles in control (C) and monocrotaline-induced pulmonaly
hypertension (M) rats with or without heat stress (H).

The levels of 3-NT (B), MDA (D), SNO-Cys (£), and MS (H) were quantified as arbitrary units (a.u.) normalized to actin or troponin
I (Tnl) content. Bars show the mean and SEM results from 5-8 muscles per group.
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Relationship between the neuromuscular activation of adductor longus,
adductor magnus and hip joint angle during isokinetic hip flexion and
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Abstract

The purpose of this study was to determine the relationship between the neuromuscular
activation patterns of hip adductor longus (AL), adductor magnus (AM) and hip joint angle
during isokinetic hip flexion and extension. For 9 healthy men, surface electromyography
was recorded at adductor longus, adductor magnus, rectus femoris, biceps femoris,
semitendinosus muscles during isokinetic hip flexion and extension by three different
velocities: 60 deg/sec, 90 deg/sec and 120 deg/sec, respectively. The normalized root mean
square (RMS) of AL during hip flexion was significantly higher than that of the AL during
hip extension. The normalized RMS of AL during hip flexion in 10° to 40° was significantly
higher than that in 60° to 70° . The normalized RMS of AM during hip extension was
significantly higher than that of the AM during hip flexion. These results suggest that AL
is specifically recruited at the hip shallow flexed position of hip flexion and AM is recruited
during hip extension.

Key words: Hip adductor muscles, Isokinetic contraction, Hip joint angle, Surface
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Cerebral blood flow changes during motor imagery induced by mirror

Yuichi Maruyama” Atuhiro Tsubaki®

visual feedback

Haruna Takai® Shouta Miyaguchi?

Abstract

The purpose of this study was to compare the cerebral blood flow changes during several
motor imagery tasks. Nine right-handed healthy volunteers participated in this study.
The oxygenated hemoglobin concentrations (oxy-Hb) in the right premotor area (PM),
supplementary motor area (SMA), and the primary motor cortex (M1) were measured using
a 24-channel near-infrared spectroscopy system in the following 4 conditions: a ball rotation
task performed with the subject's left hand (LH), motor imagery induced by watching the
video footage of a ball rotation task with other’s left hand (MIOLH), a task performed with the
subject's right hand (RH), and motor imagery induced by mirror visual feedback of the task
performed by the right hand (MIMVFERH). The increase in oxy-Hb over baseline levels during
MIMVFRH was larger than that during MIOLH (p < 0.01) and RH (p < 0.05) in the SMA.
In the PM and M1, oxy-Hb during LH and MIMVFRH showed no significant changes over
baseline values. MIOLH showed no significant changes in oxy-Hb in the motor related areas.
We conclude that motor imagery induced by mirror visual feedback increases cerebral blood
flow in the SMA and PM, in contrast to a task performed without mirror visual feedback.

Key words: Mirror visual feedback, Motor imagery, Cerebral blood flow, Motor related area,
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WG By O FHANEE 121, MR — 61 1 I
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infrared spectroscopy : NIRS) & i Bh 5 (2 A f X
n, M NEZu vy oSEWIREZ2 FIH L C LT &
OEAL %2 5 NIRSIZ, WESREOHHED
BEDND, BALRVALTOREDIZD,, RTREDH
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REFFED BIIE, MIOJTEDEND, H BB 5
B ORMIMROZALIZ ED &9 it B2 JETT a5
ML, EERESAICBIT AR EZRL L
Ths.

0. 75%

AWFgeix, FHArgEh (FEER1) L F L% 598 (%
B 2) 2o THE L. EEB 1Tl il LNIRS
TEH L7227 — 2 IO BT 5 2 LR S TWw 5,
M B & BRI OB D 2R L7z, 20k,
EER2 2B \WT, EEEEAET oMK ZFHIL,
BL72. BRI, FriBEREGEIER A RERES
DRBEZITTBY KAFS 17491 - 140509), %
BRETICRFZE H G, WFZe s, AFENEE, AFeagic
725 SNDHHMRB X ORFIEHITOVT, HEREIC
P9 A S & Em & LEIC TIT W, FE 21572,

Figure 1. Experimental tasks

A, task performed by their left hand (LH); B, motor imagery
induced by observation of the task performed by their left
hand (MIOLH); C, task performed by their right hand (RH); D,
motor imagery induced by mirror visual feedback of the task
performed by their right hand (MIMVFERH)

= > Direction of the ball rotation.
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it |.(‘

Figure 2. Mirror box

Participants insert their arms through the openings made in
the wall. They can observe ball rotation performed by the
right hand in the mirror, providing mirror visual feedback to
generate motor imagery.
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W=7 —TRIVMET S L H I —THEHH

O : Sources probe
. : Detectors probe
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Figure 3. Probe montages and channel settings

Eight source fibers and 8 detector fibers were placed on
the right half of the head and 24 channels were recorded.
Inter-probe distance was 30 mm. Regions of interest were
estimated from Cz position.
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Figure 4. Oxy-Hb changes in SMA

Oxy-Hb is expressed as the difference in the average rest
phase value. There were no significant differences among
tasks.

Values are expressed as mean * SD. *p<0.05, *p<0.01, N = 9.
SMA, supplementary motor area; LH, task performed by their
left hand; MIOLH, motor imagery induced by observation of
the task performed by their left hand; RH, task performed
by their right hand; MIMVFRH, motor imagery induced by
mirror visual feedback of the task performed by their right
hand
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FNVFeRE L. 7u—7HoOMFEIE30mm TH -
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7. BOVEISUE, A BRI (SMA), 45 iEE)
ATEPEEI (PM), A —UGRB)E FHE#EK (M1 &L,
Miyai 5" ®EATWEE 123D % chll, 15% 45 SMA,
chl2, 13, 16% 4 PM, chl7, 20& A M1&HE LT

TIA L (M3).

2)?%@

%l@ﬁ&ki%ﬁwﬁl%ﬁwf A—)vE L
N L 2B TR 2otic, TRoMif & LT
YER 3 2 W O35 75 % G B8 o g & L7z, &
fRIE W O EMALE X, BEOFETHEERE O T
FEmZRY, NEZ LW BRI > THIE
L., COREOEMORME LY. HEES 1340
IE2% (DPA-10P, ¥4 XY AF 4 AT AT L) LI
lEgs (DPA-2008, ¥4 Y AF A HIVY AT L) 12X
DEEIE L, EMME ST Y A7 2 (Power Lab7, AD
Instruments) (2& %> 7)) ¥ 7AW EL kHz TPC
WY AAZE. o NHERXEREOT—F7 727 b
ZBETAH72012, 10-500 Hz Dol 7 1 )V ¥
TP 72, il E) 2 IEBAL T 2720, mABERESER
PEIGHE (maximum voluntary contraction : MVC) H¥
DG B RS 2 REBEP OB EOHEG %
K7z, 5B O T8 U A7 48 5 B BE 5 o
MVCHED G B 2 ik L, &t & xko 1 %
B 7z 3B oS A JH L100%MVC & L7z, %

Table 1. SBP and SBF changes during 4 tasks.

SBF (a.u.)

011 = 0.74
-0.06 £ 0.20
RH 65 £ 48 0.14 = 049

MIMVFRH 6.1 = 38 0.08 = 0.37

SBP and SBF are expressed as the subtracting tasks from
the resting state. There were no significant differences
among tasks.

Values are expressed as mean = SD. N = 6.

SBP, systolic blood pressure; SBF, skin blood flow; LH, task
performed by their left hand; MILH, motor imagery induced
by observation of the task performed by their left hand;
RH, task performed by their right hand; MIMVFRH, motor
imagery induced by mirror visual feedback of the task
performed by their right hand

Tasks SBP (mmHg)
37 £ 55

29 + 31

+

LH
MIOLH

+
+

+
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Figure 5. Oxy-Hb changes in PM

Oxy-Hb is expressed as the difference in the average rest
phase value. There were no significant differences among
tasks.

Values are expressed as mean * SD. *p<0.05, *p<0.01, N = 9.
PM, pre motor area; LH, task performed by their left hand;
MIOLH, motor imagery induced by observation of the task
performed by their left hand; RH, task performed by their
right hand; MIMVFRH, motor imagery induced by mirror
visual feedback of the task performed by their right hand

k%

*%

oS *%

0.02 4

0.015
0.01
0 - : ﬁ : .

LH MIOLH RH MIMVFRH

Aoxy-Hb(mM -+ cm)

-0.005 -

Figure 6. Oxy-Hb changes in M1

Oxy-Hb is expressed as the difference in the average rest
phase value. There were no significant differences among
tasks.

Values are expressed as mean = SD. *p<0.05, *p<0.01, N = 9.
M1, primary motor cortex; LH, task performed by their left
hand; MIOLH, motor imagery induced by observation of
the task performed by their left hand; RH, task performed
by their right hand; MIMVFRH, motor imagery induced by
mirror visual feedback of the task performed by their right
hand

i:l:
Hic
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2. A4doxy-Hb
£ SMA 2
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<001 ICHNEEICEP 7. TRATLREB LV
PG MISMHE, BYHEIE ML CHREEICE D>
72 (p <001) (M6). ony Hbo)ﬁaH#E@Nt (&8

BIF % Aoxy-Hb &k [ 12 TR A % 78
8258, P=0000 ), Hif§MISMHE)
HT4M (p <005 12

BH OV %, ST ECRT ~ 9 RT
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Figure 7. Time course changes of oxy-Hb during 4 tasks in SMA

A\ task performed by their left hand (LH); X, motor imagery
induced by observation of the task performed by their left
hand (MIOLH); O, task performed by their right hand (RH);
[], motor imagery induced by mirror visual feedback of the
task performed by their right hand (MIMVFRH)
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Figure 8. Time course changes of oxy-Hb during 4 tasks in PM

A\ task performed by their left hand (LH); X, motor imagery
induced by observation of the task performed by their left
hand (MIOLH); O, task performed by their right hand (RH);
[], motor imagery induced by mirror visual feedback of the
task performed by their right hand (MIMVFEFRH)

3. FhiEE

W DFEATANE ) ETHRMITB T B LRI &
LTSN, FEMIGHICB T 25 EBE O %MVC
2, TNENAELAZIRBDOON o7z (FK2).

ER

1. NIRSEHRICEET 2 ER

B PR TR S MR 2 BRI ) 72012
FrEC MRS L, BSRIEANEZ 0¥ Y, AT
FaErYHREMT LS. Chbn) bIRFIANEI DY
> DRI GE & BIEDTERNY. 07z, AR
BIZBWTO MBI ANET O V2T OMR L L7z,

%8B, NIRSTH N7 — & I3, JEBZ MK D%
LB GATLE ) RN STt 2,
£oT, ZEE1 L L TIREEERITRICZH T S SBP,
SBF OZALEZWE L, SRESEMHETo&ER 2R
L7z, TO#iR, 45 OSBPE X O'SBFIZI3A

Table 2. Electromyogram activation during tasks.

Task %MVC
LH (left flexor digitorum superficialis muscle) 139 = 64
RH (right flexor digitorum superficialis muscle) 146 = 88
MIMVFRH (right flexor digitorum superficialis muscle) 14.7 = 9.2

Electromyogram activation was calculated as %MVC. There
were no significant differences among tasks.

Values are expressed as mean = SD. N = 9.

MVC, maximum voluntary contraction; LH, task performed
by their left hand; RH, task performed by their right hand;
MIMVFRH, motor imagery induced by mirror visual
feedback of the task performed by their right hand
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Figure 9. Time course changes of oxy-Hb during 4 tasks in M1

A\ task performed by their left hand (LH); X, motor imagery
induced by observation of the task performed by their left
hand (MIOLH); O, task performed by their right hand (RH);
[], motor imagery induced by mirror visual feedback of the
task performed by their right hand (MIMVFEFRH)
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