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—R—VO®F) LERHET v+ — (LDRE) koW0T, (OREMESICET 2HHI,
QEFMEHORBICE S ©—7 by OETRE, QEEUFHH I L—=v/icdd s b
L—F ) F 4 —2REL, KE, ROXDEHEREEI

(1) LDR BOBRKRYH, SKXEHEE @ENECXIEROER), RUER 7R
+hZh 40.8kg, 3.43m/sec, 25.4kgm/sec T, PEA BDOEA100&LT % L2 NZFH83.9,
74.9, RUF62.3L730, PEA BICHNTERIUENT D L,

(20 LDR BOFAK 7 —DUET 5 EMIEARBEID40.7%, BRKEED 44.5% T,
PEA BHiCENTHEZRAD ORI -1,

(3) 10rpm, 30rpm, ¥ 50rpm TOREMESOI00REF 2 b Tid, HF (1~10H
H) ov¥—7 b 7 ERENEN LDR BERICEL, 702 0%ORETIBRENE
FINI DT EDBTID NI, E—7 by OFEREEESELNEOBFKRTAS &, EHE
BEDHND D (S0rpm) 1Z EBBIRNKE {785 T LD SN

(4) EEEhEE %, 30rpm TIORMEELLy bEL, 1H3®y +, E3HDET, 6
B v—=v 35 &, 30rpm EHEOE—7 + vy hs LDR BTI28. 7%8KL, PEA
PETI220. 65K L7z, %7 10rpm EEIO E— 7 bovs SSLDREETII 18.2% A LIS,
PEA HTREBRHMASIEDONLE b T2, FRIDrv—=v i CHT B FL—FEY
74— B L TREHEICERIZIED LN -7,

REIE SHUEBHbLv—=v7, BEAT, BN, BEES V-, BTV, -7
27

Abstract. College age male long-distance-runners (LDR) and athletes whose events
demand high muscle strength and power (PEA; sprinter, jumper, distance thrower, and

volleyballer) were studied to examine the characteristics in muscular strength outputs,

43



44 SFHL IR - #ARE - S« (UFE : REE#ES ¥ — OFEMEHH I DN T

endurance measured as peak torque decline during isokinetic knee flexions, and
trainability to the isokinetic exercise. The subjects performed maximum isokinetic
knee flexions at a velocity of 30 rpm (180°/sec), 90 times a day, 3 days per week for 6
weeks as a training. FEach subject also performed three series of the 100-isokinetic-
contractions at the velocity of 10 rpm (60°/sec), 30 rpm, and 50 rpm (300°/sec) before
and after the training. In comparision with the PEA group, the following differences
were found: (1) maximum isometric strength, the velocity at maximum isotonic cont-
raction without load, and maximum power in knee flexion were lower in the LDR
group, (2) the declines in peak torque after the 100-isokinetic-contractions at 10 rpm,
30 rpm, and 50 rpm were found to be less in the LDR group. With the isokinetic
training the average peak torque in the 100-isokinetic-contractions at 30 rpm was found
to increase in both of the groups and that at 10 rpm was found to increase in only
the LDR group. There was, however, no difference in the trainability between the

groups. A possible explanation for these findings was discussed.

Key words. Isokinetic training, Muscular endurance, Muscle fatigue, Long distance

runner, Muscle power, Peak torque.

#

bt OBEBEEEIC DN, FT fiber (XX type D) 13ULHE A3k < UL SEE ASE DS, #
AMicZ L s &, ST fiber (i type 1) I3UNHE 1355 < IUHEHE DB W D8, BAMIKED
EINBY, BNAA TV —HETREINIECATR, RE—VEFDSDL, 7Y vix—%
Z Ot/ —ZBETIZ FT HEHSE 48202029 SiRE S v — ik ST HELFHEX
nHow . ZhZThBELTAAR—VEBICH L THBE DS A TILAELELN TV S,
AFFEORHUOE 112, KEEIBEFTTERLTVWIRER S v+ —BE 20 IcEtt%
ARUTWEBDERELT, BoOHMBORKE, RRKEEHEE, KEEKRT/ ST —H 7 —
REFEFICENTENENEDOI S NERELE LI DEREZRT R ETH B,

I, TR E LTHE 180° 0ARE CERYENEESENET 5 &, FT EROFHL
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BREGNEELEOUET T —RBFICEANTERICBEVEREERT DI 51, ETHEM
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EBRURRVFE

BRE S EBIMICHBT 2B FRETH 5, -7 — 8 (PEA) & UTII/EER, BRI, BT,
NU—R—VEEEETIHDT, E#19~235%, EHEE 172.6 cm (SD; 5. 3), FHHAE 65. 3
kg (SD; 6.6) Th 5, EEHR (LDR) & LTREEHELERETIHOT, FREUEHOD
BRELEAERZENZN19~235%, 169.2cm (SD; 5.4), 57.2kg (SD; 3.0) T, # ¥/¥—@ 5000
m B DL 14532880 ~155343% TH B, T b Ly F I VEIEE R CHE LEENSD
RABHEEINE OFHEIL 69.2ml/kg (SD; 7.4) TH 3, 753 PEA B Vomax ZHIEL
TV, IHBICHELZRIERP L —= v RIRDEBOTH 5,

AE ] FRGETHCEITIEZH - FE T -RE

B L L TR Wilkie®® SFUBBEETIARRZEFEO VT A —2 — 2[00, TR
AR L (B 0°) 2E5H, BMOBEESEHEI VI X —F —0OT —LHIKAYT, FEH&TF
BR&EDIg A 100° WET 2 TRAENTRMT 2 E 8 2Thbd, TRICKO 2Tz
TA—2—DT7—LDEX (EEFEEE) 13 24cmE L, TP IHEOERKER20, 5, 10,
15, 200% kg & L7, EEHEEDHEAEDELTRT —2HIIKID DLy taT=F 4
— 2 — L BHBENEFEIOHFICI > TRDBC LT L, CDfihic, BEA 4B ItBTFET4
VATV w I BRREGNER L= VABRENEITHE L, 2hEDRIEIRT T2 E32F
T, BREOEOHEERA Ui, BEERY —DEHICH K > TRETFCDRHEIC Lizdt- T,
AV. Hill'Y oFy « #EAHN (P+a)(V+b)=(Po+a)b-«- (7et2UPi3A, Vid#EE, Po 3%
RERKGH, a, bIZER Kb TRDOTRDI, LKL LEHEICH-T, TH 8, HE
DO OHEEFTOEELBEET IMEICODOTIRCNEEE LT,

AMED HEEBREHORET X b

HEwid 4 Ny 7 201 (Lumex #H8) 20, (REALICEB Y 2A 100~100° F ToREK
BhcoEi&ES % 10 rpm (60°/sec), 30 rpm (180°/sec), K F 50 rpm (300°/sec) D& E T,
ZNENWERAZPA TI0EEFERE S, SO —7 by itk Uic, 1EIOER (907)
ICEET 3401310, 30, 50rpm TREFhFN 158, 0.58, 0.38CH 20T, 1000KHEIcE
I ARRIE, RUBLNZEZEY T, 20203008, 1008, 60MTH 3,

MEN HSEMEBHAML -V T LEZORORET R

PEA¥EDS>554E LDRBOS Zic20Tid, WELOKTH, SHEHHrL—=v7
EHAT PL—=VI/HNEELTR, LELAKOESHT, 30rpm TIOXEEL Ly ML,
1H3 %y b, B3HOET, MlZE6:BME LI, F—=v/7HKRTOOD, HEI &R
PROREF A bA2 10rpm & 30rpm ICDWWTIr-7,

154 %

WE LB 2kiEEElicE &k, LDR Bics i 35 RERB ARG (Po) 1340. 76 kg, B
KEEHEE Vo, VbW BZEROIRETOHEFHEL X F) 2 3.43m/sec, A7 — (PViax)
i325. 43 kgm/sec THY, WTFhé PEA BichNTHERICEL, £0%i3 PEA #£100& ¢
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B&, Po 13839, Vo i374.9, 2 LT PVmax 1362.3&70 -7, &7,
EEE (V) i3, wihd LDR BERFRIENT LD

FFH o JUF < A - B ¢ U RE#ES V- - OSFEMEHH IREICDVT

PVuax WEBOH S (P)
bronﬁ:o L/Z’Pb, P\/max fﬂﬁ%@P

#

EVOZRHEE P/Po ®» V/Vy OETHELTAEL, WThHHICEREZERIRD LD

%1

%j(,\“rj —mtﬂﬁ%ﬁ: (P; V; P/Po, V/Vo)

ﬁ @Jﬁ PO VO PVmax

- kg m/sec  kgm/sec

48.6 4.58 40,8

PEA 13 £7.620 40,62  +12.9
40. 82 3.4 254

LDR 5 +1.86 +6.4

+0.75

1'SD; 2 P<0,01, 2 P<0.05,  P<0.02 ML ~uT PEA

32 10,30, KU 50rpm DIEEED S MER s

R B EEN IO 1 2 BARERMEG 1 (Po), BAREBHEE (Vo), HK 7 — (PVmax), KT

P/Po

P AY V/Vo
kE " m/sec % % .
20.1 2.04 41.0 46, 8
44,36 +0. 29 +4.97 +7.02
16, 33 1.53¢ 40,7 44,5
+1.30 +0. 39 +2, 31 +3.21
BCHNTHEEZDD

BHAE—7 vy (OREREFEDZT L)

_— R # ) £
O s o T T
1~10 11~20 21~30 31~40 41~50 51~60 61~70 71~80 81~90 91~100
rpm ft-1bs
PEA 18 10 62. 4 57.3 50.5 46. 8 46,7 45.9 42.8 42,4 40.9 40.3
F+11.1t +11,5 +11.2 +10.5 +10.0 +11.7 +13,6 +13.4 +12.9 +12.3
18 30 43.9 39.9 34.5 27.3 23.5 21.8 21.0 19.9 19.2 18.3
+9.0 +7.8 +£7.0 453 +4.8 £4.6 4.5 +4.9 £3.8 +£55
18 50 29,2 26.6 21.5 17.3 13.7 1.1 9.6 8.8 8.1 7.4
+5.4 +5.2 +£51 5.2 +46 +£4.3 +4.8 +£3.8 3.8 3.6
LDR 6 10 42,02 38.5 37.0 34.9 34,7 35.9 34.8 33.7 32.9 33.9
+89 +£7.7 £80 +84 +9.2 +9.1 +88 +£9.2 £89 7.9
6 30 27.22 24,6 21,7 20.5 19.5 18.4 16.8 17.1 16.9 17.3
+3.1 +2,5 =+3.4 £50 6.1 £56 +6.1 +£54 58 7.5
6 50 22,02 21.5 20.1 17.5 15.5 15.1 14.9 15.1 15.4 14, 92
+4,8 +6.1 +£6,1 +6.2 7.0 +£81 83 +7.2 +£7.0 +5.9
1SD; 2P<0.01 DL ~AT PEA BHCHANTHEZS D '
— PEA o10 rpm
60J N —-- LOR =30 rpm 100
::.5 450 rpm S ) —————g
:J: \0—0—0\()__0\0~0 80 S~ ~ e
@ — g L T~ -
g ~0--0--P=-0-_ o 5 -0 Ead g~ — —— — s
S g 601 \
., | -
& 201 ..-:::::‘_::-_-_:::_A_::g:: g4 — i 4\
i —-—= s
7 Ot o 10 nm *
O- T T T T T T T T T 1 201 = 30 mm
| 1121 31 41 51 6 71 8 9l A 50 pm
§ § { S $ 3 § § § §
10 20 30 40 50 60 70 80 90 100 0- : e ™ s
No. of repetion Time (sec)
H1 S#EHOREICEEE—7 by DET K2 ZxEshicky) 3 EEREE v—7

r vy (%) OBER
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ﬁfio

AE N BT amEER2, M1, RUM2ICGR Lk, 100EIRETKRD Shcghloy—7
P2 ZI0BIC LT EDTELBEAR LS OHHE2 X1 TH B, 1~10mE1EIF10, 30, K
U 50rpm EE & bic, PEA BOAHEBICEWEEZR L, LML, £OROE—7 M7 EI
LDR B XD b2G8ICET L7, 91-100EHEIC BT, 10K% T 30 rpm EE) THiFEDZE DS <
20, 50rpm FE TIRI¥EMAE LT LDR BBFECEWEER Ui, 8k, 1~10E1#EIC
B L, 10, 30, 50rpm EHHEMOMEEIZE L, 10rpm & 30rpm Ofic »=0.88, 10 rpm &
50 rpm ORic »=0.82, # LT 30rpm & 50rpm DOz »=0.67 @, W bHAEOHEHEE
BB S,

100RIREIC LB E—2 b7 EDETOERE 1 ~10EHEICHT 2H4, THHLLERERTS
2 &, PEA #o 10rpm EBTid, (62.4—40.3)+62.4Xx100 &80, FFRRIZFBLTH 5,
zhiz LDR DI 3BIENTERICE VT 3B S l, Bkic, 30K%T S0rpm EH)
ITHF 5 PEA BOBRRIZZNFNST. 2%, T4 T%TH D, &bic LDR BD36.5% &32.5%
ICHNRTHBRICENC EMNEBD S hiz,

wic, =7ty OETRELZ, EHENZEICLTABEK20EBDTH S, TN,
HEEBBOEC—7 by ORBEEREBOEESOZEL BT C, 10rpm EFHTHH & 3HHE,
30rpm HE TS & 7EIE, S0rpm HBTH S E1EEHOME, TEbb0TH & ES 6 BRE
BOEERIOGE LTINS DTH S, BSREOE—7 by ODETREEZSH S &, 10rpm &
BTRE—7 by OBETHREAMN S, TABEcESED NI L, 30 %50
rpm HBHTRIETOEAMNKE L, PEA B Tl3fic LDR Bt N THRBICK & ILBRELZR
T EhmEp ot (EBNh * fiEfdzEc Al LDR BichTHEELRESED SOk
LDTHB),

WEMCET 2RMEIZL3 T, b —=v 7 OR#%ic 10rpm & 30rpm OEB%2ITHE, £
oOr—s +t vy RI0EOFEEEE LT, Tt —=VIHigoEEL 4 ELTRLE, 10
rpm EETF R b LTAHBE, PEA B, LDR BLbicS54F4ZIcD0WTE—7 by OF

- B 10rpm F & b 30rpm77f§L777 -
F# 5  tr—=  tr—= ' bL—=  tLr—= oA
) v vrw o # T s S
ft-1bs ft-1bs
PEA 1 44,9 56. 6 +26.12 28.0 37.4 +33.62
2 35.6 51.2 +43, 8% 30.6 33.5 +9. 52
3 38.6 36. 8 —4,7 25.3 29.3 +15. 8
4 53.3 55,4 +8. 02 26.1 33.8 29, 52
5 42,8 47.3 +10. 52 23,7 27.1 414, 32
gt 42,6+6,0' 49,5+8.0 +16.0 26,7+2.7 32.2+4.1 +20. 62
LDR 6 24,1 37.5 +55, 62 17.4 26. 2 +50. 62
7 34,7 42.6 +22. 82 24.4 26.4 +4-8. 22
8 30.6 36.1 418,02 15.4 21,9 +42, 22
9 35.4 38.5 +8.& 26.5 20.0 +21,22
10 43.1 43.9 +1.9 19,2 25.1 +30. 7%
fn"_.,i_

33.6+7.0 39.7+3.4 +18.2? 18.6+3.5 23.9+2.8 +28.7?

1SD; ? FEATETR (p<0.05) TH_EASED Shic b
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7 O 10mpm
80 = 0rpm
4 2 50mrpm

2
5

Peak torque (ft-|bs)
o
&
.ﬂ

—o— R s
20 é -
]
0 T Y T T T v
20 30 L] 50 60 n
PVmax (kg-m/sec)

K3 HEicsd kAT —EE—7 s OBIG

B ESED SN, Beks LTHFESHRESEY Shicoilz LDR B (+18.2%) o
HTHo7, 0rpm EHTFA LI LTAHABE, MPBELOLEOE—7 b7 QR ENED S,
TRMBE OB LE L TEREEN L (PEA B +20.6%; LDR # : +28.7%) @D oM,
BigIic, WE ] TELEAD PVaa LHELITHEL 10rpm E&ickd 38— brsol
~10[AM& & ORI OBfRIE »=0.69 T, FE (p<0.01) OEEDH 2 LMD SN, T/ME
BiC PViax & 30rpm EBiz B} 2 1 ~10[01E & OfIcd »=0.69 OFE (p <0.01) OAEEH
ey b, 50rpm HBENCEIF AEAR »=0.42 OME (p <0.04) 2R ULz, 2hdOBEFRIRN
B3IRTELDTH S,

£ £

D Eo##E» S 47T, LDR #i3 PEA #ickk~, BREMES ICHK->T, OEKRBHH, &K
HEEE, BT —BZhZhBENCE, QEROREMERICELTE—7 P vy OBRED
NEL, BEAEDC &, OFFEESH L —=vsie LT, PEA Bicg o520 L—
FEA VT4 —Rb-2TARC L, BERFRELTEREINS,

B DS « HE « 07 —BRICOVTE, ChFE TREBMPPHBRMARCIKOVTHESN
T35, BEHEHCODOVDTRELLATHEVL S TH 3, JIF LEHS OB EES THl
E LG i hild, BRev —(kgm/sec) B—BBEABF T4 7, 27 v & —TiI58. 29,
PR 5 v+ —TI1346.53, EE#S v+ —Ti340.47TH D, ThDHIEKRGH 030~409% i E
BT, BFREBED29~36%DEXCBONIEDTHBEEND, Chickk~N3 EERETIR, E
FEBES v — DT —DEDEODIET—BH LTS, @fRIKER N7 —OREMMEL, Tk
ZORBICOVWTOHEESRLE V/Vo) BEFTRWEEZRLTVE, ZOXIRERIT—DICITE
HWBEEMENSEHOERICLZCEGELONLIDT, 4HOBILZET 3,

LDR #p@AticElr (1) EW3BHICD20TIR, HokgHs 41 7HEROMBESKEAT
Wahd LN, BREGHIZ, T IBLEEREEDOED type I & myosin-ATPase 7LD
B type 11 0 2 BEICKBIX N 37P, myosin-ATPase JEHEDH NS D REBEOIUEERT C &
PHBENTVWA DT, Barnard RJ2 (3 type I pSBFHfRMEIC, type 11 M@EMMIcHc 5 &



S - IR - KR - W - LR - REEHE S v — OFERENH I O0T 49

L, Gollnick P.D, 53z 1 &% Fh £ Slow-twitch fiber (ST), Fast-twitch fiber (FT) &
ATWD, Peter J.B. 220 RQEM%HWT, BlEE3ERICHT BT E2RKA, ST % Slow-
twitch-Oxidative (SO) &IEZS, FT % Z O ##4: 5> & Fast-twitch-Oxidative-Glycolytic (FOG)
& Fast-twitch-Glycolytic (FG) © 2 Dic3¥d 5 & BB Uic, SRHED W ZHH7E L7
Burke R.E. & V.R. Edgerton® Q#E4E S Eicd 2 &, SO REbFEHMEsnb 0, FG 3%k
BEHAERLDT VA A T THEEELOND, BRIDIXIDNANAIEE 4 7 DIRHMETHK
INTVWBOT, HOWKES, IHEEE, /27—, BRANREDOONDW 2Tl hsttkRc O
O 2 4 THRICHEINZRITTH %, g TORE TR, 1807 /sec DEuil: DA E
BAERREHTORKE LIcEEDE -y by OFERFIE FT ®ﬁ$mmm€®H£k%<
152 EHEDSNTHRID8:20  KigiEic s 5 LDR BOBOHEAKL, —2iKiEdHo
B2 4 PBERBH 200 LNAENL, FhABCEEO L —= v cgéﬁwﬁm%iﬁ
HOBEFOY S LTV LI,

M2icmLickdic, REEHICEIEE—7 by OETR2BEE LTHSE, MEE bR
WREOEFHIEEE -7 by DETHREL B >TNE, A—EERTTHEET VREHD B
CEYMBRFBRPCLRBEIONDD, RERTRIEEF v REED L L, ZNHKTE—7 b
I BET T B edic, BP0 KE—EEATEVD T EITRE TR, ¥4 Xy 7R

DEFWS &S BERIEES TRGNFEE T 3 REMNEZR—IC LT, KEHEEIE TR UK
BoEr0NEAIR, 2020 1 EC&ORERESELN IO, REMICE—7 Fvs HUNE
(B> THEHEBLPTVEDEELISNS, COXIBHALLHAT S &, TisAlEEE
W 5—20kHE LT, 30~50rpm DEEANCGEOCESZHRTHBEAZE XD PREICEL

LT ENTEBRLEELILONS,

BgIC, ARETEDONLEEMTH b —= v o RicD0TA B &, 9, PEA B
& LDR BETRI - @ - 7 —EHRATIOWHETHLLRERIED oN/ZDT, N
==Y JS DL —FEYF 4 —REBTEELELTE, —IS comparable THBLEZL LN
Bo EHEEBH L —=VIOMBIREALTRINE TITHOL DL DRESO 2D 5535, 97—
ZBFLERES v+ —THRLELDDRIL VLS TH B, Coyle EF® @QBFHFAEICOBICE
S TVANARAEETHEBRBOGH L —= v IR LR, ¥ —2 F s O EEED
D5, ZOEFEE LT type 11 i OIERDREX H = X L DHWISHSH 5 EEREL TS, A
BETIR, AR —= VIR BED SN, P L—FE ) F s —RKESEDONE D -
foo Liohso TRAMEFE KSR HEIGH Coyle DB EHich s ETHiE, MEHICEALED
KEETHW b LRI NS

5 0B X B
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