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3.1 2mENSHAREFXTORERDEL

Table 3.1.1
Characteristics of subjects: number, age, and mean value of the body

height and body mass.
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3.1 2ERENSEA—-REFETORERNDOEL

Figure 3.1.1

Relationships of age with sprint running velocity, step length and step
frequency. QO:2-6yrs, @: 7-12 yrs, B: Univ. students, [J: Sprinters

Figure 3.1.2
Relationships of lower limb length with sprint running velocity, step

length and step frequency. QO: 2-6yrs, @: 7-12 yrs, W: Univ. students,
[J: Sprinters

Figure 3.1.3
Relationships of age with velocity index, step length index and step
frequency index. O: 2-6 yrs, @: 7-12 yrs, B: Univ. students, [:

Sprinters

Figure 3.1.4
Relationships of age with maximal thigh lift angle and minimal knee joint
angle. O:2-6yrs, @: 7-12 yrs, W Univ. students, [J: Sprinters

3.2 100m HEGREREIC BT B EESE L HE DG

Figure 3.2.1

Analyzed kinematic items.

1) Swing leg: maximal angle between the thigh and a vertical line (6 1),
minimal knee joint angle ( 6 2), maximal angle between the leg
(represented by a line from the hip to ankle) and a vertical line (9 3),
maximal angular velocity of the thigh (w 1), maximal knee flexion velocity
(w2), maximal knee extension velocity (w3), maximal leg touch down
velocity (w4: maximal leg swing back velocity immediately before the

foot contact to the ground).



2) Support leg: hip, knee and ankle joint angles at the moment of foot
contact (64, 65 and 66, respectively), minimal knee and ankle joint
angles during the mid-point of the foot contact phase (67 and 68,
respectively), hip, knee and ankle joint angles at the moment of foot
release (69, 010 and 011, respectively), maximal extension velocity of
the hip, knee and ankle joints at the moment of the foot release (w5, w6

and w7, respectively), maximal leg swing back velocity (w8).

Figure 3.2.2
Relationships of sprint running velocity with the step frequency and the
step length. The solid line represents the regression line for all sprinters,

and the dotted line for male and female sprinters. @: males, O: females

Figure 3.2.3

Relationships of sprint running velocity with the step frequency index,
and the step length index. The solid line represents the regression line
for all sprinters, and the dotted line for male and female sprinters. @:

males, O: females

Figure 3.2.4

Relationships of sprint running velocity with the maximal thigh lift angle
(6 1), minimal knee angle (8 2) and the maximal leg angle (6 3) of swing
leg. The solid line represents the regression line for all sprinters and the

dotted line for male and female sprinters. @: males, O: females

Figure 3.2.5

Relationships of sprint running velocity with the angular velocity of thigh
lift (w1), knee ﬂéxi’on (w?2), knee extension (w3) and leg touch down (w
4). The solid line represents the regression line for male + female
sprinters and the dotted line for male and female sprinters. @: males,

O: females



Figure 3.2.6
Relationships of sprint running velocity with the hip joint angle at the
moment of foot contact and of foot release. The dotted line represents

the regression line for male sprinters. @: males, O: females

Figure 3.2.7

Relationships of sprint running velocity with the knee joint angle at the
moment of foot contact (85), mid-point (8 7) and foot release (6 10).
The solid line represents the regression line for male-+female sprinters.

@®: males, O: females

Figure 3.2.8

Relationships of sprint running velocity with the ankle joint angle at the
moment of foot contact (6 6), mid-point (68) and foot release (6 11).
The solid line represents the regression line for male+female sprinters

and the dotted line for male and female sprinters. @: males, O: females

Figure 3.2.9

Relationship of sprint running velocity with the angular displacement of
the hip, knee and ankle joints during the foot contact phase. The solid
line represents the regression line for all sprinters and the dotted line for
male and female sprinters. @:

males, O: females

Figure 3.2.10

Relationships of sprint running velocity with the maximal angular
velocity of the hip (w5), knee (w6) and ankle (w7) joints of support leg.
The solid line represents the regression line for all sprinters and the

dotted line for male and female sprinters. @: males, O: females



Figure 3.2.11
Relationship of sprint running velocity and the maximal leg swing back
velocity (w8) during the foot contact phase. The solid line represents

the regression line for all sprinters and the dotted line for male and female

sprinters. @: males, O: females

Figure 3.2.12

Explanatory model of driving leg movement. (A) demonstrates a better
driving leg movement in which the hip extension can be transferred to
the leg swing back movement more effectively. That is, when the knee
moves with the same displacement (ATa = ATb) in both (A) and (B), and
the knee is extended as in (B), this movement will cause shorter

displacement (AFb<<AFa) of the foot in (B).

Figure 3.2.13

Time course changes in the angular velocity of the hip, knee and ankle
joints and the leg during the foot contact phase. The right figure shows
an example of male sprinter CL who recorded his personal best 9.86 s in
the present study. The left figure shows changes of the female sprinter
TK who improved her personal record from 11.81 s in 1992 to 11.53 s in

1996.

3.3 EEBEICB TSy TOEK

Figure 3.3.1

Changes in the vertical displacement of center of gravity, thigh angle ,
shank angle, knee joint angle and ankle joint angle during the foot

contact phase.

Figure 3.3.2
Relationship of sprint running velocity with the angular displacement of

the ankle joint during the foot contact phase. The solid line represents



the regression line for all sprinters. @: males, O:; females

Figure 3.3.3
Relationships of sprint running velocity from the start with the maximal

stretching and shortening velocity of m. gastrocnemius and m. soleus.

Figure 3.3.4
Relationship of the relative running velocity from the start (1.0 is the

maximal velocity) with the peak torque and the peak power.

Figure 3.3.5
EXplanatory model of driving leg movement during the last half of the

foot contact phase.

4.1 EHEEEEEE SRR TR D & 0 DBk

Figure 4.1.1

A typical example of the ground reaction forces and the horizontal
velocity change of the body's center of gravity during the foot contact
phase. TD and RL indicate the moment of foot touch down and foot

release, respectively. Dec. and Acc. indicate the deceleration and

acceleration, respectively.

Figure 4.1.2

Relationship of the maximal sprint running velocity with the distance of

foot touch down (@) and foot release (O).
Figure 4.1.3
Relationships of the maximal sprint running velocity with the peak force

of deceleration (@) and acceleration (O).

Figure 4.1.4

<



Relationships of the maximal sprint running velocity with the duration of

deceleration (@) and acceleration (O).

Figure 4.1.5
Relationships of the maximal sprint running velocity with the average

force of deceleration (@) and acceleration (O).

Figure 4.1.6
Relationships of the maximal sprint running velocity with the average

power of deceleration (@) and acceleration (O).

Figure 4.1.7

Relationships of the maximal sprint running velocity with the amount of

deceleration (@) and acceleration (O).

Figure 4.1.8

A typical example of the ground reaction forces and the horizontal
velocity change of the body's center of gravity during the foot contact
phase at the 1st, 3rd, 5th, 9th and 19th (maximal sprint running velocity)
steps. TD and RL indicate the moment of foot touch down and foot
release, respectively. Dec. and Acc. indicate the deceleration and

acceleration, respectively.

Figure 4.1.9
Changes in the amount of the horizontal deceleration (@: male, A:
female) and acceleration (O: male, A: female) from the 1st step to the

maximal sprint running velocity (19 th step).

51 AF¥—KF vy allB I TFHKESOY—2 ML EE—INRT—DE
1t
Figure 5.1.1
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Sprint running velocity changes in the starting dash.

Figure 5.1.2

Typical example of ground reaction forces, torque and power of the hip,
knee and ankle joints, and EMGs of the lower extremity. Hor: horizontal
force, Ver: vertical force, Tor: torque, Pow: power, GM: m. gluteus
maximus, VL: m. vastus lateralis, RF: m. rectus femoris, BF: m. biceps

femoris, TA: m. tibialis anterior, GA: m. gastrocnemius, SO: m. soleus

Figure 5.1.3

Model of changes in the joint torque during sprint running.

Figure 5.1.4

Model of changes in the joint power during sprint running.

Figure 5.1.5
Relationship of relative sprint running velocity with the peak joint torque
at each sprint movement phase. + and — indicate flexion and

extension torque, respectively.

Figure 5.1.6
Relationship of relative sprint running velocity with the peak joint torque
at each sprint movement phase. + and — indicate concentric and

eccentric power, respectively.

5.2 JEFEBEEDHIEEIER
Figure 5.2.1 )
Typical example of the EMGs, the length of MTCs and the joint torques in

one cycle of sprint running during the 1st and 3rd steps.

Figure 5.2.2

Xiv



Typical example of the EMGs, the length of MTCs and the joint torqugs in

one cycle of sprint running during the 9th and 19th steps.

Figure 5.2.3

Relationships of the running velocity after the crouching start with the
maximal stretching velocity, maximal shortening velocity and turnover
velocity of each leg muscle. Figures on the left side show the EMGs and
the changes in the length of MTCs during the 19th step. Each arrow
indicates the approximate point of time when the maximal stretching
velocity ({I) maximal shortening velocity ({ ) and the turnover velocity
(1) were measured. **: P<0.05, ***: p<{0.01

Figure 5.2.4

Average changes in the angular velocity and torque of the hip, knee and
ankle joints during one cycle of sprint running. Solid lines indicate the
average value and broken lines indicate the standard deviation of five
subjects. The phase is synchronized with the movement of the leg
drawn by the solid line in the stick picture, and the time zero is the

moment of the foot touchdown.

Figure 5.2.5

Average changes in the MTC length and the EMG activity of eight leg
muscles. Solid line indicates the average value of the MTC length and
broken lines indicate the range of standard deviation of five subjects.
The shaded area indicates the amplitude of EMG activities. The time

zero is the moment of the foot touchdown.

6.1 HE—RLZTFEEBEETF D 100m Ok LTS BEEEDOE/LE b
L= T DEZE

Figure 6.1.1

Sprint running patterns of a female sprinter KT in 1992, 1994 and 1996.
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Figure 6.1.2
Relationships of sprint running velocity with the step frequency and the
step length. : data of KT in 1992,1994 and 1996

Figure 6.1.3

Relationships of sprint running velocity with the maximal thigh lift angle

and angular velocity.

Figure 6.1.4
Relationships of sprint running velocity with the hip joint angles of the
support leg at the moment of foot contact (A), foot release (B) and the hip

angular displacement during the foot contact phase (B-A).

Figure 6.1.5

Relationships of sprint running velocity with the knee joint angles of the
support leg at the moment of foot contact (A), mid-point (B: minimal
angle), foot release (C) and the knee angular displacement during the foot
contact phase (A-B and C-B).

Figure 6.1.6

Relationships of sprint running velocity with the ankle joint angles of the
support leg at the moment of foot contact (A), mid-point (B: minimal
angle), foot release (C) and the knee angular displacement during the foot
contact phase (A-B and C-B). |

Figure 6.1.7
Relationships of sprint running velocity with the maximal extension
velocity of the hip, knee and ankle joints of the support leg during the

foot contact phase.
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Figure 6.1.8

Changes in the angular velocity of the hip, knee and ankle joints, and the
support leg during the foot contact phase. Figures on the left side are
the data of KT who improved her personal 100m record from 11.8 in 1992
to 11.48 in 1996, and the right figure is the data of CL in the race when he

made the 100m world record
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)RIEHE SRERE & OGN SREREOGVEFORESELRED
RS NTIR5.

HFMETHWZH —RECHE ORI KANE S LITERENLZHDT
HHM, TNNHANCOERTSHIENTES.

DAY — LTyl 2ERIFETIE, FAESRITBIHHERZ
AF—MMIBZBAHITT ST I LTk Taeskld, ThzERilEEs
LTHWSZENTES.

5L H ORBRAEDENIL, BBREBFOEEDEICTEEZEAN.

1.5 FHFEORR

FHFROFETHOSNZARIT, UTORTEANRS S EEZLNS.

1) BEHIEICET 5RA

OB TORFIL, EIBRTEESTOLDICBEINI R EDIT/E>T
B, EREDZEFITHERGIEEMNME 122 TREMEDNH 5.

QEMICERI N L — AIJERE 2B LinFhidizsiznizd, HIESR
IR U CRERIE 2 B LA R b o2, SRELT, 24HT50
MH51007 L— LB OREEEENE LT,

@A THW= HEBAMREIIHBREAAND O TIEIRL, MIFA9S6)N S
AR H AR HI OIRIC DV TORED S LICHE B L HERKTH D,
DU o> B DE T — A > M EFenn(1930)D HIEICRENWEH L 7.



DEBRNSBLEETOERS TH LM —BRESKORILMITERTIIRS, K
B\ Jacobs & Van Ingen Schenau(1992), JBIERH, ARBEA, KR HEA,
RIS B F 7 Hawkins & Hull(1990), AMAAAGA Visser etal. (1990) , HEREAA,
b o A Greive etal. (1978) DHEHAEZEZRWLHEMETH 5.

GAY— ¥y aDERTIE, MERIOUEEBICERNS 20T, —
EOREEICHBIT2HETIIRS, SR ILICHlEdEz< DR,

2) R - —RILICBIT SR

OFEHATHONZHMRE, RAOEEMREFZHRELEZDDOTHD, —K
DT 2F—RRE - EEREOEFEBICEOEEEATE 27 E S Nidkat
LTz,

QFHAETHESNEZHARDIFE A EWMEBRETIDENEEEL THRW.

@FMFTIL, EIZ100mL —ADXY — " OREEREREICETLETOR
HIZDWTHEL THY, BEEEMETTIHMTONTIZHALMC
LTz,

1.6 HEDOERS

AMATHVZEBHER, UTOXIBERICLLH5DTHS.
1) ZiEfe% (step length index) : FTRECHEORVOZEZRORNZ
BT, REQPEEZRET D8 %E=T. (Figure 3.1.3, 3.2.3)
SiEfER =218 - ThRE (X35 !
2) EwFHE (step frequency index) : FHEPEEDEVOEEZTD
FRNTZMET, BB EERET D880 27T (Figure 3.1.3, 3.2.3)
EyFfE#=tyF - (FEE (FLEHE) g V/°



3) HEH (running velocity index) : HIgHER & E v FHEEDOHE (Figure
3.1.3)
4) 5= 1941 7)l (One running cycle) : BERDOBEEN SR U RN
PO LB 25X TD 24
5) bbb LITAELHEARD® LITHE (Maximal thigh lift angle and its
maximal angular velocity) : A > ZEEICB N THZ /N E A LR O
RERESHEROBTHE L ZOAFEEDORAME (Figure 3.2.1)
6) BIEDITMELERFIEDITAEE (Minimal knee joint angle and
its maximal knee flexion velocity) : A1 > JEEIC BT 2 REIEIA
EoR/Mi L2 0mKEiARE (Figure 3.2.1)
7) ROMUAEEERTROHLUAREE (Maximal leg angle and maximal
knee extension velocity) : 2 > 7 EEICBIT 5. b LITEHERD
MR S RER O T AEORKE &R OHREMAFEEDRKE
(Figure 3.2.1)
8) IRDRELAHEE (Maximal touch down velocity) : ##iai OHIEAED X
12U REDORKME (Figure 3.2.1)
9) REAEIAE (Hip joint angle) : k& & KEED 3T A E
(Figure 3.2.1)
10) BEEEiAE (Kneejoint angle) : K& FREDI2 T AE
(Figure 3.2.1)
11) EB#iAE (Anklejoint angle) : FTRRERDRTAE
(Figure 3.2.1)
12) Hiefk (Leg) : RKEF EABREMRAILR (Figure 3.2.1)
13) HfiEE (Full speed running) : M EEIEWEE TORET, 100m
L—ZXATIEAE — MED 50 S 60m {1 DEE



14) A1 > J78E (Swing leg movement) : FHIZHICT 2 &, HREDEEM
mo «S\f:f: OFRDEHT 5 F TOHBMOE!E

15) Fv 7@k (Support leg movement) : X#FHIO M H DEE

16) A1 > 7 # (Swing phase) : FHIZHITT 5 &, HRDEEHIN S S77
WEBAEEMT % E TO MM

17) #3H (Foot contact phase) : GMIZFICT 2 &, HARAHIEICHEM L
T 5 Hif

18) Z=#iil (Air borne phase) : Mg A3 [FIFF IZREHE L T Uy 2 HiRE

19) BEDAF w7 (Snap movement) : Fv 7 @JVHZBD‘%EE@E’MD@@
ik

20) FRE A (MTC : Muscle-tendon complex) :fi DN SEIEET
DL EEHDEEE

21) IR —JEHEY 1 7)1 (SSC : Stretch-shortening cycle) : {E&H DA
—HA IR O MERENT I EEMHET 5 & D /AR

22) {HERIEAIESE) (Stretching activity) : {EEH O FEE SO S 2Rk

B

23) HEMEEMITEE (Shortening activity) : VEEIF O HIEE SR DK S MVEHE
ERY ALY

24) ERMEAES (sometric activity) : IFEITOHRESHEDOERINEMLL
IR E

25) YV X EE (Turnover speed) : HIEMEMIES N S EMEHIEH N O&K
BORIZRL, MEEDOHENSKRDZDHD

26) J#EE (Amount of deceleration) : BT D FEELDHEDOKE X

27) MiEE (Amount of acceleration) : #EHH DO HEELDOMEDRKE S



B2 SUHEBEE

2.1 HEEBEHEICET DR

2.1.1 HERN - BEORFTICESIEBICELT

ABIC &> TEAWRERD 1 DTH 2 EEET 2 RATE TAREIC/AR S &
bhTWwa (FH¥), 1978 ; BHL, 1978) . TDH, KERSN GBiE, B
RERE) IRECHESIBEDOEL, HOIVEN —Z 0 TRBRAREITRES
NBRSEE> TS (RBES, 1970 ; LB, 1973 ; LB &8, 1975 8
L, 1975 ; FBES, 1981 ; Fortney, 1983 ; fngEsS, 1985, Nk 51987,
51990, HNiEE 51992 ; Amanoetal. 1987 ; BIL5, 1987, HiL51990,
BEALS1991 5 AKS, 1987 ; /UK, 1988) . DXV, RERZICHVWEEHR
EESBELTRS -0 T TERMICEE S0, HRITIFEAEB LR,
TR, REREOREZIISRBOBMILE250THD, HEICEFEFITH
DREIAHLNBNEEZEZSNTNS.

BIECHBIZFECTHEICEEINS ZEHHASN TS, Astrand &
Rodahl (1986) 13, HENES (HELPTEKERE) ORBEICHEIL, B
DX IEHARFEYL D OEHERIIEIORECKWAT LI EE2T 4 AT
arimzedb ICHBNICERML TWS., MES (1985) 13, 7TEh 521D
BFEeMRELUHBEHMRICBNT, FEMEWIZESBEIRE, HEMN
K< EmZEHSML, BHE (1990) 1, NERIUEENSEEET
DIRBEIZDWTHEBRIFEZTTV, FROBREFTNS.

Alexander (1977) I, KOKESIDREZ -7 (EhE2EFDR) BWDH
g, %, HERVHENCTREOREEZITDEER, TNTHICDNVTH
B (AR 2BHL, TREOEEZID RO BENRLER 2TV, TR
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FOBRITB W T EEE QBN BIEOEAEREIICBER L TS Z &Z2H

5MITL TN 5.

ZDEIIT, RERNORBZIIHMENREREBENBRERVBERTHEE
ZHENTNED, NOBEERNOREICED FEI/EENE ZIIBENRES
SOERICEICEBLTVNSDOMNE, INETHLSMTINTWARN.

HROEEIZB T M OEENSY — > OFRZICEAL T, Bl (1975) 132
BN SORETOMEBEEZRRICHAEL, bEkEFy 7HOFMEITREMICES
20, b LTAERELS ARSI E, LT, HESTOKRMEE CREE, 2
HOAEBMPBERNCHRT D NS, BWEEREIIKEREENEC
EoTELSNEDBOEHEL TS, Fortney (1983) 1, 2, 4, 6FEZL
L, 2RELD4, REDEIINAA P THOBEGNE#MMICHD, b
ETFoEmEIbENWI EEASMNILTNS. LML, 4EBE6EEDORTIE
ZaRD TR,

2.1.2 JEHEREEEE SEEICBEL T

100m#ETIE, EHEFAY— MRS IT—)VETENTEVKRIT SN, BERE
BEIAS— T <SIEEEREICIELRY. ZOXIRBRAY— MEOMED
WL, & <idFurusawa et al. (1927) a4 )V ZHB W= Z ERITFET
AL, EHFEIWICHAZMITED, BENAIMIVED LEUSERZ
B U T2 EIE T 2R/ 5RO TW5S. Henry &ETrafton (1951) 13,
ERICREHNOBEZEEMETIINS Z L TERBIRZRASESZ &I

DEERHZRIEL TV5.

100mMAED/N T +— < > AWK DT TEEREE % 7247 L 72Gundlach
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(1963) 1%, EEDOH D ANA VAMEITET 5 EERVFENDLDITL,
24— N5100mE TOISREORE, HiE, FROLBLZHELZ. TN
C&k D&, HEEEREIIAY— MME30MD 540mTHREHEZICEL, £0®T
—WICEDK K LERNPRRETTHIEEZRHLTWS. £, RERED
ETFICENSERBEDTH &%, EBROBRVWII—TOHENBENELS, &
BNZNZ EeWmELTNS.

WS (1963) A (1965) 1F, HEEZHWTHADOFY P Ev &
BREFENRICEESCZEEL, e OEEBRTOMES B2 1X100m
BAEOHERFAALARTIIEL NI ERE) 2EHL TV, ok, EHE
Be LHEREBROEEICLY, BREPET AN ZANTHARBEORRITB
%100m L — A OFEEREHANEE I N TS, R THAE S N/ZH3E
R EEiERe (1991) Tid, HROHEEZS (FILS, 1994) MBI
HEL, EFEANCL> TREREMBONY — R0, 100mTHD T
SR=AWRBDNT =< A EBRLTW LA ZIEH L T 5.

A5 — ¥y allBT 5 EEEMMIFL TIE, Meroetal. (1983) 13254
DB FEERGEF 2B L VRN SBICHT, [F3—1) ORBIIDOWTH]
RwL, BHFEFHIAHEEHORESAEZMOBIV/NI<TLHI LK
5T, BRELZESZLTAY - I DS ZHFETWI EZH SR
L7z, L, 15 OMRO ERBRIGHRES 1 TOMERNICH 5720
EEHENBARITIZ Uo7z, Ttoetal. (1991) RFES (1994) 1%, AR
—HMOBTHEEMEF24 EHE—RBFEEREFIAICONT, KFRE
5 (1997) 1, 77 O—REEHEFICOVWTIOONL —AHDAY— 5
v ADEECDWTHANRTNS. ThCLDE, EORFHLAY—MROE
HEEOHEME &b ICHEMTORMSORAHERETIEML, FIZHEEEHORK
R REEIIRDT2E@AH D, BEHORKBREEIIAS — F2HEN
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SHMEELE THEHNME T -EDHEEZRD I LMREEZREL TS,
HEEEICE U T, Mann & Herman (1985) 234 U > ¥ v 7 ©FF200m
DERBE CTEEBE D KOSV AEED126m & 180mitt R DFEEEEZ 2T L
TW5. BSIIEFEFORBPBROEIICH S I &P, BHFMNENT
EEWHSMTL, HOBEIZDWTIIEMHP ORBOAEENE <, BEHOB
MORBEHAENLDBMIICH 2R EZERHLTWS. LML, HREN
SHTHO DO TEADRENARASINZDDER>THD, BWREREZ
B0 ERNMEMZRSNTTE I EETETWRN. Fk LG
(1995) 1%, HRNSHABFOHACHEAO-REFZTORABTETF
ERRIC, O LTAELIIEDTARITIIMEBICES BENRSNRNI &
EHSNICL, TNS OEENREREICEEEZEATRNWI EZ2RRLTHS.
MIES (1972) I, HEEEEEET CRBEE 2 HRRE T, EREOHEMIIHED
TREEOE(LZLEL, ERNDOEWHBREOEMEROROEENENZ
E®, DHLTOEINERELZEODICIIEETHS I LR EEHEHLE.
LL, by FINVEZHWZERTSH - 228, BEEREEHNS00m/min
(#98. 3m/s) LEVWBDIBEINTHBY, BoNTHREEEREDT
—HZELTHDI ZEETERNL. BEFS (1986) 1%, EHBRERKICHSGLZE
RN EEFH 7440 L1734, BIUORKRICHB L ZHEARFRERE&LA
DHPEREBMEICDNTORL, SMEEFOLFNEZIHFRERNERLS, Btk
REBEHIAEN NI NI EZIEHL TR 20, Z05 OB TH0E©PRE
FHREBRETHOPREET + — L EEBREDTHA D] ERMAT TS,
James & Brubaker (1973) *°Dillman (1975) %, J>=>7ICEAT5 L
Ea—iZBWT, TNETORRBREELOTNSD, EEMIF LRI,
MR ETR O TR ECEFOREIEORBEHLNITTH I LWL TERLD,
BEBELERE EDOBRIZHASNCTERN D 2.
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2.2 HHEEEOEKNICEET 505

EEIMIC I & EHANH S0, HEICH L THEMASIENTES
DIXFEMPOATHS. EFTHOMERNORER, NI (1990) 1IZX
% &, ®<IF18724EIZCarlet, 18734 ICidMareyvic & - T A BN, FE
BiZidFenn (1930a) ASBEMIE 2 DEGE P HEMBEOIE N 72 £ 2 E BH
CHIET S Z LR LIZEEINTWS., 0%, BIEHREOERITHEST
Ha B AN S HERAINEEZINTE . B RN 5L, Bates et al.
(1983) METHOFEHNBMEIRKII/NF —IZDNTRLTWS. T,
Payne (1983) 1%, DEEICLDEH EEN S OEMICK > THIE K DR
WY —VICENND D Ea@MELTWS. Munroetal. (1987) &, &
HE A 3m/sih 5om/sICE LI Bzkic, SHICHIT 5 FARELDKFE
FEOWE MO ENEINT 2EMICH 2 2 EeMmE LTS, AHFERLTEH
=513, Fenn (1930a) ®Cavagnaet al. (1971) , < L THRE - &7k (1981)
MHER AN SHERERD, EEHTOHEHREOERLZAATND.
JEREREE T BT S K 1B AR T, B (1966) DNVEREREET,
REFHET, FEHEFICOVWTFy I/ hEERL, ZOPTHEERETFOK
EHEOBEKRENBEDE N LR EEHSNILTNS. X5 — b5 DR
BB AR TIE, AMAED (1995) WWEERE EHER BRI TR
FEDBRICDOWTHARTHED, AF¥— &8, 9, 10, 1IFHOEHHITSH
WT, BEREORDEVEFNREDRERF Yy IV HEREL T EWEL
TW5. £z, BEBERAANA 7> 22— XORBOERERLIMAITENT,
&F (1997) BHEMBROEOKE AP OT L —FOFRREICIES Z L2/
BFEREETICE DI|EL, 8 (1997) 32— XOHBREDENWIHEN B
KOREREICHELEZAD %, HHARANT—FZRITRLTVWS. Ln
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L, IN5OMEEMmE (Fv277) TET2H008%<, BEEMEOW S
WKDOWTHNZEDP, TNHS ERFBEEEEEDBERICDNTEHEL <HANE
H D7,

TULT, EEHMEOHEEIBNTIE, X0EWEEREZKRDDZOICIEE
MR DOREE TELZ T R UrhEaskzn (FAR - HA, 1994 ;
Vonstein, 1996) && 2, FEELOETIE AEMT S UMEIEHR, 1990 ;
e ED, 1998) KSICHRE T ZE&MnE N, LaL, INETORET
LR SE R & KB X B E OBRIR 5 A c S hTH 5T, &
CDEWEREREZGELEOIIIEBICB T AEEE DB TEENS INE
TOHBMEDIREZXFT 2R ZHRMIINE /TSN THARN,

2.3 RHBEEOHIEHICBET S

2.3.1 HHERIBHRICEL T

BRI RIL, HARLIEEEZHEIRINF—THRLTRDZH, &M
LZORBBONBRKALNTERL. LML, TOEFEIMAEFICL>TE
BoTHO (B, 1982) , MEICIIHEMMEDOURIZEETHHIRELSS.
Furusawa et al. (1927) &, ®NHEER OIS ZHEE S &ETHEED
RICK->TEHL, HEI IO F—3REROBEABENSROTNDS. £
LT, %56N7225.000541.0% & WS fElT, ﬁI)D%ﬁX@!@&:th?ﬁ?bfﬁ@
BO5BMETH S E L. Fenn (1930a, 1930b) IFMHALOES) (FAYEE)
EHERELOBE GMOLE) 2 SEERORRNEERZENL, HRIX
JV¥ —IdSargent (1926) OW|EREEBEICIZHNERMD, BMHZIR
Z22.7%&W|EL TS, Cavagna & Kaneko (1977) 1%, Fenn (1930a,
1930b) LR UAETHBMAEZREDD, TXIVF—HEEELT
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Margaria et al. (1963) DEHIFETICBI 2 TR F—HBERIIEEHEICE
BfR7nlkeal - kgt - kmlE LfEZ AV, EBEPIREZERLZEZ5, B
W RPNEEFEE S EDICERNICHED, 20km/hTIF60%H EIT/22 &
WELTWS., ZLTZOEROE E DIIMargaria et al. (1963) ’@Cavagna
etal. (1965) RN TWBXIIT, HIREZSNIREET )L F—Z2HHH
Ll TharEmETWS. L, Kanekoetal. (1983) 1%, /EiEHERE
FERBEBEFIZONTI.0m/si 52 NEXTORBKRIZIRZ, Fenn (1930a,
1930b) DHEIC L DEBAEE L, TNETNOERFIC DOV TOIRILF—
HEEZRAHBBOETROMPARMENSAEDD, EFEOEMELD
KETTBENIHEDOHEMERELZ. ZOBVWEIXIF—HBEDRED
DDEVIZLDHDTHD, BICERENDEHIBILHBIRIF—OH
FOHLIZRTDDTHS. Itoetal. (1983) 1%, WRHHDRIHELE
ABEBZONTVOIHET N F—ICHERAL, TROAMNT LONKERZE
HbELUEEEEEI RV —BORBO D Z2RA, EREOHEMELDBITET
DRV P, BEIRINF—RERSINLIBEREEZEHLTND. X
7z, Ttoetal. (1985) I, Fenn (1930a, 1930b) DHFIEIC & 2 WA=
ZIRINF—HBRBROEES L TOHERDOESME TR L TElectro-
Mechanical Efficiency (EME) Z&H L, ##iE X1 > 7 I THER
LTWwa., €L T, B#MHOEMEIIAA > VL DEWHERICH 2 Z & 28
KL, BB TIEEL R F—OBERHICK > THIRMZIRNE E 2
DTEIEWNEHRL TS, EREEFE 2B bV 25RO 5 HENBE
HRINTNDN, TOHEERWEBRNIREEFEDOBEREZFARLDD
WRAZZS 20,

2.3.2 BERNLY - XT—IZEAL T
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BRERERENVTHNZNT +—< 2 A, bEEELEREIHIENICEK
STRENZODTHS. ORI DRI Z NS ITIIBEE b7 LREIN
U —ORHPHENOHENLELRD.

THRESHD MVY - T —DOFE/NY — B L T, & A T#EEE (Mann,
1981 ;Robertson, 1987) ®H i E (Ae et al., 1985; YL 5, 1986; Simonsen
etal., 1985) IKDWTHRLENTHD, XEEBNRINTNVS. Tab5,
1) BREBIEIIRBMER K 0 EMER X TRl MLy, TORBEMER X THE
MV RREINDS, 2) RESHIIHMOBRM IO X1 > 7P ETHE b
Vo, ToREMETHEIE MLy, B3R L BHEEENS, 3) 2
BIEIS B TICHE MV DREI NS, EVWS bR MRESH ML O
RS RENY -2 THS. AF—rF v ailBLT, Itoetal. (1991)
&, BTNV - XU —OEERRREENY -V EA ST — M S PRIREELT
BLIBENWZ EEZHREL TS, LML, INSOWMEIFEH LY - XT—
DHEENT—=ICHETEDOTHD, KERELOEBRNRLBRZHALZDD
Tld7zw.

2.3.3 WHEBI/NY — 2 EEERRICEL T

BHEBEDAY— Ry allBI2HEHEHERICEK > THNZDHDIZ
X, 2T 5 (1974) , Mero & Komi (1990) , Bt (1990) , F#@E»s (1997) ,
BES (2000) 2 EQRENDH DN, XBEITLHE NI —ELUTOEED
THD. RBEHEAA 2 TN S BEMBRPEICNT TR KET 208, A
F— "EMATET T 2MZRT. SMUAFHIZAY — FEDO EDHEITB W
THAL > THIRF C MR ICRENR SN DHMN, A1 > T & i
SHRTEICHEN R SN S KRIBEMIL, BEMBREOREIIDONWTIIAS — MR
DHERDOEME E DR T T LM ZRT. KEZHEHIEIA A > THFREN 5
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B TRAE TRVWRENRE SN, TOEMIIAT—FMROEDHEKTDH
FUTHS. BHEHIIAY - MO EDHRTH A1 T#REN S 4
FIZOZDBNHEBEBNRSNS.

FERZ S SICETTOHEESZRARNCHAR LI NETEREREINTHED,
BAT#E (Matsuietal, 1970 ; Brandell, 1973 ; Elliot & Blanksby, 1979)
CEE (BT S, 1974 ; &7 &dbkt, 1975 ; Bk S, 1983 ; Itoetal., 1985 ;
Mann et al., 1986 ; Mero & Komi, 1987 ; %, 1990 ; Nummela et al.,
1994 ; Bt S, 1997) ITBWT, EEMEO EORE THNEN TS DN
DWTIRAISHIZENTNS. UL, AEEHRRE-CRINREEEICBE T 2058
FEEALREIN TR, FHOFEHKRAZHHITIE, HOEERIZEFHEX
THRTHLEBIT, HOBBNLFBIEETORES, WOY L —REGH

(Muscle-Tendon-Complex: MTC) D EXZE L ERARBRFIUIRS RN,
ZOMTCEIWX, Grieveetal. (1978) , Hawkins & Hull (1990) , Visser et
al. (1990) 2" H&E L/-FBEHAELTAWEEHXZFATNIIRD S ZEMNT
E%. §732bb, Grieveetal. (1978) &, SEEEZHWEEHBRZ D &I
B R O A E EHEH ORI Z(LOBEREZH S M L2, Hawkins
and Hull (1990) 1364 O#%EE Z AV, BEXOMEHZHER (Fokim e
L DATEEA/RE) PRERE ENSOERICETIERMEZD &, THI16
BOM —REGHRDOEIEME THKEH OAELLENS D EOLMERERE
LTWw%. Visseretal. (1990) 1Z6&4D3MAZ AV, BEIET & IREEETAE M
S RER SRR, KRIRER, SMULAH, NEULS, BEESORIZE(LZRDDHH
ERZHE L. Simonsenetal. (1985) IZZDEDRFHEEHANT, 24

- DHEBREDOREFOHEERRXZE 4 OHEBREITDONWTEAMICHANR, EED

ERED LS BRBIEHHRERIC Lo TENZONTDODWTRFLTWAS. LA L,
INHE R E s & 2 F BRI TV,

18



B3E E%ﬁ%ﬁﬁt%?ém%
3.1 2SR —RBEFETOERERTOEA

3.1.1 H®W

EEEL 2 AR THMRRIC/R D, TOREERS (BIE, EvF, BEEE)
ERFICHEDHRECHKEDEL, TLTHN—Z 7R EITEEI NN
S5EE>TWL. LML, NDBEERNOIREITHD HEZN, BERHNEERE
BEENREROEESICEBRLTVEOMNE, IHETHLMIIATNY
B, ENERLSNITTDICIIEEHNREZICLGIEEZMOBRVWTEKT 57
BB EETRS.

B2EOYEMHATRLELDIC, Alexander (1977) 13D KE T DRI
27 (EbZ2FOR) BYoHIE, EvF, HERYHENICTREOZEZX
FoHEEZ, TNENTDOWTIER (B 2HBHL, TREROZEZRY
BRUOZHRER R LB 21T > TV 5.

FHETRTDOFEZFIAL, 2RENSRAE TORWHEEHOER 2R
CRERECSE, EvF, RENMEORERBEZHEBWICESZ, ThoN
SREHIRBE RO R ERORELEOL D ICHBRT HINERARES &L=,

3.1.2 K
3.1.2.1 #E#F

2 M5 12OFEDH 1334 UUT TFED] E0d), KEERBFRE
184 (AR TREH4AE) LnwD) CEHEEET 34 4 (KRE¥EFETFEREET 29

%, BA—RETEEMERFEIALHR—RB TEERRF 24 LT [EHE

19



BERFE) EW0WD) Tho7m (F3.L.1).

3.1.2.2 HEHE

1) 25 6mDOHIC 25m, 6N 5 12 KOREIC 50m OEIIRE
ZiThY, HEEBOPHMEATORE Y + —LZHBREOMHL XD 16mm
R CAATERANTEN S0 av Sy vy —#E1/500 %) THREL.
WMELETANLEDEIIL, 138RA 2 NOBEIERICDWTENEL Y1
20V (2 #) Ox-y BEERD, ZRITTOMERTZIT> 2.

2) R¥EEEHET (100m ONZ MEiskid 10.6 05 11.56 BOHiH) K&
REFEIZ, 30m OBEZDTEL2NEEEITOY, BET +—LEHBRED
5 & D 16mm 2% - H AT THEM 100 AXTHRE Crvy—@HE1/1200
) Lz, BELET740)VAEHEI, 1 a7 24 B2 FOBEERITDONT
EIME LY A 7N Ox-y BEZRD, “RILOMESMMTZTT- 2.

3) HE=[EHHAREE LFRGETFHERS (1991, BR) IBWT, BEROomxt
BHC 280 16mm 23 H AT EREL, 100m L—AHRD AL — ~g 60m Hi
RTOHEET+—L&2EHH 50 AV THRE Crvd—5EE1/5008) L.
MR EIRS DX, BEEE (CHFFERECHRO 9.86 BERL) L 2MDEFD
B EHARKREBFEIROTETH . BELETINLZBHEIZ, 1 OX
24 RA 2 b ORERITDWTEEE 191 7 )LD x-y EiEZ KD, DLT % (th
£, 1983; BT, 1991) IT& D = RICEMER T ZTT o 7=,

3.1.2.3 HIEEA
RERNERTEME LY P ORERE, HiE, EvFEHIELE.
BRI PODOEENSHSBHICB IS DEEETOEREELE. EvTF
E1BRCE L ZREOBRE L. WTNOED 2H0FEIEELEZ. F,
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Table 3.1.1

Characteristics of subjects: number, age, and mean value of the body height and body

mass.
n Age (yrs). = Body height (m) Body mass (kg)
Subjects (male) mean .sd mean sd mean sd
2yrs 3 217 0.364 0.84 0.017 11.40 0.92
3yrs 4 3.10 0.377 0.95 0.017 14.20 0.57
4yrs 9 4.03 0.297 1.00 0.038 15.60 1.79
Byrs 12 5.04 0.314 1.06 0.048 18.20 3.54
6yrs 12 5.93 0.309 1.12 0.038 18.80 1.78
Tyrs - 22 6.99 - 0.237 1.17 0.043 21.10 . 283
8yrs 16 7.94 0.262 1.22 0.055 24.10 6.12
9yrs 19 8.91 0.272 1.28 0.065 26.40 3.68
10yrs 16 10.02 0.294 1.33 0.056 30.30 6.98
1yrs 15 11.00 0.277 1.38 0.079 33.30 7.58
o 12yrs 5 11.80 0.192 1.42 0.048 '34.30 3.05
Univ. students 18 - 18.72 0.461 1.73 0.065 73.80 14.75
Univ. sprinters 29 19.97 0981  1.72 0.057 62.50 . 5.53
National top sprinters 3 21.33 2.309 1.75 0.076 69.00 6.93
World top sprinters 2 30.00 1.88 80.00
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REBMEDIEREL THy VR TRICHZRNIGESAA > 7HD T8 EITA
El (RBEEROBTAEORKRE) & 5IED0AE] (REHORKERH
AE) ZRIELE. TREOEEZIMO RO TERENSEEZFHAND 2D, K
R U7z Alexander (1977) OBRHAZANWTE Yy F, HIE, KEFEICD
WTORKZRHL, £nehz RERER) TEy Tk TEERK &L
7z.

SiEfE R =408 - THRE !

EyFfE=tyF - (P& -g 1) »

HERR=REER - €y TR
ZIT, g REANMEETHD, TRERBHELZFRICREBIRKAEES
DHFEEm (1989) @ THARANOESEIEMESENRR) 7 5518 L& F 0¥
MEEZBETTRD .

e, FEH, R¥FE, HERETFHEORRIBEICIE—Ti &7 #or
WEZ AW, AEKEIIERES KEAT & L.

3.1.3 #ER
3.1.3.1 FEEEERE, BiE, EvF & OBk

IRERICPED BEREN DA 2K 3.1.1 ITRU-. REEE SHBEE, 280
5 12 B TS & & bICIZIFESE (ZHEH, 1-0.895, p<0.001 ; r=0.904,
p<0.001) IZ#EML, ZORIIKZEFT THERWENMERNRRI N, EERH
BFOHEERE EBEL, ZEREROKRBECHXRTELLEN = (N
Zh p<0.001, p<0.001).

By FRIZEDENKEL, TEbORORENRILIZI S HTEA- /2.
KA S EEBETROC Y T, TELLODTRCHNMEERLED, K
P CEBREHGEFRMICIIAEBRRENRD SN .
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3.1.3.2 PMERELEEHE, HiE, EvF LRk

PREEEERE, SiE, EyFEoBfRERN 3.1.2 IORLZ. SERET
BMERWEZTEDERZEIIBNT, KEFRE LSBT TREOHEMCE B
WEBHICEE -2 (F1Th, r=0.926, p<0.001 ; r=0.941, p<0.001). L
ML, EvFRTRECEFERBZE-EDOEERLZ. EEBEFHOEE
HEEHBBEIFED ERZEDSEHLSNZEALOEWEEZRLEN, EvF
IZDWTIZHASNREVWDRD SR o 7z,

3.1.3.3 i SHEIRR, SRR, By FHEREDBR

Fin CREES, SEfE, By FEREOBRERN 3.1.3 IIRLE. SR
AR, 25 6 RETME E EHITEL <HEM (r=0.806, p<0.001) L7=
0, TOBRREEFTEEAEEML AN/, LML, EHEEEFHIIRF
EXD@EWE ( p<0.001) ZRLUZ.

By FHEEIE, 2EN5 12X T LA WERRICHEML (r=0.719,
p<0.001), RZFEEDTOEMEMIR > HEZRLUZZ. Eiz, KY¥PEEIEHEREE
EFHETRAEERENRD SNEh T

TORER, HEFBIL2ENS 6 METELHEML (=0.850, p<0.001),
TORIZ 12 RE TR ZEMMER (r=0.423, p<0.001) Z/RLT7. £/,
RFEEOHEREIT 6 B 5 12 BE TORLHRBEIERICIZIXL 200 7=
BZRL, EHEEFHIEIKRZEIDERICEVMEZRLE ( p<0.001).

3.1.3.4 FlEHEEME (b LITAE, 5IZDTAE) OBKR

K 3.1.4 Kb EITAR, 5IEDTAREORRERLE. b LT
AEE, TEHORMIIMEBICNH L TEEET—ETH o, KEEDDB LT
AREITEDRDEN > (p<0.005) 7%, EEBEZFHIIT LB EIFTFFL
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ETHOKRZELDEN S ( p<0.005). BIZEDTAER 2 BMS56RET
ZL<EA U7z (r=0.668, p<0.001) 7%, 6 WMUABRIIE(ETRKEEE TIRIF
—EDEZRTHEMICH -7z, BHERRFED 6 RUROTEOPREELEZ
ERICHETH - 7.

3.1.4 £

AR THELSNLBIE, EvF, REFHED 2 ®N5 11 RE TOMEICH
DEBERIL, INETHRESNTVAIHFLER (Amano et al. 1987; M2
5, 1985; BH,1975; BHLS, 1987, BALS, 1990; #EZ, 1970; /\K, 1988)
ERETH o=, Tiabb, ZOERICBLTIIMEE & BT, HBiIEEKER
FENERANTHEML, By FIEB UM 7= s (1985), Mg s (1987)
MRS (1992) MBS (1985) 13, 12855 21 RE TORERE LHBIE,
EyFOEMIIDONWTEEL TS, HEOHMRLANROKREZEDES &,
S SRR #EH OB EMOBRNAIRE L /2 5. DEDREEEIT 2 Ko
5 17 KbV ET, BHIEIX 2 b6 15 HZDET, FHETESNL 2
IND 12 R OMEFERRICHE > TEEWICEML, ZO%IMEE S (1987) Off
RTHELSNE—RRFERCEMEICB I DREEE TR LEN . —F,
EyFE2@ENS 12 RETMRICESIEIZRSNT, MEE (1992) Tk
15 @S 17 R T Th M cEmEm 2R L 72 %IIZE—EOEERL
. INSOZ &L, BEERAOMENTED FED, 17T RMETRTISZ L
EZRBLTNDS,

MES (1985) F7@EA5 21 ROBRIIOWTHEELSHE, EvFEDR
FEZRD, BT TEHREHELDFENEVIZESBOIRELS, Ev FidRH
AR IRAEMEHSNILTWS. £, BAS (1990) &, MWFER1E
ENS 6 FLEXTOREDRERNDOFHEZEZMBHICEZ, FREHEEOH
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ICIRIE, EvFEGELOBICITADENENEBRMHBERBEENH 2 Z & 2R
LTW3., KT, EEBEEFZRE, TREORIIIH LU THIELR
EHREZEOCERMZMHEEBEFR (FhTh, r=0.941, p<0.001 ; r=0.926,
p<0.001) ZERHSNZD, EvFREEBLEBN 2. FHETEIKOES
DREKTHEZHWZSNPRES (1985) REALS (1990) DOBF% L R
L, HRCEAL TS omEELFUCERZEZ. LirL, EvFIRELT
W, PRRLOEBRTH> . TOEBEIITRHALEDN, P EBHBOLD
IREEIMEFIIRI BN E VWD A TIEHRETH - 1=,

RERE PSR, EyFIOREBHNRRERELEENSREENEOLIBEER
52500 ERHL THRZZD, TRZUDONTER (B4 zHEHL
. BEROEHICAWE Alexander (1977) OFRERNIT, HEFESLHIE,
EyvFIZH LU TTFREDEVWAYEMICGZSFEBZROBRZDOHDTH

. BIERE R 2580 5 6 R E THE & & B ITEBRAI(r=0.755, p<0.001)I23&
UL<#EmML, 6 MURIIKFEE TEIMET —E OE 2R DR EAVRELER
ZRLIZ. 22T, ELWHEIEMZRLEZ2ENS 6ETEED LT, &
BIERE D LITAE, SIZDTAEOMBRERNZEIS, SEEEEDD
LWFARIZIED (r=0.579, p<0.001), HiEfEKEFIEDTAEICIZADZN

ERRAYAHBEBfR (r=-0.749, p<0.001) 2ME5NZ. TN 5OFKRIT
2/IND 6IRETOREERIZBNT, WE51E T 5RREEEN SRAIR
HWERFEIENS — BRI, £OIEN 205 6 KETOHIEE
BOEMESEELEIEZRTHDTHS. BAL (1975), EAS (1987),
FEES (1981), dEFE&EE (1975) 1F 2 /@05 6 BICMT TOMDEMERK
MEHEIZHEL, FIERAICEWEIERRXZ B/ T I LZ2/EL TWEN,
FHEORERIZIINSGEZFFLTVWS. £, 6 BT TERNREE/NSY —
IR E N RISSEIEE S EM L o 22 &, 6 RUBIITREICHT
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BILIZBRBTHREL TWEZ LERLTVS. ThabE, 6 RUBEOSIEDE
g, ERXTEREOEM BEBRERHEE) KX2EEZEADILENTES. Li
U SN iz fE S TIRE DM, FRICHAEEOEMEZRKT 5. HEOHEM
B AR EOHNIEEEED B LRI, KERBEERET S I LITHLT
ARERZ2BESDZVEIEROEMZSZ5T. LENST, ML T
EOEML 72, &2 WIESEREN—F IR NIEND 6 RUBEOR R,
WL 7= B e IR U2 OVK, 1994) SR/ T — (S,
1992; J\K 5, 1987; /UK, 1994) OBEMNRH -/ EZRRLTWS. £z,
Eﬁ%@?ﬁ@ﬁ@%&ﬁﬁ@ﬁ@?ﬁﬁ@k%&iD%@otﬂ,iﬂ@h
L= 2 7 &> THREROBMIC L 2B AR L EICHRER 2 FE N
Holel&®, KEMMENKRBESINLZIERKLDDTHSD.

By FHEEIL 2N 5 KEEE THERIC S DRWERITEM U722,
5 (1985), hnEEs (1987), HugES (1990), MigEs (1992) fMES (1985)
D|E LI TENS 21 MOBRERNSE Y FREEZHBEL LA, EHED
e & Rk B B LA 2R Uz, e & BITTRITEL 22R, £<&
DM ZEN o 7R & F U BB THi%ICEIN T 2 S I3 EKZ AR OENZE
BRI D, DED, MBIIHL TEY FRA—FILRZNLEI EPE Yy FHEEN
MLz 2 &, TRZEIRICR 25 N T —7a Eoaerzm B2 S
DRIEBRLTVS., By FHEEEUBENREEEMZRIANERE
LT, WiGRSE, B, BEENT— (HELe&T, 1981 €F5, 1990;
Mercier et al. 1992) &G (&F5, 1990) BREEZHITHIENTES
R, TS MRE-ATICBE T 2 MABERNERNE Y FIEE DR LICEE L TWD
nH LT,

BIBER Sy FREEOBICK > TROLEERER S, EROEEERELD
FICIX BRI Z /2 HBEEEFR (r=0.989, p<0.001) 23@BDENZ. DED,
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BB E Yy FIEEOM FIEBORERELEHLZ EEEKRLTVS.
T OHERKIIE Y FHRE S FRICIEC O BRI L 7. Zhid,
IR RE (FREQEMICE 2HEOMM) SBAENRTE (KE<A-2
BEERICH L TEORERBBERET S, B< ok FER U BT
BIRED Ey FE—EICRD) ORERICISH0THBEEXLNS. Th
£T, REFEEOMBICHES BEISESEMTEH ST, By FIIRELR
WEEBZLNTEL (NEES, 1990; FES, 1985; EiL, 1990; FE S, 1981;
EBF SRR, 1975; /K, 1988). UL, AHIZE DR R IGHE HEE O NI pE
SHEISBOREOHBSTE Y FOREODH oL EEABRETHDI &
LTS,

BEREEED O, b EFAEEAS L, BIEDIAEENE
LTEDZENEETHLEEAZLNT VNS, LAL, 6 BUEOBLS LT
DB X DAL, FMWE N —2 ) VEMATE FEEETR ST
ERNERLTHY, ZOEEOXOREILFALERETH 2. ZOEII,
6 MLVEIIME D ML — =2 itk o TH b ETAECE DI AERLIFE
WEBRLARNENS RRIE, hoOBEERD 6 MUBOBEEREIIEE
WEFBLIRWIEERLTNS.

3.1.5 Ef |

ARSI B AR B L OBEENTE O R BEHE D 2 L 2BMIC, 2
S 12 RETOBRE, KEERBETAPEBLIORAS TEERRT 2
MG, BERE, S8, EyvF, BEMEZHELE BEEECSE U
VFITHT HREN (THE) BEELROKR LD, Alexander (1977)
DEERZE A, FEREKCSIERE, v FEReEHNLE. ZORRIZ
TOEDICEEDB I ENTES.
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1) BOEHE S BRI, MEICHE 2805 12 RE CERNICHIL, 7
DEIZAPAEE THT R RBIERERLE. CyFi 2 &b 12 RETH
Gl E B < TSR OEER LN, KEEOE v FIZFEBED BN
7z.

2) EIRER TR QPR SRR L DB SN ICEN 57205, By
FIZIZBH S REWER S o 2.

3) FRECHIIE & bICHARE S SIAHE 705, Ly FIREIRE<
—TEDEZERLTZ.

4) BB 2 5 6 ME T E & HIcEL < BILAA, 6 HLlE
RS E TR R EE—EORER L. £, BEBEEROS
IEHSIA A & O o 72

5) EuFHERIE2EA5 12 BECHME S D ICERNICEIL, 208
PRI R 4 TR . SEIREER T & R F/ED Uy FHEICILE VA
HENEMo T

6) EEIRHIL 2 HAD 6 BETMME EBICHL <HMLE. 6 B
12 B THTHBRINERER L. K413 Z ORIMBERICH > 2R LT,
ISR T B O IR & D 0 o 72

B EOREEN D, BEEEOIMBICES BEL, HROLRE (FHREDHM
IC & brno THEPSINT 2) &, BENARE (FREOBNCE 2 Sk
HECEMEE— A FOBIICHLTRU L y FEMRRL, SE8EmT3)
Lk BHDTHB T LR NI
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3.2 100m HHEERMEICH TS EEMEE EE E DB

3.2.1 HH

100m £ T, A% — MEHENSED, PHEMEAHE TREEEZICET 5.
ZOFEMROBEERE (g, PRHMEROBRERED I LZ2HBIC TRERE)
E93) 2#E0ELTHIL, BWHHHEEDICEENBREFENERET
H5.

AFETIIHR, 7OTBIVHEO—RNSRFELVNNETOBET ELT
DEEMRTFEMRIC, BREDELEERECOBRZAETL, J0HWKRE
HEZFLZOICHEESINLEEGEORMEHSNMIL LI ELE.

3.2.2 Hik

3.2.2.1 F—H&E

BFEEMET (49 4) CRTHEEBET (22 &) IDO0WT, BRs
7% 100m L —X£LRERNBREETICBWTHRKESEZRELZ. 2
BHRERIZDWTOSEKEDON, RBRMN - ZELBIIETRFED 0.86 B,
LTEFN 1141l TH-o 7.

1) B2 :100m L—RIZBNT, AF— & 60m iEZREFDRTF
OHERETEEZ, RITBESTE R, T2-D & £9%) REE=X
TCEMES T (FIVL, 1991) (BA#%, T3-D %1 &95%) ZAWVWTEITLZ.
2-D T, Ny I RY 2 RORRFFINNY I AY X RTFOT S5 FIRET
FHATEHBL, PREEFORFORKEOMEZ 60 74 — )V R/BTH
#llk. 3-DETIEIF LAY ROKEELD, 2B 16mm X RAAT
&> T 50 ax/Biznlid 100 ax/BTHRE L. HHTOXRITELEN R
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BINEBOETTH S,

BFEFIE 33 BIDWTHI LN, MREB-EBES (FESE, B
BT EMELSITER) 13, SRR EBIBOETFHERROE 3ERR (1991, HA:
3-D#E) EE6REIKE (1997, 7Y% : 2-D#), B 1I2EY T RE (1994,
JRE : 3-D ), EHAEEMHBEFHE (1997 : 2-D %), KFERREE LB
K& (1997 : 2-D i), BAPEFERERFHE (1997 : 2-D %), RRFERETFHE
(1997 : 2-Dik) Thol=.

TFEFIZI0BITDONWTHHLEDN, wFELoHERE, F12ET D
TRE (1994, B8 : 3-Dik), HEREFHE (1996: 2-Dik) Thok.

2) ER R¥ETHEBEZEMNICHE L TWLIETETF 16 LT
F 12 4eHBELL, 100m oehiEzfTHYE, 50m 75 60m HAZR
EFORFEOMAEHK 30m OHLNS ET I A 5‘("‘4’%?3 (60 74—V R/%)
L, E5% - 5—7%b&IC2-DEEHVWTHI L.

3.2.2.2 FT—FHE

3-D EEMVEHAD, 2-D kOB & FECETORREIC DN THH
Lz 25 24 AFOMEROBEEEEERE LY1 7)) (24 220NT
FOHALL, 3 ABHTIGEE A TEEEICIE 7.4H 15 8.9Hz, HEI
& 5.3Hz M5 6.4Hz ODUO—NZA T4 )y —2BRIEEZ. 2L T, EEEE
LOMMEEBTRTF, KFRFBLOBTFRELLTFEFELDELR (WU
TGRSR OTRENICOW TN, SHREE &
DHBEIE, 5 % KEREE S > THEE LTz,

3.2.2.3 HIEHEE
1) ERE : ERE Lz 245 B, HROBMOBRED S < AR ORE
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3) BEIEE : [ 3.2.1 IRLAEL D7, GHEEEOREEN R
EEDNBERED ECEHEER EEAR.
a) A1 2TH
C bbb ETAE (01): bb EITIHECBILAMEMERDRTAD
SN
CBIEMAE (0 2) : BEBEBOKBEO BN E
RO LAE (03) : HOEDELEBETOMEE (KETFE<BRL
ERAPKRTHODULE) ERERDT AORKIE
ALY EITARE (0 1) @ SRERE RO A E O R A A #E
CEBRKRBIERTAEE (0 2) : EE OB A R EE
CRKIEOHLAEE (0 3) : BREESORAMERE
CRABORLAEE (04)  BHENOHSEERFICAL 2 FTD
P b
b) Fw I
- BMOBRE ORI (04), KBS (05) BLOEME (06) DRI
3
BB 2 BHE (07) &, REE (08) AEOB/ME
- Bt O BRE O RBIET (09), KB (010) BLUVEEEE (011) DBJHT
£
- BEHRIC B 5 RBIET (05), BB (06) BLUEHS (07) ORX
REE (b, FREICHT2EEHOREEIREREEKL TND)
BT BT B KORR AL T BE (w8)
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~ Swing leg

82, w2
4'“ -...{“
{ "‘,.'"
a1, w1 83 :
Maximal thigh lift  angle (8 1) Minimal knee angle ( 82) and Maximal leg angle {83) and Maximal leg touch down velocity (w4)
and it's maximal velocity (w 1) maximal knea flexion velocity { w2) maximal knee extension velocity { w3)
Support leg
Foot contact Mid point Foot release

Hip, knee and ankle joint angle at the moment of foot contact { 64, 85, 86) Maximal extension velocity of hip (w5), Maximal leg swing
and foot release (69, 810, 8 11), and minimal angle of knee (87) and ankle knee (w6) and ankle {w7) joint velocity (w8)
joint ( @8) during foot contact phase . .

Figure 3.2.1

Analyzed kinematic items.

1) Swing leg: maximal angle between the thigh and a vertical line (6 1), minimal knee
joint angle (0 2), maximal angle between the leg (represented by a line from the hip to
ankle) and a vertical line (0 3), maximal angular velocity of the thigh (w 1), maximal
knee flexion velocity (w 2), maximal knee extension velocity (w 3), maximal leg touch
down velocity (w4: maximal leg swing back velocity immediately before the foot
contact to the ground).

2) Support leg: hip, knee and ankle joint angles at the moment of foot contact (64, 6
5and 0 6, respectively), minimal knee and ankle joint angles during the mid-point of
the foot contact phase (6 7 and 6 8, respectively), hip, knee and ankle joint angles
at the moment of foot release (89, 610 and 6 11, respectively), maximal extension
velocity of the hip, knee and ankle joints at the moment of the foot release (w5, w6
and w7, respectively), maximal leg swing back velocity (w 8).
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3.2.3 #R

3.2.3.1 EwvFLbig, BIUOEy FEKE SRR
EvFid, KFEF LB+ REFCIIEERE CARREOHBEBERMARS
N, BFEFIEEEZ IR ZE-EOMEERLE (K3.2.2 1).
BRI, BTEF, LFEF BLUB+GRFO3IF LR, (2 TOEF
Bl EES) THEERECARREOHEERLE (K3.2.27F).
Alexander (1977) &, EvFOXS RBMARMYZ D OEFHERIIERSD
RE (BELTRERE) CRKEAIL, SRBIIESOREICHATSZEE2T
AR TarvwmebLITHEBLTNWS., 22T, AHRTIEHUTICRT LD R
WORHAXZIGHL, EyFEBREFIEHITHRECES ZHRANR, Ththz
BIERR EE Y FHREE Lk,
BIEE R =408 - FR !
vy FEE=EvF - (B -g 1)
ZIT g FENMEETHS. B, HBREDOSBLHENTHD D DI,
COREMNBH N, TORR, By FHEEESERRIEDICETOEFH
CBWTHRERE CHRRIEOMHBBEREZRLE (K3.2.3).

3.2.3.2 A1 2 THOEE

R 3.2.4 ICHAEREE AT > VHOBEOKE X EOMFERLE, b L
FHEE (01), BROEDHLAE (03) 13, 2TORERICBLTERE
B SRR AR S o k. UL, BIEDWAE (02) 1%,
BTRE EF+LEFICH W TRERE &4 BAEOMMBIRATED 5N,
R 3.2.5 2, BEREEBADLS LFARE (0 1), BAISHIAEE (0
2), BABEOHLAEE (03), BRURARVRLARE (04) EOH
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Step frequency (step/s)
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Figure 3.2.2

Relationships of sprint running velocity with the step frequency and the step length.
The solid line represents the regression line for all sprinters, and the dotted line for
male and female sprinters. @: males, O: females
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Relationships of sprint running velocity with the step frequency index, and the step
length index. The solid line represents the regression line for all sprinters, and the
dotted line for male and female sprinters. @: males, O: females
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Relationships of sprint running velocity with the maximal thigh lift angle (6 1),
minimal knee angle (6 2) and the maximal leg angle (8 3) of swing leg. The solid
line represents the regression line for all sprinters and the dotted line for male and

female sprinters. @: males, O: females
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Figure 3.2.5
Relationships of sprint running velocity with the angular velocity of thigh lift (w1),

knee flexion (w2), knee extension (w 3) and leg touch down (w4). The solid line
represents the regression line for male+ female sprinters and the dotted line for male

and female sprinters. @: males, O: females
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Figure 3.2.6

Relationships of sprint running velocity with the hip joint angle at the moment of foot
contact and of foot release. The dotted line represents the regression line for male

sprinters. @: males, O: females
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Relationships of sprint running velocity with the knee joint angle at the moment of
foot contact (8 5), mid-point (8 7) and foot release (6 10). The solid line represents
the regression line for male -+ female sprinters.
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Relationships of sprint running velocity with the ankle joint angle at the moment of
foot contact ( 6 6), mid-point ( 6 8) and foot release (6 11). The solid line represents
the regression line for male +female sprinters and the dotted line for male and female

sprinters. @: males, O: females
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Relationship of sprint running velocity with the angular displacement of the hip, knee

and ankle joints during the foot contact phase. The solid line represents the
regression line for all sprinters and the dotted line for male and female sprinters. @:
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Relationships of sprint running velocity with the maximal angular velocity of the hip
(w5), knee (w 6) and ankle (w 7) joints of support leg. The solid line represents the
regression line for all sprinters and the dotted line for male and female sprinters. @:

males, O: females
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Relationship of sprint running velocity and the maximal leg swing back velocity (w 8)
during the foot contact phase. The solid line represents the regression line for all
sprinters and the dotted line for male and female sprinters. @: males, O: females
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Figure 3.2.12
Explanatory model of driving leg movement. (A) demonstrates a better driving leg

movement in which the hip extension can be transferred to the leg swing back
movement more effectively. That is, when the knee moves with the same
displacement (ATa = ATb) in both (A) and (B), and the knee is extended as in (B),
this movement will cause shorter displacement ( A Fb<< A Fa) of the foot in (B).
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Figure 3.2.13

Time course changes in the angular velocity of the hip, knee and ankle joints and the
leg during the foot contact phase. The right figure shows an example of male sprinter
CL who recorded his personal best 9.86 s in the present study. The left figure shows
changes of the female sprinter TK who improved her personal record from 11.81 s in
1992 to 11.53 s in 1996.
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Figure 3.3.1

Changes in the vertical displacement of center of gravity, thigh angle , shank angle,
knee joint angle and ankle joint angle during the foot contact phase.
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Figure 3.3.2

Relationship of sprint running velocity with the angular displacement of the ankle joint
during the foot contact phase. The solid line represents the regression line for all

sprinters. @: males, O: females
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Figure 3.3.3

Relationships of sprint running velocity from the start with the maximal stretching and
shortening velocity of m. gastrocnemius and m. soleus.
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Relationship of the relative running velocity from the start (1.0 is the maximal
velocity) with the peak torque and the peak power.
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iz

Figure 3.3.5
Explanatory model of driving leg movement during the last half of the foot contact
phase.
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Figure 4.1.1

A typical ‘example of the ground reaction forces and the horizontal velocity change of
the body's center of gravity during the foot contact phase. TD and RL indicate the
moment of foot touch down and foot release, respectively. Dec. and Acc. indicate the
deceleration and acceleration, respectively.
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Figure 4.1.2

Relationship of the maximal sprint running velocity with the distance of foot touch
down (@) and foot release (O).
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Figure 4.1.3
Relationships of the maximal sprint running velocity with the peak force of
deceleration (@) and acceleration (O).
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Figure 4.1.5
Relationships of the maximal sprint running velocity with the average force of
deceleration (@) and acceleration (O).
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Figure 4.1.6
Relationships of the maximal sprint running velocity with the average power of
deceleration (@) and acceleration (O).
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Velocity changes during the foot contact phase (m/s)
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Figure 4.1.7
Relationships of the maximal sprint running velocity with the amount of deceleration
(@) and acceleration (O). ,
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Figure 4.1.8

A typical example of the ground reaction forces and the horizontal velocity change of

9th and

TD and RL indicate the moment of foot

touch down and foot release, respectively. Dec. and Acc. indicate the deceleration

and acceleration, respectively.

]

the body's center of gravity during the foot contact phase at the 1st, 3rd, 5th

19th (maximal sprint running velocity) steps.
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Figure 4.1.9 ‘

Changes in the amount of the horizontal deceleration (@: male, A: female) and
acceleration (O: male, A: female) from the st step to the maximal sprint running
velocity (19 th step).
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Figure 5.1.1
Sprint running velocity changes in the starting dash.
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Model of changes in the joint torque during sprint running.
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Model of changes in the joint power during sprint running.
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Swing period Foot contact period

60— HP-1 _ HP-2 - HP-3 o - HP-4
oo ©O.
40 r=0.888 - 4 0 0090@) .
0q O A0 o o)
N o _ Q ) R (o] N
20 CDW & 88, Lo 0o O °
ol2 04 06 08 1.0
0 Y Y | T T T 1 T T T 1 T T T 1
0j2 04 06 08 1.0 02 04 0.6 0.8 1.0 02 04 06 0.8 1.0 % 0@@@ 8&0
-20 ] - . - o o
-40 - - e
60 - KP-1 - KP-2, 60 - KP-3 - KP-4
40 . 40 1 -
20 - 20 .
o) 0
02 94 06 08 10 0 . . . . oU2 &4 08 Q8- 10 ga oODOM
T ] T T T T 1
8 o2 04 05 08 1.0
~20 -20 -
r=0.924
.40~ 40~ N
50 - AP-1 - AP-2
-y = O h
40 55
N 4 0
20 i=0.642
02 04 06 08 1.0
0 T o | T T | a—
of2 04 06 08 1.0
-20 - . o) S 00 ]
r=0.821
40 . P
Figure 5.1.6

Relationship of relative sprint running velocity with the peak joint torque at each sprint
movement phase. + and — indicate concentric and eccentric power, respectively.
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A0m ORETIREREEEIET S ZEMMEINT NS, AHFEDEEEE
REBRTDE, 13 HBHS 19 HFRHMTTOEREDRMAN 4% L& L
K/ANEL, LAY 194813 AF— Mg 30m U LZBEMsmich bz, &
DHHE D IIIHREBEEITEL TWELEBEZONDE. Lo T, FHEOHK
RIAST— M1 HENOHREREEIETLS2ETORLEZESZODTH D EH
BETENTES.

INETHEINTVBAETIE, EONT— (FRIFAD/NT—) MNFH
ENFREIL, FIICETBHENTICEMHNE (X2I13MHEE) DML E
NTVWBELTWD (Ae et al., 1985 ; Robertson, 1987). LML, EE#IC
WEAMEDLDICL TR 5ENAENT —DIEEADFFIX, TNENEMHES
HEREDH IS D > 2 REZRTHDO LU THD T EETERY. DFD,
HEEHICE L TRIE - AO/S EHIERINII 2T 50, SHEHHICEL
TIHEE IS TIESRWEERHEN5THS (Simonsenet al., 1985).
ZIT, AR TIRETHRICK > THEELAHL M INTWEHEER
E, HIEREREZHERTICE - AONRT—0EFRlL, BRITLHZEEL
7z,

5.1.4.1 BEEiRVY - X7 —& EMG
BFICRTES I, A5~k LEEAS FMEEET, MLy ORFREE
ZFNCHEGITREGHOKBEDOY A I 7BIRFE—HL Tz, ZOX DR
RiZ, AHEO MV OBEHOZ4HEZRLTWS. LURE MV REICE S
TEHEZTDOIERRICOVWTOERTH 5.

1) B ; 21 > JHaitonbd s “b EIFEIMET BT 5 JE/ b
Vo /BE (HT-1) &80T, “RHEHTH 5 RIBEHITHEN RS NN,
HEAZEE L/~ Simonsen et al. (1985) MEL TWwWa LDz, EHME
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DFHE (HP-1) TXBbDTHBEEZAHN5.

A THBRFEOVDYS “HWORD R LUME” 25| HTHENVY BE
(HT-2) Ti&, KRB &R EFBHICHOWREN RSN, HHE N HLFERIIZ M
BRIV ERELZZENDNS. T TIIHEBEH TH 5 KREMIIEHED
NT— (HP-2) ZHRELTWEZIEZHNTHSH, KEBZSHEBHIEFECH
HOREHF OB D/NT— (KP-2) ORBEIZHEHEML TWEEEZSN5S,
Simonsenet al. (1985) 13 Z @R TIIKRIE —BEHAMHET 5 @G L Tnd
28, ABFFEDHKE RIT KR A ASRBI R DR IBIZ & - THER S e hy S BB
DIEDE/NT —OFHE & BREH OB DRI /N7 —FEOH FICEBL L T\
AIREEZRL T3,

e OME MV 7 BmE (HT-3) T, KRB & KBTS X1 >
THBENSBESEBNR SN, MGNZOME N7 ZRELZZ ENER
IN/z. ZORE T Simonsen et al. (1985) Ik 3 &, Wifh&E bICEHEME
Pz Llz&EBEBZA NS, ElZEro |l MV2 /B (HT-4) TiE, KES
HiDEGTH 2 KIREMITHENAL S N/Z. KIRE ﬁm%%wwﬁféééﬂ
AR TIEF U RE CHREEOEM ML ABRINTH 0, KRB I3
BB T, BBESGOMHE L TTIdRS, o5 REHEMHELT
JReBE R DR Z PR T D K5I (B D "B LITEME" OEfEZDIT)
BnzEEZ6N5.

2) WRBEET ; A1 2 THAEOME MV RE (KT-1) TIRRBRE S ICK
BRRS NN, SMUEHITIIIBRR SN o7z, ORI, 2 BEEH
ThHDRMBEHD, BREEHHELTOBEITMA, ko “b LTFEE"
D= DRBEHIEGHEL T Tz & &, AT ORI TORH
BV ORBIINEEAERBI LGN D/l EZRRLTWS. £k, 20O
BETIEANT— (KP-1) BNRBEEINTWAD, Simonsen et al. (1985) 13
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KEREAITEHEIENHEZ L T2 EMELTHBD, KFEOX S B hETESN
SNFZBEH/NT —DIE - AOTNTNN, 5 OLEHE I NN & Mok MU 2 B
IRT ZERTERWHIZRL TNS.

24 Mg OEH NV 2 BE (KT-2) T, EHTH 2 KB EHIC
WENRSNZ. ZORMTIIA/NT — (KP-2) BNHEINTNWRZD, KR
THEMAMEERIENE 295 (Simonsen et al.,, 1985) I &2k o T FIRODHA]
HNOERO B UEREZREL THWEEZ 5N 5.

EEEOME MV BE (KT-3) T, KREH SR F L
THENR SNz, KRBRE I REBEE O g & BBIE O i iz 20 2 R
BTHO, REAEHNE LIRBEEHAHET S Z QR TIIRBEA MRS N
. ULzito T, ABFEORE RIS AMEE 135 B8 i 5 T 3 2 SMUE 5 & LR
RN (KP-3) ZLUAaNSKEHOME N ZREL TVl L%
RLUTWS. F/, Simonsenet al. (1985) 1INALZ MU T ANBOHIE -
VD =RET B0 EEEND S5 (“Lombard's paradox” ; Lombard, P.W. &
Abbot, F.M., 1907) T&Z#E L TWEA, AMATHEMBATEICENT
REEZHEMICHENMREREINTHD, KBRTHEHGARWEHCMILH EEB
CRDOMHE NV OFMICTEIRL TWZ RN S 5. B0 Eih by
7 JmE (KT-4) Tid, BHTH S RKBTEBICHRWEN LS N, [T
FHETRBESOME MV NREINLh - k. ZORRIT, EHRres
WTRBR B 13 S o 15 REIH O bV 7 ORITH NV TWzZ & &R L
TW5.

3) JEBHEN ; MERER & & I AMIZEMETS S BN L THWAER, Zo/K
H TR MV 7 IBRINZV. BN TH5KREBHOERICL>TH
Vo BT B ENE o I T DA R L5 BBERE s o 2O, et
BIZx9 % preactivation TH S (Gollhofer et al.,, 1984 ; 1, 1990) @
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B, HBWVWIZEMD (ERS, 1992) ICXBMEERNFBERHOTNZON
Bl 5 N Trabn.

B eEICOl> THHER S eI ABHITKRENR SN, WENVY OFRE
(AT-1) D7=9IZ, WHALEMICEV I LD 5. BEREHHOE T X
M 7RI MR (AP-1), 2 U TERBIEME (AP-2) O
ZLTW5E ZEFAHEOHERNOHENTHS. LML, Simonsen et al.
(1985) OHEZSEILTEH L, ZORMEIIBVWTIZ R TH 2BPEEBHIL
FRENMEIGEWNERKTE - 2EBEAEND. LT, ZOZ&idHk
[ TdH 2 MAFICHB W TRIZ > PRI Z L TWZRlREMEZ R L TV 5.

AT T AR IC A1 O T HNCHENBIR I N, T ED XS IR ~
WD« N —OFEHITBER LD, RUIFEORRN SIS NI TERN T2,

4) WOk — YA 7 IVicDnT ; sk — ST 2V &3, EEF O
ARSI EMIIND LIV EROBEFIMEERIC—-BR#ET R F—0
FA6N, BEHRICHMNAINS XSRS ZRL, ThickoT
ANT — ERBNF<IRB T ENHSNTNWS (Boscoet al.,, 1982 ; Cavagna
et al., 1971). Cavagna et al. (1971) 132 % — ¥ v > o R OHITE K /1 %5
frl, St TR F-OEREZTOHFAMRDH S ZLE2RVWEL T
%7, BIEIRHICBI L TOFE L WIARIIT> TWiRW, Itoet al. (1983) &k
Ly BRIV 2R TETH O MIBEEHES Z 04T L, it O RRBIHT & 2 BT
DAIZST, AA > W R R O BRBIET T b 5k — R 1 7 VR Z0 S
5 EEERMHLTNS.

AT, FREMCE & RV DBIR I NN S HAMEIE DI
Bk L 2B IR — MY A IV d o7 E L, IFOBEREB /8-
7z

JEPRETTIIBBAEIA O b I A MM 2RI H I 0 FRICREL TH 0,
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U e R BEENT AT F It LR ITHEL THWEHDT, EIAHITBN
TR — M1 7R ETWEZ LN THS. UL, Simonsen
et al. (1985) D#ERZBEICT S &, _HHHH OB E P IZERAEIC
EWKEE L TWizEEALN, O &idEmh o 2EEicBNT, k-
BT NEBBITEIABHICBNTEZ TN EERBL TWAS.

RSN Tl B b AT 2 O W thEE O B 1 THMUA IS I B R & Nz 23k
FIWRLTHD, SMUEFHICBWTHR-EHEY 1 7IVdRh>EEZ S
N5. £z, REBEMIZEBNEETRENBL ENZA, Simonsen et al.
(1985) Ik B &EHAPIIE ITMHRENMEZ L TH O, S0 MR —EEY 1
WMo 2 EEZ5NS. MOBBEEHHICDOVWTIIHEL THRWD,
ASHITE D BT RRBE 5 D A B TIPSR — MM 1 VIV &7 o =W feit %
RELTWS.

IRBAEIIZ DWTIZR D K D 7Bk & S5 R MG 5 Nz, KRR EAAGIZ AT >
THIRBEICHENBRINTHY, EORBEHEHHENT— (HP-2) LADK
BEE Al /X T — (KP-2) O OFHICEINT 2 IHEMEA 3 5. Simonsen et
al. (1985) I2&B &, A 2B TIIRR_BAIMIRI N, Hi< bl
BPRICERT 2. INEBBICTIUS, KEBRZHEGIZ AT > IR
& RBEET DG RYTEBNC KB HIRMEIEIC K > THIET IV F—2FE X,
< M OB ICERBEIE T )L F— 2 /R Lat s KBS B U TR
DOME/NT — (HP-3) ZRELZFRELND S, DX D ITRBZHFH AR
A T HBECBNTHIR - Y1 7 )V 27> T e &ETHUTEBR D 555 R
TH5.

5.1.4.2 MMEREEIE—SI MLVY, E—=INT—EOKK
M EREICH L TE—7 MV RE—INT—NEETEENnD T &I
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(AR TR EDHE THREEBIIBRBEI N>, AF¥—F ¥y ia
MO HRERENOEMEDOELTC EEEDBMIHAMIE LR TH D, £
7z, HIxEEEICERRSE—T ML NT —NEICE W EZRT S
B, TORHEOMHIEBMNAY -~y anoPlEEETEICHEEREE
ELTWAZEERLTWS. LFRZOLIRBMNSORETHS.

1) MMEEEEEBITELLZE—T ML EE—INT—;

WbHWs “bb T BEICKHIET B A1 > TR OBEIET QR KL o
(HT-1) &ENT— (HP-1) OE—7{Ed, AxEEEEE I ERLE.
ZOR R TORBEGH ORAKBHEEIZIASY — MO HEEEETRIE—ETH
5 (S, 1994) Z&EMS, E/NXT— (HP-1) OEINIAY— RO "%
® B BEICHE LzIEE RV (HT-1) OEMOBERTHAS.
INEEFFHNC T I N EEBEE oMmE Ny (KT-1) Ea/NT— (KP-1)
DE—Z{EIFEHITHEMLIZ. ZORRTIR “bb LT BT 52008
BAETDJm i MLV 7 2B & L TiEES N, RE&EICER ML Ame 525
ZEMHMo TS (Winter, 1979) 2%, IN&EBEHITHE, BMUEHOMH
R, Zoam (B MVY) KXo TE UK OMERIIEL, £
DRHEE 2RI T 2O MV ZRELLLBDEZEZA LGNS, TOI L,
WRBIETOME NV (HT-1) omid, REEICEf bV O E R 2 1
MEFAZEZ2BRL, BREGHHEIIEOEMAR OEMIR LT, HxtE
BWEIZKIGT B LD BREHEEICHE TS BET D) ZDITHE NV Y
(KT-1) Z¥mE LI EZRRLTVWS. £z, ZORAOKEEH ORK
JEMEE S ERES EBIIEMTHIED (FES, 1994), /XU — (KP-1)
DEMPIRRTH D EEZS5NS.

24 > Tk, REEHOMENLY (HT-2) OE—7#EidmnEz Rk
BRMSHMNERES LB LA L. ZORMHOMREMERXFY V7 E
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OEM OEMEMETH 245, MEEE AN EREOHMIH L TIEEALHE
iz (FEES, 1994). —J, BEHOBRE OB O M B I3 AxEEE &

EBIZELLBEMT DN (FEES, 1994) , Z OREBIE A E O B3 MBI
EHLELERETOREEROEM (BEET— A2 bO#EMN 2EKT 5.
INH6DIZEITAY— MEOEEREEKITEEE- A2 MAUEML, Z3UTH
LTHENLVY (HT-2) 2@ EITE > TREIE OMIEEEZ & I f#
EDELIEILEZRLTNS.

B eEichz 5 2RBEHOME NV (AT-1) &, Sk oHsRE
DINT— (AP-1) OE—Jfl, BLUOEFONT— (AP-2) OE—ZEHNHM
MNEREEEBITEHE> /o, BMBIRNITB T 2 2 BOET O R 8 R 1A R 32 5
ELEBITHEMLIENEWDWmE (RS, 1994) BEELLENSERT S L,
APROFRIE, 25— 025 OF v 7B ORALT EREDOBMITH LT,
AREEEDOOOMHEII DSV NI ZRETL LT > THIELZZ &
ZRULTHBD, NT—DBEMIZDOMRRTHDIENZS.

2) EOMMERE T EWVWHEZRLIZE—T MLy EE—INT—;

WIZEWHEZRLIZOR, A1 27 HRFOREHMHICK S MHE VY
(HT-2) &N — (HP-2), Ui OB MRFICISME LY
(HT-3) &/XU— (HP-3), BIUEBE OBk Ich 2 g
MLD (AT-1) EEMREONT— (AP-2) OZNTNOE—JETH >
7o, REES (1992a), GiES (1992b) BRUGHES (1994) 1@ W EERE
EZ2E5Fy 7 WOEENIRBEHEOHHHTH D, TOFv 7 h2ZRIC
HIIAET 2720 &, #illiD S5 OFEENITHRT 572012, BRI IFEEN
CBWZIEIRNENWEDRTNEY, AHEDHRIZINZIFHTLEOTH
5. Tizbb, IN6ORKRIIAA > THIENA S Bt B 4 0 R B & 55 B
EHMIN IO 5 R BEE R FREAY, EEEEEE (A5 — A SHRMEEET)
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WCBWTHRHICEETHD I EERLTNVS.
5.1.5 EH

BrEEERT (44) Ke2hoXy—-ryyazithb®, 1, 3, 5,
9, 13, 1 94 HOHMEK & EMG EEZREL, EBMED 16mm BREHR
ErEmllz, KD EGEMES SICTRBEEHO MLy ENXNT—Z2R T
L, TOEEE 1917 )OO E N DONDF/EIZHT, TNThDE
— 2 RN, EMG BB EME NLVY - NT—-DIRE, BRURS— &
DA EEE (19 HH OEFREITHT 2 ERE) LBEH ML ENXNT—D
E— 7L OMHBERERA ST O Z EB L NITRs Tz,

1) B RVD - NT—OEME 1 A 7 IVOENMNY —20F, AF—b»
SHMEE (19 4H) £T, HFEICEHR> T SNDEEIH - 248, &
BOZBANY — BT ILL ZREEOE— BEHNS ZENTE.

2) NV OFRERNE, BET 250 EMG H8)1&E L THD, FiHE
DO MV BEHOZEEN R E N

3) BHOMEEE—EMEY A 7N ABEIN-0IF, BEHloEI AfHEA1T >
TR ORB_EAHTH - /2.

4) EFEEOEIMIHLTEDOREOE—27 ML EE-INXT—HEK T
LM ZERIIZM Tz, |

5) FxtEBREEEBICEA LD, OREEHTIE, X1 > THEPFOR
MERHEEOE—2 MV EEEOE—INT —, BRUYZAA > FTHiE¥ DM
BHOE—7 MV IQBREETIE, A1 THErEOMHE SR rORMOL
= MV EAEDOE—INT—, QRMEE T, HMHeEOMfiFEOE—>
MV &, R ERFOENTNASIEOE-INT—-Tho/z. I
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5 ORERIL, MBI ERBIEICBE T 2 MAHIEICA ST — b F v >ah 5 R
EETDORA ZTEMEDQEITHIEL, Fv 7 EBEOZEITIIEITEBEE O
BRI L TWe Z &R L TV,

6) AF¥—b1IZENSPHEEETTORICEWEZRLUZ, KREEHO A1
> TR S BRI T TOMBEHOE—T MLy EE—-I)XT—,
BLUHEMBEAICH 2 REES OMBHHOE -2 ML CEMEI% O —
ONT—IE, EHBEEIC BT oM OEEEZRRTE6D0TH 5.
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5.2 SEEEEDHE B

5.2.1 HW

AN N R EMEIIFHERNICK > TREINZBDTHS. Liht->T,
BAERENCERETHHOZEIREL, BiTEOWHE L )L o EiHgEE T,
BBEREICR U L —Z 2 INRER DR BiTE > THEERS. Z
DEIRHH ML —Z U T EERTBITIE, 1) KEPICEHTIH, 2) i
MNISENT 2R OEEIAE S AL, 3) HiOEEEE, 4) BHoOHEER
EZHMBHLENRHD. ZO56, 1), 2) THLTRIINETHELHES
NTW5. LAL, 3) OFEBIRRE 4) ORFNHHERIZE L Tid Simonsen
et al. (1985) 2% 2 #OHBRFE OHIEE/NY — > 2l & OHEIRZ T DWW THE
ANCANRTWBICT ERWV. LrL, ZF— sk EETO MTC BE
{ERZFDISEEICE L TR INETHRE SN TV,

T I T, AMETIIEERMEDOH H L —Z 2 T L DEREZRET 572
B, 1) A — DO BREEREEEOHMELEICEL ETTO MTC OIHEERE
DELE, HEBHRZHALSNMCTEEEBIT, 2) THEEBEICH L TH
R HETIHAE O KL D G gk THEIZ/ER L0 2B b L7 O
ReZELABMNORHMLLD E L.

5.2.2 K%
5.2.2.1 JEHGIE

1) A EHHE X /)

a) A¥—h¥yaER  R¥EBTEEREF LA il 19-20 % FE

166-178cm, HE & 56.3-69.7kg, 100m~NZ btk 10 5-11 B 1) %28
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BEl, FEA% (Kistler #8 ; B 0.6m, 8 0.4m) Z3Mak L7 2 KB £
ETREE o, FIVF TR — N GRRERBDY TIF L)
D1, 3 5 9, 13, 10 HENENE LICEM O\ AE— REFFH A S
DOHRB) TEBEDIZ, AY—F 42770y IOMNMBEERFIZTS LANS
REEER 0K LEDE.

b) IR K TR T 5 4 (b 19-20 5%, B 166-173cm,
REE 56.3-69.7kg, 100mAN\NZ Fidék 10 5-11 8 4) 12, A¥—FEkKRE
BN 30mBl EOBIEE DS NEEETDR, EA% FICHEI ST S
THEE < DRI,

MR E R RRBETT 4 — A7 L— h B L EBbNEBE1T
EAHE S U, BHERHATT 4 — AT L — b BB, LhbEBEN
HRTH B & BDNESDEMIOMRITRAE.

KR & B HFIEORETR AL, BT 2 HERBLUNA ZE— K
EFTHATEORMS VF N EEHRTF VI NMT —5 LA~
(PCM5870 : T XL 7 BIgaE 7 0y 248D ik L7z,

2) WEK

EF R OAORBERG (FlorT &S CBEHE LTHVE), KBRE
B, KBRS, KEECEEN (RED, SMULE, MRS, BHES GMusD, b
SAMOMHERE, REBOREMEMERNTT L A—% KR (WEB5000 : A
ANEARD CLDEE L. TOW, T—F4 777 NERORS 20, &
LD R % B R RTALIE R P ) — (RANEARD) 2k THEML, B
DU RERETOr — T INPEEBEC L > THAZV LS 25— T itk o
TTEZETHKCEE L. &BORTEMOBMEIIL, FHRICE S AN
CHTHEMGREES EICELWAES M ERRBLE. 1B, RO
B ORER & RS FHBL DB L, FHICK > TRBE ORI 2%
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HXERETHREN RSN, KREIHOEth &R OARIIN U THREN
ReNEhozbDTHS. BEFHOHEBEBRIRAEM TIIRFELIII o
7=, AAETRIOHBERZHEEHOMGEIHEL THWS L.

3) ET A

KIRENZ BT B 2 RICEHEMT O/ OB E/R S 720, JTEHBOBE (#
BREOAMA) X 40m OHAIHRBELZ1IBONTAE—-RETTAAS
(MEMRECAM C2S : nac f:#)) ko> TEEEEZRE (200 74—V K/
) Liz. TOR, HEKEHERKHIOT—F EORMS 7 )L bE K I
L7z,

5.2.2.2 TR EHKDER

BEMED 1 Y1 7L, A%—K~ 1 H8I1E, 750F >0 - A5 — b&E
DEAR (HR) MAY—FT4 27 - 70y I hoBinzBE»5E CAHRR
B BT 2 ETOMEEL, 3 HBIE 1 HOL EHREM U 72 B2
SRICARNEML BT 2 ETOHME L. DUBOSEITBNTHIA
BRICERLE., AY— ISP EEELETOSSROBEEREZ, Z01Y1
IINVOVEEEETH 5. 2P, AUFETIIBEM L= 20T % £ TOHIM Z
AA TR, LR EET 2 TOHM B SR EE L.

5.2.2.3 F—FU#H |
FOYIWVEBLLENZHERIE 20Hz ON{/NAT 4 J)VF— (Simonsen,
1985) ZMLBBRALES, TMKERRTRITORISIZARONY —
D=2 —-/NNAFTTZINT 4 & —IZK->T 16Hz TH#E L7z (Winter,
1990).
R L7z 200fps OETATF— 70 oA BN LB 245 L, T4l
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BORTHONZRBT I EBRERALL. FK 24 20 x-yv EBEMEIZ 100fps T
FUFAXL, BEMIECKD REEFERRZRD, 4 RONY—T7—2
MO—=NATFZEFINT 4 )vF— (65 5 15Hz) IZL->THEH Lz (Winter,
1990).

WEHRNOT—FZ2ETTRHOT—F EEGRL, HH (O XD OEE
g, KEREEN, REEESEDLOO MLY% Winter (1990) OHETEH L. 2
BRI MV BB ER ) BERIINH (1956) OfEZAY, BiIEE— A
RMd Fenn (1930a) WKREWELTOXSICEH L.

EEE— A > b= HE & X(0.3X /) fif&)?

5.2.2.4 MTC EOHEH

BIHENSEILETOEITHS MTC KL, BUFOXXETRENZHIEZEH
WTHEH L7z, 728, BIHRICERE IS0 THERO HEND > 581,
Rz R WEERICKS b0, WELBEEEAEDOHBIAKRE NSO EEBLE
WEA L. bbb, KB Jacobs & Van Ingen Schenau (1992), J5
RS, KBRS, RBRTEAS, wilE#5IE Hawkins and Hull (1990), 4l
R Visser et al. (1990), BEMEAS, &5 Afid Greieve et al. (1978) @
HiEzR W, NS OHECL> TEHENAZMT CRIEBGHRIHT 5E
B (%) TRINDN, RF— Ty allBL TN EEEZENT 27429,
ZOMMEIC ) EiREZF TS EICKD MTC EALO#MHE (cm) %KD
o, 13, ZOHEHICHWESHRICE, KRERTEM, KEREH, SUAHI
RERE, BEMER, &5 AR, miREHIETIRE, KB EBES IR E#E Lk
KXORETETOESZHAW ., FREECDWTINMITENWES, Tab
B IRBE N A4 & RBRET M EEAY 180 B2, ERIEMEEN 90 EOZEBMIBITEIMT
CENO0%ERDEDIBHMETRL .
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£, AUETRRMERD MIC ROBENBELNS — > 25 miz
TBCEREMIE, UFICRT LS AT LD THELNE R, T/
bt, BENEF—% (MIC B, BXOMEHEE - MLy, HER 2o
T, EF 5 AORBE T E AL LI RO 5 OB E T)
LEA (B S RELOBIET) 12, ThENCELERME 100%
FUTHIEE L. 20, (LRI L Ai> TENEhOMEED
5 4O T PSRRI LR, 20T, B IEE 21 e
BH O S NEIUCE L= PEIRICR L, iz R 7.
APETI, BREIEES N, TORMICHNT MIC EASumL e Sa
BRREED), B L A R IE D, 13 A S A LA B AR
REERREBI S - I & L.

5.2.2.5 MTC OIREE &ATTEBRRR DY O B EE DR H
AF—hrFyaEBRTIE, MTC BRZ2KHTHN T2 &K 0 DUREEE
ZREL, TORREMEESERAREEZRDZ. £, NHEEZES
(o U AR R YEARTE B S R TERTE BN~ U1 0 B SR O IR E 2R, #
HERAOY OB OREEIOERE (LT TH0BIEE] £nwd) LLEL.
AL — FEOERE ERAMREE, BREREE, BROYOBEIEELSD
FHRERARZ EY Y > OMBEREZHWTREL, ABKENL LU LEOBDZ
AREIGHBEEFRMRD N D E L.

5.2.3 #R

5231 A¥—hr¥vya
FHBRE & OITHBMVEDITNEWERERE RS20, 19 5HOKEREL
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8.97~9.79m FICE L=, 19 HEHOEESE 100% & T 2HMEEET 1 5
Hid 35.2+£2.3% (5 A DHERE OVI9 LFEHERZ), 34 H13 54.844.4%, 5
$EIE 71.3+3.5%, 94E1388.7+£3.3%, 13#HEIL 95.4+34%TH > /-,

K 5.2.1 &K 5.22 IKMTCE, BRIOHER, BRI NL7 D2y —>
OB (EOHBEBIRIIFELCTH o) 2L, B 5.2.3 OEITHEEEME
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Figure 5.2.1

Typical example of the EMGs, the length of MTCs and the Jomt torques in one cycle
of sprint running during the 1st and 3rd steps.
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Figure 5.2.2
Typical example of the EMGs, the length of MTCs and the joint torques in one cycle

of sprint running during the 9th and 19th steps.
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Relationships of the running velocity after the crouching start with the maximal
stretching velocity, maximal shortening velocity and turnover velocity of each leg
muscle. Figures on the left side show the EMGs and the changes in the length of
MTCs during the 19th step. Each arrow indicates the approximate point of time
when the maximal stretching velocity ({) maximal shortening velocity (&) and the
turnover velocity (| ) were measured.
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Figure 5.2.4

Average changes in the angular velocity and torque of the hip, knee and ankle joints
during one cycle of sprint running. Solid lines indicate the average value and broken
lines indicate the standard deviation of five subjects. The phase is synchronized with
the movement of the leg drawn by the solid line in the stick picture, and the time zero
is the moment of the foot touchdown.
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Figure 5.2.5

Average changes in the MTC length and the EMG activity of eight leg muscles.
Solid line indicates the average value of the MTC length and broken lines indicate
the range of standard deviation of five subjects. The shaded area indicates the
amplitude of EMG activities. The time zero is the moment of the foot touchdown.
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Figure 6.1.1
Sprint running patterns of a female sprinter KT in 1992, 1994 and 1996.
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Step frequency (step/s)
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Sprint running velocity (m/s)

Figure 6.1.2
Relationships of sprint running velocity with the step frequency and the step length.
M : data of KT in 1992,1994 and 1996
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Relationships of sprint running velocity with the maximal thigh lift angle and angular

velocity.
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Figure 6.1.4

Relationships of sprint running velocity with the hip joint angles of the support leg at
the moment of foot contact (A), foot release (B) and the hip angular displacement
during the foot contact phase (B-A).
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Relatiohships of sprint running velocity with the knee joint angles of the support leg at
the moment of foot contact (A), mid-point (B: minimal angle), foot release (C) and the
knee angular displacement during the foot contact phase (A-B and C-B).
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Figure 6.1.6
Relationships of sprint running velocity with the ankle joint angles of the support leg

at the moment of foot contact (A), mid-point (B: minimal angle), foot release (C) and
the knee angular displacement during the foot contact phase (A-B and C-B).
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Maximal extension velocity (deg/s)
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Figure 6.1.7

Relationships of sprint running velocity with the maximal extension velocity of the hip,
knee and ankle joints of the support leg during the foot contact phase.
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Angular velocity (deg/s)
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Figure 6.1.8

Changes in the angular velocity of the hip, knee and ankle joints, and the support leg
during the foot contact phase. Figures on the left side are the data of KT who
improved her personal 100m record from 11.8 in 1992 to 11.48 in 1996, and the right
figure is the data of CL in the race when he made the 100m world record.

148



KX THWE KT EFO 1996 FOF —F ITHARFHEORE T 11 # 53
TELROBDTH A, TOHDHERBIZHBNWT 11 B 48 O UKD HAH
FLERERINILTWS. DFED, 1992 4En 5 1996 4ED 4 4ERIT 0.33 FE#H L
el &iZhkhsd. ZNEIHAD Y TS AORBFOMUIE L TIIEL < KEN,
ZOXRDBRIZHIOEERIZIE, KT BFEAANKERIZBWTHS O
EBEZINT 272E, BFENRBRRE S > TEBNITRESF 2R TES
BFTHY, FHIT23EN0 2TRENT I DEFTH o120, TNETO
EZERKBIEETZRENORBADE TR EREEZDITEIENTE
5.

ZOXDITHZFRRT I NOHoNEMAEZBRIBITEHT 2L, £94
BELETFAIVZDOMAEII DV THE LT NUTERNZWERDNS. &
HEOBBAATHEY, a7 OBRENSEFIZEOL TEIFSH ) ML —
ST OFERETTRL, BEZIRONEVIRFENRAZRL, HFES
ZEH5H I EOBEEEARFIIIRLTNS.

149



FBTE K

7.1 B

7.1.1 BFEEMS X ORFILARRE
B1ETHRNZLSIC, EEHIAMICE > TEANESHTHD, ZOE
EEEBHE LT ANZBOMNKE LS THS. 2L T, BLERBICBY
LSEREHDO BROEVEE THEATONS DA 100m 2.0 & U ERERE
ETH5.
EEBMEICBOWTXOEWNT A — Y A RGBT, EERTowERE
H OB ERERINDD, ZORIKDONT2EB BN THEXMOMEZIT-
7o. LML, Z2LO#BREZWHREL THREMMELEEREEDOMFREZHS M
LA RERS LT, GWEEREZEL O OABENREEBEIIIN
EFTHHITEINTOWRWI END o/, TOT &L, HEEMEIZET 2846
MEDOEMICPNWTRERRELRD S 5. HEMEOKINZ N —Z2 T
FIEZUFT BT, ETEHNREEMENHEICI N, BREFITHNED
RATIEBL, TNNEDOLD BREMEICEIML T2 00HINER S
. Tz, TOHEHOKRIZOVWTHHOENIINDIDLENH LA, TN
SIZELTHTAMREINTVEEIZVAR W I EN DN 7.

ZTIT, AR TIIEERMEDORBICIHGTEER2RIETSIIE2HT
WCHREZREL, UTOXI AR ZE.

7.1.2 EIEMEBMEICET S0 (B3 &)
1) 25RE0 5 R —i#EF X TORERN
25 12 mOTES 133 £, KWEFRETH#E 18 £, AR LR —if

150



BPEHBERT S AT MRITREEE TRETOBEZNNTL, HK, HEO
REEFVIRTROAAL 2V TEESINEITHED IOV THRE L. 5RE
BRI S AR & & B ICEBRIICE ESHAICH > 72, HEIIE DHERIC
BOWTHEF—EDEZR-. LAL, WOESHREBZEIZ DV THESR
BT OMHETHET 520 T, AEMRBREOIHZEIIDVWTRITT S
ZERTERVWIEND, THOESOBEZROBWEKEELL, TK
BT U KERBENBETETNSD GRIEZFHET L), 0HER
THDBDH GHGEZHETSHE) TDOVWTRELE.

TR, BEEEOREIL HENRREE (THREOEMIZXSHEDE
o CHERERIFEE (FEOEINIK T 558 Ok & ARO-TNLL Lo
DHMFIZL > THRNDZ ENDD o7z, T, FVIRTROAA D TEHER
BUIBHH LIFAELHEDTAEL, MG IFE -EOMEERLT
B0, BB WHERE TRADOREBENY —RHFIZDNTWE I EN
R ENTz.

2) 100m HREERTEIC BT 2 EEBE & HE & OBSR%

R, 7O7BIOCEBAD—FRENS RFEOEHBET (BF 49 £, K
T 22 4) ETEHNRICHEREEBEZ ML, BEERE S OHBENEFRZD &
CEEREOBVWRFORENMEORBEHONILE. DED, A1 27H)
BETHZHHHITHEELSEDTAEIIEEEREEBMREIZRE—EDOMER
LTHBD, —BOITHLNTNEHD ETHECODVWTHEIRETHDH I &
BERFELZ. Fy8ECDW T, BEREDOSVEFITEHEE & 2R
DERHREEEMED S 720, REHORAHREEITI —EOMEZRLIZI L
EHSMC L, TLT, KEREDRWRTIIRE & ERIE 2R L7z
ZEIZkD, BREHOMBEEENEESEDAA >V HEEIZHRINTEHA L TH
el &AL,

151



3) EHEHEICBITLEEDAT Y TOEK
EHSORITHIRZ S LICA Ty TEIfE (Bt BB OMBERE) D&
BRIZDWTHRET L7z, BREENE, BOEME DR VEFIT ST O Eith A
B B OMBEAEMS DR, FTREEHNEERICRER/NNT—
ERET D0 OME— G 1 7V EFHLEHEEITo ThwanI &R
EZHOMNILE. ZOXDARMRE® LT, EEEREZRET 5 RENIT8
B O MARIC L D HWEIMETH 50, TOMBEEEZREREEZRET DH
DA 2 T HEEIHRAOCHHT2IIBEH 2HELRZVERRNT &,
ZUT, RHESERBEGZHMET S EHHBELOLTHZRELTEIERE
EHOMNZILE. ZOZENS, TREHEERZEZON<MED ] ZODOEHE DL
DOEMIONTHETRETH S L &EH L.

7.1.3 HEERBEEOMERNICBET ST (B4 )

G ERREE OB BT B SEE L OKTEERL & 5ERE & ORRE
LMIZTBHIEEAMIC, YRS FY D EvIREEF 1 HZ27UKRES
THEREET 26 HIXOWT, EmEE TRETOMERNZWEL, KES)
E2@S L OETAEE L. £, ThI29FUEY IREET 1 4 &
ZPEEEERT 1 AL T, RAY— MYy akod 1, 3,5, 9, 13, 19 4:H
IZDWTRIBk DRIE & Eh L 7=,

B B E THREF ORI O D E & HERELOKFER (HRIIHT
B HIRHE) 13, BEREOEVWICEFRRIZIF-EOMEERLE. ZLT, XK
SRR 7 18 DR ) &N O € — 7 EISEEEEE O R W RFIE s e 2
AU, TOEARMIZE L3 EmzERUZ. ZORR, MK Z k-
U TRD 7 & ME DK & 303, Ferd B E I B fR7s < 1ZIE—E DfE (0.20
—0.35m/s) ZRL7Z. INLOFKRIET, BRELOETESZEBTS I L

152



X THEZES L, TR >TROEVEEEREREZGLD ENWDHE
BRETORAMIDOVWTHEITRETHEIILZRRTLIHDTHS.
EREEERENRKESRIZSE - WEHEETFORAY — Y v 2 2 ERTIE,
e EREZRETIERZHASNCTEIENTER. Thbb, B-X
FEHEGRFIOEIC, A - MEEREOEME EBITHEDORE S AEML,
MEDRESER/AT S, TLT, BmGEEERETIIREIMED K E S NE
L, BEREREICBTSHEFOWEEIMMEDOMHITIZIRLCTH -/,
WETF O REREEELU FOR —ERECDWTHEKT 2L, BFRTFOHN
EWIMEZFE#L Tz,

DED, INSOFRZED LI, EmEEREIIERHE OB, &S0iE
ETRGNBHL THam GEFITH L THMRID) (T8 LTI RER
RN ZHETELNTL > TRESND LD ZEZERM L.

7.1.4 FEEBEGEOMHTEENCET 9L (55 )
1) A=y allBIsFRBEEOE—7 M7 EE—INNT—, B&X
OB/ Y — > DZAL
BPEFEGRET 4 B2 HREC, £HOAY— My adO FREES MY
7 e NT—2REL, EBEL VA7 NVIIBIEREIEOE—T MNLY, E
—INT— A5 — MNEOEEREE DEFRZHRHNT. TOMHE, KREH SR
BB T B I A Y — M S HREE TO A1 > FEEDO BTG L,
F v 7 EEOERITIIEICREEH OMFHFHNMINL Tl &, TELTAY —
NS HEREETEIREVWE -7 MV ENXNT—ZRL 2B D A
4)?%%¥#6§%ﬁ%¥@%%%&,E%%@%%ﬁé%tbté%ﬁ@
DHEENZEMTEIENTEE.
2) JEHEEE O HIE B

153



BREREGRET 5 AERREIL, A5 — N v Lo ERRIEE RO TR
MLy EHERZREL, ZORON - BREAKOEIBE S S ITHTEBN
REWEL. TORBE, EBE 1Y 2 )VBOCEHIEHEE, MEEHE
B, IR EHMETEBETo TV A RESEHR, BLOTHSHEBIESR
FEIZH L TEDEI MO TN DN ERET S ENTER. £, A —
NSy S a1z BT B AR ORI RS B 5 - BEA O SRR O 2L % U]
ST LTz, TOBIFEIE ST, AF— v ah b ikt ETOMKE
R & OBEBRR, BLOHIREEOBIMNP S MITRD, HHiHeL
A OEBSEBECBEFTHERC OV THRATERE. s ORI L
ST, EEBED N —Z 2 T RIGT BRI DHREREET S Z ENT
X EELOND.

7.1.5 EMEAEEICRET 2 REREITE (5 6 ®)

LTEEERET 1| ANEE AR LRSS EERNOBLER N -2 70
TRZEEEL, BRI 100m O ARG ZERT S ENTE. AR,
Z0D 4 FEBOBEEBMEOLLERLELEDBOTHS. £9, FESMTOTE
72 IEHEEE IR T AHISERE (O 3 ETELEDLNTVNET—FAHL) 2%
W, BEREOSWEFOMEORBZHELL TR L.

BACEZ 2BV ERNAREERT > M, ERIC b Z2E< LT, 5I&EH
J2EHEELSTEDIZOD ETHE2IEDET L, BRWEETRF Y I
EORBE & EEHOMEMELMN B TIORCEITERTSTHoZ.
HNARZTEINL A NY T 2R E LR ML —2 2 7 L REBEHET & 2 BYER O i fh
ERTEZEEAMICVWDYERY VAR -2 TR ERFEHBL .

ZTOREENMEL, TNEEBITEREBEITARE LR EEEDOR W
BEOBBIOED HMICBL L. ZHRBSENRT—5 2 N —Z 0 T8

154



BIGRT A E TR T AL ARED B ENTELERHITH D, B
(IR e RSB S T D AR D B B Z E 2R LIZ B D TH 5.

7.1.6 £

APETIE, BHEEEEDON T4 - A 2ED5DITHER, 1) G
REEBEETORT, 2) BKEMEOREIHIE L ZiEEkETcDER
WFE, 3) REINHMBEIR N EN T+ ALOBRREZHLENIZT S
TEMTER. ZTLT, 4) TNHORRESEARMLS NL—Z2T L, KR
NEWRDERFZRTIENTER., TOERENT, ML—ZFI2&oT
REMENKEINSAEEEZRTHOTHS. DFD, APWRIIAR—VIC
BT 2R FMEIC L > THONLZHADR, AR—VOEERITHHTES LW
5, AR —VICHETHREMIEOEHIEEFIEL 2D TH 5.

155



7.2 EEEMBIOANL—Z 2 T NORE

7.2.1 AA > UBE

24T TBE (b LTBIE, BIEDIEIME BOHUIE, BLURO R
LBE) 13, BB & B REMRSRD Shas sk, 7z, LiAA
SUBEDD B, b ETBELEDRELBEEO TN ETRTOER, <
DEBHOWEEICL > THFEIINB bOTREL, MOHBITL > THIE
ENENT—-ORAL L TRNEBETSHS. DX, A1 > VBEZER
WRINBZREBETHO, FARRBENEZL TWS LB TEZEBICOHA
BIETSENWS HHTEABRETHS. DF0, ‘boblT E—RICH
NEBETLDE, RSB EMTEI LRI T BNETHS. BRHNICH
fEEBIFHES LT, BEEBHEBHAT LI RHEEMNEHE, TOB
ET0IE, DLAHETHEEBNAS.

—, AA S TBMECET AN L —2 2 /TR, b ETEBEEED R
LBIEICBI LTI, Th2NoXBIHTH 2 REGRGR (SHMEHITE) &
IEAEHRARE (SSC OWIEE) IKk-> THERIENZDT, N5 OMHBED
bl FIEEAICERT NETH B, b b LT BT 5 BB 1
BOFIEENG, A1 >/ HMOMETH o= END, B E LB A =
BN BBERRATRETHSS. 72, B0 R LUBIEICHET 5 R
BREOBHIEBIL, A1 > 70 S Bl h s A E TRRITHY, &
DRELUBMEE v 7 BHEILERE L = b D EZE X BRETHS. LizhioT, &
DRLBEQEN M L—=2 71, BhOFy Z7BHEICBLTAND & &T
3.

7.2.2 FvIEME

156



BB O®RY, Fv VMO 2R LW, BB O g R E 2z 1
PIRDAA > THEEICHERELSLHMTES. TLT, WEEDZ 1 > JEEMN
BN ENEVWEEEENED I EERS. ZOXIRFy IV EERNET S
i, EfTHICEOEBMEZE#M TSI EABETH LN, TNLZTTIIHNREEZ
"BBHIERABEGTRRWEEDNS. BHEDSDZWD ANSREDTRONL
BTHAIN, AFENSRBEBNRHECETERREZEZ 5 ZEIETER
W, L2L, fAhML—Z T 2HMB N —Z2 2 T ERUDTTERT S Z
LT, FvIMEZUETIRENDH D LV T LT, RHEDOER
BN SHERHTE 5.

B BEET O HRBIEIIEHATORO R UEEN SBB I N 5D, TOXEEHT
HEINLA MY T AE SSC OFIEEI 217> TWa. FERIHEL TE, #lx
BNLARNITAD ML —Z27BNWT, KB 2SR AL R B 70
5, TNEMBEETICRME LT ZEH - HET 5K BREEEZRD AN
IEEAZAVWSRE L, AHNRF Y VEEEZETREDHEZHNDS
NETHA.

BBEEIEEICF Y 7 HEREIEAS2DIEH. T0K, EEEGHZ2MET
5E, REFHOMBEIELHEST, FBELOLTEHZRESTEHIEER
5. £z, BOWEEREIZBVWTIE, EFICH U THMEITEVEE TENWT
WBHIENZ, MR KERF Y 7 HEBARTNEIRSRN. ZT0RDITY,
RREHIORMENZ DR TEIEMVETHS. TOML—Z2TELT,
EREFORMEIEE D2 Lz (ARICKEEES OREHEIES D2 LT) Ry
DAY > TBEDTIAFT AN I ANEHTHAD.

BEIEUT, H ML= F & kL —2 2 7 SR 2
Z&E, EHEBEDONT = ADALEITESTARIRTH 5.

157



AT Ko T, HERE EWEEE O RBERNHS Mk k. &
IT, HxOEFIIOVWTIDOFEHMEELKTEZLIk>T, EHEEOT
NWHASMITRD, TORFOBETNELCETSIMTINES, HH 0T
ZTOEETRVWRAREZEFMICHER T DI ENTEDLL DT>, £,
1 I TS B NEEANDILAFIZRT ZENTE.

SR, TOLOIRFIED SICEFHREERD, TOREORELAEE X
SICHEA LB ZEDBELERS. THICE- T, K0 ABENREREDE

BHEMERTED LBDNS.

158



5

X DIERRICH 720, FITE R BUERIZIZHIE OB & Z 0@ eficbiz
LRI EZEBOELE. LDEXDEHOBEZRLXT.

ESMEBIRICIIEEICODEORMEL TR & EHITRARY) T E2HE
HOEKEZBOELRE. JJITEHWELET.

Fiz, BEBHENENRBRESANSESADZEORYSEZHA TV ZEN
FeRBE, ROWFENRE EHREORERBIZENTIEOTELZHBOTDH
LM ED MM L SHEHIL T ZE o728 R — LA, ZZIT#EA
TREHVWELET. TLT, ABKTH 2 KIREFRZOETAFRIRICIZ,
AAEICIEV S SR O E L. LDXODBEHW/ZLET.

BRIC, KRXDERDS & E725 ZTNTNOH L OIFEZES OEKEO
BB CEELBL EFETEEHIT, HRICBI DHRE OEHROHES
KBTI T—FDEER O TR I B FOERICHBHM N LET.

159



2% Xk

Ae, M., Miyashita, K., Shibukawa, K., Yokoi, T. and Hashihara, Y. (1985)
Body segment contributions during the support phase while running at
different velocities. In: Winter, D. A., Norman, R. W., Wells, R. P., Hayves,
K. C., and Patla, A. E. (Eds) Biomechanics IX-B. Human kinetics
Publishers: Champaign, IL.,343-349.

FITLE B - B & - BHEE - KRB - #IM= (1986) A/ XD —n
S5AFREILB TS FTRHGHOBRSIUEBE. S RFRERERLE
9 :229-239.

BLOEE (1991) HE&T— I X2 E/EMMTE. Jpn. J. Sports Sci. 10 : 196-
203.

BIVLIE B - e MR - SR - T - FRRE (1994) HR—mA T
J2&—0 100m L —ANY =2 Dot —HB 2P0l —. EAXRFEFE, /I
FOE, PLEREE, TR LEEE O, X—AR—-)L - HT 4t
Wi, pp.14-28.

Alexander, R. McN. (1977) Terrestrial locomotion. In: Alexander, R. McN.
and Goldspink, G. (Eds) Mechanics and Energetics of Animal Locomotion.
Chapman and Hall; London, pp. 168-203.

Amano, Y., Hoshikawa, T., Tovoshima, S. and Matsui, H. (1987)
Longitudinal study of running in children over an 8-vear period.
Biomechanics X-B. Human Kinetics Publishers; Champaign IL.,819-824.
Astrand, P. 0. and Rodahl, K. (1986) Textbook of work physiologyv:
Phyvsiological bases of exercise (3rd ed.). McGraw-Hill Book Company:

New York, pp. 392-411.

RS - B ETE - B = (2000) SEEREE OSBRI, KFFEWIFE 45 ¢

160



186-200.

Bates, B. T., Osternig, L. R., Sawhill, J. A. and Hamill, J. (1983)
Identification of critical variables describing ground reaction forces
during running. In : Matsui, H. and Kobayashi, K. (Eds.) Biomechanics
VI-B, Human Kinetics Publishers; Champaign, IL., 635-640.

Bosco, C., Ito, A., Komi, P. V., Luhtanen, P., Rahkila, P., Rusco, H. and
Viitasalo, J. (1982) Neuromusclar function and mechanical efficiency of
human leg extensor muscles during jumping exercise. Acta Physiol.
Scand. 114: 543-550.

Brandell, B. R. (1973) An analysis of muscle coordination in walking and
running gaits. In; Medicine and Sports, Vol. 8, Biomechanics I, Basel;
Karger, pp. 278-287.

Cavagna, G. A., Saibene, F. P. and Margaria, R. (1965) Effect of negative
work on the amount of positive work performed by an isolated muscle. J.
Appl. Physiol. 20; 157-158.

Cavagna, G. A., Komarek, L. and Mazzoleni, S. (1971) The mechanics of
sprint running. J. Physiol. 217: 709-721.

Cavagna, G.A. and Kaneko, M. (1977) Mechanical work and efficiency in
level walking and running. J. Physiol. 268: 467-481.

Dillman, C.J. (1975) Kinematic analysis of running. In; Willmore, J. H. and
Keogh, J. E. (Eds) Exercise and Sports Sciences Reviews. Vol.3. Academic
Press: New York. pp. 193-218.

Elliot, B. C. and Blanksby, B. (1979) The svnchronization of muscle

activity and body segment movements during a running cvcle. Med. Sci.
Sports Exercise 11: 322-327.

161



Fenn, W. O. (1930a) Work against gravity and work due to velocity
changes in running. Am. J. . Physiol. 93 : 433-462.

Fenn, W. O. (1930b) Frictional and kinetic factors in the work of sprint
running. Am. J. Physiol. 92; 583-611.

Fortney, V.L. (1983) The kinematics and kinetics of running pattern of
two—, four—-, and six—vear old children. Res. Quart. Exerc. Sports 54 (2):
126-135.

MARY - &F0E (1981) AMEFHOH - EE - NT—ICBTBEHE. FAF
29T 25 1 273-279.

FRT 2z, BHIWEE, NBEBA (1992) Hi2EEO EMD. Jb)ER, BA
INAFT AN AR 11 RS wmE. AHER 1, pp.171-176.

BRIER (1997) el ESiEERD 52 2—X. Jpn. J. Sports Sci. 16 : 3-
7.

Furusawa, K., Hill, A.V. and Parkinson, J.L.. (1927) The dynamics of
“Sprint running” . Proc.Rov. Soc. B, 102: 29-42.

TV, Al ITNEERER (1978) ASEDOLEE - HAXD 5RET—. KK
HEH © HaL, pp. 147-153.

BRESESL - AN NRET - ARIEREE - B BE (1983) #HENIC KB EDNMT—4
g - 2B OBEHLELT—. N F AN A%, GHREESORZEN
AR—=YDNAFT A= A, FWEK : HE, pp.15-33.

Gollhofer, A., Schmidtbleicher, D. and Dietz, V. (1984) Regulation of
muscle stiffness in human locomotion. Int. J. Sports Med. 5:19-22.

162



Grieve, D. W., Pheasant, S. and Cavanagh, P. R. (1978) Prediction of
gastrocnemius length from knee and ankle joint posture. In: Asmussen, E.
and Jorgensen, K. (Eds) Biomechanics VI-A. University Park Press:
Baltimote, 405-412.

Gundlach, H. (1963) Laufgeschwindigkeit und Schrittgestaltung im 100-
m-lauf. Theorie und Praxis der Korper kultur, H3: 254-262, H4: 346-359,
H5: 418-425.

Henry, F.M. and Trafton, I.R. (1951) The velocity curve of sprint running.
Res. Quart. 22; 409-422.

Hawkins, D. and Hull, M. L. (1990) A method for determining lower
extremity muscle-tendon lengths during flexion/extension movements. J.
Biomechanics 23; 487-494.

Heglund, N. C. and Cavagna, G. A. (1987) Mechanical work, oxvgen
consumption, and efficiency in isolated frog and rat muscle. Am. J.

Phyvsiol. 253 (Cell Physiol. 22): C22-C29.

Hill, A. V. (1927) The air-resistance to a runner. Proc. Rov. Soc. B 102:
300-385.

WERER, ZILF KBS, AHE/\ (1963) HERET DK — HIE#EDF %
AOT——. KEEPE 7 @ 59-70.

MEER (1965) ke Rtk RECAU By 7 AR—VRENTEERE. LU
BBk =1k : 3R, pp. 37-110.

#h FEER (1983) HEMBEIZ L 2EENO = KITHMENTIE. Jpn. J. Sports Sci. 2:
163—-170.

FEE B (1982) FHEFD%HZE. Jpn. J. Sports Sci. 1: 285-290.

163



Ito, A., Komi, P. V., Sjodin, B., Bosco, C. and Karlsson, J. (1983)
Mechanical efficiency of positive work in running at different speeds.
Med. Sci. Sports Exercise. 15: 299-308.

Ito, A., Fuchimoto, T. and Kaneko, M. (1985) Quantitative analysis of
EMG during various speeds of running. In : Winter, D. A., Norman, R.
W., Wells, R. P., Hayes, K. C., and Patla, A. E. (Eds) Biomechanics IX-B.
Human kinetics Publishers: Champaign, IL., 301-306.

BRE = (1990) Bk L ONEICBT 2 FED OLKERE. Jon. J. Sports Sci.
9:137-142.

Ito, A., Saito, M., Fuchimoto, T. and Kaneko, M. (1991) Progressive
changes of joint power in sprint starts. In: Marshall, R. N., Wood, G. A.,

Elliott, B. C., Ackland, T. R., and McNair,P. J. (Eds) Biomechanics XIII .

The University of Western Australia: WA., 78-79.

P (19922) ML EBRHEEHID - INVTAENLIVD T 5 — DR —.
RE DR 42 1 457-462.

frEE = FEEBA - B - EEE— (1992b) LA X, NLILERE K
v FEEDF v« 74—, Jpn. J. Sports Sci. 11 : 604-608.

ik = - FEEA - E)NIFH] - sk — - ZRE LR - MRE—2 (1994)
R—|{ATY & — DM, FEaxRFE, NEE, FILEREE, R
—kE LB E O, N—AR—IL - AT A HE, pp.31-49.

PHE = FREBA - WA (1997) A — K v aicBiFs FREEGO
E—2Z MV 27 EE—INT—, BXUBKE/NY — > DL, KEFEWIE 42 :
71-83.

i 3= - WG - FEEA - ENIFE - CHEEERR - ANHREE (1998) 100

164



mHREEGEREIC BT 25 ESEEEE & OBER. REEIE 43: 260-273.

g = - A)lBR (2000) FEBEEICBITIZAFT Yy TOBEKR. N1 4 AHZ
7 AT 4: 1569-163.

B (1998) 100m EOHAERER FOBEBR - L — Zik L %L
Bt s —. AR 9 I RIRIRE AL

Lacobs, R. and Van vIngen Schenau, G. J. (1992) Inter-muscular
coordination in a sprint push-off. J. of Biomechanics 25 : 953-965.

James, S. L. and Brubaker, C. E. (1973) Biomechanical and
neuromuscular aspects of running. In: Willmore, J. H. (Ed) Exercise and
Sports Sciences Reviews. Vol. 1. Academic Press: New York. pp. 189-216.

STNE - M (1975) 100m KEDA L — MBMERICETF R4
O —MoH. BABREBEHAESAR—VRSEIIZERS 5 12-20.

Kaneko, M., Ito, A., Fuchimoto, T. and Tovooka, J. (1983) Effects of
running speed on the mechanical power and efficiency of sprint and

distance runners. J. Physiol. Soc. Japan 45; 711-713.

STNE  TARBES - &R (1990) MIEOD/IST 3 — > A5 BT- 1 -
IR D FE. AFERS 18 18-24.

eTHEM (1997) ELEBSZOHODT 2—X. HELFR 63 460-465.

ngESE— - JIIAFIA - BAMBERE (1985) w40 EIEERNORZICET S
MEWTHIZE. AEH DR 35 : 858-862.

ISk — - Ehylk - BT OE - FLER - PARE - B (1987) —#
S OEERN OFZEICET B, RZBEEVITE 9: 59-70.

165



DIEESR— - ELPLER - VDB E - BEEE - PAE (1990) REBEOERE 7 +
— L DWEWIIFIE. BEANA T AT Z%EH, N1 A A7 AW5E. A
T4 HIVT VA W, pp. 24-29.

DRgEsHk — - WA - EALELE - BVLERE (1992) BrEaREDKEERTBL
DB REREZE/INT —OFRE. KEF$WE 37: 291-304.

IREGERR - B FTRIERE (1990) EBRZFE. KEREZM | B, pp. 66-67.

B - MOEN N E B8 -8 mAREE - S — - KRR (1995)
A7) 2 hECBTZIENOME X & TEEMEDOBR. HAKFEFRRE 46
FIRE5 : p. b03.

Lombard, P. W. and Abbott, F. M. (1907) The mechanical effects
produced by the contraction of individual muscles of the thigh of the frog.

Am. J. Physiol. 20: 1-60.

Mach, G. (1985) Sprints. In: Pavne, H. (Ed.) Athletes in action. Pelham
books: London, pp. 30-34.

Mann, R. V. (1981) A kinetic analysis of sprinting. Med. Sci. Sports Exerc.
13: 325-328.

Mann, R. V. and Herman, J.(1985) Kinematic analvsis of Olympic sprint
performance: Men's 200 meters. Int. J. Sport Biomechanics 1: 151-162.

Mann, R. A., Moran, G. T. and Dougherty, S. E. (1986) Comparative
electromyography of the lower extremity in jogging, running, and

sprinting. Am. J. Sports Med. 14;: 501-510.

Margaria, R., Cherritelli, P., Aghemo, P. and Sassi, G. (1963) Energy cost
of running. J. Appl. Phyvsiol. 18; 367-370.

166



WIEFHHR (1956) HELBOELEICET WA, KEFE 2 65-76.

Matsui, H., Mivashita M. and Miura, M. (1970) Transducer for
measurement of pressure distribution in the foot. Research Bulletin (Dept.
of General Education, Nagova Univ.) 14: 69-75.

ME®EX - AT R (1981) EHEBOITRIVFH NS Ri-E - KR
FORAE. FHRFHEFEETFRE 16 1 47-57.

RS - kTR - RARE - S (1985) REHEDEORERE,
M) ZJARG 71 & DBIRIZ DT, SR PRI A FRLE 19: 21-30.

PATEBE— - B0l - A f - T8 BB - REAKEE (1974) FEORHE XKD
XK. KEEMIE 19 147-156.
Maximal anaerobic power: Relatlonship to anthropometric characteristics

during growth. Int. J. Sports Med. 13; 21-26.

Mero, A., Luhtanen, P. and Komi, P. (1983) A biomechanical study of the
sprint start. Scand. J. Sports Sci. 5; 20-28.

Mero, A. and Komi, P. V. (1987) Electromvographic activity in sprinting
at speeds ranging from sub—-maximal to supra-maximal. Med. Sci.

Sports Exerc. 19: 266-274.

Mero, A. and Komi, P. V. (1990) Reaction time and electromyographic

activity during a sprint start. Eur. J. Appl. Physiol. 61:73-80.

ALY (1975) HE OB EEFEICHIT S Motor Pattern OFiE— 1
—%$12® Runnning Pattern OREEE. BRI HEERELE 10 : 14-25.

LU (1978) ESEMEDRE. KEORE 28:306-313.

167



B - BEHFES - FTLE R - EESE— - PR - ABED (1987) Bk
BLOBIXUOHOELDYEN S A OEBEDORE. HERFRER %S
¥ 10: 299-310.

EALPLE - DR — - ABFRED - FRREAZE (1990) HBEHOTEH DEERES
DFEICBET B9 (1) —REBEORERN ORMBAIRE—. LR 2EEAR
BEBRAR—VIE - BHERERSE AFR—VF L > NOFEEHIEICET 5
Ze—5 29— . 128-137.

EOILGLSE - DR — - ABFREL - mHE = - R TR (1991) EEHIOFLE®
DEHRERT OFEEICETIMAE (2) HKERNOBN/REDORY-. FR 3
FEARMEBRIAR-VIE - BLRFERE AR—YF L2 O HIRC
B9 2 WT5E-58 3 #k—: 137-145.

BEF B -FILDER - #HEE - BEFEE - KRB (1986) AT
Y2y —DEHETF—LDOHHr. Jpn.J. Sports Sci. 5 : 892-898.

Munro, C. F., Miller, D. I. and Fuglevand, A. J. (1987) Ground reaction

forces in running : A reexamination. J. Biomechanics 20 ; 147-155.

MHH#EE - IR - Btk - B FRIE - IhHFHR (1972) B LEORT &Ik
MEEICARSNDETTORDEEDREDEVIIDNT. KEHEFHI 16 :
273-279.

RESME— - HEFFIE - SHE= (1970) NFEHEICBIT 2 EHBEEORE. B
RFBEFLFIERE, BEFERS 12: 85-100.

Nummela, A., Heikki, R. and Mero, A. (1994) EMG activities and ground
reaction forces during fatigued and nonfatigued sprinting. Med. Sci.

Sports Exerc. 26: 605-609.

Pavne, A. H. (1983) Foot to ground contact forces of elite runners. In:

168



Matsui, H. and Kobayashi, K. (Eds.) Biomechanics VII-B. Human Kinetic
Publishers:; Champaign, IL., 746-753.

Robertson, D. G. (1987) Function of the leg muscles during the stance
phase of running. In : Jonsson, B. (Ed) Biomechanics X-B. Human
kinetics Publishers: Champaign, IL., 1021-1027.

EINFORN - FREE - GUEE  JEER - Dngksk— - IR - gk &= (1997) 7
PYBTFRYTATI Y —ORMBEET +— L. EAXAKRBFZENR, 7T
— ke LmiBcE OB, MHEA B AR LBiEGER - ®A, pp. 33-48.

HEREEN - BALYLE - BEEIL - =E I - BIE— (1981) 2-11 mEOE
EENC BT 3MoERS. AFOR%¥ 31: 357-361.

FREBA - (B 2 (1995) 2mEh s tR—REhsRT £ TOFRMKERE
DO, BFFEPZE 40 : 104-111.

FREEAN « Ohgk & - FJIFHL - O 88K - DNk — - IR (1997) 7
TV by TRATNEF DAY — T v a OBESHT. PEAKRFEZNR,
YT — ke LgiEcE OB, WEIEAN B AR EiBoER © R/, pp. 11-31.

FEREfE— (1973) /WNFERITH Y 2 EHEREREOES ORI, KEEPE 18:
41-80.

PENTERNES - RIHES - A0k (1998) 2 =N\— RV THEEICHEICDL IF
@%ﬁﬁﬁj—%ﬁﬁ%«@%i-.ﬁﬂ@iﬁ&ﬁ:ﬁ%ﬂm.

Sargent, R.M. (1926) The relation between oxvgen requirement and speed
in running. Proc. Roy. Soc. B, 100: 10-22.

Simonsen, E. B., Thomsen, L. and Klausen, K. (1985) Activity of mono—

and biarticular leg muscles during sprint running. Eur. J. Appl. Physiol.
54: 524-532.

169



BAEE - MOES (1994) EEEEE OIS HE & SEHEICB T B BEH O
BEETHEGATONT. B ESEDE 4 2-8.

WEEN KRBT FMFESEER (1989) AAANOEEEM 54 K. Ak H
kg : B3, pp. 305-306.

TR B (1966) EEBREICBITSF v 7OV T—ERBIT 2 HOMEE
Ao —. KREDORS 16 : 575-581.

B BB - BREsEnh (1975) $IR - IBEHICH T B EEE) Pattern DINERRY
8. KIRBEREHLE 24: 253-262.

Visser, J. J., Hoogkamer, J. E, Bobbert, M. F. and Huijing, P. A. (1990)
Length and moment arm of human leg muscles as a function of knee and

hip—joint angles. Eur. J. Appl. Physiol. 61: 453-460.

Vonstein, W. (1996) Some reflections on maximum speed sprinting
technique. New Studies in Athletics 11, 2-3; 161-165.

Winter, D. A. (1979) Biomechanics of human movement. John Wilev &

Sons, Inc.: Toronto, pp.65-83.

Winter, D. A. (1990) Biomechanics and motor control of human

movement. Wilev & Sons, Inc.: New York, pp.36-43.

AR - RBDUER - A - NREE (1987) SR OKERN OFEE Bk
HERE) DFE. —HRFHEFE A E 38: 77-85.

IAAKRBIR (1988) BEBIEDRE. FiE 34: 33-41.

IAARBIR (1994) EEBORESBHEOLEIER L T-. KFORF 44
631-636. '

170



