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Mechanical efficiency during muscular contractions
— old and recent lessons —

Masato TOKUI"® and Kohji HIRAKOBA??

Abstract

A number of approaches have been addressed to the assessment of mechanical efficiency during muscular con-
tractions. This article will focus on mechanical efficiency during muscular contractions from the principles of
bioenergetics and determine how mechanical efficiency of exercising muscle in vivo should be evaluated. In addi-
tion, we would like to discuss the determinant factors in mechanical efficiency during exercise regarding physio-
logical functions.

Thermodynamic efficiency () in a system is considered to be the ratio of actually performed work (W) to
maximum work (Wmax) at an ideal state without any loss of Gibbs free energy (AG);e=W/AG=W/Wmax.
However, it seems inadequate to apply this notion to man machinery because it is not an ideal state. Therefore,
we should use """ as a function describing mechanical efficiency of exercising muscle instead of “¢” of thermody-
namic efficiency. Exercising muscle under fully aerobic condition has two aspects; one is to convert AG of ATP hy-
drolysis into heat and work (contraction-coupling process), another is to resynthesize ATP via oxidation of
foodstuffs (phosphorylative coupling process). From this point of view, 7 could be thought to consist of contrac-
tion-coupling efficiency (E.) and phosphorylative coupling efficiency (Ep) and to be calculated theoretically from
multiplying E¢ by Ep (=EXE;). Thus it is essential to know the accurate values of E. and E;, in order to assess
n in exercising muscle. Although it is substantially impossible to make plgecise measurements of in vivo E. and
E; during exercise,  can be calculated from the ratio of external work accomplished (W,,,) to energy expenditure
(E) estimated from oxygen uptake (VO,) during exercise (=W, /E). The previous data on the 5 suggest that
the mechanical efficiency of exercising muscle declines as exercise intensity is increased. This would be accounted
for by VO, slow component (excess VO,) derived from exercising muscle during intense exercise above lactate
threshold, probably owing to the altered muscle fibers recruitment pattern. On the other hand, it is inferred that

the 77 could be underestimated due to different levels of internal work in exercising muscle itself. Consequently, the

1) Department of Physical Education, Kyushu Women's Junior College, 1-1 Jiyugaoka, Yahatanishi-ku, Kitakyushu-shi,
Fukuoka 807-8586

2) Department of Human Sciences, Faculty of Computer Science and Systems Engineering, Kyushu Institute of Technology,
680-4 Kawazu, Iizuka-shi, Fukuoka 820-8502

3) Division of Physiological and Biochemical Adaptation, Department of Biological Functions and Engineering, Graduate
School of Life Science and Systems Engineering, Kyushu Institute of Technology, 2-4 Hibikino, Wakamatsu-ku,
Kitakyushu-shi, Fukuoka 808-0196

1) AMKFEMREEEH
2) A TERFRTERA MBI FHE
3) M LRRFRFERE G E TR ER A A W B EEIE & R 7 L



2 IMGT - AR—VEHE $19% H2%5 FEWITESA

n calculated using the above mentioned method should be interpreted with caution when one type of exercise is

compared to another.

Key words: Thermodynamics, Gibbs Free Energy, Man Machinery, Internal Work, Muscle Fibers Recruitment
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BEAHOFERIIBEGTHY . ZORDELOBE
BHEE “IF VY TALTAYN T FY T4
FGAVEN POMAZ IR MONLHEETHAE (Il
AL, 1986) I AT VIR, TF Y EHEE
(ATP) D ofbZEMIANLF—F2WHHEL, 77F &
OREMERIZE W HEHIAINF—I2ERT S “TE—
=" DEFEHE- T3S (WHEEHE. 2001, 2002),
CD—EDGFFE— ¥ —DRIEDHEME L THIGEH
20 BRREIIIS AT (S EEE) & LTRBTA S
il b, SOETIE, HRIAVEF—OTRBTHY,
‘AT T2 bbbl TH 5 (Margaria,
1978)o L7:25o T, £BIIBIFAHARE L VW LD
BAFOEN (FE—ER  TAVF—BREOERI L=
BHl D 2 PO —HROER) ICKBEEh TV b}
THh ., MHIEROBMRINZIE b 2D FEMFEE D S BR
LTV LEFHLIEA S,
HHNRBRHMIC BT BILEN T AN F—DNEN (B
WE) TANF-—~NOLBBREZ, RAOFEHPHK
(Thermodynamic efficiency; e) TEHEN B, o h
& BTSN AR EEBEBEoOfomMoEELD v
BERKETTIILDTED “RAFHHE" OlET
by, HOBNFHZHFEEEXL TS (di Prampero,
1991),

e = (BEITh SN A3/ BARREICB ) 245

X100

FIRRIS, ARULERIC & BIEFM T 3V ¥ — DR T 7
NVEF—=~OEREOFHHEII BT D, BB DBNEE
AL, EORROBEHL LB, L Liat
O, EEONBRBETHEHAL Y I /2B TIE, %
AOBALRH 2 558 6 NAALEH T 3L F— 594
HELTHEBT B ZTEHLDILEREAHEHEL TELS
EVIBMLR AT LICHY, TLEFDOTATLANOR
BEOMEEITE L D ICERNT 5 L ARIC SRS A
570, ROBNFHHELFAETH D LIITVEEV,
2T, inll@igic sy Tid, i “AB Lz uF-
& WA LAT ORFEHOBRHIIREALL,
FREEBTEDI2 " LWV BEEEBV., XX0E
NEFZENS (di Prampero, 1991),

7 =(BRHEER /T 2L F—HTR) X100

ZDEHIT, BHEBROBMOGE ) ETE ) 2R
D BN R e IEMT B &L 510 FOFHERORE
EUNAR DFEPE L BB BB L S HMEN AR S
T&Tw5A (Aura and Komi, 1987, Barclay 1994,
Bangsbo et al, 2001, Coyle et al, 1992, di Prampero et
al, 1988, di Prampero and Piiper, 2003, Donovan and
Brooks, 1977, Ettema 2001, Furguson et al, 2002,
Gaesser and Brooks, 1975, Gladden and Welch, 1978,
He et al, 2000, Horowitz et al, 1994, Komi et al, 1987,
Luhtanen et al, 1987, Mallory et al, 2002, Ryschon et
al, 1997, Stainsby et al, 1980, Whipp and Wasserman,
1969) o

FRBEBLTIX, EERT AN F—HZD S HIGHERO R
WO FIZESEZ BT, in vivo TOTEER OB
BREDLHIFMEINIRETHIIPRFTHELED
12, EEERREOBIE D O B OB RICEEE R
RTEREBR L TAHZV,

EFIIH T I RNF-THBE
HEETIREGHREBERD-DI12, £ DILERIEHE
BLTEZD, ShOHLTORBICIMEFERN T F L F—
it (HHZAVF—) o%bEEoTwa, HHI AL
F—lid, AR (RTHEL) oKFmeE ok
CHRTSERL, HHEICLVEShIRAEDL
I (Wmax) 2RL T3, EETOIFEHRHRIE
IZEBRIEY (reactant) DAY (product) ~DH%
BROBIIBHZ AV DN EL D, Thbb, &
DIHRISIZ BT 5 RKIEH & EBPWOBRIALF—D
ENRILEN AN F—TH Y, FIFTHESR T AL F—
EWV) Tl b, BMEDOER - £{LEMNLEERIED
&5 L%R - FERETIE, REBEOT X ) H O
# J. W. Gibbs (1839~1903) 25 % AT, HEIZ 3
F—DME L LT “Gibbs free energy; G” W5
N5, BhEMBE, L, —EOILFAHRICIZRES
IANF—EbETr ¥V E— (enthalpy) 2L (AH).
BHI ANV ¥— (free energy) Z1t (AG) BL UL >
o ¥ — (entropy) %Zft (AS) & LTH#ZTw3,
—EEDRHTIZB T 2 EHOBHKROEL (AH) 11,
LA MfCE RS I & B RIS A & £ RPN L4 F—
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ZAbE/RL, —7 AH O—EF5F IBEIC L B AT AL ¥ —
o THBIZEBLTLE ) DT (entropy DHEK :
AS ik, BBV AT LB AEFELCAHEIIMEOE
LZRIRETHS.), EEOREEFNETES
AGIZ, AHDOETTI 2L, ZO—HHIBE 2V,

Thbb, EBICAG L LTHHATEL AN F—HfIX
BoTLIEICELEBRL TS, BH¥ML AT 4
(Thermodynamic system) (2875 I 6=2>D %K
DRFIERATERILTES (Whipp and Wasserman,
1969)

AH=AG+TAS (773 T I34EXHEEE ; K)

20, FATES2EBIANLF— (AG) 3. it
ENHBIANF—-DEL (AH) 2 6ARBAEOHK
5 (TAS) %#ELFIVAbDTHE, LA, En
Ll EICHAOBIERIGIC BV TIE, AH=SAG &% h,
ISR TED ANV F-IZ AGIZIZIZE L, B
FRORBLAZANF IR ICEVE AL ERTY
5 (di Prampero, 1991) . #h@@ihlFiZ B\ Tid ATP #*
MAFBENBBICHRHE SN SBHEHAT RV F—(AG,1p:
ATP? +H,0—~ADP +Pi®" +H" +AG,pp) A HE B
CHNSEICFHATEAIRLF— LI LIk D, L
7eHo T, BHlERFOBWMZIR L L b EMHICGHET 5
ToHiZid, ATP OMKZHIZEL S 1 mol Hz2h D
AGprp * EHEICHI B 2 EAWIHE 2 Do AGarp
(kJ-mol Nz FRAKICL W& h 2,

AG zrp(kJ-mol ) =AG"+RTIn([ADP] [Pi]/[ATP])

TIT. AGT X, HEIANVF-0KHHE (stan-
dard free energy). R 134 AE % (universal gas
constant: 8.314 J-mol 'K '), T (3#ixiffE (abso-
lute temperature: K). [ATP]. [ADP]. [Pi]lit. 7
U VEHEE, TV Y T, B X UEREEO
HPIRE (mol-l') THhd, %ITH% (Gibbs 1985,
Rosing and Slater, 1972, Veech et al, 1979) T34
&G TIZBT 5 AGY i3, —28~—32k]J-mol™' &
RHRERMOONTVE, CNODMEEFRE LT, i
MO [ATP]. [ADP]. [Pi]»HifEE L7 AGypp 12, —
47~—64 kJ-mol ' DEENIZH H . HHOLERI RN
(pH, 1 4 i, (NBEWOMRE, RE) LX) ELR
B LDHEEINTVS (Astrand and Rodahl, 1977,
Barclay and Weber, 2004, di Prampero and Piiper,
2003, Jeneson et al, 2000, Kushmerick et al, 1992,
Ryschon et al, 1997, Wackerhage et al, 1998), L
7255 T, EEEIZ BV TN OIKIR AR £ %) & &%
LT2DT, IEfER AGyp PFMIIE#EL 2682 %
BrwEEIOGNS,

—7 BATOBILRIRBOFREONT AG,p &

ZLTENDPBRBROH T AL F— (46943, external
work; W) CERENZ I COBBREYEZRTIE. &
PREEEO T3 ¥ —FHERIE, B 1LIRT LI,

2ERBEDN OGS Z LEAHRHE N TV A (di Prampero,
1991, Stainbsy et al, 1980, Whipp and Wasserman,
1969) . —2id, ATP %K% LI S 17z AG e
M HA~LEIRT 2 UEEMBR (Contraction-
coupling process), /&, #H (FIZ Glucose) % B
e Ui & h 7z AG 12 & ) ATP % BART 2 Bille(tsk
@Eﬁ(?hosphorylative coupling process) TdH 5, i
BRI BVWTRI O 20140 ¥ —FiRF IS AR B
TSR > Tna 720, BREIZET 588 0%HRS
# (Contraction-coupling efficiency; E¢ & Phosphory-
lative coupling efficiency; Ep) & §iESE0RAHY
ol SN TVB EEZTIVAEA) (=E:XEp)o
LzHoT, SOEZHEZEIL, W2PDOMREH
(AGorp =58 kJ - mol™', &K : Glucose=2870
kJ - mol™'=36 ATP. P/O, l.=6; Barclay and Weber,
2004) #*%. Whipp and Wasserman (1969) 7 —
5 (W, =57 W - min™', LU izl 7z VO,
=055 £+ min"') FHIHEBEENSRNET COHEHER
BEBRFICBITEn 2RE L THLV, Ecld. AGapyp
D W, \ERENZHETHBLNT, Ec=W,/AGrrp
=342 kJ/8.50 kJ=0.40. —} E; i, Glucose DHH

Jna—2x+0, —p CO,+H,0

ATP <4—

) ADP+Pi

n: 2

1 EFCHEIHEENIRLE ORI R
¥F—ADE#BIE (Whipp and Wasserman,
1969 E % HEWE)
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IZANF— (AGguwse) P AGapp KEBS N DHRT
0. Ep= AG,1p/AGgiucose =2088 kJ /2870 kJ=0.73
DERNEREFNFLBOND, SO EDH, HHIE
EE OB ED 7 1ZH30%IERE (0.40X0.73X
100=530%) Itk b LiffESshs, 72720, BhERIEIC
FIH S 3EE (Glucose or Fat) 12k o TP/O,Mtd
ZALT 5 &R, EBITREOELISEVEEOFIHED
2L, F—EERENUKkETD ATP EEROELT S
ZEEBET S v, S50, EROMEFEICENT
in vivo TOEEMHNDATP OIEFELFIRAE - BEK
RERETAHZEIIRHETHSL Z L. ATP DINKS#
PoHONDE AG, ., bAIRAMO pH, IRAEE, {UHREYR
BEOEIEKF L TEM T L2 EETH L, BE
B EEREIZBWT Eq & Ep 2 BBICHMT A L1
ATRISEWI LAYRIBTE 5,

#ZC, Bk L7 AHSAG QMR % 32 VO, % AH
RSS2 ehs, AEIIEEERILL (BN AL
ANF—EE VO, oI L., W, EOlHLN
TAHILICED ., BHEdOBRMEIE » 2FET 52 <
DWREHM»ETHLhTE TS (Bangsbo et al, 2001,
Bijker et al, 2002, Coyle et al, 1992, Crisafulli et al,
2002, Ferguson et al, 2002, Gaesser and Brooks, 1975,
Gladden and Welch, 1978, Henson et al, 1989, Hintzy-
Cloutier et al, 2003, Horowitz etal., 1994, Luhtanen, et
al, 1987, Mallory et al, 2002, Marsh et al, 2000,
Stainsby et al, 1980, Whipp and Wasserman, 1969),

BEEEOEEZICE T3 IRF—HBREOE

INFTHRNTEAL LI IZ, EBEED VO, DRIEH
POANZIANF—FHETEZ LIV EH
RIECTE& B, 772, BRI L E-> T, Tz B
TH, o, N ET> TR WIRE (Affozv
RETOMHILHE) TOZALF—2HBL TS (H2),
ZIT. ThoSBE0RITICERNS LWk
DIFNVF—RHHHERE O WOZLIVF—2R—2F
AELTHBTHLIERNIAINF—D6ELTWT
nEFMTIRENLINTE,

Gross efficiency (o) 13, EEOEMD T RN F—
(Em) %. Net efficiency (7,,) 1. BT H: L&~
PORHHOHRI AN F— (E.,) ¥ELFIVAIR
NE— (Ega—Eres) & B & U Work efficiency (yon)
. A ANF -2 oML 0 WOTEEROH
BRIFNE— (Eponwon) ZELFIVAZFINF—(E g0
—E onwor) & FNENTHEBBEOMN T AN F—LT 5
EZFEDOTHEHBFOBMAONRLFMT LD
T& 5 (Stainsby et al, 1980),

Ngross = Wext/ E o1 X 100

Toer= Woe/ (E rora1 = Eresr) X 100

n\mrk=wcxl/ (Elolal_Enonwork) %100

BEDESI I, HEBHCEENSLEVEL R
Enonwork 2 2 LB THEEBIBE O % = 4 L ¥ — % 3F il
TAHIELREAEMLEEITHALIIIEDRSL, L2L
7 H56 . Stainsby et al. (1980) %, MEByH X MATH)
EOZEL. PEOFEIHOZEL, BEAEOMA, BB
44 73, KBO LR, FVEVBHEOELED
bOILLBRBKEOE(L EDFERISNHDT,
7ol R EEBEAT O E o R Eponwone PWEME X — 2
F4 e UTEMEBICHS LA LT, SitbEHcE
BEMELEVIZALF —HRAE (B 2 Eoonwork) «
ThHOLEEHFIN—ZATA Y HFEHLLZVEVIR
BId W EEEHL. X=X 54 Y OEEEIZDOVT
PEEZIREL TS, LMo T, TDL) RHES
ERRT B0, DO THE & FhIHE
TAHIANEF-HEBRERONPHAHRE I AVF—H
RiRDOEFNENADOHMGFORE (AW/AR) & FFHT
% delta efficiency (ngma) B £ UHEBIICBITE2ET
AV —HRE (v:E) Lomtd (x: W) OB
K D slope D A & 5 fli 7 % instantaneous effi-
ciency (Mipgam) PaFMliEDEFK S /- (Donovan and
Brooks, 1977).

Naena=AW/AE X 100

Minstam = 1/ (AE/dW) X 100

Gaesser and Brooks (1975)i3. E$xBIERBHERIC,
% 7z Donovan and Brooks (1977)1d, #:47#RE R 5hHE
EEMig iV THRE L, BHZLICHEB» T2
DIANF— (HEEOHWEFIZE TSR LF—)
ZIEREICAHE S A2 HELA R L 2R DI, &R0

n
(=4

o

ENERGY EXPENDITURE (kcal-min-f)

S DELTA
0 ; eneroy (4€)
BELTA WORK (W)
5 - UNLOADED PEDALINO (UP) _ _ _ _____
e maoRERTWR)
o A r's A '] J
(o] 50 100 150 200 250

WORK RATE (watts)

H2 BiHEEEBECHIIIRY —HBRE T
FROBE. $LURN—XSILDESE
(Stainsby et al, 1980)
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BB RORE L LT g R Minsams DEF LW LG
BLTVD, L2ALEXE, SOZ20n DFMED
PO FICEREMS L vk V¥ —SHEO N %
BRLTVWBLEECE#EVELDH D, in vivo TORHE
BEOBRNFHHELERICERTI20TIEILZL,
CETHENICEBLARETH LI L F#AFHICBNT
BRI RE&THHLBEDLILS,

BERBORBENDERICEEL S5 2 2ER

HEEO TN F - IR Th D I SR L IRIFE -
REHEEZALTEY, /o @IS b4 2HBRD
EH;VFRVONT VD, Thofhe BB, i
b4 REBE 52 B0, ¥iKEY 4 7, WTHHE,
I, NI OFMOB AL 5 n ICEEES X
SEREBRFT L THL

1) iRtz 17
FHRAE S 4 713, £ ONGEIFEC B L D,
Type I & Type Il $#£i2. & 512 Type 11 {3 Type Ila
& Type IIb 2SN T3, Type I iGN HEEE AR
(. BREEHL ANV F -G IICERTYS, Type
Ma ZUHEREEASH < . FEEFEND L UEREE IV
¥t HIcENRTWw5, Type IIb X, Type lla &
Db S HIYHERBED . EEEENE T XV ¥ —It5:8
ENICEN TV A & N5 (Wilmore and Costill, 1999),
BB ICM L T, Kushmerick et al. (1992)
X, A IOMBBEEAVT, #MEED VO, oime
PCr it D413 Type I & Type [T IZBWTIZIZME
BETHol:p, ZORBERIEVPALND I EER
L7:o Typel Tid, ZNONTHOL NV %2 CTHIE
L. Q1Mo FE 2 7 = X 41242 Type I & Type II
Dt - BHE VDD B LT 5, F72, Barclay
and Weber (2004) X, =7 ZDOH A L. 9=
Tinitial X Mrecovery  (1Ntial efficiency, inia; AGarp D W
NDOEB|ENE ; HiB D Ec 1% L\, recovery effi-
Ciency, Mrecovery 5 EH D AGprp ~NDEBRBH | HiB D
Ep 2% L) CFEHLZLET, Typel & Type Il D g
DRBEIToTWVD, THIZL B L, WHHEICENT
Moo VR TH B A it 1& Type I THHC L IS
Neccovery |4 Type Il THEIfEE 2B 2 EARS N, Fhid
Type LIZBIFA2 LD ZVEIHADEEIZL D EHBIL
TWwb, TDEHIZ. Typel & Type Il  n D id,
Z OSBRI L ATREMATRBE S T 5,
Coyle et al. (1992)i%. EH¥ZHLEAE OMMRHEY A
TEnDBEBRERFLTVS, FRIZEBH L, Typel
RHED B & Nyoa B & U Do DHNIIHEA RO (£

NEN r=0.85; p<0.001. r=0.75; p<0.001) (E3). X
AR REH) P D 7,00 KBTS ERE AR S
N7z (r=0.85; p<0.001) 78, n D&\ i Type I KD
%IZL B LBXTVS, FHIZ, Horowitz et al. (1994)
b. VO, max, Lactate threshold; (LT)$ X U°—B}R
WEYF D VO, DMBRENPRBREDH 4 7 ) A M
WT, Type [B#EDH N7V —7 (72+3%) 1, v
Th—F (1852%) L0 b fue AEVE & FEEL
Twb, —J7. Mallory et al.(2002) 2. PEEOEE
HERBEEIC BV Ty Ny & peak VO, L H T2 B
B o7z, RS 4 7 L ITHBEBREIZD S ho
LIEEHRELTYS, Zhid, Coyle et al.(1992)
%> Horowitz et al. (1994)2%, Pl —=> 7 EhiH
IMHBEREEF M RIZL TV A DA LT, Mallory et
al. (2002)13. BEFRESNLSHEEN LV OH
BEEIHRIILTWABILIZE B Lk,

—7%. Sargeant (1999)iz X . MMy 1 T2k -
THRBINEREE IR 2 > TH Y, Typelid Type Il &
D LBOILHEEE T, I Type I11d Type I & b b3
WILEHEBE T ORKEERTIENRESI A TS
(H4)o COHEZBRTIE, 7 OFMIIZ. FHiEEHO
BEFZBTHIULERNELDEEZOND,

2) EERE
AR LZzL s, e FEMRIZLAZ {OBFEIIBW

24
22 1

201
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Gross Efficiency (%)
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Delta Efficiency (%)
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% Type I Muscle Fibers

3 BEEREEICH T DBRE (7,,..) & Type
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TVO, L YT RANVF—HHERD, 7 OFE%1T-T
XTWah, RO AN F-EHBIZITBITS ATP 13,
EE¥EL L UEREFEWBRE (Phosphocreatine (PCr)
S, BER) OB INEA, VO, IFEREENS
Broo ATP R E KB L2V, £2C, LT%Z#
ADE) L EMEOEEIC B WTHM SN g idER
INHCRBOONG 2D, RRADEY ., HPOILEE
#ift (A[Lal). &R [ATP] - [PCr] MEEZALA O
BESHIAVF-2RAL 2T R 5% v (Medbe
and Tabata, 1993),

Anaerobic ATP production(mmol - kg ™' w.m.)

=1.5X A[La]+ A[PCr]+ A[ATP]

Ld L. &£&TE in vivo TORMD[ATP]® [PCr]®
NEIRETHE, 22 TENILDLEMELFELL
T, MipfLEEERE (AlLa),) 2 5kRick 5 EREE
BT ANVF-—ORAEFEFREEIR TS (i
Prampero and Ferretti, 1999),

Anaerobic energy=A[La],X3.3 ml - kg™' Xbody
mass

I, FNEFROBREITE, T3 F— A L4
MBICKEZBOAALR, n IZOERTILETHSH
%o Gladden and Welch (1978)i%. BABLUBRKT
WERD pid, EEHEEOMKICEVRLITEZ LR
&L Tvwab, Henson et al. (1989) b, R¥Y ¥
WEIZHBEWT, LTHRELBR 2 L Do WBETT5Z
EEHEL (B5), ChIRLTHEDLELOAKTO
VO, slow component (excess VO,) DZHIZRET 2
EBHLTWYD (K6), &5 Sargeant (1999)i2 &
5., EEPEEOHA, 5 LT MEL Lick 5 & EH)
SREED ERZfEV Type 1T BHEDHHINER BN 5 728
(R7), HREBHEARERD n0BTEHRIELICLS
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M4 FIEEE (NAIVEER) OBUVICHED Type
ISL U Type IIRMOBHOWDROLTE
(Sargeant, 1999)
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3) iniEgsid

R D REE L IR LBIBBRICH D . BOEE T
BRI n ICHBERIZL TS L FHIE NS, Abbate
et al.(2002) 13, 5 v FPO=EEM GEE) THAVWT, B
A TSR (60, 90 Hz) I3 KUNHE (150 Hz) & h b &h=R
HEWI & FHELTWva, di Prampero and Piiper
(2003) b, KOBEBIGE AV, HONEREL n OB
BERFLAKER, EHEEOHKEInDETE5]&
BT, FENEL40~120 mm-s™)® VO, D
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(AVO,/AW)DZEAL (Henson et al, 1989)
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component DI (Henson et al, 1989)
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ERENER & A WSS (. £ DRI concen-
tric contraction(CON)IZ & W fTbh b, —h, # - & -
B oL TogERIE, CON & eccectric con-
traction (ECC) DfpilsEANREE L - IUEHR TlThh
%, Stainsby(1976) 1%, XD =M% AT, CON D
VO, iFAW OB KISV LR T 545, ECC 0 VO, 36
FOWMKIEVBLTEH I %R L (IX8)Bijker et
al. (2002)1&, = 7BLIUHA 2 ) v 7oyt
MEBERS - SMIERS - B85 D Electromyograph (EMG)
I aMoEEKE (FaHER ; iEMG) &lE - 8
L7z TORR N td. TV 7D (42%)D)idH
A7) 7(25%) LW REVEEHEL TS, ¥
A7) 7T, $XRTOHBTAFHAKL IEMG &D
Ml HFELBENFALNLD, T 7Tk, A%

100 Atfore o [
types
- €
£ 751 75 E
g 3
% % Force 5
g 50 50 &
3 ,’0 ‘g
€ 0_—‘0’ ,tg N
4 //A’, %
§ 25 - . -25 g
/ £
& .o
i ¥ ) = 1
25 50 75 100

Exercise intensity (% V qa)

7 EEEAE (% VO, max) DIMHNIC & 3 FHigME S
1842 — > D%k (Sargeant, 1999)

|5‘ VOz
pL/g cont.

:.:‘ /"—""\
i /hg

3 7 ZN7

3

Lood P/Py
0 5 10 15 20 25

B8 MEHEES & UHREIRIC S 3 AFEE (P/P,)
& VO, DRE§fR (Stainsby, 1976)

0

P/P,=013 isometric contraction, P/P.<1.0{3 concentric contrac-

tion, P/P,>1.013 eccentric contraction 7R ¥,

(TS DHIKEBEBAK O IEMG OB EWHBAR S
N7-DHTH o772, CON LECC DEBDZERHTE
IR BIT S gy PEEFEHT S LB TV 5,

% 7. Cavagna and Kaneko (1977)i2& 5k, 7=
v 7 % & @ stretch-shortening cycle (SSC) iz X b 7
LA TIE, FRESEROMEEIRICE SN
BT AIVF—DPRINSNEI EIZEY, p KT HL
EZbNTwE, 2F 0, IF St A F -
ATP DMK & 0 S h/z AG (2ndE S vufk g
MHITbN B, BT AL F—1Z VO, ICRBE N2 W
7oy, VO, PO LA 3 L F—HRE2ZTTIRE
B AG 2K At o TLEW, FHlig 7z n I38{E
Ehb, TOHIZMLT, Ettema (2001)i2, 77 +D
B2 HWT, SSCHY 2 IL—Yarixffvn, &
G BRI TFUINRE O BIIEFICKE LY 525
LR TW5,

4) HBOFM

PEECE YL XHRE TR S, IS
ARSI E NS B, — . SER) Tl
BBy 4 STEEME S 2B AN FRIZIT-
Twad, FIZIE, AIGHEEBRE T VADER (JH8Y
) LEFOLHOTHEASOES (NEH) % FEE
T2 T b, WL HFEMIZARHLEER 2
WA, GAEEEEZ L ETHEEZRNTHI LTS
v, SHHFHORICE o TFM S N7z n i3, B/NGFE
flishaZepFHsh, FMHShD 9 2HEHOR
DI () (T B 2D IZiE, N0
iz toicEBLETUE RS RV,

Girardis et al. (1999) iz &, FHAT—v a3~
(0 g; g=9.81m-s %) T EIZHERBIKD VO, i1, #th
Qg ehBmLTA L, Thik, 0 gD L DKV
Mgt e KL T3 El_TH Y BERHLERE)E
RN ESERTELVWEETHLILERLT
Wb,

o ~N—25 4 > OMEEIZE L T, Cavagna and
Kaneko (1977)¢. KXo & 512, ShiyfbIcPmt
4t (internal work accomplished; W) =&+ 2=
&1z v, true mechanical efficiency (7. % aFfili L
Twb,

Mewe = (W + Wi/ (B o= E rest) X 100

Luhtanen et al.(1987) 3. 5 Bt £17# 3R T D60
rpm O H EEERE S IZ BT A0 - ST L 0 12
BT LTV Bo ZHUTE D & Ny B119.7~17.4
%\ Moo 7 21.8~17.5% . € L T Ny HF 29.7~21.0%
DHEHEMIZH D, FMEICL > Tyl KELEIELT
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w5 (E9). Minetti et al. (2001)i, HUxHERE)EF
DHEHEOME T — 12, W, (W- kg™')=0.153 (fre-
quency; Hz) ICX W iEETE B LBRRTWDH, 2D
#% AT, Ferguson et al. (2002)iX. 60 rpm &
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B E LM 2 R4THE (total work) A5
iue % SFAM L7246 R, TRV OREROFEIIENT
BESEALNLH -7 (60 rpm ; 22.2%. 120 rpm ;
22.7%) T EEFHELTWAS, 127 L., Ferguson et al.
(2002) 5DF— 4 EAVT, HEHFEOZDS 9,0 %
BT AL, FRFN21.2% (60 rpm). 14.8% (120
rpm) &% 0 AREHEMETHEHLEIPICL - T,

FMishig DEICITRERENFELTL 5, BRI,

HE LR OB V60 rpm D&M TIIANHLESD
BV, Me & Noe DEIZEDTH B, YUEHEED
MV 120 rpm DML B EWMBFOEIIKEL RSB T
LAt a NG, Lzat> T, &b R4 588 % i
TA55E6. MHAEOFMEZBYIIT) I EPERE L
5o

bW

NItk A B ER (WMMES 1 7. BB, FHINHE
Bt ) ARBTAI LA NS, SAESR)I
WHIEEN DS R IEEAMERT 5. £ OMEESIDOBE
THhb, Lo T, BEMHHEOBHIZIANF—D
145 & HHOFEITOMEZII >V THS 2 LT huds
v, FHEEHORENLERIIOLNLELNT
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LT, G0 b EE £ BT 570
1oy Bl n OFMBE L LT LN EEL L B,
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A study on the enjoyment of sports culture

Tadanori FUKADA

Abstract

The purpose of this paper is to focus on the way to enjoy spectator sports and to suggest a new direction of

the study on “the enjoyment of sports culture” through the analysis of the present condition.

When the people watch a game, their styles are various. What sort of sport they should watch and how they

should watch it are decided by the individual judgment of value. Then adopting Mita’s theory, this paper classified

the enjoyment of spectator sport into “type of the orientation toward sensitivity” and “type of the orientation to-

ward reason”.

The former is confined to “instant” satisfaction by then and on that occasion, consequently it is inclined to re-

sult in a momentary enjoyment. On the other hand, the later has a bias toward the knowledge and theory and it

is apt to lack excitement

Therefore, in order that the enjoyment of sport culture may mature and be placed in lifestyle, the view that

integrates “reason” and “sensitivity” would be important. Then this paper finds this view that makes much of a

particularity of sport culture in “the appreciation of Kata (type)”

Key words: sports culture, spectator sports
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A study on causal-relationships between systematic PE lesson and
psychosomatic status among a sample of public elementary school children

Osamu Suzuki and Kazuyoshi Tamae

Abstract

To find the progressive design to facilitate “Team Building” induced by newly materials (physical challenge
and challenge move), we conducted systematic PE lessons (1 unit=5 sessions) with observation of psychosomatic
status among a public elementary students (N=36) in Miyazaki prefecture. Effective response rate were 80.6%
(N=29).

Psychosomatic status of children were measured using Center for Epidemiologic Studies-Depression scale
(CES-D) at pre and post unit. Children also answered to questionnaire of the formative evaluation instrument
modified to the Visual Analog Scale at the end of every session except for the orientation (lst. session). All ses-
sions were videotaped. Pre and post CES-D data were subjected to cluster analysis with K-means procedure. A
four-cluster resuit in CES-D score changed from pre to post emerged, which were named as follows: Healthy
(68.9%), Medium (13.8%), Healthy-up (13.8%), Unhealthy (3.4%). Distributions were generally comparable
across the groups, the time-series transition of formative evaluations score showed different pattern in each
group. That is, these patterns indicated that “Team Building” made progress generally, in agreement with sys-
tematic PE lessons, while the patterns differ from group to group. These data were verified by ANOVA and
Paired T-Test (p<0.05). SPSS was applied for analysis.

Results obtained are the following:

1) Perceived psychosomatic status accelerated at post unit more than at pre unit.

2) Significant associations observed between CES-D score and formative evaluation score at post unit.

3) Distribution pattern of formative evaluation scores of each CES-D based group converged in the later ses-
sions.

In concluding, the causal-relationships between systematic PE lesson and psychosomatic status were observed.
It suggests that study deign consisted of traditional evaluating system and second criterion require on considering
the analyzed data as yielded real-deal of children, from this time. Therefore, methods to improve the accuracy of

reporting and techniques to adjust for bias, with respect to analysis of PE lessons should be devised.
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Characteristics of Electromechanical Delay in the elderly

Koichi Takase, Masahiro Taguchi and Mayumi Kakimoto

Abstract

Electromechanical delay (EMD) refers to the time lag between the onset of electrical activity
(electromyogram: EMG) and tension development in skeletal muscle. It is possible to establish a hypothesis:
aging may influence EMD. The purpose of this study is, by measuring muscle reaction times and muscle strength
in the condition that the eccentric (ECC) and concentric (CON) muscle actions of the lower limb for the elderly
and young subjects, to investigate the characteristics of elderly people’s EMD, various reaction times and eccentric
and concentric muscle strength from comparison with the young. A group of 13 elderly female and a group of 15
young healthy female subjects have given informed consent for volunteered to participate in this experiment.
Their average age, height, and weight are 73.9 (SD 5.2) years, 149.4 (SD 5.0) cm, 49.7 (SD 5.5) kg (elderly group)
and 18.9 (SD 0.7) years, 159.2 (SD 4.8) cm, 49.6 (SD 5.5) kg (young group), respectively. The measurement is per-
formed for extension movement of knee joint, and surface EMG waveform is recorded from rectus femoris.
Concerning peak torque values of elderly group [ECC: 134.0 (SD 26.1) Nm, CON: 41.2 (SD 11.7) Nm], there are
significantly lower values (ECC: p<0.05, CON: p<0.01) than in the young group [ECC: 156.4 (SD 27.8) Nm, CON:
79.3 (SD 23.3) Nm] in both ECC and CON muscle strength. EMD of the elderly group [ECC: 101.7 (SD 9.7) ms,
CON: 92.7 (SD 13.1) ms] is significantly longer (ECC: p<0.05, CON: p<0.01) than that of young group [ECC: 82.8
(SD 10.9) ms, CON: 87.8 (SD 10.9) ms] in both ECC and CON muscle actions. Similarly, in total reaction time
(TRT) and pre-motor reaction time (PMT), there is a significant difference (p<0.01~p<0.001) between the two
groups. These results suggest that EMD and the muscular which work according to an increase in age are de-
creased and declines of these neuromuscular system are considered to cause falls during a walk and occurrence of

injuries.
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Table 1 Physical characteristics of elderly females
and young females

Age Height Weight
Groups (years)  (cm) (ka)
Elderly group 73.9+55 149.4+50 49.7+10.9
Young group 18.9+0.7 159.2+52 49.6%4.5

BTOEmEBET L0, TREAHE (ECC Mg
B) B UK (CON BiEE) ~D 7 ¥ ¥ A LTH
(5~30BDMBTHBE Ry — ) ICLPEEZEHK
JETITo 70 BHSTAERIEE, KIN-COMD s EH)
E— FIZT, 120° /sec OB HAE T TR % SRR HS 12
B (CON #5i&%h) # X UJEMh (ECC MHiEdh) Hmis
ML, K. itk L UCRBEFMER EOSEHICT
LIN=T—=LT%9F A2 FOEBIZFZML 7 6B
Kic &7 OB, THELRF R ATH &R
(100%MVC #ifE) #Hi L. EMD, &H5IGHH RO
Rty (€—2 Mo fl) ORELFIRFICERKL 2,
BHOTEBYEN 2 U 2 /- O BRI KB % 33
SELl, KREFBOFHEHELMT, MEBLIULY /) —
WIS BHBLEBL /2%, ERIKHEZ T 5720108
BR-—A 285 LEEZHESE, 20%KICHEEL
mm O BARK I E K % B M 20mm o B T+ L EMG
UM L7, EEENMIE. POLYGRAPH SYSTEM
RM-6000 (HAXELEHE) 2HTE=s) V7
L. WFE$0.03sec, FIgERTE M %1.5kHz TRt L 72,
RF 52T+ —3I 07Ty TBLUREOHRD
HRICEMHEB & IS5 MEML. EMD R OB HERICH
Bl & f/MEZ B\ SEIDFEHEEF— 2 L L
THALL T2, E—2 Mo lIdSEIDRAMBE L
7co EMD, SHIICEMO 7 — 412, KBEH» SO
EMG & KIN-COM #* & O force B & U angle * [A]}lf]
&, YVAFLAYEL— Y TA/DERL, BF7T—7%
DFHZ R L 70

3. EMD $ SUEREBHEICHMOERIZ. DITiICiEL
PATS
(1) EMD:EMG Y7+ VOREBPHLLIN—=T 5 v
FAYMEICERBE SN —DHH20N (L
IN—T— LT 8 vF Ay b OEH»RHEA force D
UL EMDIRIZTREERNT 27200EE LT
EF) \CHET LI TORME L7,
(2) PMT (pre-motor reaction time) . il B 454



SR T - A Sl IZ BT S Electromechaniecal Delay @51 31

5 EMG 7+ VO3B FEF CTORRME L7,

(3) TRT (total reaction time) . $liL o G A 55
b b7 H320N (2H)ET 5 £ TORER & L7z,

(4) MTPT (movement time to the peak torque) :
i bV OFE (20N) o5 E—27 MV 7 {HIZHE
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#E L. CON fiiidE) o A atill L 72,

P o> SR8 OSSR B o FHINE . @Slia s 5
CON fhiGEiro 77— 7 28 & Lo L, 1112
~L7ze

(5) PT/MTPT index : /87 — 4 EHE T BT
iz, E=2 P Z{lA 5EMTPT Ofti %l - 7:
fliz 455 (index) & LTHH L7

4. FetnsE
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g R

. WA
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EIZEw iz R L. ECC iR E — 2 F L 7,
FAE#A (156.4+£27.8Nm) 12xf L s (134.0+£26.1
Nm) #%5 6@0?’2 THBEICERWHETH -, 72, FHE
ZhRIGEC LS, BiEOY— 2 P liizFERF
L CON #ii F:'H!)J 52.0% ., ECC #iifiil : 85.7% D=5
. CON W{fmpiz 8 TEOEPMEE K E Vs
?._bﬂt (H2),

2 . BERICERH
PMT £, CON #hif@h & ECC iy & & 12, #5EH

onset of stimulus
Y

onset of muscle action

_a—development of muscle torque
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Figure 1 Calculation of muscle reaction times
(Pattern diagram of object: CON muscle action in elderly group)
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TRT (4. CON fififih £ ECC fiifilh & b (2, #EH
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24 4ms) Zxf L %" (CON ffhi&ih : 237.1+£24.3ms,
ECCHiifEh : 264.3+50.4ms) $70.1% K TAHEIZ v
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Figure 2 Peak torque value in elderly females and
young females (# : P<0.05) (* % % : P<0.001)
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Figure 3 Pre-motor reaction time in elderly females
and young females (3 :P<0.01)
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TRT iz #n#h CON : 21.0%. ECC: 34.2% RVl T
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Figure 4 Electromechanical delay in elderly females
and young females (* : P<0.05) (% % : P<0.01)
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Figure 6 Movement time to peak torque value in
elderly females and young females
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Figure 5 Total reaction time in elderly females
and young females (% % % : P<0.001)
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Figure 7 The index of peak torque value/movement
time to peak torque value in elderly females and
young females (% % % : P<0.001)
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ARVT R M VR T MERES Y hOakEsNigic k3
FHBOBRILIEE B & i glycated LDL, i ISE R4y DZAL,

Hyun-Tae Kim (Sung kyun kwan Univ.)
Chul-Ho Shin
Ji-youn Kim

(Sung kyun kwan Univ.)
(Sung kyun kwan Univ.)

Change of acute treadmill running on liver MDA and blood glycated
LDL, lipid profiles in streptozotocin induced diabetic rats

Abstract

Under pathological redox conditions, the production of free radical is enhanced in hyperglycemia, which in-
creases the rate of lipid peroxidation and ultimately leads to the vascular disease, such as atherosclerosis in diabet-
ics. The purpose of this study was to investigate the effect of an acute treadmill running bout on liver MDA and
blood glycated LDL, blood lipid profiles analyses in diabetic and normal rats. The rats were divided into diabetes
group (n=12) and normal group (n=12). Diabetic condition was induced by injecting streptozotocin (55mg/kg dis-
solved in 0.05M citrate buffer, pH 4.5) into rats that had been starved for 12h. All rats were performed by acute
treadmill exercise bout (16-17m/min, 30min). Liver MDA concentration in normal group were significantly
higher in post exercise. Glycated LDL and TG, LDL-C concentration was significantly different between the
groups. Especially, TG concentration was significantly lower in post exercise. Therefore, in animals that were not
adapted to regular exercise, an acute treadmill exercise appeared to cause a transient increase in lipid peroxidation.
Also, treadmill exercise of 30minute’s decreased glycated LDL and TG concentration but TC, LDL-C and HDL-C
or not.

Key words: lipid peroxidation, glycated LDL, lipid profiles, streptozotocin, acute treadmill exercise

Bt (autoxidation). F#EMEIM-FFR. FUBILZR; C
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Pk, 9 V0w ERERRBICMT 2B R ICiT bR
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BRENPS 7V =V ANDERENDL A =X 41,
MFEOBE LA T 2EBEEHEAMIL (non-
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P2KEEALT YA ND T AE B A RBT 2 BB OAD

FLADOBIMEERA > 2) YOERARRICE 58
DERADNTTHNOKROER LRI TP EHERTE
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Lo BREED L ) 2HEER2LIICEREY, Th
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Sungkyunkwan Univ. Department of sport Science, Exercise Nutrition Laboratory, 300. Chunchun-dong. Jangan-gu.

Suwon. Kyunggi-do. 440-746 Korea



38 SUMET - AK— V¥R $19% H25 FKITHESH

RTIEHBHPEVIDIIRHONTVAEETH
bo X512, WRHDBEDHE. MIBMENFRHLL
DELT BHEHE L PHIETOEME & bl
BRI L AT u— Vi &Y 54, HDL-C
(high density lipoprotein) (X#A¥ 5 Z AR HT
b, HISERBIRER & [ CEBRROAHHE L
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K73 IS RICERT 5 2 &I & o THhoMIR ISR
252, A2 Y ORZICE Y EILEARI T L
» Wright 5P O8EFRME L, HESRIIEELLC
h 55mg/kg D E & L. 0.05M O citrate #& 1 #|
(pH4.5) (Zi&h UREREPIICIES Lo d & 24 H)TRIZ T »
b DR DR A S ML % FREL L TILHE300mg/dl UL E
THERBREEOEEICL 2o R DIEWFHD12PE130.05
M citrate SBEHHZFEA L, FRABROER, Mt
BEATR I 2 o 7o FERIBB R 4 H R IOHERWTE L EH
A XR1216-17m/min, 3050 ML v FIVEH %
ERLZY, EBHORHERLAHERDO 7 v M
xylazine & ketamine % BIEPUCIEA L, FREE L 72206
KEYARA S 6 ml DMLHE % IR L TE ORIFREARKZ R
WL CHREASECRHEICH/E L, —TOETHHIRE L7
UENDT v MiX1 s =Y (45¢cm*30cm*20cm) X729 3
o ANETF L7,

(3) AHHEBLEFE

MDA SR o 2db &, AL
HEBRET H7-050% (W/V) TCAl5ul 2 Ah,
10,000rpm T104 M 0 8EL . L7250 2 3RILL 7,
% D% . Microtiter plate 1250% (W/V) TCA 50ul,
ImM BHT 10ul £ 0.3% NaOH {Z#&» L 721.3%
(W/V) TBA %L 7%, 60C water bath T40%
A4 >Fa~x—pFL7%A, &EIZSDS 10ul # Ah,
ELISA (Biolog, USA) #F|H L. 530nm THRLE %
g Uiz, {1, 3, 3-tetraethoxypropane %4
ML7, £/, Mm% Glycated LDL (34 * 5EEL /-
& & glycated LDL 4+ #F B @ kit (WAK-CHEMIE
Medical, Bad Soden, Germany) % F|H L 7z ELISA
Ta#r L7z TG, TC, LDL-C X ¥ HDL-C #RE i Mo 3
%458 L 73 & Hitachi 7150 Analyzer(autosystem)
TR L TBEETHITL

@) EEMA

EBRTH LN TXTOEHIZ SAS PC/Program
¥ AL THENFY (M) LiE#{EZE (SD) Hil
Lo BIHIC & 2B ORIED 72, independent t-
test ZEM L 72o BRI L BIEE)D S t-test (paired t-
test) TER T L 720
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A AR LR T 3 & CifiLeh glycated LDL, it B B8 7 D Z1E 39
m. & = 200 ...EI BRE BLE

_ 180 T #

() HEOZIL g I
BRMB RO & B REOR(LEE 117 L 1z £

WRBERNNL, TEROBEAB58+26g T, MR 3 0
WBETI2253.9424g Th o720 —F, WRFHHBIAE %‘”‘
T, BRWEOREIIBL Lo L, IEFEHTIE 100 -
BILCH D . HEHISA T AT 5 17 (p<0.001), 5

(2) FFrRBEAD MDA OE{L

P B BB L EEMICE b5 MDA iEDOELEX
ISR LT RHHEE b Ly F IV EE)E %O
A D MDA BRI, BERRRE L IR E RIS
ARLEIEDONLE o/, T, BRBHOYE,
TR E P Ly FIVIEBHEZIC K 2 FRAKA O
MDA BERIAELEIBDON L o205, IEHHT
REBLEFBO ORI (p<0.001),

(3) I Glycated LDL OF4L
4 glycated LDL 8 NDZE{LZ K 3 IS/RL TV b,

290 O 8YIRM B
280 -
270 -
260 -

250 -

1 (g)

240 -

230

220

GAIRER RN WHRER &

210

*** p<0.001 significantly different between groups
after diabetes

®1 FEREOBRAEIC S SFEOKEIL

###
140 ; BEEN  BER
2120
o
E’IOO T
g 80 - 1
=
= 6
=0
5=
0 .
%15 it

##4# significantly different from rest at p<0.001

2 ZEBFOIFREHEAD MDAREOE(L

RES it 1K 3
p<0.001, ** p<0.01 significantly different from

groups in rest and post-exercise
# significantly different from rest at p<0.05

2%

3 EFEDMm glycated LDLBENE(L

LW & MR B oI glycated LDL iR D2E{kid.
WRWRBELIERRHL L ISHINICARRENZO LN
(p<0.001, p<0.01), 52, IEWHTIE, KiHR &
Bl #I2 & A1 glycated LDL i/ CldH WL ZE L
BH oM horh, BIRBETIFELENZEDOLN
72 (p<0.05) o

4) mPEEERSDEL

MBSOl E# 1R L, Rk LEmE#
olfiih TG D ZALIZ, BRFHEIEERHLOIFE
LENED O (FRFR p<0.00], p<0.001), 7=
PRI L IERBE L O EBIAIAIC L A0 TG I
FELREFRD SN (FNFhN p<0.05, p<0.05),

fiish TC DA, Ly &EBHH KIS & 2R (LIIRER
B LERHRE OHHMWICABLERZOON LD o7
602, WEEE EBRIHIC X S TC o &{bidHat
MICEBELREIROON L P57,

s LDL-C i@ Cld, Rk e ML v F I VBB
DI LDL-C i BEAERBH L EHR L QAR E
HRD LN (FRFN p<0.05)s LA L., BRFEE
E#EE OMHET%ICE S LDL-C OBEIR., FELE
Lo hol,

—%., HRELOKRT-& LTHShTwb HDL-C
BEOHE., KR LUBBEZ T, WRBEELIETH
EORBELRENBOON Lo/, E6IC, WHEL LA
Hitic & 5 HDL-C il Tid, ABAEGBHONE
holz,

V. £ K

FERRSG & 7] UARBLEY 0 RIE T, MAE & BA L 7oik 4
BACHIBURIC & B T U7 VERAIE S h, BRER
B — DO NIZHNRELR TV COLDHRDOVS
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M19% H25 FHRITHESH

®1 EBROMPEERSOEL

# H X 7l TG (mg/dl) TC(mg/dl) LDL-C (mg/dl) HDL-C(mg/dl)
= i W 101.47£28.53*** 99.33+18.66 28.65+8.37* 40.124+14.18

PRI WHHE % 92.07+£19.92***# 96.77+12.25 26.87+7.34* 41.77+12.19

F o ool 59.47+17.53 98.82+21.71 22.82+8.71 52.25+16.99
EH)E % 43.67+£19.12# 94.27+14.01 22.13+9.03 54.73+17.61

Values are Mean I SD

*** p<0.001, * p<0.05 significantly different groups in rest and post-exercise

# significantly different from rest at p<0.05

WAHLAIHENERIND, 2F 1. HlgRHEOES
3 55A, BIRELRZh & RO MEEREI R
N2, LHL. AEOER TIIEEETORIRK
HONRAMA O MDA BEMXIEFHICEX, Hu
A TH o 2D, HEAWICHFRL2EST OO LI
EITHEL IIRHDERTH -7, ThbL, Atli &
(2004) 1 HERBEO LM TIIBE LA P L AL DR
#EINBE L, FOERE L THREBILOHHRORL 72
FThL, B L 57 — 5 U h VOEFKIRE S
NB7:0ThHsEHRE L/, T/, Feillet-Coudray &
(1999)%13, WRMEFRSELH, AL TPV E
DUREALKE. LEABKLE 4 8B%ORTGRRL
VRO EH (EH) LY@ L 2MHAL, 4
BEOBEABILEEXA M TIPSy 05R ]
HEMBELIVBRERII R oI 2 HE LS, Yang
(1997) ¥ I3FERIFD 7 v + DFFIHHRED SOD RUF7)) —
7 Y ANDOBREDOHEE T HIELRBER AT S
BLBEEL D7) — ST A NERZIRESNL 10D
INLDOHETNG Y ADBEN, FREEBEBErTTEL T
HRRDBRRALIAB IR V155 L & L1z, BT
BUEOHED & 510, BRFBAIEFTREEL LT
FEGAR LAMRE SNAFEL RT3 TE LD
o LAL. RAMLT MY MY UDEALABKLY 4
B %O EERILAE V& i L 7 Feillet-Coudray
5 (1999)° DWW L7k, RBFZE CIIE AR
DFELARBEEFA LI P o2 FEALA
HEZEWV) Z LA MDA BEOXEIIHELE XL
Hahd, §4bb, AFLTI MY %2FEAL, 4
A& IS ESRSHOKEICELH, BILX PLRICE
HIRHBILIGEIT L AVEEZ ML, LdoT, 4
BAPLT Y Y Y OEA L BEREEEORKEY
CIRHBRILDBMFREERB LAMENF XS5 CHDHONS
VEFHDELEZOND,

—h. FREEENDO MDA BEIZBWTIE, EEE
Db Ly FINVOBEEFHIEA, EEBEHEOMMARS
hize SHIEEBBO MLy FIVoESICEEL Ty

LVWIREETO—BMOESNIERND T ¥ H VAR 2
S, EADBRILRES NS L) 2 L 2R
RELTHERTLIIENTET,

—7. BRAEHOIRE T, 4 2l nBEOBKRETF
THHIEME., B, 12y A, SIRIMLE S
EDEHERNH D, TORTMPRARY) READ
AF S ISERFBHOBE BV CHIRELDOEHENE
BB+ ThHh, BRFHEBEETRONS Y REH
Dl AHZELSMLO.LCILEREDERET &b by
MEESGHREDHELZEMESE LY, RFFEHERTH, B
RIFBE ML glycated LDL & TG. LDL-C fli #5iE %
I~ TH ., HDL-C i3 » 7z, 451
glycated LDL (7). 2 — R & LDL #%R & » 7-$5 (L
HOZVa—-ZAFH0BIEHHE?ICLY IV h oL
& RN S B 70 12K 4 LDL (2 i HIC B L &
Np™®, Zo k) IBER&h/: LDLidw 707 7—
Y (macrophage) (X WFAFH IS, =r07 57—
VREEDLDLIZL » THEi25F. #MlNoaL 2
TO-VOREFII—EIHRD,

L7 LBML LDL i2xf L CldAffE i<, =
T7=VHADIVATO—LVOEREZRET S, 208
R, @FEMREIER L /MR Z NS e 5,
ToMEPE M & R oEg 2 - =+ oIk EL
DOIHERSIIER T 5 2 12 B0 A5 T,
ifiith glycated LDL (& LDL # B{bryic b8 €22 &
Ko T, #RFEHICL 2BREILOBRE L MINS &
LPEELERAYTHLLEZOND, AWFEDOBRKBR
NP glycated LDL #EEE DR fL LDL OBEILBZET
FRMET S, &5, M glycated LDL iifis 7 v
I—A, TG RU'LDL 2 L EDOHEB " HH B L 26
AMEOERICE Y IEFFH IS, #ERKEFEOMS TG
¢ LDL igBE DMl glycated LDL o>ighnic 25
TBLIZLALHWTES, T0L ) BRI, g
FEXFHFORRBEEEBE DM glycated LDL i BE A5
EFEO—HBOANEREVI L ##%E L7 Napoli &
(2002)* & Akanji & (2002)"DRFFEE —BL T3, &
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RFis o @R LA E 35 X Uifiteb glycated LDL, b i ¥ 5 D21k 41

51, by FIVEER, BERBHEOMLSP glycated
LDL BEIFTHE ISR CGEBIE# BRI L, 20
&) RERIGEBICL AMF NI - AR TG 2 ED
REDBRPIZ L BERLEEEZ OGN, KFEOHRIG
THEME L 78, BERFBBEOM P glycated LDL #HE D
B L C—BEIEROR RSB EER OIS,

=77, MHEEORTILEFHOEEEFT DT, #
RGEEOET ENEBEAHFREOMEEZ 0T LEEZS
Wb, ERIGEEIRE L TEHREICL2ELEARL L,
s TG ILETREE AR <. EEMBEAE I HUE, BT
THLEBMESINTBYY, FEFEENIESLHFAL
HEHEFHIEERRF I, TCAE L HFsSh 5,
SO &Y, RN LA REMEES) I HDL-C ik #9.
LDL-C % & F &€ 5" L i L7,

/-, Murakami & (1997)2$ 128D L v F I
WE R, M TG @A B R ISA IS L e B
L. MmAEA 0BG 3EE)RES) & EE)IREE, & L TRESL
RIS S B E ST, FICHBEENRALER OIRE
R#OUBIHRESBHLEEZOND, L2L, 4FT
1L B B R 5 D BAL &) & ORISR & WA/ RFFE T,
HIEESIR, £ L TREGH O ESHIZME & LIS B HF
RICBE SN TV 555, —#8fy 2 2R L 5 Ml
BRADOEACICHT 2R %  — B L #RICEDS
BWEETHL, 20L& LHAH» AT —EM b
Ly FIVESEERLCHER, M TG B AHERIF
BRUEERIRTUIBW T, ERHEZICRI LTS
L ERHRTE,

CDEILBHKERIIANLS ISP Y EEALL
PERFAFEDOT v PEFRICRHIB ML — =0 7 €708
$. Mish TG AL L7 L @i LAB%" & VO
max N32% & 60%KHETIFED b L v F I NEHHE
TG BEHA15% £ 21% A L 7= & #ils L 72 Tsetonis b
(1995)® D #ts, RV VO'max D50% & 75% T304 [
—#@E MLy FINERTERLHAGR LHEUL
IAERTHB, LELINSIIAMERRICLAFET
by, BROGYE AR LAEBE) R T 2 FgE
Phvi, WEHOMA TG BEAMET L& v ) KR
DERELLICEBTI L, BRFERBECLELIER
LbNABIRMELMR HIIE—EM R LYy FIVDS
Y TEBPHEHTH LA Lk,

V. % &8
AWEIL, HROT v PEEEDT v P23 RICIEH
BE LR M IEER S & A, — B85 B8 X 557

AN ONEHBREL & i glycated LDL (1L LDL)
RUMABEERS ORI EHRBIOIZA LT M/ b

o~ (streptozotocin) FHEOMRKERET v MI2ILEIE
DTy P22 RIZI0FHO R L v NI VEENEFE
REL 7z,

ZO/EE. BB OEENIHETE L2 WIKETO—H
HEE) LGB BRR L 2 (R S & 5 2 L DRI S hs b5,
PRBHBIAELZIR O e dh o7z, T, —BW
B hLy FINVERA ML glycated LDL R U TG i}
ExRL SE, BRBRHEEORBILORHREZET X
£ 5 A HEEATARIFZE % L CHEGE S M7z, o eb
HORFIZHL TORBIIHEE SN e Hh o7,

L7chso T, 45O CIBHRBR IS BT 25 H8
fft L TC. LDL-C i BER 4 & U HDL-C o442 ¥
MEEHTERE, SHREE R ORI 3 5 R 98 % k91247 9 4
BhH b,
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Assessment of paralyzed walking movement
using Load Sensors, Gyro Sensors and Acceleration Sensors

Satomi Koga”, Yasuhiro Sueyoshi?,
Kazumi Kawahira® and Ryoichi Mitsuzono”

Abstract

This study examined the possibility of Load sensors, Gyro sensors and Acceleration sensors to be used as a
new system of the walking training support. The gyro sensor was placed on the thigh and the large thigh in the
under of subjects, a normal walking and Bouta mock walking were measured, and the difference between the thigh
angle velocity and the large thigh angle velocity in the under was analyzed in terms of the knee joint angle veloc-
ity. The load sensor was placed on the bare soles. As a result, when normal walking and Bouta mock walking
were conducted respectively, the wavy signal was seen on the monitor, showing some pressure added on the feet.
Moreover, the shape of waves at the knee joint angle velocity on the gyro sensor indicated the maximum value in
both walking and the swing phases, and the normal walking was larger than Bouta mock walking. There is a ten-
dency for the knee joint angle velocity to become larger during both walkings as the walking speed was quickened,
in terms of the average angle velocity of a knee joint corner speed maximum value and the average walking speed.
A significant difference of 5% level was seen between both walkings. It turned out that the touchdown and take-
off of the foot were distinguished with the load sensor, and the evaluation of walking Bouta was also possible with

the gyro sensor.

Key words: Load sensor, Gyro sensor, Acceleration sensor, Paralyzed Walking Movement
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Effectiveness of home exercise program using a video tape
recording for Kenko Nagasaki 21 Exercise

Satoshi Muraki”, Toru Kamibeppu?,
Noriaki Tsunawake® and Yasuaki Tahara"

Abstract

The present study examined the effectiveness of a home exercise program (Kenko Nagasaki 21 exercise:
KN21EX) using a video tape recording (VTR), in order to improve physical fitness and prevent life style among
thirties to fifties age groups. The KN21EX is composed of 30-min exercises including stretching, aerobic exercise,
and strength training. Twenty-eight females and five males aged between 21 and 56 years old (average 40.4 years)
participated in this study. We gave the VTR of KN21EX to the subjects, and instructed them to perform physical
training using the KN21EX for 8 weeks at a frequency of two or more times per a week at home. Before and after
training, physical measurement, physical fitness test, and subjective symptom surveys were conducted. Twenty-
two subjects performed the program at a frequency of two or more times per week (TR group). Although the TR
group showed no change in body weight or physical composition after the training, a significant correlation was
founded between exercise frequency and a decrease in body weight in all subjects (n=26, r=-0.517, P<0.01). For
physical fitness test, records of agility and muscle endurance, and total scores for six subtests were significantly
increased by training in the TR group, which corresponded to about 5 years rejuvenation. However, significant
improvements in muscle strength, muscle power, and endurance capacity were not found in the TR group. It is
considered that these slight improvements were due to difficulty in regulating exercise intensity by VTR. In con-
clusion, these results suggested the possibility that regular training by the KN21EX using VTR is useful for im-

proving physical fitness and preventing life style diseases.

Key words: home exercise program, video tape recording, physical fitness, weight control
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£3 RB2IEX RMEIC & 3 ENEHEBEOEL (RITHEMR)

M = H® H n = £ M % 5 B #
HE (cm) 20 157.5+6.6 157.516.6 NS
#E (kg) 20 54.947.4 54.3%7.8 P=0. 060
W/H it 20 0.793%0.103 0.768=+0. 055 NS
HEERIER (%) 20 26.1+4.1 26.5+4.1 NS
PEEIME (mmHg) 20 122.8+12.3 122.9%15.8 NS
PRMIME (mmHg) 20 74.618.6 70.9+8.3 P<0.05
fRiEA 27 20 34.6+32.0 50.0+60.5 NS
BEE (AF73R) 20 91.2%15.5 95.11+15.0 P<0.01
EOBNE (FIEREE)

FRERASAAHLIFR (cm) 20 34.1+8.4 32.9+8.8 NS
FAIRBFAHEFR (cm) 20 39.9+11.3 36.6+8.4 NS
BESED R TR 20 1.18+0.21 1.13£0.20 NS
H7 A b
£h (kg) 19 30.6+7.1 31.0+5.5 NS
EEsZ L (@) 18 16.4%6.0 20.0+4.9 P<0.01
MHEEE T (em) 18 165.4£27.8 160.9+25.0 NS
s v (8) 18 38.6+6.3 41.616.1 P<0.01
REMKHEE (cm) 19 39.8%11.6 43.2+5.5 P=0. 052
PWC75%HRmax (W) 17 75.24+20.3 79.2+420.5 NS
BEHa (N) 19 32.3+7.4 35.6%5.9 P<0.01
NS: HEtE%n L
F4 RIBEXRKICELSEAREROEL (RITEEMHR. n=21)
" M W H £ E A OE H
BHBERTH S 2.1+0.6 2.6%1.0 P<0.05
Bk DH D 2.9%0.6 3.0%0.5 NS
wHnhbT 3 1.7£1.0 1.5+£0.9 NS
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