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B<, PU—Z VT FBROBEM, HF, AEOLDOORBERDELIEE2EHLT
w5,

REBMEOML —ZJFEO1DELTELEIRPTORAEOHEA M ZES TE
Vb= RLELERD AN SN TWS., JU—2EX7 0 (1999 FZh
Z, BRAEA-MIVOEBOEDREREZRVETA I —NIIHEL L —Z22 Y
L, BREPCEDERPTOREZEEELHEMEIN I L -2 TIZKFIL TV S.
T, AEERBBICBIA Lo V0—RELTZOXA MY —EDL— XK
HBETEHERFBLZL. HBHEETKE, ENFL—Z2 TR0 A M) —EDHRE
LTHRHBEAS, Bih, BHhomie, EROo%E, BEOTFHRETSNTY
%5 (UF47—F, 1993 ; Tulloh, 1998 ; U —>2&ENTF 4, 1999). DI EHAD
i, EHEOHE, BEOTFHIIOWTIE, NAFAIZT AWK SR
REThdLEEZEALGNS.

BERBICBIT2EHETE, BHRELZERAELRI TR IV OEHEZTEHO
Ba LRI hdashkzn. EEATORETHE, KVEWAEMD S HHITHE#
520, EMEBRICLMIEL RITNIEAR S5 (Mizrahi et al., 2000). #REIET
TEHEZELZI VDR, EERXHNIRBRENY - EEXDRLENELDEEXD
1%. Tulloh (1998) W&, HEAMICBF A ML —Z > 7OHREBHMBORIITHLT

EHECHEHZNEIESLRRL->THEND ERRTVWS. LML, HBHAT
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B L MEERIC LD ERAZHMLAZDDOTHS. LHL, FLy RINEMHA
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—%, BHEMEN L —=or2rnxh > Y —ETR, SEOHLEDELD
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2. XHR#FZE

21 HEFMICBT SETICET PR
2.1.1 AEHEZEBIE

CNETHEMAMOETEZLEBLZME TR, TREAEENEBICEANSE TSNT
El. Py RINETRE, #ENEG (FLR) A5E (DR KEMTsIcoh
T, BRERE (vo,), D#M¥ (HR), AEMEH®RE (RPB) MNHEMT 5 &K
FINTWS (Gregor and Costill, 1973 ; Borg and Noble, 1974 ; Pollock et al., 1984).
F 72, Pivarnik and Sharman (1990) i, kD HKAEHM K (0%~+10%) IZFE W VO,, HR,
RPE XEMRWICHEMT 5 2R,

Staab et al. (1992) ¥, 3 X — > ORBWI—Z (A: HIZFH, B: 6~12 524
BE+5%, 18~24 3 BE-5%, C: 6~12 PR E-5%, 18~24 HVHFE+5%) 2L v F
SIVTHEL, 307MOoBBEL—X2fibtk. PLy FIVHEER, #RENFT
RECERITHI LRIV EIEE. FOME, EOREFTPREBEPICHRT,
MLy RINEEMNRKS, VO,, HR, RPE RZENA<, NPABREBE (LA) NXZ
Mokl &, EORECHES FHlE (I—ZXBD 12~18%, I— X C D 24~304}) I
BWTHE, 3—ZX A (BICEH) WMLy RINVEENMES, LABBWVWI E 2R
L.

Kolkhorst et al. (1996) 1&, 10 5 D HE BB ICHE-5%, 0%, BLTP+5%D b vy K3
WEZESE, LA 2mmol/l BLY dmmol/l K22 EHEEZREILITREL, T
DEEDOABKNERZHLELZ. ZTOMKE, 2mmol/l B, 4mmol/l K & BT, RENED
SIEICHMT 2 IcONTEERETRED LA, vo,, HR, BIUOMFERZH#E (RER)
HEEMCERENRP>ZEREL TNVS.

2~3 43 @ supramaximal & A ; (115%V0,) &> T, EVRMENREVWELRK
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182 2 ENH|E SN TS (Olesen, 1992 ; Walker et al., 1994) . Sloniger et al. (1997a)
i, #E 0%B L TK*+10%D Ly R I)L LT supramaximal 7 A M 2T VWRKEERE
EEZWEL, TOERBHMAIEBESR (MRD 2R WT, THO BHAGOEHHE
BLUKRHENOEHREZEHLZ. TOKE, BABRRFAEZRET L0 RENEHE
XVDH 21%8BICKREL, BHOBHREILEDKRED 99FFCKREN > E, £V
RELTHEDRRBEARBOELEHL CWAHREOELOMICIIA B AHEN
& (1=0.63) NASNEZEE2H/ELTWVWS. FLT, LOKRECBIBIREAREK
BREFARER, BHLTLWEHROAZINEEL TWEEHR DT TS,

—7%, TORER, FRELZTHRIEANOEEHEZRDEZDIC, MEEGHES
KEDNEHNIXINF—2RRLAATNRERSRW. 207D, TORECTBNVWT,
BRGEOMEHERTH5MBPOI LT F U FF—EPIATDESAMT S
ENHEINTWS (Byrnes et al., 1985 ; Schwane et al., 1983). HEGOFEE &
%}ﬁ:XAKDmTﬁ,ﬁ»?ﬁb%%@hﬁtt%tﬁiF:>FU7®%%ﬁ
FREOoRINERE, BHARABRSLHHRBEOBASGEZEDONENERO 2055
A, FPOREFKBW TRV I BHEEBLAWY (Appelletal, 1992) T & %FE
BWIDENFHAROEIOINEETHHEEAENTWVS (Eston et al., 1995).

UEOWMENS, EOREIAEEOEMEL D PBRABREEM A EOA KRN
ARBLITEIHRBICEOAS>HEHESEMMT S &, FTORETIHRASLZ S
ERILPTVIENGNS. LML, ZTHEOHMAISR, EOHBOBEHNED
KXOBEHELEABRLTELLTVZOMNSNERVWED, BV L —Z2T0H%

BEHELTRATSTHAS.

2.1.2 FRIT 4T ABHE
Nelson and Osterhoubt (1971) 1%, EAIMICB I B EHECETEINA AT AL IR

BMAEDORRZHEHRLTWVWD., 22T, 1640RAMEFTITHE-10%, 0%, +10%DE



2 ERE 3.4m/s, 4.9m/s, 6.5m/s TEHE, AMTA R, EvFhrErzHEHLE.
TR, RENEMSEREMT2ICONT, AT K, XZFFH, JEXFFRH
BEDLL, EvFREmMTsIE2xrLE. LML, EHFAELELRECDODVTER
LTV,

Klein et al. (1997) W&, 6 GO KEMEHF ICEREMLEFEREBRE (AT) BOX—-XT
sy RIJveEfrad, P80 10 2HERE+5%, RO D 25 2HIE 0%&
LEROERZHNERETHOFAIT A 7 ACDVWT, FHESTHEEVDKRETH
THELEZ. Z0O#HE, Vo,, HR, BLXUOES/BRKRE VO ZABENBEER LD
RETHICBVWTEMLEDY, AT R, ZFRFRH, ZEBoRREAE, XFH
R R D Bk B A B BiU“é’-ﬂEbZﬁTé%%ﬁfE, BEshBE O T RR A E I AEMICH
BENBPOREBRELTVWS. TLT, 350MD ATR—AETHE, N1FAANZ
JAMERBIEVRBEOEEBEZ2ZIRVWEERIT L.

Milliron and Cavanagh (1990) 1%, -20%~+20%DHi&t b L v FIJVE (3.4m/s) B
FHATHESAECOWTRHL, TORMSFEH, EDERACHENEAMTZIED
NT, RARETAESRMLAEZZE, BESSIDEBLZRETERL, TOR
HEVEMLAS AL L BBBEOREGOEENEMLALIEZHELTVD.

KB5S (1997) 1, 4 MEOHEE (2.0~4.5m/s) & 4 BEIORE (0%~+9%) ZHMH
EbEERMLY RINEDARIAR, EvF, BIXUTHKRHEGAEZAUEL, SE
MmicEbiawn, AMIAE, EvFRELLEBEWDY, AT X 7HCKRBEBIAKRE
<HMITSIEERLEZ.

PL k@ BFFE Hamill et al. (1984) % Swanson and Caldwell (2000) O F K< T 1 7
AF—FnE, REBMCEDRS Y FOEM, AT > kO R KRB 6 A
EOEM, EHEOKEGEMAEOHMEFOROBIBEMOHIBENLENT.
LML, BLhAMEDOES, —BOFRXITA IV ANERIIDVWTE, BIRARMTH

ERH LN



UEDFXIT 47 ZMHAER, WIhb Ly RN EOEBEEZSHIMREL
TWa. bLy RINVER, EBOEBICBISZ2EFEICKERTANSA RB/AI N
&, GRELOLTHMN NI W &, EXBEREMEVWI ENEMIATHS
(Nelson et al., 1972 ; Dal Monte et al., 1973 ; Elliott and Blanksby, 1976). %7z, Wank
etal. (1998) &, HBEMKE< (KX 2.0m, 1 0.7m) HAHho@EmW (22kW) bL v R
SINTH-oTH, ETRHICB TS AE, RESGERABEMAE, BIOREGHRK
HRAEGBENEBOERIBIAEHEELRLS I ELEERLTWVWS. 51T, Nigg
et al. (1995b) &, AT A ML Yy RINOEBICE > TEHEIRLSERETLT
B, ZoZEE, BERHMLV Y RINELEOEHEORHMICEHL THAMTREZLZ LN
AONEZREAD1DTHBEELZSNS. Py RINICBTL2EHENEROER
KBT2EHHEELRRZIFERELT, OXHHMCBI B bomE#E (Ingen
Shuenau, 1980), @ZEXKXIEH DE W (Pugh, 1970), QA KEFHH D& (Schmidt, 1982)
METSNTWS. EHMCBT3EHELZFRELHRTSRICS, Py R
KBITL2EROBE, OLONBRIEEEREREFIEEZASN, BRI TORECSY
LZHAHBHROHBILEA TRKEISEZEI L LTFHAINS.
FRIYTAVACETHINETOHENS, PLy FINECBWTE, #ED
EREREHTBHEANIAR, EvFRTHOBHEOELLITIDODVWTHHEEEL LR
nELN. LhL, REEEENEBICNL -2 ELTHWS 10%K0E O # E
P OB TRIFEMCHERASN, NIBRBERBIZ2EHEORERZ T

KHLSRIZENTWEWETSAKD.

2.13 FXT 47 AW
EAMIIBIZ2EHEZIITA 7 ANCHHLEHEREE ISR, MBEES
ERHWTEHMEHER LML 2SO (Hamill et al., 1984 ; Mizrahi et al., 2000, 2001),

THEGH IV BXUONRNT—Z2EHL7~ZH D (Dick and Cavanagh, 1987 ; Buczek and



Cavanagh, 1990 ; Swanson and Caldwell, 2000) R ENDHLTHICH/EINTNVWEDAT
H5.

Hamill et al. (1984) 1, B 6 ZICRE-9%~+6%D ML v K I )V L% 3.8m/s TEST
s, BMBCIROMFEMEEFFICIDZMHBERICAH SN D TR OB KR®EE 23
Lz, TORKR, RENECKELAZICLEN>T, TROBRKBEEB X TREX
KB HR A REENNE <, BHBOBBEGORBBIVORHHOE RN AEL 2o
ZlEMS, BRESBLICREBNETHICBISEHERHOEBELEBL T EH
2Lk,

Mizrahi et al. (2000) V&, 4 B OBFEBHICFH EHE-4%20 FORDO ML v K2
ZI30AHMATR—ZATESTIE, BEBLICUBOHRENEELZGFRLAE. TORBE,
FPORETESHUBROTRMASUBNOHEROBEENFHELDBAI NI L E
AU, £, TRMEEZFEREESTORELOBMICAERZZ <, Hamill et al.
(1984) DERBRLEBRBEIERTHH .

Swanson and Caldwell (2000) &, ®E+30%D F L v RIJ)E (45m/s) BT 5HE
EROF T4 72X %, MEEOFEHEBITLEVREEEYFRRALCICRDHE
(7.61m/s) TOFHMFE LK LE. ZTOKR, BEHICBT 2 RESH OB X KM
BOFNR T —BLUOHENHEFIZ, EoRESBROBRKEN I ENS, LOKZE
RBOWEATY R —Z 07 &> THENBES EDD OHRADOAMEED 5
N5t ERBLE. LML, o AVWAHEREE#EEN L —Z2F LU TH
WEBREELLTRAZTES LD, BoNERBELTOEERE#-EN L —Z 2T
BRI DICERBRANSSS.

INSDFXF 47 AR, ERLEFEAYT A7 ANPHREEAKICRL Y R
SNEZHRELTWS. LENST, HHARARBHEINATESTZXHHMICTBT S
FRTA4 7 AFFHFINTWAERWN. £/, Wank et al. (1998) 1%, KERZHEHHH, K
W, ANEBOR) BEROMNEROEBITBIEEFE Ry RINVEEOM



CHBEDNRBD S EERELTVWBIENS, THOFXT A7 ARXDNVTHE
BOEBRCBVWTONTOILENDLEEZIOND.

Dick and Cavanagh (1987) &, EEMY 1 7D I > F—7£HZHWT 4.5 m/s O FH#l
EETOHRE (83%) OHMERHZFHL, HEOE—-E—JVETOREDEFEI N
@D O R XFHPBOE - DODWTREREN BRI A LEZWME L. &
517, Buczek and Cavanagh (1990) RO EREHFICB T 2 XFHHMOBKHETS B I UL
REEHOFRIT A 7R, BEHMVY, hZERHEBELELZRBHLE. TORR, BHE
HoOBRKBHARELMBENI ZJE-—ZICAEZERLRL, REGANT-DOE—-J{E
KOWTHABRTHEH AP EZDBOOTFTOREOEIVRKZTVHELIAGNZ I &, &
BHEHANT—D -V EBLICALFERTORECEIPARERCKEN DI AL
ZRLTVWS. Zhb50Z&EhS, TOREZBOERIZIEREK>TELCSHAIET
BEHANRXT—OE—VHEBBEBELTWEEERITTWS. LIAL, #REZEE
My TRELEZE, XFHOBRBEGCEENOFXT A JARDVWTIRRLT
WRWZE, B—0ERERISBE—-O FORPFELLAVTVENWI ERENS,
BONERBRIIBOD TREINZRBICEEDENEIRETHSD.

COEIRERMEBIBEHEOF X T4 7 ANHRBEREICIZLS, AHLE
RECEBUIMANTDS. £/, FXTAVAWAHTRIRXIT AV ANERL
DHEBREERTDHIENRARTH B (WL EBEH, 2002), TNE5OPETEF*
RTAVANEREOHEBRT R TRRSNTWRNWESITHS. LEW>T, #EH#H
HMIZBITBEHEONA ANV ZAZEMTHEDICE, RemEERE, kil
EOEBOBEMBIIBIS2FXT 4 7 ANERE, BELEEDT THMIIKRANT D
BERBDSS.

2.1.4 HIEENICET3HE

Sloniger et al. (1997b) iZ, & E 0%B L ’+10%D kL v F 2V IT B % supramaximal
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TAMEBREFTHROMRIZED, FRO B3HOEHRE2BELICHBLE. TOKE,
+10%D b Ly RINVEDERINEHROEN > LHIL, T AH, KHHETHD, 0%
DEDIVEBROBD o ML, FREG, 5, ABEH THoZERELTWVS.
LAL, COFETEHEHORENLEOREOEDLI BHECHELEBDTH
EMEHBEMTERN.

Hannon et al. (1985) &, 8 & D EEMEE ICHE-10%, 0%, +10%D L v FI)
ZEEE 44Tm/s TES Y, NMAIEHB LIV EBERBOHEBEREZFRALZ. TOKE,
MENANSERHENTZ2CONT, EEEHIEREE CHREN RS DT,
EHMATOMERBNEND ZEZ2RLE. LML, REEBROVWTERFL TARL.

Swanson and Caldwell (2000) &, #E+30%D FL v FI)VE (4.5m/s) BT 5 H
BEROREZ, AEEOFMEBLITEDREEY FARLCICESHEE (7.61m/s) T
DEMEELHELL. TOBR, XHYWPCBTLIHER, 7 A8, KREH, S8
K, KBEBOBBEBROEHRBIEDRENRDOBKRKELS, NAZXAFMYTARDNW
TREDRENBRBOBNAIDoEZERELE. LML, BHEHEEHELOEFKIIDON
TR, XHFPMICBVWTKERRBERAONE THESGHEHRHIL, BETS5<KERH
HRIVIEECTBY, TANTHEGZRESHESIRETHAD LHEETDICL
EEoTWw3,

INSOMENS, ERBTRTRHEHOIANI D I/PEHRENFELRARD
ERGMB. LU, FRXTF4 7 AMMRALEARCEFELOBRITIITENS

NnNTWwiank, LYy RINFEOHTIZELSNTNS.

DLEDOXERBFEN S, AR ERETRABPEOEBROEMMICB T 2 EEHED
FEAITAVANBEREZETHLIIRIL, FXT AV ACHEHZ2HELHED TR
MEFHMTHENIBBEERDIEICEST, ENMLV—Z VT ERBOLOORBRE

BRBEonasEELON5.
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22 EFRICBT S MTEHBENOHEE

CNETEHRCBITL2HEHICHEITA20MEIHBEREZAVZDONEFICELS,
R ETTONTOHRESNT WD (##ES, 1976 ; Hannon et al., 1985 ; Swanson
and Caldwell, 2000). HEXNSHEBHOY A I/ Z2RETH I EETELEN, &
MBEH T, HEMNOREBAFAUC THNHERBICL > TRANFLIRZL LD
BN TW3 (Komi, 1973 ; Winter, 1990).

RN EFEIT D0 KNAFBEEL TR, HENOE-— A IMIOET SH
& (Distribution problem) ZHRAICHMRT 2L EMNH % (Crowninshield and Brand,
1981a ; Herzog, 1996). IEWROBEH M 7 B HE B N EZNFEZHAVWTEH TS Z &N
TEX5D, THEGOHHEL D BHOBNEVWED, HHOSEOHF B ITKFEN
KABERERD. ZOEDELOMEEL, AHMCHYOERHIH 5 BEHEORK
ACRED EWHREZRT, RBILFHEICIOMRLTE L.

Crowninshield and Brand (1981b) 13, DM Hh (BRI /M EEZHRBTER) 25
BMEIEEO BB EOEMEEERELE (X 2.D).

v(_F (2.1)
I= ! 2.1
2 ( PCSA, )

CITIREHMEE MEBEFIIKESENSH O, PCSA; L5 O 4 H 2% 55 i #H

Th5. BV 7OBMBEH ML E—BL, POHNBEKOENRNERZIHO
BMxOBEH (F) 2RODBIERKARS. n KOWTIE, HOREHFERMEIEN &
DEBFHEGENSIX 3 NBEYTH B, 2~5 OHBATHNETEFLRFE ROMENE
CHRVWERRTWVWS. ZOEBMBERIE, ZUAMOREARIFBERINTNVNIDHOD
(Herzog, 1996), I X THMBE&HE (Kaufman et al., 1991), #fT (Brand et al.,
1986 ; Pedersen et al., 1997 ; ## 5, 2002), HEHEXRSF Y > J (Neptune and Hull,
1999) R EDEEITHWLEN TN S.

PCSA HHOBRKERMEEHACHHAT LD, HHREFERICESNHEEREN /NI W

-12-



Ba, N21KPBT2 FPCSARRELEBAIRRKEANCHT2EERIOE S, /&
OEEMEEICHHA T S (X 2.2, Anderson and Pandy, 2001).

y =l D Iy =~0 Ok
Fu By (2.2)
f(Fymao lvs ly)  PCSAy

TIT, R, Ly, AEEE, D, GREEE, quiZEHE, Fym RBEAS R

qum =

BN, Byl ) EHOEN - —#HEREER, c SEAEHEZRLTWVWD.
ZL, BEHECREN-ES —BEBEERZEINATVWE0T, EHEDOL D RHK
MONFERSBEBZIDEH T, F/PCSA LV b EMHEZEHNERICHAVWSONEY &E

A6 5 (KX 2.3, Anderson and Pandy, 2001).

M
1=2q§ (2.3)

UEkozens, #BifEcBI s TRHERNDOEEICE, X 23 ZEMEEKELE
BHEAGENEYN THDEEAONS. T, HEOBICEE OHERIHEE OMR
(Crowninshield, 1978 ; Pedersen et al., 1987 ; Kaufman et al., 1991; &#& &1 i, 1995 ;
EA5, 1996) THOHATVWE IS, HEREORKRKIVEHOSI NI VT ER

AETERLEND S S.

-13-



3.1 T IE
@34@,$ﬁ%®ﬁ%ﬁ%&?~9ﬂ%&%%bt%@T%%.#H%T@,H
AREL1OT—IREOLDIT VIRBEER (UTF, £R1) 27o7k. Kic, BE
%%2@?~9W%Biﬁm%ﬁ%3t%ﬁ%%%h%it%gm#*%49x?—
FWRDOD VIRBE EHER DG RHOER (£ 2) 21To/k. S5, HERE
SEBNWTHRMERORZ LM ZFIMET 57201, HEROFUER (E&3) 2175
o e, MIARE LT, ERI1IECER 205 10460KRECBIBFXIT 17

ATF—FERHWE.

3.1.1 VIR#EBIUOHHE K HhEHH
ER1BIVER 2EBIBT—FPRWELCODVWTHRRS. B, ER1EER 20D
EBABEBLIUT VIRBERIRAROBETH 5.

3.1.1.1 #HEBRHE

K31BIUVES2E, ZNTNER1BLIVER2EBIDHEREFOER, F &,
KEBLV 5000m ORX MEHEEZRLEZDBOTHD. ER1EIBFRFEREHRER
4%, RB2RERI1EBRELIBFAZEREREE L ZRBEL L.

3.1.1.2 ERHAE

E+8.7% (LT, U9, +5.9% (U6), +2.6% (U3), 0% (FH#, LV), -2.6% (D3),
-5.9% (D6), -8.7% (D9) DHEMMBIREHZ, HRELEROLE Y FT 3.3m/s (K
H, S8), 4.2m/s (PE, MS), 5.0m/s (FH, FS) OEHETsomUALES®L. &

HECOVWTRABEZHAVW T 1om REOBEBRHAREHEN (REMEA : KEIL

-14-



WroEaRRE]
ER ESEHIC BT B EIMER TR T 4 7 AWICHET A2 Licko> T,
FHICB T A EEBEEIEOTF R T 1 7 AW EBREFT5.

-REX1: VIRIEE (N=4)
-RER : VIRIEEH JUHE KR H5HAIEE (N=6)
0B DX RITFAIRTF—REELEDT-.

WSEELRED ‘
R ESEHIC B2 EFEOHE R I BLOBEGH MV R ER2RBETE &
Lo T, ERHICHT 5 REBMEINEDF T 4 7 AWK EZRETT 5.

-RER2 : VIRIREH JUHE R HEHBRE (N=6)

WFFLaE3
R & ETRIC BT 5 TS ROEBEN 2HERETIVCKDIEEL, &
BIDHIEIEST, ERBEICH TS REMED FTBHEBORMEZRET 5.

-RER2 . VIRBRES LUME R HEHAIRER (FFRHEED-HDANT—4
&L T, N=6)
-RER3: i B EETAISEERR (FR D HEE O Z L EEEED =8, N=3)

Figure 3-1 Tasks of the study and data collection.
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Table 3-1 Characteristics of the subjects for Experiment 1 (N=4).

Age(yr) Height (m) Weight (kg) 5000m best time

19.8+1.0 1.73+0.06 57.2x3.77 14'51"+37"
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Table 3-2 Characteristics of the subjects for Experiment 2 (N=6).

Age(yr) Height (m) Weight (kg) 5000m best time

20.0+1.8 1.69+0.02 57.2x4.7 16'06"+£37"

17-



3.00+0.22s, L 2.40+0.18s, E&EIL 2.00%0.158) KWEWB ETHoRKBERZ
HEATRODEIEZ. BBER2ICOVWTIHIF— AT IS5y T+ —AZHASH

O (LLF, 24H) TERCEDZREOB SR BEE L.

3.1.1.3 VTR & ¥

HREOEGEZ 2 RN T 572D, 13m MHEH S EHEE VIR I AT (NAC £
®, HSV-500C°) ZHWTHEY 250 a~, BHEM 172000 BT TRELE.
EHEOBEDPICE, ImBMICRBLZEERDEARIKELIAL. £k, EHEOD
BEICELS, SEHORERODVWARERE 1m ZEITHBEIELT, R ERRIIN

U TRE L.

3.1.1.4 HhE R A EHR

M32i, EBR2EBUDEOVRBIUETFTVROERET—AT Iy b T+ —A4
DRBERRZRLEDBOTHS. FHFABBITEHICEE 2n DEBZHHIL, &
EBORERDC 28D T+ — X7 T v b 74— A5 (0.4mX0.6m, Kistler ££ %, 9281A)
ZHRL, MARKADZFRLZ. HERHEIY > TY > EBEK 500Hz TADEHRL
FRICODEL2—FIKERDRAARE. HEARNE VIRE&ZFRHT220IC, AYEE
DHEAASTELIH, ABICADERF—RZ2HALTICE2-—FTBRERFZ
BORAATE.

3.1.2 HEXEH
3.1.2.1 #BR#&E
£33, ERICBIHSHBREOER, FE, AEB LK 5000m DX Mz

RLZHBDOTHS.

-18-



Path of run

Path of run Runway Force platforms

T l

z DOWHhI“ slope

Figure 3-2 Set-up of the runway and force platforms in uphill running (Top) and
downhill running (Bottom).
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Table 3-3 Characteristics of the subjects for Experiment 3 (N=3).

Age(yr) Height (m) Weight (kg) 5000m best time

20.3+2.3 1.69+0.03 56.5+6.9 16'29"+22"

-20-



3.1.2.2 EEBE#RE
BE+8.7% (U9), 0% (LV), BLU-8.7% (D9) DEFMB LN FE#MZ, HBREME
BOEYTFT50m/s DEFHETSOm U LESER. REBEEZ2HAWVT 10m KEOEIB

R ZEHHI L, BB 2.0020.15s TH-O DO ESHABE L L.

3.1.2.3 MERER

HRHIE, FHOXRBRE, KR_EHEHE, KBEM, SEUR5H, BEES NN,
ETAH, AIBEHELE. EHOBEHEMTEHTER 4mm O/NEAEKER (HE
HBLRAR) 2HAVWT, ZENEBEHEICLIVEN L. EBUMMICELS, K
ORDEREERDBEDCHBEOMNE, BLET NI LREEF, BEMH
DPEREOABO—HM2HTHELL. £k, #R-BHXEACI2HEMFETEOLHF
Eﬁﬁ%t@,ﬁ@¢%£0%E%Eikﬁﬁtﬁ%tf%bf%@&&%bt
(Basmajian and De Luca, 1985). BRMIIWEKE N 7 —IC LD EBMHEAOHEBEZ 1.5cm
ELTHMMUZ. BEAIE Multi Telemeter (H AN E LR K, WEB-5000 &) %A
WTHEHL, Y27 7BAEX 1IkHz TA/D ERLEZRIZIZE2—-FIRERDRAA
Z.

Tk, ERERTRCRAMESRENE (MVC) BOBERZFAL 2. KEH
BRBRALTOKRESHHE, KB-HHEHER MM TREGOMEZER D ZRBETOR
Bfif R, KREHS I CNMEGHIEMTORBEEHRE, BEHNMESITES
ABRMLTOREGER, AMEEHIMLTORHBEHOFERENMEEZ, LI R
FUATV—LERWT, @A T3PHfTbERE. COROHBEMD AT LFAKIZ
A2Ea—FITWMDRAAT.

3.2 F—FUH
32.1 VIRBERLIUSHE K AR TS —FUHE

21-



3.2.1.1 2 RITEE

BELL VIREGNS, HASERMUOM (UTF, RXH) ofmn» 5B
HMORERTZ2ETOIYAL 7 Q%) 20T, BELE VIRERL S FESH A
(23 ) BLUEESEE T BHEMN > A5 L (DKH # %, Frame-DIAS) T &V
3AXBEIK (6257 /sHY) TV F¥1 AL L.

AMATIE, DASEBBREOEBSEBENEWEZD, N> T7hcT4P%
AVERAECBT2EERCHTHIHREAOMMEBENELTEEEISNS. L
T, 2 RTEREORHICE, 3 REN>Z>F DLT & (FR5, 1997) AL, B
FTOFRETIT- .
ONRZZVIBEINEBREROBERIZIOVWT, HWKBANICOE > TRIER &K
RETADIAIXTS.

QF 4 PHATEBEIRBNT, XEADOXBEZMNEY, EEACHTIZRER
DHMNEEZREBERELEZ2RBIBRNZERT 5.

CORBETOIKSM N ET A VA XTHHRIC, ERCETLLEELZOITIEL
ERICEBRL, T4 V91 XF 5.

DO THAMO LRELAOEEBLVTQOTHERLEERRZD EICLT, AKOT 4
PHATEHEBELICRENAAREREZIICECHEHBETS.
OEBELERERENDOS L, FA V¥ VEHE LICHFET S HDZRERL T DLT
NIA-FZRHHEL, FESHRAO 2 RTEEZERT 5.

ULDOFEERNT, FEBIIONWT, BERAD 2 RTEZEZSREMACDEZ
THHL, zhooRABIcHTEEREZREE L. BEREL, BBRKED-
U9 T, XEE (KE) RAHEE mICHL T 6.7mm, Y EFE (HE) 27 2m I
L T8.1mm T&»H o 7=.

SRR O 2 RICEEL, Wells and Winter (1980) DEREDHIEIT K D BERD
T &I BB A BB (X BEFE 2.5~8.125Hz, Y BEHE 3.75~8.125Hz) ZWREL, 4 KD

22.



Butterworth digital filter 2 W T ¥ #{kb L 7= (Winter, 1990).

3.2.1.2 HE.LEE

SEIF RO 2 KTEENS, FHL (1996) OHEBIEEREEZRAWT, BB
FVEHDOEL, BLOEBBIUCESHE— A F2EHLE. ALEEZBRTK
AT HIEICIDELHEE, BELMEEEZRD .

3213 HOBLUBEEAEOEE

K33, ABRTEHLEARSAERLIVHEBAEOERERLEDDTHS.
KBBIUSHHOKRERE, TR, 2EHAEXThThoBI"MERERTAELL,
BBEET, REBEM, BLURBEGAEL, ThThBETIHRSEOMMAETHEIEL
. BAAEBLIUCHSAEZRETREMS T I LK D ARE, AMEEEZR
L.

322 HEBERIIBCBIZTF—yAR

EBRABE P B LT MVC GBI O #E K X, 4 XD Butterworth digital filter & i\ T
T—=FT7 77 b5 (10Hz) 2L, A7 —FINS5ELBIETBHIELELTEDNAN
AT 4INVFY 7 %FF >/ (Basmajian and De Luca, 1985). T D%, EEMALL, 4K
® Butterworth digital filter % ] \» T W 3 10Hz THFIFIL T 5 T LIk > TalMiR
EBE. MVCKOWTR, BHICOWTAKED L —2 &R LM RO 0.5 B

DEZFEHL, AF0AKBRT -2 Z0ETHRLE.
3.3 REmESV

B34, 11 27IVOREAFTEZRLEZDBDTH S.
1LY 702 RWEREE (CFO), RMMFHMbM (RAHORER L2 HKE

23-



Foot

Knee

\Ankle

Vi

Segment angle Joint angle

Figure 3-3 Definitions of the segment and joint angles.
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DAVER L 72K sl CMID), KOkt BIBE# B (CTO), MMy (FC), 32K h R

(EBR2ICBVWTHERKIOKERSN 0 127> 72k ; MID), HH#iE (TO) O 6
DOBERDTRZEHEL, KUMBEHEEN S KMHXHHFHETE, 20 15%0
DATIBE R S KB E T2 b TEEME (FRC), B B 32 # 1 i
DO SHHEREETZRENZE (SRC), HHHBEMEN S XHBPME TE MK
WA (FSP), SRR S M B i £ TR IR E (SSP), XZFrHiai &
LRI R LN (SP) &Lk,
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4. HEFRIMICBI 2 EFEOFEITTF 4T X

4.1 HH

ERMICBTL2EHETIE, BHRELZLEAEAEITRIEILENHD-0EH
EFZ2 OB EEIERTNIEZ S 2. Tulloh (1998) i, HERH#ICBIT S b
V=T OMRE, MEBOEIICHL TEHECHEGHEZMN I DI EICELS T
"BoNBEBRRTVS. LN T, THAMKEBIZEHELZFRIYT I XH
KAWL, EENEDEIRHETHBLTVEINZHLDNITEILEND S EE X
5N5. I5IT, FXTAVR (BSE) CHIEH (FBe®E) 24oMITHICE, F
AXTAVANEREEBR DI RN RFATILENSD, BRMOEHEOREZ
FEAIXTAVAMICHSMZLTELRTRE RS R,

ABOHMIE, BAMEFRIIBIZIEHHEEZFXIT AV ANICHBET S Z &I
EoT, BRBIZBULSREREFIHFOFHEZRATLHIETHS.

42 FHE
421 TAIANREELT—YNH
T AIREEBIVOTF—FNUBEICODVWTHEIETRREEBDTHS.

422 BHIEBALBEHFE
DPerformance descriptors

B 4-1 3AFy 7EOEHBZRLEDBDOTHSD. ATy TR, 1 HHZVDOHK
HLORBEHNBHEREL, EATEILE. ATy THER 1BHOSEROZ &
T, 1 550 CELAEBHOYK E2EATEYLE. XFREMI, XZFHERAH
ZRHRACBELEZHBBOFHE Uz, FXRREE, SO B R 2 S 53 1 B 2 Ry
TE&, SHBEREN S RARBEHBETCELERMAOFHEL L.
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Step length = (a+b)/2

Figure 4-1 Definition of step length.

28-




ERER, A7 TEEATFy THEOEEL 2.

QOHEELOMEEM B & O\ B

K42, FHRELORBEEMZEZELEZDOTHS. FEELONELMIT, &
EICEERRD TR L, BEHAFAOEMOMERBEEL, BHlMASRKRTFTAETZ HI,
BRIRPOMMBETE H2, BMASCR LA E T2 H3, BREAMSEMETE HA &
Lz, SEMEB LB ONEEEZFINEN V,, Ve & L. 28, HEZL
L, MEEREED 2S5 TEHLEBDEZRRICAWVE.

O F#R 5> £
SHHOKERE, TR, BlUokhgomE, AREZENLLE. AEFRIN 331
ARLIZEBDTHS.

423 FT—YORBILBLEESL

MR T -5k, KANWER» S HHERETO 15 ESHER? S BURRN
MAZERTEETO1HCELAKMZEN TN 50%E LU THRBILL, 25T 100%&
Lk, 2HREOFHEZ2EHL .

4.2.4 FREHOLE
HEREBECOVWTHEMOZE (ERRLVEDE) 2RET 57201, #E (U9, Us,
U3, LV, D3, D6, D9) XEHE (K&FE, H&E, &FE) OMIEDOH B Tk B D5} H#
Aok, ZITREMEMADAERTCHOEBAREEREC DV THREDOHEME
NRODBFZITY, KEFANEETRP >EDOR DV TRAEDOEHRZIHL
Z. BMEPIRSGIVEIENENER THoZHDOICDONVT, LSD#EIRL> TELER

BEfTok. BBEEKEES%EL .
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FC Minimum CG TO Maximum CG FC
height height

Figure 4-2 Definitions of vertical CG displacements.
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43 HER

4.3.1 Performance descriptors

K411, SAKOERE, A7y T E, ATy THEBLTETOMBRERZ T
EEBERETRLEDOTHS. EHEE, &&E (FS), &E (MS), K& (SS)
DNTNORECBWTHLBPEBMICAREI RN 2. ZOKRR, REECHT
BREMOEBEZLBTHE VS AREOERCRNI O THo 12

ATy 7TERE, BEAFETIEIUI, U6 LVEDBARIC/AETL, D6, DIANLV &
DHHEBEITKED Tz (p<0.05). PHEAHETIE, VIR LV KDBEREIT/HEL, D6
MLV EDBERBICKREN -2 (p<0.05). BEAETRVWINOREDS LV EORMIC
BRER> BRI .

ATy THEWR, mEXABETIE U9, Us, U3 LVXDDBERIKKELS, D6 LV
FOBEBICNAEN oK (p<0.05). PHAETIE U9 28 LV KD BHFRERKES
(p<0.05), BEHAETIRWThoORED LVEORMICAERZR b o k. XHRHEIZ,
HHAETIEAD3, DeNLVEDBARICHEL, BEAKTII U9, U6V LVLD D
HREIKED o (p<0.05). FEXHBEMIL, U9, U6 WEAEED LV XD BHEIT/NH

Mmoo (p<0.05).

432 HEELHEEMBICHEERE

K431, S#REOHEFABELONBEENM (HI~H4) ZFHEIFEERETRLLED
DTH5. WTFNOEREICBWTS, LORMS FORIADICLEN> THKE
DOTE (H1 BXUHY) BKREL, LH (H2B XU H3) BAEShol. FHEIH
DR, HI, H2, BEUVHARWTHOHED LV EOMICARENH > & (p<0.05).
H3 R DWTHERRFEO U3 Z2HBVTIE, WIFNOMEDREED LV EORICAE
EZINH o7z (p<0.05).

4-4 13, BRBEOBEMBRIVCBBECEBIZHEELONERE (V, BLT
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 4-3 Vertical displacement of the center of gravity for seven
grades in three running speeds. 33-



Voir) TV HEEBERETRLEDDTHS. WTFhOoEFEEITIBWTD, EDIK
METORIZEDICULENS T V,, DMMEIZTKEL, Vg RANASI Mo, DO

DR, Vou Vo EDREHELREED LV EOBICAEBENH > = (p<0.05).

433 THRBLUOAEBROFEITT 47 X

4-51, MERAKDO 1AM 7NV ICB T2 KBAEOEHENY -2, LVEL
DIRAME (EB) BLT LV ETFTOREPE (FTE) THITTRLEDOTHS. £k
4-6 BEL U 471, ThENPHEREB L TEEREICDOWTH 4.5 EFEBRITRL
FHDTHD. 51T, K-8 3K (FC; LE) BIUTBEMEE (TO; TB) ITB
JTORBAEZFYBEEEERETRLEZDDTHS. WINOEREIIBWTD L
DIRHS TFTORIABRBZICLAEN> T, EEHHEE (SRC) KBWTRETHENME
<, TOREBHMAMBIHAPT THENOERINSILSBo%. BEHEFOXRAEITIWVWITN
DERERBNVTS, EORMASTORIZAEDICULEN > TREXNEWVWHERANAAS
41, U9, U6, D3, D6, DI LV LOBICHEEND o7z (p<0.05). HEHK D KRA
EREMERICERZRI Mo .

B 4-91, SERXBEDO 1AM 7 NVKBITB TRAEOFEHELNY -2, LVEL
DRFE (LB) BXUPLV ETOERAE (TR KATFTRLEDBOTHS. i,
B 4-10 BLTK 411 1F, ThEhPHRAEBLICERERKITOWTH 4-9 & RARKRITKR
LZbDTHD. 3517, M4-121, SFR-BEOEME (LBE) BICHME (TER)
KBTS TRAEZEFHHEEEEFETRLAEADOTHS. WINOEFEREITBNT
b, RAELVRTEIBEHENCBY T TROBEN NS WEHANS SN, £, X
OB SERRFICH T T LY RMETEAMENNE LS, BB T ORTIEATHEL
REDPSL. BHHOTRAEZIVWTNOEEEIBVTDH D UINLV LD BHFRECRK
BEARNE L, BEHIFETIE U9, U6, U3 A LV £D BHERICHIMA/NE <, D6, DI D

LV XD BEIENKRE N> (p<0.05).
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Grade of slope

F: Significant difference between LV and the grade in the fast speed at p<0.05.
M:. Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 4-4  Vertical velocity at foot contact (V,,) and at toe-off (V,g) of the center of
gravity for seven grades in three running speeds.
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Figure 4-5 Averaged patterns of thigh angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the fast
speed (FS).
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Figure 4-6 Averaged patterns of thigh angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the
medium speed (MS).
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Figure 4-7 Averaged patterns of thigh angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the slow
speed (SS).
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 4-8 Thigh angle at foot contact (Top) and toe-off (Bottom) for seven
grades in three running speeds.
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Figure 4-9 Averaged patterns of shank angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the fast

speed (FS). ‘
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Figure 4-10 Averaged patterns of shank angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the
medium speed (MS).
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Figure 4-11 Averaged patterns of shank angle during one running cycle for level and
three uphill grades (Top) and for level and three downhill grades (Bottom) in the slow

speed (SS).
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 4-12  Shank angle at foot contact (Top) and toe-off (Bottom) for seven
grades in three running speeds.
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K4-13, SR KO 1 I A 7N EHOhBAELZ FHEEFEER/ETRLEDBDOT

5. LEORMPETORECBDILEN > TOINITEKBOREN/NST WHEHREN A S
1, U9, U6, D6 KONTHWITNOEREIIBNVWTSD LV EORMICATENH - 1
(p<0.05).

B 4-14~4-16 13, 1 Y1 7 NVICB T 5 KRAFEOFLHEMLNRNF -2 2, ThThE
Ealf, PEAE, BEAHEICDOVWTR 4-5~4-7 LRARICRLEZDBDTHS. WIH
DEFEREIZBWVWTS, EORMSFTORIZAZICLEN> T, BIEMATFE (FRC)
BUILZRKBOROHBLAREN NS WEANA SN, EHRICIBVTE, L0k
METFTORICABRILENSTHEOVIRLOAEEN/NI L, DI TROITNITIE (KD
ML) OEZERLE. ERZREME%YE (SSP) T, THRPBENRES< LB EF LR
FNOHBREN/NIWERIA SN,

B 4-17~4-19F, 1 1 7 NVICBF 5 TRAEREOFHBELNRNY -2 2, ThETOEH
HRE, PERAE, EERARICOVWTHR 4-14~4-16 ERAKIKRLIZDBDOTH 5. 3EH
ODEEERKXBELEZELDRBESL LV EOMERLL TR, LORBEOHIBXHM
A (FSP) KB BABAREN NI oI L, BBBEORD LTARENKE
Mol EMBETONS. /2, D6 BLUV DI TREXHABFEITBWTHIBEAREMN
LVED b RENWHEHMNA LN .

4.4 E%

44.1 EORIEBIZEHEOFRITT 4 7 AR

BERRE TR, A7y 7RI U, U6 WLV KOBERICNEIL, ATy THER
U9, U6, U3 LV KD bEBFICKEN- 20, EHRENNIVRHKZ T LD RFE
ELV EDERHBETIE AL ok (£ 4-1). Tk, IHFHMIEEAZTE vs A
LVEODEBRICKREL, #XHEBMRIVTNOEREICBVTD U9, Ue BRARED
WVEDBEZRCAIDo. TR, FERENKEVWESIE, EORMED
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 4-13 Torso angle averaged on one cycle for seven grades in three running speeds.
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Figure 4-14 Averaged patterns of thigh angular velocity during one running cycle for
level and three uphill grades (Top) and for level and three downhill grades (Bottom)
in the fast speed (FS).
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Figure 4-15 Averaged patterns of thigh angular velocity during one running cycle for
level and three uphill grades (Top) and for level and three downhill grades (Bottom)
in the medium speed (MS).
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Figure 4-16 Averaged patterns of thigh angular velocity during one running cycle for
level and three uphill grades (Top) and for level and three downhill grades (Bottom)
in the slow speed (SS).
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Figure 4-17 Averaged patterns of shank angular velocity during one running cycle
for level and three uphill grades (Top) and for level and three downhill grades

(Bottom) in the fast speed (FS).
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Figure 4-18 Averaged patterns of shank angular velocity during one running cycle
for level and three uphill grades (Top) and for level and three downhill grades
(Bottom) in the medium speed (MS).
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Figure 4-19 Averaged patterns of shank angular velocity during one running cycle
for level and three uphill grades (Top) and for level and three downhill grades
(Bottom) in the slow speed (SS).
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RESRBBBIEAT Y TENNSILKBENATy THER2ED DI ETERE LR
U, EEENNEWHEERE, RFy TREATFy THELOLIZ LV EEDS5AN
D1IBCED L XRHYPORHEMEAENELEZZIELEERLTVS.

EORZEG T2, 1 Y17 NVOFTHERELEZ LRI ARAThIE ALK
W, EORPENKREZZIFE, BRELOTHE (H1 BLU H4) BFhE<, ER
(H2 BXUH3) BRKEDok (K4-3). LORFENRAEL DI E, BHIRCS
FTRHEELO TREEHE (V,,) WhEhokl & (H4-4) B, HHBBRITBT2H
EKELOTERREOBDICHBRLEZEEZSNS.

ThRAE (K 4-9~4-11 BB, K4-12) &, WINOEFEEIZBW THXFHATHIT
FORBMETCIAMEAEREN NSNS 2D (K 4-17~4-19 LER), BEME TIIAIEA
ENRLVEDBAERIAI M. IHHACBOWTTROMBEZNMEL< TSI LT HL
DELBITH2OEMICH S LLEEALNS.

EORBENKES I E. DMEMGECBISRRBORDHLARENKEL,
KBEBED EWFoh, BHABIEBLWTER<ERIREINTWVE (K 4-5~4-7 B
KUK 4-14~16 LB) . BB IIB T2 KBOBBAEL, WIhOEREITBWTY,
U9, U6 LV KD B HBICKEN o ZD(K 4-8), TORDAEENKED O LLD,
BEMBE O KBBAEIZ LV EENAEho/. LEXR-T, RA LR TREHEH BN
TRBZESED L%, XHFHICARBRNBELEZEENSRBESBINA T4 ¥
FIH5ZEDbHIOBIOBLV M2 oMcHFE LEZESEAGND. £k, U9BLT
U6 HOENEZRRVWKRBORFBIOBEFANDAT 4 X TRPETNITLEDHIRD HI DR
DAL T, —HEZEORMELBTEZBDOTHD, TLTEFFICEEEZMESR
THEOREERHHELEEDNTVS (EES5, 1999; &%, 2003). LEWoT, X
FHAI L CBI 2 AROBECRELZFOREMREER, AfEOLOEKEZ NV — =
STRCHBATER, BEHBCBISRBOBINORAT L VT 2RATHILNER

& 75 % V] BB fﬁﬁ‘%%j
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KHREVWTNOEREICBWTS, 147 EBLCTU, U6NLVEDBKREL
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Figure 4-20 The ground reaction force vector and positions of the leg, torso, and the
center of the gravity in the first half of the support phase for level (LV) and the
steepest uphill (U9) conditions.
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QHHEELOTE (H1BLXTHY) BAXL, ER (H2BXUH3) BKEro L.
@IV N EBELTEROHBERDTNICKENS .
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MECHLTEHEZELITIE, EERHHONRENSY -2 Z2EX 50 E
BHEN, HEHEHRBOEMIIHIEIEZ I EN LNV —Z 2 TRBNWTEELE
ENTNVWBZEMNS (Tulloh, 1998), F XX T AV ADHTRLSFRT 47 AWITH
ﬁﬁ?é%%ﬁé%ﬁ.%%%K%?%#*?47X%ﬁﬁ?ﬁ,:hif%%bw
J,BEHENVINT-BEEICAWSNTWS (Winter, 1983 ; F[{L 5, 1986 ; Simpson
and Bates, 1990; F1EE 5, 1997 ; A, 2003). F X T4V ANBH TRFFRIT 4
AMEBREOBEBEERTZIENAARTH DM (FILEHEH, 2002), FTBEE L
WIRFEAITA VAT EN T REBEINS 2D, BERBRECERTEHE
COBBEBBRFELPT V. £, MBI 2EHETRAMERESERIRAT
» D (Mizrahi et al., 2000), HMERKHOSHBLETHSS. IThoDIEM5, B
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A OAEREBHELEETI TRRTEIHEEALND. |
ABEOHMIZ, EHMICBI I EHEOHEARSN, BHE NV AL EZFML, F&E
EOFEMEELLUBETDE I EICE> THEHAMICB TS REREHEOF R T 4 7 AWK
HeRATEIETHB.

5.2 Hik
521 F—YNEELETF—FNE
EEOF—FIEFELHER D EZRABICEHBLEZER 2L ONELZDDOTH 3.
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NENKMBPTEHZECEIVERL E.

Eie, BHERIBISHERODREMER HONE ENVORI2FHMT 5280
i, MEARNDOHERTZHETHEMSL, TORAKEEZRANEMEE (Peak

vertical loading rate) & U 7= (Nigg and Liu, 1999).

QB V7 BLTBEEH ML 7 N T —
SHHOBES ML EBINT 520, GheE®, KB, THR, 28047 A>
"o BREY X Z7ICEFIVELZ. B 5-11C/KL % Free Body Diagram KB J &,

HFWAPTKSA-53 KRR LAEEHHFRR 27T~ (Winter, 1990).

JF,x=m"ax-JFx (5.1
JF,y=m-ay-JF;y+m-g (5.2)
JTP=I ¢ -JTd—rdx * Jde+rdy : JFdX‘rpX ° JFpY+er : Jpr (53)
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V7 (BBIZDOWTEARL), r, 3WAOELLSEMBEE TOEE, R I2OE
LS EME (RBICOWTEEASL) ETOHEE, RTOXBXT Y XEERD
EZRLTNS.

X 5.1~53 228, THR, KBoBECM IEick> T, 2HEH, KEEH, LK
RBEEHOREE ML 2HE L. b, EH MV RBBEBICERNE, BB X
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JF =m-a,—JF,,
JFpY=m a,— JFdY+m ‘g
JT =T @ = JT = rgy  JF g ey JF g — 1oy JF oy JF oy

Figure 5-1 Free body diagram of the lower limb segment.
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 5-4 Horizontal and vertical impulses for seven grades in three running speeds.
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F: Significant difference between LV and the grade in the fast speed at p<0.05.
M: Significant difference between LV and the grade in the medium speed at p<0.05.
S: Significant difference between LV and the grade in the slow speed at p<0.05.

Figure 5-5 Peak vertical loading rate for seven grades in three running speeds.
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Figure 5-6 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the hip during one running cycle for level and three uphill grades in the fast
speed (FS).
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Figure 5-7 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the hip during one running cycle for level and three downhill grades in the
fast speed (FS).
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Figure 5-8 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the hip during one running cycle for level and three uphill grades in the
medium speed (MS).

_72-



Hip (MS)

\\\ r//' Pt jg J FJ ‘\\
L— \ ~ L
| FC TO
e L e - 1.
FRC SRC SP FRC
4 < FSP »<4 SS
+Extension
& —Flexion
S 2
E
£
o
g 0
S
-
—2 L 1
15

Ang. vel. (rad/s)

15
10 ¢ i

Power (W/kg)

_15 L ! 1

0 20 40 60 80 100

Normalized time (%)

Figure 5-9 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the hip during one running cycle for level and three downhill grades in the
medium speed (MS).
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Figure 5-10 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the hip during one running cycle for level and three uphill grades in the slow
speed (SS).
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Figure 5-11 Averaged patterns of joint torque, joint angular velocity, and joint torque .
power of the hip during one running cycle for level and three downhill grades in the
slow speed (SS).
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Figure 5-12 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three uphill grades in the fast
speed (FS).
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Figure 5-13 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three downhill grades in the
fast speed (FS).
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Figure 5-14 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three uphill grades in the
medium speed (MS).
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Figure 5-15 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three downhill grades in the
medium speed (MS).
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Figure 5-16 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three uphill grades in the
slow speed (SS).
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Figure 5-17 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the knee during one running cycle for level and three downhill grades in the
slow speed (SS).
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Figure 5-18 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three uphill grades in the
fast speed (FS).
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Figure 5-19 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three downhill grades in the
fast speed (FS).
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Figure 5-20 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three uphill grades in the
medium speed (MS).
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Figure 5-21 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three downhill grades in the
medium speed (MS).
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Figure 5-22 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three uphill grades in the
slow speed (SS).
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Figure 5-23 Averaged patterns of joint torque, joint angular velocity, and joint torque
power of the ankle during one running cycle for level and three downhill grades in the
slow speed (SS).
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REEH RV, WFhoEHEEICBWTH EDIRFEE LV EOMICHEHE ZHE
EHESNBho> k. IHATRBECBISEE M ZEVNTNOEREICBVWTHTD
RBED LV LD BRI WERSASN, XHEMCHBT2E—7ETIX D3, D6, DI
MLVEODBEREITANINoZ (p<0.05).

RESOAEERD, BHEMICENTHEMOZZD TN TH oA, EDIRFEMN
RESBLIREXHYBELECBIIERARENDTMICKELRBIHEANSE SN,
E—7ETEEERKD Us, EBEAE DO U9, U3 LFHEED LV EOMICEREND
27 (p<0.05). £/, TORMENAESADIIEXZHRUAEZFEICBIHERAREN
HDEMTAEL B EANAB5N, E—7ETREAERED D6, PHAKD D9, K
HAKDO D6 ERIEED LV EORICEZRZENH > 72 (p<0.05).

RESH RV INT—RDVTR, XHYMBELETBIZIENTVT—RBRWTNOERE
BOWTH, U9RLVEDHBKREL, D6, DR LY KD B/MhEWEREAAS T (E—

7 T p<0.10).

54 EE
541 EORICBIZIEHHEOFXT 4+ 7 AWK
54.1.1 EDRICBIBEHEOHE R ORKHE
EHEBRCBIA2HER DORERDIL, U9 BLTUIKBWTIHHESTENKD
E—2 (UF, #gA) Naohd (K5-2), BHERORKBEMERN LV LD
bhNEMhofz (K5-5). TOZERE, EDRB/ENREI BRI EEMFITBT S
BARBEBLOTEHEREE (Vo) WANEINo I ENEBRLTVD EZ X515 (X 4-4).
EHECBTOEMBERONEMERIREVDIOFIEEHFCHEL ZLRERELED
BENMKENEWIEE (Bahlsen, 1989) 2EET 5L, ThoDI &iE, EORGE
TR THROBECEDOAZ2EMEHEEN /NI RZAEBENHS I LZRLTNS.
B4 BEOEENS, LOVRBENRELRIELEHFRELONBEEMLO TE (H1
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BLUYHY) BASE<, ER (H2 BLUH3) BKRKEL, BHMBOTHRESEE (V,,)
hE <, BEHBRF D LM EEE (V) BAX< A3 (K43, 4-4). —F, E0KREH
FEORBENBII LV K0BKRE Aoz (K54). INHORERE, LoR#E
MRELBDIEBHBRICBIZ2HERBELO THRERENNILARLEZD, HEN LV
FOBREL AL THHMBBIIRES R LS HERESH, FERELNERLEZE
ERLTVS. £, XBATRICBI 20ERAR IO -7 EIX EDRFBE L LV
EOMITAERZR L, BHAEBZRVWTIIZMNY - HRERMTEUL TV E.
DZENE, EHUERUMNL, LORTH> THBXRHAITBNVWT LV LRAKOAT
wEZzHL, FKELZ LRSI TWAEESZSNS. —F, KEFRIKDOVWTH,
ABREVTNORED 0 THWETHD, BRI —2IZDNTHEOKRFEL LV
EOMICHERHEBEIA SN /-,

UEoZ NS, EORECBTDHMER DR, BBERUAOEMLNT - BX
CREZR LV EHARLTWEN, [HECEZEHEIOE-—IRHEDHSNRE
7B, RAXBEMHEEN NI EZ2E0WS58E2b D20 005, ZOIZER,
EORETCRTHROBECHDOIEMFEEN NI BIWEENHD I LERBT D
EtEZLENS.

54.1.2 EORKEBIZ2EHHEOEB L7 BLOEB LI N7 —ORH
EORPBENRES LB IFE, BHTCB T2 REGHE NIV B OTEMATRIC
BUISEORBEH NIV I NRT—NKEL, ZOEMBERENREVRZILIEET
Hofz (%5-1, 5-2, K56, 5-8, 5-10). TDOKZARBEHNT —1F, BEMRITHRE
HE2RE<HBEIVEKRELOTHREZ NS THILIIRI-DEEZEALONS. X
2, BB oOREGRB ML BIOCEORBEH NV I NT R EORBENKE S
BHIFEREL, ZOHEMBPERENAZVRAEIEEE TS 2. KEAZTIEE
BHOBRBEH SV IZNT—DBEORERPMEICBVWTAEL AR ZREEL TH,
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RICEDRPMETHOERENNIVWEERIHEMNFEMSZ00HKEL ERFSNE R
AMRICHERTAEWED, FXT 47 ANEROMEBMOEN NI ADRPTNVI &L
WETONLS. FE-RCAEECBILEHETIE, AFy THENKZNER
FRIEMICKELRREGHNY —2RBELHERBR AT 2 F7SEBHDOT (THS,
2004), BERE TR ELORBMEOZX Ty THEN LV LD DBREBLZDITHL,
BEAZTRREL RS Ao EbHEREBAEGNKDS. T, BHEH O KB
NWIT=MRENWZ LW, REBEEFNCEIIMRACBT—REEDOFET 47 A
BB ELTETENTVS (BA, 2003). 2N60ZEMSE, BWEHETAT Y
THEZBEALEZEVRETIE, BHHOREHNT -2 RESEHTEDLEEXS
Nns.

FPORBENRKELRZEFE, XHHNCTBVWTHKELALELALTWEZ &P, #
HUBE O F 10 2B (Vo) 2N S SBEMIED LR EHE (Vo) MKENS LI EDD,
EORETRIFHCBNWTHERONEHNIXNF—ORRIVOELEZRELST D24
ERHS. LoRBEMMICEbAY, IHMOTHREAS NI IZEBRESRLREDD
N BESAREOREBTIXHNAIECBI2A0KEEH SV XY —0E D> (K 5-12,
5-14, 5-16), XHWR LR BT 2 REAH B LI CXIHHABREICBISREBGTOEMIL T
N7 —OHEM, XFH%FE BT EOREG VY /XY —o@miir (X 5-18, 5-20,
5-22) BRHLN, ITNHREEONENIINF—OEMIIFELEZEEZILGNS.

ZHAPRIBVWTRESHE NV Z7E, WTHOEREIBWTH U3ANLV LD
bATWEARASNE. FE4BTRRAEZLIR, XHHIFITBT 5 TROAMBAA
HEENUITRILVED BN, XHMPBAORMMEAERLVRBED DS U3(H
A TIE-25.2+2.4 deg) DB A5 LV(-28.3£2.2 deg) & D B HEIT/NE D 2 7z (p<0.05).
TREMEARARZ MVEOBEGMS, HEARNOFRBLIVRESHALESG, X
B RICTROMEBEAES NS TNEREGHE 2HERART IV EBT S Z

ERBOTHRESEDODE—ALFIAILKABEEZLSNS. TOI LN, U3
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ODEEEHRE NV IBAINoZFRD1DEELZLNS. TNHDTENDS, EP
MIEEORBECBNTEHRMICTROMEZNA S LT, BEGAOAHEZER
TE5RENDAS.

UEDZ s, EDRMERMIZEDRY, EFENARZVWEACIEENICS
TORBEGOMBEICEM NV EEORBEGH NIV I T —NRELI BB E, X
FH TR TEES N RRESBESARAVWATHESHOED VIR T—NKEL R
228, RPDPARRMETRIFHIROBEGHE NV I BNNIL BB ENAL M
KRR-ok. Z2LT, LoREAVWAEEIN L -7, THROBEZCHED HHEE
MRS, BUEHETE, EEMEFCEERZRNENORBEH AT —OREL2 ALE<
TEHLEVWSFANHBEEZENS.

542 TORRBIBZEHEOFXT 4 7 ANRHE
5421 TORICBIZEHEOHE K ORKHE
INETOTORECHITOIMAEOELI NEMBETRICEHBHL TE 7% (Hamill et al.,
1984 ; Dick and Cavanagh, 1987 ; Mizrahi et al., 2000, 2001). FORETREHIDAEW
MEMSHEICEBTI2-DHENCMEWERNREL, TORMEENTEDR
DTEHRKELRDLETFHEINA. Dick and Cavanagh (1987) &, ShEHME K /1D
B —VIZEEE 4.5 m/s, RE-83%OTFTORENFEEDOFHELD D 14%8H D
2RIEEHRELE. AMARBVTD, FTORMEI LV KO DBEEHNKREWHE
MAALNE (B 53). LAL, BRABIVOCBRARMEMEER (K 5-5 OHEME,
ToRPEEMICHALAN . £, HEMNOBEREEASNSEMFOSHE
BELOTHREHEE (V) HERXTORBECEKALTHNLTWEZ ENS, BRETD
RV|ETIHRZMA S -DICHEMMBIINEHEZLTWEEZEZENS. LEN
DTUBETRE, BHEEZ FTORMEOFIIT AV ANBEHLIBET S LR L
T, BHEACHERERNTORMECEHFAL TEMLED O ENAFT AT XK
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ERIZOWTRHL .
EEHNBLCHENERICE, BB CBI25K0EH IRV F—BIUEHE
BEBU2BREGORBAEETS EHEZINT WS (Nigg et al., 1995a; Gerritsen et
al., 1995 ; Derrick et al., 1998). VW d F O RFEHMICHAL THEMLEZ. Lol,
FTORMEICASNERBOBBEN NI WEBESE (K 4-8) X, BEELIIHLT
REZEDTHICBLS ZEERBDT, Vo, WEHRXKELADIHMITEHEIE TN
EHEZOND. K523, LVBEIUOTORPECB T ZBHEGHMAREDE—
JE, BXUOEMMS OBEES i AEEY — 7 HEME (TPKFV) % FiE & E%
WAETRLIEDDTHS. DIOKHEMHRMAEEOE -/ EHIE, WFhoEEHEKS
WTHLVEODBFERICAKEL (p<0.05), HERNZHTZEEZ5NS. £/, DI
D TPKFVIE D3 BELUL D6 KD BHFEICKEL (p<0.05), LV XD DBREZWHA N A
57z (p<0.10). DIVKEH M AREEZESEMMITALI LR, D6 CIHMAENE
BPRREDP >IN DI TRAEL Ao E—EREEREINS. LEMN>T, 8RTF
DIRFAETE, KBOBENNIWREBTERT S Z &0, B O REEHEthA=E
EOMMIZXo THEMEROMMEMAZ I ENTERLEEZILNS.
BEDZERS, TORBMETIERIN LV KVDDBREL LN, HEASERK
MEMERILTLDTORMEEMICHEAL THMLAW I ENRENZ. i,
BRETORICBWTEHEMEROHEMZH 20X, REHZIOMBLIRETHE
WL, Z0RBHEGZRBES HMIVEIIENEETHDEEZALGNS. LENLT,
TORERBERERECBII2HERERNENOBRLLOLDDO ML -2 T FREBRDA
RRENRBINKS.

5422 ?Dﬁtﬁﬁéiﬁﬁ@%ﬁ#was;@%%bwﬁﬂv—wﬁﬁ
BEEPICBTSESG MV B ICEG NV 2NN —ICEL TR, DIDOKREGHh B
KOCBBERIM IR LV EDbDbIMICT/HAIWVWHEBERALSN, BEHEIOBRE NILVZIZX
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F: Significant difference in the fast speed at p<0.05.

M: Significant difference in the medium speed at p<0.05.
S: Significant difference in the slow speed at p<0.05.

Figure 5-24 Peak knee flexion velocity (Top) and time from foot contact to peak knee flexion
velocity (TPKFV; Bottom) for level and three downhill grades in three running speeds.
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SNT =M D3RBVWTRENS A (K5-7, 5-9, 5-11), LV EDEIF EDRFE
HRTOTNTHo . TITEXHRPOBEHTFXT 4 7 ACEHTETFORMES LV
EORKZHRLIIEREZED S.

FTORETEIZIHRYPCBVWTEEONEHNIANT —2RNTILENDS. X
AT 2 A 0BEE ML XN T -3 EEREO D6, DI, FHERKEE D D9 HVFE
BEO LV EDbKREN->K (H 5-13, 5-15, 5-17). TOKERLA/NT—E, D6, DI
KB 2REEHHREN I OBERBORBENLS LMD ERERBEMABREICLS D
DTHoJz. LEN>T, ERENKREVEES, R TORMETIIEREZ OKEH
HEGHEAOMBELAHSEMTZEFHEINS. —F, BHBEZOBRES NV YN
T—, LVTERZOARENEEZICNEI<BEEOTH>ZZDIZHL, D6, DY TILHE
HMAREOLOADHEZ-R LK. D6, DI TREFREHHHHN I FH TR F—2K
WEFBIERE>T, BEBSD LB EHBOMBRN IS KRERNENIFRIIF
—ZRNTHIELEEZBVENRERENDS. EVRASLE, AR THRBETEIEBEA
BRICKRBEHZMEMPSBMITEIEC ST, REOHBHNOBEOHREAN
ZMHLIZEBZEZILENS.

XHEMPBRCBITOIREGHE NIV BICEOREGH RV AT, WFho
ERECBVWTHDINLVEDB/AIVWEANASNE. 2FONERNIXIINF—%
XFEHICB IR, AOBESHNLVINT—0EMET TRSIEDOREE NV N
T—% LVIXONELTEHEIEDBRIUDEEZOND. BAETRRELDIZ, WT
NOEFREICBWTHHEMEEN S XFHFRICHT TDIORROBBEAZIILVELD
bININok., ZORARBWTHERIOHFABITRESINACTHNERRD
%@ﬁméﬁhﬁﬁ%ﬁﬁ<%ﬂﬁﬁﬁNbFWﬂﬁﬁ?é:&tﬁé@Tm3@&
BHHRE NV INRAEIEDo R ERIRKBOBERNNE N oI ENERLTVD L
Eaohs.
ZRHATBRCPBISIEEGERB M 7V BIUOXHMBIECBITLIEOREH NV Y
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N7 =, D6, DI LV KV b/AIWHEHAASH SN (K 5-19, 5-21, 5-23), Z8ab
BHONENIRNF 2RO E2OREMLAEEEAONS. XHEHTROEHE
MEBM ZVETREEITE-—AC 24D, LENST, FTORJEKLBWTZ
DRIVIWNESho7eZ &, BBBICTRAAELITEL TVEZZE (K4-12) K
Bkl csEZ26N%. 2L T, TROMBEEISEELO LR (H2) OEASIKEFEESL
THAD (55 4%E).

Buczek and Cavanagh (1990) &, EHEE 4.5 m/s, FE-8.3%0D F D RKEX, FHE
DEHEEENRTEBHCBI280BEH RNV I NT—OE—-FEBKEVWERT
BOTERELTHD, COBRIAMELEULEBDOTH>/=. LrL, BHEEG
DFXTAVARKHLTHSOBREAMALOBMIKHEENBONZ. 51, FT0
RETIRHSEBAERENRE<MMT 520, AORESH NIV INT—DE—V @
DHBERRENDEEBRTWS. ABETHE, AOREBH MLV I NNT—BXUERE
AREIIEITORMESL LV EORCERA SN . EBETHE, ERDLS
D6 DIKBWTHRHEAHHEHHICLI O T BNENIXINF—E2RNTEHI &KX
ST, ADORBEBMILINT N LY LDDBISRKELRBILEPHVWTVELEE
Abh5.

Ut &, PR TORFSETE, XHFHATRBTBTIRESMHFENLVY
BRUYEDOKRBEB I I N7 —WAhNSWEARA SN, EHOHNFHT R F—EHD
KHFEELTWE., ZLT, THRFEIRICERS LEMESBHBRBR MV ICEI2A0ME
VIR —HEMCEDRVHERARARERDZEEALSNS. BARTORME
T, BHWERCREAGZHEBEMN S B2 EICL> T, KESGHRHGENN
FRIXNF—ZHNL, FESGCREGELVOHHAOBERMEEANZEH
HERRFE2RETEEZONS.
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55 EH
ABROHMIE, EMABCBISEHEOHMER SN, BH ML/ AEZERL, HE
EOWMELRKRTZ &L THAMICBFILEEREHEDOFT T 1+ 7 A
He2BRETH2ETH- 7.
TOHR, LTOZENHASMICE-S =,
(1) EORICBIBEHEDOF T 4 7 AWM
OHERHNDOEMMNY - BLIUVRE SR, BHEZEEZBRVTRERELHELHAL TS
D,%Etbﬁﬂﬁ(mmﬁihm)Tﬁﬁ%ﬁ@%%ﬁE~ﬁﬁ%@5hﬁ<E
> 7.
QRBLEVEHME (U6 BLUUY) TRERKPEMERNNI N 2.
QERENKEVWHAIE, BRMCBIZ2BREHFORES LI ORI N7 EEORK
B ML R —RERELIDBRENS /2.
OXFHMATFICBT 2 RS, XHYPRLITBIIREGBLICRBEHOEDOES H
WINRT—BRKEDS 2.
ORCDBEEDIRFE (U3) CREXBEMHBROBHEGHE RNV I BNI Do TZ.
UtozZehs, L0RER, THROBRFCHOIBEMHEREN NI, BVERE
THEEHRORESHNT —RESKEWIENASMICR>Z. B L -2 T
BWTHERNOREG /XY —2BLLZWHEEIE, BRREVRFSETAT Yy THE®%
RODIBENSHDEEALOND. —F, BN LVRFE (U3) KBLWTXRHHIC
THROFMEZMA, KEGSMHEEMIZ2NILTEHILET, BEGAOAHZEMRT
EHAREEND S S.

(2) TORIKBI2EFEOFXT 4 7 AWK

OEENEFHEIDDBRENERIZH 54, FTORMEBMITEHH L MRS

VA RSW el
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QHEMEROERBEIIFEEDOTFTUIRFE (D6) TRRKEN LD, RbALRME
(D9) TWH¥MELFARBETH> =,

OECHIETORME (D3) TR, XHHMPRBICBILIREGHE NI I BITED
BRBEH NV RT—RNED o .

@RBTORFME (D6 BXU DY) THEEHGMENIZICIDADKEE MV N
TJ—NRKEN> =,

ORIETORFE (D6 BXUY D) THEMBEBZOKBEG ML NT—RBDTNIZA
DEZERL .
TORPBENFEHEICKEARSDE (DY), FHiFEICKRTREAGZHELZRET

BEHL, TORBHEAZ2HZBE<HEBITRIECL0BEMEBEROEMZH T L

ZZ5N, TORELBWTZIOL I BHELTI L TREBMECBT 2 HERKENX

BIOBILDOEDDODN LV VERERDAIEENHSS. TLT, BAETOHERHA

B (D6 BLU D9 T, HRBERICRHNGLZMBENISBBITSILEKEOT,

BEHMBEBESDFHI XN F—2RNL, BEGORESIDODOHBEAN DB E

RHEEAFTEZHSEZASNS.



6. BERIIBIT2EHEOHES

6.1 BHH

BSELBISHB N 7BIVES NI NT—DAHick>T, THESED
DOHBOEHICHETZ2HEWEEDEEDIT, HECANEOHEKRERM TSI &M
TE. LAL, COFECREBH LERBOEEGH S _HHHOEHONS >
AZRMOBBILENBTERVEVIRBANSD S, ML/ NOBRAZEATE
Bia, RELCHRAHE U T MM I & RN O & W TEHE (activation)
DRDMCE > THANDAMODBRNRAERDLEEZONS.

TEHOEBTHEEGOHHELD BE WD, BRANZHET S 2D CITEES b
WO ZBHENDE—AL MIZHET 5 BE (Distribution problem) % R L FiERE
KEDMRTDLBENDD. THETHIT (Brand et al., 1986 ; K& L ILK, 1995 ;
Pedersen et al., 1997 ; Neptune et al., 2001; 3 5, 2002) PHEHEAXFY Y > 7 (Raasch
et al., 1997 ; Neptune and Hull, 1998, 1999) R E TH RN DEENTON TE N,
EBRECBIEHENCETEMARREALEY. COBERODEDELT, £
FTREBMERZEORBMEBEH ML 7 RESCHNMENFHELZREICL TWAHRENE
MBETOEND. TIT, EHERKODVTHHENEZHE TESFHEEREL, EHH
EfTRICBT5E4x0HEACEHRESNHEMcANE, BRI CZEL ML —
ZVTEBOFERMOIIRBEEZONS.

AEOHMIIZ, HERETNVICLOEE L EAE & FHETRICTET S T HEHGRH
DHEHZUERT DI T, HAMIIBI2EHBEEO TRHEHOREZRE

TBH5IETHS.

6.2 Hik
621 F—IWNEELT—FUH
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AECBITL2HRNMEEDEDODOANT—FZ, HERHZHLEZER 2 LD I
RLEBDTHS. £, EFINBIVECHEOZ LU Z2HMT 220 HER 2 5
BLZ(RR3). INS5DT Y INEFRIEIEBLNE4ETRREZEBVTH .
iz, BRAT—F0R#KI, FHk, BIUOKHLBIIOWTRESETHAWES
HEERKRTH .

622 HENBHOEDOETY >
6.2.2.1 HEKEET I

HEKETY YV T T T SIMM (Software for Interactive Musculoskeletal
Modeling, MusculoGraphics ft8l) ZHWT, 33 OHE2E T A0 MMOBERET IV
ZHE L (H6-1, Delpetal., 1990 ; Delp and Loan, 1995). % 6-1 121, 4 O
DERRKERLEEN (Fu), HHREOEBE (1,0, BOHRAE (L), FRA ()
ERLE. b, KR-HBGREHR, LRES, FREHZ2EDETNLANY Y
A, BEBHEREHZDOETHES, RAEH, ERNEH, KNEHZSDLETH
B, AREH, NRES, PRIEHEZEDE TLEBREEHLL.

6.2.2.2 BHET I

BETIVICE, BEH-—EIBEEBIVEREN-EHEBEHRZEZEZEL & Hill-type ET IV 2
B/ (Zajac, 1989). K 6-2 X, AHMETHWEHETINERLEZDBDTHS. £
EFIVIL, IHESR (R CE), MHHHEER (PE), BXUTRER (T) #5712
LHBESHE (MTC) THO, HHREITIIPRA (o) ZFEEL L. £ZK 6-3 &,
HRETHBLLEBOB D -EAEER f (), EERTHRBLELEZNEEROR
N-ESHER glen)BLUOEN - EHEBGER h(ie), THETHBEL ZLFIHHEE
FOH-EIBEBR K1) ZHRLEZBDTH D (Zajac, 1989 ; B& &ILE, 1995),

INSOMBRRBEHTHEBEBCAVE. AR THVEBET )V TRHUTORX 6.1~6.5
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Figure 6-1 A musculoskeletal model of SIMM®.
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Table 6-1 Maximum isometric force, optimal fiber length, tendon slack length, and pennation
angle of lower leg muscles.

Maximum force  Optimal fiber length Tendon slack length ~ Pennation angle

™) (m) (m) (deg)
luteus maximus 3201 0.144 0.132 33
luteus medius 3340 0.068 0.061 9.0
luteus minimus 1441 0.054 0.031 3.7
:mimembranosus 4295 0.080 0.359 15.0
:mitendinosus 1210 0.201 0.262 5.0
ceps femoris (long head) 2536 0.109 0.341 0.0
cceps femoris (short head) 756 0.173 0.100 23.0
irtorius 269 0.579 0.040 0.0
dductor longus 1216 0.138 - 0.110 6.0
dductor brevis 902 0.133 0.020 0.0
dductor magnus 3255 0.113 0.150 4.3
:nsor faciae latae 407 0.095 0.425 3.0
sctineus 483 0.133 0.001 0.0
racilis 348 0.352 0.140 3.0
acus 1136 0.100 0.090 7.0
joas 1252 0.104 0.130 8.0
nadatus femoris 1124 0.054 0.024 0.0
emelli 345 0.024 0.039 0.0
sriformis 1100 0.026 0.115 10.0
sctus femoris 2185 0.084 0.346 5.0
astus medialis 3402 0.089 0.126 5.0
astus intermedius 4171 0.087 0.136 3.0
astus lateralis 3276 0.084 0.157 5.0
edial gastrocnemius 4692 0.045 0.408 17.0
iteral gastrocnemius 1326 0.064 0.385 8.0
leus 7936 0.030 0.268 25.0
bialis posterior 1117 0.031 0.310 12.0
exor digitorus longus 272 0.034 0.400 7.0
exor hallucis longus 787 0.043 0.380 10.0
bialis anterior 675 0.098 0.223 5.0
roneus 2047 0.059 0.202 9.3
ctensor digitorum longus 298 0.102 0.345 8.0
tensor hallucis longus 260 0.111 0.305 ’ 6.0
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Figure 6-2 Hill-type muscle model.
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Tendon stress—strain curve; f(l;)
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Figure 6-3 Normalized tendon stress-strain curve, muscle fiber force-length
curve, muscle fiber force-velocity curve, and passive force-length curve.
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MR DD,

lMTC=1T+1CE.Cosa (61)
Fr = Fopy - f(ly) (6.2)
Fee = Foae *8(ce) h(lcx) (6.3)
Fpg = Frax "K(lcg) (6.4)
Fp =(Feg + Fpg) -cosa (6.5)

ZIZT, NI BREREWHEXROESEERT, lyrc REHAEZ L LITEHL
EHREAEE, LEIRE, lRIHEERE (BREE) TH5. R 62 ZROIES
~EAEKRT, REBROEN (ZhIIBHLAELTORACHSETEOT, UTFT
BBENERR) THB. K63 BNBEROEN— B S - HEBBERT, For I3RH
ERORES, i@ RHEREOLLE (UUTF, BIHHEE), q Q00HER O E
TH5. R 64RAMABBERON - BIBHKRT, Fe RUABBEHXO N ZRT.
R6sIRER, NFEEX, BEARRELEONOODHVRTHS.

EHE QAEATHNE, ChEOBIHFBRAEMS T LI X 0 HRER Lo, BN
WEE g, HBENFRZ2EBIZENTES.

6.2.2.3 EHEFAFIIR

PMEROEMHE (q;0~1) 1, HWEZELSORBMAN (u; 0~1) XL THEE
NERO> THRAICULSE LD, FBAHOETHLIBHERII LB THREENZ
bo THRAKBETS. R 6613, HMBAHNELEREELOMBRZRT —KOMITE
RNTH5 (Heetal.,, 1991).

q(t) = (ut) - q(0)- ((1/ t, -1/tg)-u(t) +1/1,) (6.6)

T ZTt,=0.03s (BB O ER), 14=0.035s (REBOREH) THS. Xe66enb, 1
% (At=0.016s) RIDFHEMEN o PHICE DB IEREOR/NME (quia) BLTEEK

B (qmar) ZZTHNENK 6.7, 68DEDIICEHTES.
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Qmin = Qo "eXp(-At / t,) (6.7)

Qmax =(q0 -1)'6Xp(—At/ta)+1 (68)

623 BEINBLCHMNILIZOBEH

THREGSOEME (KPR TIZ3) THLTHOK (33) DAENKELET 3720,
AR THBEBLEFEEA VLI I LICEDHEHZHEELZ. BELFEORBERK
W, BOEME q(0<q<) ELAE. HEHNEE—AS T —LEOMEHBIILI &L,

FEREHEDVOH ML ORMMNEROEB MV EFLL< BB EVIHKFHEER
7z (K 6.9).
M .
JTj=2MT; (6.9)

CIZTIT, B jOEROEE MV, MIBFHOK (M=33), MT M i OB j I
BUYBHMINITHS. RELERZ2EBbRS>EHTE, ERBCHNIREL TWIA
HCEBBE— AR, ¥HHZOCEHLAEGNLVY (E5HE) KDBEET
% (Gruber et al., 1998). £ Z T, X 6.9 DAL ICIIHEH K 51 & 4 K D Butterworth digital
filter Z W T 15SHz THEW|ILL AR CEHFBELABES MV 2R W, £, EHEY
AFIVRACETE, R6.7BLV 68 N5 RDLEBEHEOHBAZAFAMYELT
mzx7 (X 6.10).
Qrmin < 929 max (6.10)

RELOBMEE (D K, B2EZTRRAELOICEHFICHEDEZEASNZHOE

HED3IFEMZHWE (KX 6.11, Anderson and Pandy, 2001).
M .
I=2(q')3 (6.11)

HEER q EHRNDEOBR (R 6.1~6.5) BIUERBEREZBEZL, D BERHBEK

MNER/NERDIHHEROEZaOTTEICERLE. B, BE{FEICIE MATLAB
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Optimization Toolbox (MathWorks L) ZH Wiz, EHINLEHEER (EHEE) »
5, R6.1~65IC KD HMMER, HINMERE, HEH, HrILr2HFELE.
e, TRESGKREOELCREBEHNOREEBNAT—E L.

6.3 #R
631 EHELHUERLE DL

B 6-4 1, MERAED 1 94 7V iBWT 5 KEH (GMAX), Kb =S # K% (BFlh),
KBEH (RF), SMULH (VL) OFEHEE, HERIASBEHLEZAGOHKER %
U9, LV, DOKXDOWVTRLEZDBDTH S. FEIC, K 6-5 3HEEH NME (medGAS),
EJA# (SOL), #iEEH (TA) KOWTRLEBDTH 5.

EHOIAI /B TEEELHRELER TS L, WTFhoRERBVTS
KEEHBLICARBEHEZR sHRTIFEEEONLDS LNV BRI EHEIHREI
ERT1HA4 70D 10% (K 60ms) RiEBR TWAE. RKEBEHIKOWTIE, BEHEER
Rt R 208 TIRIF 0K ZDIIHML, HEX TR MEHE 30% %
ETHREL TV, EMEBEH T, BHEER 191700 20~40%F 12BNV T 0
KEWEZRLTWEORHL, HERTE 191 7 E2BL THRENASNE.

BN —CICHLTEEELHREZERTSE, WTHhORECTBWTHAM
BAHZR< 6 BHRHOEHER, HRBICHNT 1Y 7))L 0 10%81 %8N THEKNHE
PLZEMNRIT —22RLE. KBEBHIDWTI, &4 R BB o 52
XFEHIDbRENOEOIIHL, HHBEBTRIHHAMEICE—TERLE.

FERMOXR/NERICBEL T, KB, KB_HEGEHE, KBRES, BEEHRASE
KOWTH, HREOEMNY -2 2 102EERS B TERELRAT D L, BER
DRMEAREBEHELHFRBTCEE KL WA, ARAEIRBHOBEEELHKRED
E—-JEz2E&y 5L, EHEER U (0.388) >Lv (0.328) >D9 (0.237), MK EIX

U9 (70.8%) >LV (50.3%) >D9 (36.8%) &/ D AIEMOKX/NERIZI—BTS. NHA
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Figure 6-4 Comparisons of muscle activations (Left) with EMG envelopes normalized by MVC
(Right) in gluteus maximus (GMAX), long head of biceps femoris (BFlh), rectus femoris (RF),
and vastus lateralis (VL) for uphill (U9), level (LV), and downhill (D9) conditions.
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Figure 6-5 Comparisons of muscle activations (Left) with EMG envelopes normalized by MVC
(Right) in Medial gastrocnemius (medGAS), soleus (SOL), and tibialis anterior (TA) for uphill

(U9), level (LV), and downhill (D9) conditions.
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BBLPETABHIZOWTE, EHERIBEHCBIS8EMOEEN NI D> 20D
KHALUFHRETEUINMMOBELID B AEL, MVC D (HAMVC=100%) % Kk =<
EE>TWa. FAMBEH T, SEMOKRNERRBEEEEIHRECREL R

D TWiE.

632 HhILy

B 661, 1 U1 7INICBIBEROKEG MY UT) BLUTKREH (GMAX),
NLA MY TR (HAMS), BES (L), KEBEH (RF), NEH# (ADD) Ik
SEREEH NIV (BRI Y) 2EERAED U9, LV, DI RKODVWTRLEZBDTH 5.
WINOREICBNTS, REAGHG MLV PEEMREELEZY (SRC) »5XHFH
(SP) FBIIMF T, NAAMIZITZAOHMENIV I ANOEBRPAELS, KBRHB X
CHREGROMENV 7 ZREL TV, BEHNE (FRC) TR, BESH, AGH
M, KEEHSREHGHB ML 2REL Tz, XHEHEE (SSP, BT 1 Y17
WD 70~75%) THBWTH, U9 TRBNLAPMY T RARRESBHBEMVI EXKBEBIC
LHEM MV BEHLTBY, ERORMIVIEBOREVWETH>ZDIIHL, LVE
KUDY T ABRE %5LJ:%>JE%F)DD7)\/J\?E< ERDO NIV IEHMEEBMLTS - /2.
K 6-7 XIEROKBEHG RV BEIUENLA NI TR, KIBBER, EKfH#H (VAS),
BEBE#S (GAS) KX ZBBEHI ML 2K 6-6 CRAKICRLEDDTHS. WTNOH
BZBWTH, HEMBREOBREHBEBE NI ZEINLZARMI S TATELE2HDT
Hol. XFHICBVWTI, EHRCI2BHEGHRE NI INRELS, ERO MVT
EDDBDOITMICKEREERL TVWAEAOIIHL, KEBEHOEBRIINE oL X,
XFEHTBVWTNLA MY 7 2B I CHEH 2 EEGE SV Z2REL, KHH
KEBMENMVIICERL TV,

K68 IXEKDREM ML BL OB, &I AH (SOL), BIEES (TA) K&
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Figure 6-6 Averaged patterns of joint torque (JT) and muscle torques of the hip
during one running cycle for uphill (U9; Top), level (LV; Middle), and downbhill

(D9; Bottom) conditions in the fast speed.
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Figure 6-7 Averaged patterns of joint torque (JT) and muscle torques of the
knee during one running cycle for uphill (U9; Top), level (LV; Middle), and
downhill (D9; Bottom) conditions in the fast speed.
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Figure 6-8 Averaged patterns of joint torque (JT) and muscle torques of the
ankle during one running cycle for uphill (U9; Top), level (LV; Middle), and
downhill (D9; Bottom) conditions in the fast speed.
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Figure 6-9 Averaged joint torque (JT) and muscle torques of the hip in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the fast speed.
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Figure 6-10 Averaged joint torque (JT) and muscle torques of the hip in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the medium

speed.
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Figure 6-11 Averaged joint torque (JT) and muscle torques of the hip in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the slow
speed.
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Figure 6-12 Averaged joint torque (JT) and muscle torques of the knee in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the fast speed.
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Figure 6-13 Averaged joint torque (JT) and muscle torques of the knee in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the medium
speed.
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Figure 6-14 Averaged joint torque (JT) and muscle torques of the knee in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the slow
speed.
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Figure 6-15 Averaged joint torque (JT) and muscle torques of the ankle in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the fast speed.
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Figure 6-16 Averaged joint torque (JT) and muscle torques of the ankle in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the medium
speed.
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Figure 6-17 Averaged joint torque (JT) and muscle torques of the ankle in each
phase for uphill (U9), level (LV), and downhill (D9) conditions in the slow speed.
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Figure 6-18 Averaged muscle powers in each phase for uphill (U9), level (LV), and
downhill (D9) conditions in the fast speed.
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Figure 6-19 Averaged muscle powers in each phase for uphill (U9), level (LV), and
downhill (D9) conditions in the medium speed.
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Figure 6-20 Averaged muscle powers in each phase for uphill (U9), level (LV), and
downhill (D9) conditions in the slow speed.
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Figure 6-21 Muscle activations averaged on one running cycle for uphill (U9), level v),
and downhill (D9) conditions in the fast speed.
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Figure 6-22 Averaged patterns of muscle power of iliacus and psoas
(ILP) for uphill (U9), level (LV), and downhill (D9) conditions in the fast
speed.
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MUV ZEBERLTWEEDERORBEG NNV 7R IEE0THoz (K6-6). TOI L
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Figure 6-23 Averaged patterns of muscle power (Top) and muscle fiber
velocity (Bottom) of gluteus maximus (GMAX) for uphill (U9), level
(LV), and downhill (D9) conditions in the fast speed.
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Figure 6-24 Averaged patterns of muscle power (Top) and muscle fiber
velocity (Bottom) of vastus (VAS) for uphill (U9), level (LV), and
downhill (D9) conditions in the fast speed.
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Figure 6-25 Averaged patterns of muscle force and maximum possible
force (MPF) for uphill (U9), level (LV), and downhill (D9) conditions in
the fast speed and maximum isometric force (F,,,,) of vastus (VAS).
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U9 THRREE ML AN WA, RESEHLDOBROAMID L A BMERIC
BORILERTHOT, U9 TIEIBREHMAHE, MEHROMF2EHITE I &
THRBORBELSE (K 4-13) 2RELTVAEZEEZISNS. TRDE U9IRBTSHE
FMBRYOREZDRBEHOFEHI, BREGHEN 7 OBEERESHS X CKRD
ZEENI 2DDRFNIEZREL TWEEZEAZBNS. 2, XFEHekzEBL TR
BRE MV ANOMBEBOEBRIIBO L, E S ABOERMIIHEMT 2 @ANA S Nz (K
6-15~6-17). MBI KBEHEMICBERATS0OT, EBHORNZMATE T AH
TEBMNIZHERTDZIEICE>TH, MENCEEGHBENL 7 2HELEEE
Abh 5.

U9 T, KBEMIAEBERBICBVWTKERENSNT—2REL, COKZERENT —
BEMEENRRENIECEEZHBDOTHo 2 (K 6-23). 7z, U9 DL BB I1E 3 F i
AEICBWTHEREENR NI VED, ANXT-BNMhEhoz (K 6-24). XFHHKYE
Tk, BEBHBLEES ABOENT—N LV KDdbKEN > (K 6-18~6-20). L
- T, BSETRXRZ U OXHHAMEICBT280KEE NI NT —DRD
KILEBH BN, EORBES VI N —OBMITIIKEHN, XHHARECBTIR
BEIO MV IR —OBIMICEHEEREE S AHREBRL, ChS5OBRN EDRE
KARRBEEDONEHIINF—OHMMIHFE LI ENFNS.

Btz &dps, REBREREDO EVIRETIE, BHEMITBWT, BESH, KRG,
NEAARYZTA, NEBHBNKERB NV E2REL, FICBESH O SSCHEDH L,
EHMECBWTEERERRORMGEA NI 28D, KBZREEROIHTZ
XTI TEZEAONDS. £, LOREOXFHCBI S TRES NIV LV
EDBHBRESE RV, EHHIE, EMEENRZVWZORECKBEHER NV 2
RETEZRhok. —F, LOKREOXIHMBECBI LI AREHOEHIIKE L,
IEHBORESMBE NI VETOMELREAGBLICABROZELND 2D00K%EAZ
RELTWEEBEAOND., TLUTXHMAKBW TR, LORERZKEL, BEEG,
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ETABORMUERMICL BN —RENKRELI BB IENREINEZ. Theol &
WS, REBRERETOLORER, EFEHECBVWTHEERBES O SSCHESHT,
MBI RBEHOMBR M B E2BMLE N L - VTR ER D AREEDN
rEEINLS.

643 TORIKBITBEHMEOHEBES ORI

BIEMICOWTI, DI TREMEGORMBIUOHE NV ORI, BES,
RER, NEHEOH ML 7N AESho/. LML, BEG ML ZIE DI &LV EDH
KHESHEN Moy, REGEBREGO _EHEHH THEINLA NI VT X,
RKEEBHIZOWTELY E DI LoBICHEELMAERASN R > 2. LENRS T, &
BRTODRECBVWTHEHAOREH NV 7 ORI EDBVBEEHB IO RERH I E
DEBHRBEDT 52, “HEHIODVTIE LV LRABEOARMEMI P> TR EEX
5N5.

XEHRTEICBWT DY OEHBIIHEREORMICEDBBRVWANRT—EML &
ZENSE (K 6-24), TORETREHBOMEHAMPBEIEEASNS. B S5 E
TRXRZEDK, DI TRZFHAMECPBVWTAHOBEG NNV I NXNT —RNEMT %2
(K 5-13), CNRECEHHROBEXEHNMECLEIDOTHoLEEZALGNS. T
DIRETIHE, MBEFOILT7TFoFF—¥RIAT70ECRNEMTEILEREND
(Schwane et al., 1983 ; Byrnes et al., 1985), FEBH OMREHEDGNHEMT 5
EMPRINTVEDR, AHETHRICLEGRODI BERICHEFTRERMENLEA
HMARPNDEORIEHBOALTHEEEZLSND (K 6-18~6-20). —F, KEH, NA
AMUTTX, NEBEHBOENT =N DI TIE/NAEMo 7k (K6-18). BITRKEH /Y
—KBELTIE, LV CRERXREDEZRLTWADIIRHL, DI TREMBERICHERT
5(W%Egﬁmtm6)t@mv—ﬁbf@tﬁwﬁ%%bt(@&m%D9ta

SNEHEMBEREOKRBBHOMBEENMEE, oL REGAEENBBMOMEEZRL T
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WEZEEHEBLTWR EEZLSNS (R5-7). 2o ENS, XFHMAIECS
WTFHETIIEMENEZL TWEZKRBRHGA, TORECTIBREGEBICE bR
NFEHNIFRNF—Z2ZNTEEOARD, O ENEHRICET S ICEPHRARN
MR EEZBWTWENEENSD EEZONS.

XFMBEETI, EH#, BES, S AHOENST =2 DI TRAXL, HEH
IXRNF—DOHEMZMAZORHFLELTVAE. FESETRANEZLDK, DI TRXFH
KBWTEBM IPNSL, FEHCES ABHEINTY —REZMWABIETTREE
HIEEE, ALA—XRGERELOTHRAZARBICLEEEZASNS.

DO ZEMICH ML BN TEHmBIEEAERL, BHEERXELTLY L0 B/
SWEzZRLEZ (B 6-21). LAaD->T, FTOREIEHHEMOHELL TEKRKEL
BNWEEZLNS. LML, BLOHBICODVTHADZE, XHFHMMECBWYWTLAHE
KREBRMEEARMBDPDLDER o2, TOREIEHHOMRED HRILD
OOV T FRERDAEENRREBINLD.

6.5 EK
AHEOBEMIE, HEBETINVICXDH#EE L ZHEMEEHETRICBT 2 TRHGH
DENZHETSHIERE>T, ERBCPBIZ2EEBEOTEHEHOREZRA
T5H5LETHH .
TO/RE, UTOZENHAS M- .
(1) EVRCBIDEHEO THEGESHO KM
OEFRENKZVWESICE, EHEMMECBIZ2BEHICKREGEGD NIV 7 28F
MEIDDBREL, BEHOXBYPBEOANT BRI OEEHRFOE/NT —B
KEho .
QEEHMBRECBITZARERE, NLAAMNIFTX, NEHHICL2REHMBE MLV
NWEMMEIDDBREND 2.
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QEMBIL, EHBEHRELNSERICRSBTL. ZOROEMEENKE NS LD,
XHMBELCBIDEHRIREHHRBR NV 2D 0RETE R ko k.
OXHMBEICB T2 AREHICL 2 REGEB L7 BLOBEGSHE NV 2Tk

Eholz.
OXFHBEFICBIIPHEBCIBZER M7 EASL, EIABICIBZERN Y

RAEN- 2.

OXFH T, KEH, BEG, £S5 ABOENRT—BREL, EHROE/NT—H

INE o T,

UEoZ &hs, REREREO EVIRETIE, BEHMCEWT, BESH, KEH,
NLABPY TR NEBREPRERG NIV 2REL, BB EDH O SSCHIEHIL,
EEBECBVWTEESHSMEBEORBHRM N7 280, KB2RESHHABE
M ZERBE-TZEEZASENS. T EDRER, XHFHEFOARRED OIEDH N
REL, EBBICLBEGHBRNIVOBET2HBL, ARCEREGSLICARD
REEWI 2DORBEZREZL TWEEEZIADbNSE. ZhEDIENS, KERER
ETOEDRER, REBECSOTHERBESHO SSCHEH S, XHYPIKBTS
ABREHOBBHZAMZRALEL L -V VY FRERDAEENREINES.

(2) TORRKBIZEHEO THHIEHO K

OEEMICB T HBES, KBRS, NEHREICLIBRES ML I BN Ho 28, N
LANY TR, RBESHIZOW TR FEHELOMICEHEZLLHARBE RN 2.

QXA LBV TEHHOMEERERLITANT - REN > .

OBMERICBNWT, RKEHIIHEHIMICLEOBRNAONT—2RL, NAZX MY
CITABLIVNEGEHBMOENRT — B TFHELID B /IS o7z,

O FHFMBEETIE, LHH, BESH, EIAHOENT-—BNAEL, FHEONFHT

FNF-—OHEMEWADOKEFELEL .
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CIYA IV NVEHOEXREIVWThOHHBL TEHELIOBAEI o2,
UEkoZens, TORER, TERHHOEHHRMNOPRAEIKRE AW, XHH
AR ICBNWTEABCRAESREEEARIINE EEA5N, TOREIEHEO
HREBHBRILOLDD NV -V FFBRERDZENREEING. —F, BEHER
hREEs R L, REGHBHRNIENSTY 2N TH5LOME®RNMEZITD
CERKD, EHBRCISREFTHRARNIINDE I EZHVTVWEZEEALGNS.
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7.1 HERMITBT 2 EREREESHEOENE

ABPAOBMIE, HAMCBIIEREBEHEENI T A ANCTHHL, £
DHEBIVOTEBEHOREEZHLMACTHIELTH .

RT1E, FRT AV ANERBTCHETHIEELRREZELDEBOTHD. £k
7-21, TREGEBICET S FEERMEELE U9 (RHE+8.7%), LV (FEH), D9 (-8.7%)
KOWTEXEDEZDBDTH 5.

AMADORHEREERENS, LTOLSBERNEIEHEETHAS.

() EVRKBI S EEBEDABLOFRBEDOREI DN T

KREREREO LDREE, BEMCBVTREGEDD OBBROK S RENST —
KkD, KEORDHLBLURDRLEAES, POEFoTHD, BICEE
BIECBWTHBEHD SSCHEHICEDRINT —RENKELS, KBZHREALHA
BIEHMLTWE. £ E0RER, BRERCBIAHRNBLCREREENNS
Mol. ZLTERHBRLORBEBOEBAKE <, EHBICE S MEEHHE L
POETE2HBT LI, REMBLOARORREICESLE. —F, BOhA
EORBETE, FHESABMEICHTHRBEMBE L2 A HENS BN
BoNT.

EOREER LSV VFBRELTAVNSRARKNLT, UFTORBATEETH
%5,
OAEBEEETANED LV RATIE, A7y 7THEEAD, BEHNSEHES

Kb TRBOMBAINOAT 4 V7 2HBATEZIEICLY, BREBEEIBNVT

EELBEMROSSCHEH 2R LD EToREMOREGHEDDOFHNT —FHEZ

KE<TBCENTES EAMIE, EMBEOHKELOFHEMALBERFS C
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Table 7-2 Summary of muscle activity variables for uphill (U9), level (LV), and downhill (D9)
conditions in three running speeds.

Variable

Unit Phase U9 LV D9
FS  -0.337 +0.053*  -0.281 +0.042 -0.239 +0.052*
Averaged torque of ILP for the hip N-m/kg FRC MS  -0.263 £0.025*  -0.234 +0.039 -0.220 +0.035
SS  -0.218 +0.019 -0.201 +0.024 -0.193 +0.034
ES 0.231 +0.100* 0.069 +0.038 0.130 +0.088
Averaged torque of RF for the knee ~ N-m/kg SSP MS  0.291 +0.091* 0.102 +0.047 0.093 +0.059
SS 0.288 +0.087* 0.137 +0.052 0.099 +0.080
FS 0.812 +0.163* 1.029 +0.195 1.189 +0.200*
Averaged torque of VAS for the knee N-m/kg SSP MS  0.628 +0.122* 1.023 +0.128 1.186 +0.275*
SS 0.665 +0.145* 0.777 +0.031 0.920 +0.177*
FS 1.37 +0.53* 0.92 +0.41 0.40 +0.35*
Averaged power of GMAX Wikg FSP MS 0.62 +0.19 0.60 +0.28 0.23 £0.27*
SS 0.48 +0.19 0.43 +0.14 0.17 +0.15*
FS 4.45 +1.08 4.06 +1.25 3.16 +0.84*
Averaged power of HAMS W/kg  FSP MS 2.62 +0.65 3.14 +0.83 2.78 +0.64
SS 1.83 +0.74 2.35 +0.46 2.25 044
FS -1.80 +1.69* -5.50 +1.04 -8.63 +2.01*
Averaged power of VAS Wkg  FSP MS -1.73 +1.03* -4.71 +0.83 -7.31 #1.22*
SS -1.79 +0.63* -3.39 +0.47 -5.57 +0.99*
FS 2.34 x0.75* 2.10 +0.39 1.73 +0.59*
Averaged power of GAS Wikg SSpP MS 2.38 +0.49* 1.93 +0.40 1.31 +0.38*
SS 1.89 +0.27* 1.53 +0.30 0.95 +0.17*
FS 2.77 +0.88* 2.46 +0.69 2.06 +0.79*
Averaged power of SOL W/kg SSP MS 297 +0.97* 1.92 0.48 1.24 +0.84*
SS 2.46 +0.23* 2.08 +0.44 1.11 +0.59*
FS: 5.0 m/s FRC: First half of the recovery phase
MS: 4.2 m/s FSP: First half of the support phase
SS: 3.3 m/s SSP: Second half of the support phase

*: Significant difference from LV in the same running speed at p<0.05.
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EMTES.

QRSP EORBETIE, XHPCTROMEZMA S ZET, REH~OAHEE
BETE5.

ORMEDLVRETHE, XFHACBIS>ABEHOMBOZFHEZRAL ML —
U FBRERDAREEND S .

@DEVRETIE, TROBEOFRR 25 EHE R /NI .

(2) PORECBISZEHBEHEBLIOTEGEHOKFHEIIDODNT
FTORETEILITLOHBERICBILIHEEHNCPHEFERIKRES< 25T, RE
MR THML, TORKEHG2ER HBMI T LRRLDEMEEOHMZE
WTWe. FEECLBRTIORMETIE, XHHFIBIBWTREAGMHAE NV XD
—BRAEL, SERTORMBENARELIARD &, ZHFHMECBI2EHHOANT
— MY 5 LRI, REGHBEHRNANT-—Z2RITIICR>L. TLTXH
MBgETE, BES, S ABOENT—N/NMSL, ZOZERFEONFEFNIT X
F—OoEMEWASLEHI, TR2ZAMEIE, XL XBSGEELOTREZAREIR
L7z.
TOREZMN LV —Z T FERELTHWVWSBARMLT, UTORBRETESZTH
5D,
ORPMEOTORER, EHHOMERHHBLELOLDORN L -V TFERERS.
@QFoiRETE, REGZ2HELZRETEMRL, TORRMEECHHGZRE<H
MAVDILEBEETHY, ZOIXIAHEZTIETRERECB T HHRRK
RN DOBIEPIEHHAOBR2HEEAFROBBRICRIDEZZAEND.
QAMEDOTORETHZBMITBNW T TRIRRESHET 525, COHFERKELT
BR—HEEBEEOHEORMENXETLHOT, BRATORMEZ N —Z2TK
FATOBOEERBRALRS.

147-



Tz, RT1BLUOKRT21RRLELIK, EDRMPSTORETOHMEOEAI
MHUTENEFALBWERNZELS AN, LER>TEN N L—Z VORI,
AMATHRONTEEBOEMNSY - REELANS, BHCK U TREZEAED
TTEBTOILENDSS.

72 GROBE

EAMATHVWEHRAEETETIE, PHEEZELDAESIEIRBAAELETHERD
HY, TREIBEAEZEOLEDOETFINCORBELOENEEEZHAL, HEDOKEZ
BMOLBBENRDAD. £, LOREBLRITORENBEREE, HFREER
EDAANEZBRFATAHAILICEST, EHABMKBIL2EHEOSSITHFMABESLR
WREFHALSNMIITELS. 5T, FHROMENEBLMLZERE ETIEIEHES
BEBPERTZEFHIN, ZOZEBENRL—ZV T RBWTHETH 5 AR
UNRHZOT, FMATHESNLEBNARZbEICLAEANS, ITNSORVTITS
TE2EHHEZHETLOILENH S S.
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BHBABERICKE, T—FINE, HHE KROBR, XEBRZSHELHIIC
BMO2H502HTTHEICIIREEWE. £k, EEVRRARLZDCERBRIEKEZZ
BRFLED, RBEETIHYE, wEEBZLETTEHNWEZ.

LB RBERICE, BERXERIKELTIHEBEWELZT TS, HRCHT S
BELBEATHFOMAEL L CTOEBLE THKRENE.

REEB&RZ, NNUEEO#EMCIEELRIER, MELEZHEVWE. Ik, HFHED
RKEZBUCDAR—YNA T AN ZAMRBOHERICEIZ<OBE, BRDZEHRE,
EROBREELTHOH AL THEHWE., 3561, BEHFEBOEETCPHREOERICRE
RSERICZHHENEZ.

CIRBLT.BRKR<BBOBERL, SROFRCRNTHLEZBOET.
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