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) T Uiz, TOBWBRZEEM#T/ 7 b Frame DIASI (DKH ##) ZHW\WTY

7 > FERRE L.

o5 O HT  BEERA R
REY > 7B OBIEI A E 2RI 27201 BHRRIRAL 9 o (58 - SR - S -
K&t - LATEER - JFE - N3 - REV/NE - BRRA) I —A—2RM (D L, 8

YEENTY 7 b Frame DIAS [l ZH W B OAEERZIT/RN, XYY > TEEH O
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FEBHET - RBEET - RBEIE OB OWTAEZRIN L.

O AEAIE

T3 ab—y— B REHERK O 3 DT —F 1371 F4400Hz 30Hz* 1000Hz
TH D0, HERO 1000Hz &FEEE E785 K S MELE U RS/,

25U AEOE (360 ) % LIEA. 180 EZ IR EL, 30 EZLIT1240HIEH
R EIT 4 AFMOBHITHBIT 2 BEAR# B0 OFESHER (BLT. Integrated

Electromyogram : IEMG &it9) Z2HEMH Uk,

EE SHAEIE S L OGRS
HISBEfTRR B IOHEROFHANL, 2003 £ 12 B S 2004 4F 8 HIZMFTHAR

AR IHEREIIE = T o 72,

H8HT  HEAHULE

RN - BIEAEBLUORTIADOESEEICDNT, HEB L OEERE (FY
+EREREE) 2EHE L. SREHE OFEEICDONTA - B - C B0 3 #HT—IoilE
DB ETTO, AEEMESNZHBEIZEL T, Sceffe DA% U TLHE E
Zfrolz. iz, EfTHEBIUONRT Y 2 TRA > b OMERICDWTITHIR DR t B

Z2ATolz. 1aB. AFETIE, HEHLE O B 2R 5% KM THE Lz,
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W1 ANV BROBRKEE

3 MDY L TRA > hDH B, MV BIOHE TRAMELE SN DP OF7—4

ERRITHHRAEN B I OETHEIC K SHHE % Ll Lz,
(1) BB Nck 2 g

BRNVD - BEORERERZR T~9 TR U,

BARIVZIE, ARE54.73+5.18 Nm, B #47.77+6.51 Nm. C #36.99+£5.03 Nm T
Holz. BEEELESTIE, BREEHERUTARE (p<0.01), CHEHERUTBEH (p<0.0D)
BIOCHBEMBUTAR p<0.00D) T, MEMICHARICEMEZRLE (®T,

RRHEEIL. AB£62.66+11.41km/h, B #f58.38+2.86 km/h, C #f 52.23+3.03 km/h
Tz, BEFHER T, B #E& L T A #p<0.01). CFE& &L T B # (p<<0.00D)
BIOCREMBRLUTAR (p<0.001) T, AEIEMEERLE @D,

(2) EFTHEICK DR

BERICBITHEKR MV 21 DA55.15+5.07 Nm. SI47.35+£6.05 Nm. XIREHIH
55K MV27IEDA38.25+5.39 Nm. SI 35.73£5.07 Nm. ThHo/z. ETHEIILS
s Tid, BFE (p<<0.001) BIHEERE (p<0.05) IZBNWTSI &L TDATH
BICEEERLE (K8,

BEFRICBITHRAEEIL. DA61.461+3.14km/h. SI59.58+2.91 km/h. SHEEREIZH

B EAGEREEIL, DA 52.90+3.47 km/h, SI 51.55+2.86 km/h TH -7z, EfTHIEICEK
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BT, BFEHE (p<0.00D) BIUNHEEE (p<0.05) ITBNWTSI L TDA T

FRICEEZRLE (K9,

Wi RYINETH
22al—4F—T 30 BHRY U > T Elfiol EEDREMEMN S, RYIERETREDT]
BT, BlELETBHEEDNERATAELTRYND LTV EEz, FEOXRY I L
THORERRZKX 10, 111TRL7Z,
(1) RFYTRA > MK Bk
LB AR D RS )V LT /71E DP 674.14+135.04 Nm. ADP 399.84+131.22 Nm
Thole. £z, FMBEAARREDRS )V ETFH113 DP 793.514+164.35 Nm. ADP 498.33
+116.13 Nm TH o7z, XFU L TRA > ML D HBTIE, LA BB LM
BEHABREBT BRI EF BN TADP LT DP TERICHEEZR LU (p<
0.001) (X 10),
(2) BRIk B Lhig
EMGIE EITRORS)V LT HIE A #—87.12+£61.54 Nm. B ##—78.99+76.54 Nm.
C B 85.95+£69.97 Nm Tho/z. /. HMEIE LTRORS )V LTI A #—76.44
+73.21 Nm. B #—26.46+64.58 Nm. C & 55.57+67.23 Nm ThH o/, FHRENICK
BT, EMIEIE EITREORY ) EFINCHENT C BEE LU T A BRI C B
gL T B HFCTHEIKEZRLZ (<0.001). FAME1E LFROXRS)IV ETHIC

BNTCREMKRLTAMTHFRICEMEZRLE (p<0.0D) (K11).
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I RO

J& - s - EBIETOBIEAE T — 413, ET A HEIC K 2 BEEHARS Y 2 TR OBRGN 5,
Frame DIASTT ZHWTHEH U7z, BIFiAREORERRZX 12,13 IR L7

B AAABEN BT BRFROKBESAEIL. DA 72.92+12.44 J£, SI 80.87+17.40
B, xHEREDMRBIEfAEIL. DA 73.66£20.50 . SI 88.00+13.30 ETH o7z, EFaE
DRI A 1T, DA 64.15+10.06 FZ, SI 59.91 1 8.29 B, xt BB OIEBIH 4 FE1 L, DA 55.70
+24.34 &, S171.64+13.82 EThH o7z, BEFHOREBIEAKLIT, DA3.27+6.70 . SI
4.39+8.11 . MR EBEEIAEIL. DA0.18+8.74 £, SI7.86+£8.46 FETH o7z,

BFRICBIT B ETHEOHR T, I - BB TIIRTICA R A S sh o T,
UL, BBEETTIX ST &L T DA THRICHEEZRLZ (p<<0.05). XHRHHIH
HETHEORETIE, 3 DOMEAE TIHREICTABEIIA NG o7z, (K 12)

5l& WP REICHIT 2R FHORBEAEIL. DA 58.56+13.20 . SI 75.30+14.49
B, WEREEORBIET AL, DA 72.16+5.36 B, SI87.96+£11.27 ETH o7z, HEFHD
RIS M. DA 74.50116.59 B, SI 84.96+£8.14 &, XHRELORRBIHIA EIL. DA 76.83
+6.62 £, SI193.16:9.36 ETH> 7z, EFHOEBMEAEIL, DA —25.12+5.10 .
SI —11.98+10.61 &, XHEEEDERIE AL, DA —24.562+544 £, SI —23.47+=4.64
ETho7.

EFRICHBIT B ETHEOLK T, 3 DOBEAR TNTITHNT ST & LT DA

THEIZEMEZRLUE (B p<0.001. B :p<0.05. & :p<0.01). HMEEHIBITSE
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THEOHETIE. 3 DOBfARBICHEINICEEEIIA S -7z, (K 13)

BAH  IEMG 5 A= fiTEE)
(1) BHAA - 51& LT Rm D

B - 5l E LITREICHBIT S IEMG 2K 14,15 IR LTz,

BEABRHEIZHBITS TA O IEMG &, A #f 143.031:88.12 4 V-sec/sec. B Ff 119.60
+76.92 1 V-sec/sec, C #£ 68.14+£33.64 1t V- sec/sec TH oz, £z, GAS O IEMG Tid.
A #£516.781+189.47 £ V-sec/sec. B #f 435.67+1126.70 £ V-sec/sec. C f 284.51+93.16
1V-sec/sec TH 7. BAABRRHTIETA O CFEEHLTAR (p<0.05). k.
GAS D CEEELHB LU T AR (p<0.001) BLUCH LKL TBE (p<0.05) THE
WZEfEz R Lz (K14),

51Z EFRIEICHITS RF O IEMG &, A # 231.394169.07 £ V-sec/sec. B #f 169.13
+145.62 1t V-sec/sec. C B 106.34+£83.53 4V sec/sec TH o7z, £/z. TA D IEMG i,
A F£ 356.971166.37 LV -sec/sec. B #f 262.771+192.46 14 V- sec/sec. C & 220.42+126.62
1 V-sec/sec ThHo7z. BIELITRHETIERF ®© C#ELEL TABTHRICEEZRL
7z (p<0.05), TA ® IEMG TIZEEH TORMG A RZEIASNEh -7z (K 15).

(2) V52 UMEZLEONEE
B0 27 AEREICHBITS IEMG 2K 16~19 IR L7z,
RF @ IEMG (&, 77> 7% 30-60 FEETIX A # 394.46+£106.24 L V-sec/sec. B %t

281.48+137.10 4 V+sec/sec, C #£239.11+95.194V sec/sec TH o7z RFDTF 7 4
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FE 30-60 ETIXCHEMERL TAHTHREICEMEZRLE (p<0.05) (X 16).

BF @ IEMG 3. 7 7> 7 £ 120-150 ETi A B 320.36+£135.42 4 V- sec/sec. B &
250.83+109.99 11 V-sec/sec. C B 157.07+86.76 1t V-sec/sec. 7 T > 7 4 150-180 &
T, A#£257.991136.10 1L V-sec/sec. B £ 206.75+62.01 £ V-sec/sec. C £ 110.40+
33.74 1V sec/sec. 7T 7 FAHE 180-210 FETid. A 184.71£99.96 £ V-sec/sec. B
131.39+69.53 £V sec/sec. C #f 88.66+29.34 11V sec/sec TH o7z BF DU 527
120-150 ETid C FEE LU T A # (p<<0.05). 150-180 ETIX CHEELIRLU TA R
<0.01). 180-210 EETIX C B & i U T A B (p<0.0D TARIZHEEZ KL (K17,

TA D IEMG (3. 7 T > 7 £ 60-90 FE TIZ A #£ 131.77£60.98 1t V- sec/sec. B £ 148.40
+84.15 1t V-sec/sec. C B 66.41+£30.61 1V sec/sec. 77 7 FH 90-120 ETiL, A%
121.44+54.84 1t V+-sec/sec. B #f 139.07+94.30 £ V- sec/sec. C #E 58.52+22.58 4 V-
sec/sec. 7T 27 FAFE 120-150 EETI. A Ff 128.15+55.90 1t V-sec/sec. B #f 101.92+
72.21 1 V-sec/sec. C Ff 43.93+29.93 V- sec/sec. 7 T > 7 fE 150-180 ETid. A #
254.12+131.27 4 V-sec/sec. B #f 117.60169.32 1tV sec/sec. C # 70.82+92.30 £ V-
sec/sec. 77 277 fAFE 180-210 FETIE. A #£ 309.80137.66 1 V-sec/sec. B #f 221.77+
142.05 1t V-sec/sec. C #E 98.60+113.57 4 V-sec/sec. 7 T > 7 210-240 E T A
#£ 350.511+143.42 (£t V-sec/sec. B Ff 226.14+114.36 1t V-sec/sec. C &t 134.81+165.70
uV-sec/sec. 7 7 > 7 % 240-270 EETIL, A Bf 881.90£175.92 1 V- sec/sec. B # 197.25
+147.01 £ V- sec/sec. C B 132.431+145.661.V-sec/sec THo7z. TA OV 77 A&

60-90 FETIZ CREELHERLTBE# (p<0.05). 120-150 ETIX CEBEUBLTAR (o<
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0.05). 150-180 FETIZ B BEEHEIL TA B (p<<0.05) BIUC LU TAR @
<0.01). 180-210 ETIZ C LU TA R (p<0.01). 210-240 BT C FE& L
TARH p<0.05). 240270 ETII B BHEHBL TABBIN CHELKLTAR @
<0.05) THRICEMZR LUz, £z, 90-120 E TIIHEHE TOMEHIRE BETA S
Mol (K18),

GAS D IEMG &, 75> 7 M 90-120 FETid. A #£551.421+249.76 £ V- sec/sec. B
Bt 489.74+183.84 £ V- sec/sec. C Hf 310.731+:47.98 4 V-sec/sec Tdh>7z. GAS DV 5

2545 90-120 ETIR C B LU T AR TARICEMZRLZ (p<0.05) (X 19),
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HOE B

B KMV BRORRKEE

B, —RNITHARTEE TORBIME ML K EL, @E TORBEE RV 7 AV
T, —F, —RATIXEEICK S MV OEIIA SN LS, TEFOETH,
WCENH D, ZOWRNS, —RNHMEETIIFEICHATHEZREL, BHEELD bR
WEHREC THESKR A TN E U TS0, B I3 s ) AN EHER L T 5
19, UL, APHRICHBT 2HHRE RO 8 DL T, BRI OmWEED, o
2 BHCHANTER MV BLURARRHENFRICEEEZ R U2, ZHUd BRI &N
BERO—DELTEALND, HLITIETIE. MLIZAKRENEEESH N EREL T
5 EFHMIL TVEA, ZIUIRARIEARSY 2 T/ R EL TN T, EREE AR
DR 2 T TIENNCRER S 2 ERE TRIET 2D NEE L2520, KERMLVY
FENNETHDEEZ ENS,

2 FEEDETHIRIBITZBA MV BLORKEE T, BFRB L OSHREEOmEE
THEENHSNZ, ZNSM, SI (Sitting) 1T LT DA (Dancing) THEICEEZE
RUTEZ &R BRELRE ML ICBEENMD S Z & TRA MV BLUEAFEN R <

IRolz BRI NS,

B2 RFIETH
REY D TRIZBNT WD KRERNE T T 2 VBRI D T EMTESMNIE ST,
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BONDETAE—RPRRESELEINS, LENST, 752 7FITBASNTNS N
DHAIZEH D Z E1d, R T ZBFET D L TRNTZEDTERNEERFETHS
29, RV ETFHOEIMIPES T, BEAE OF P REAH OHED 2 WIS B OEEIC
B 59 2HOEEIMKEHNTS 2, LENoT, XYV LT EMIEEEOHE DR
RIISHERENICHE R B A TS EE A 5N5,
(1) RIUTHRANILBZE

DP (Dash Point) Tid. 7T 27 ABMEOZAITK U TEL DRSS )V LT IR
ICENEEBNTREMEICETS (K20) OIZKL. ADP (After Dash Point) Tid, %
Z 2 MEEK U TEA DRI I LTI 0 BN TREMHEIELTBD (K 21).
kM S DP & HERL T ADP 042K, ZHUd. DP TIIIEE T 372012 T ITxt L
THEARAAIZDEIE BT 0T E2REL, THURESN TS, ADP TIXT TIZ
BEDNEICEL TS ZENSEIRIZBND ZENTET, FEL =0 EE
INTWENWEEZENS, /o, AMEERAREREEHGIE FITRFTIE. ADP &L
T DP OSMEECHEEZRL TS, INXD., #EZET2EETHS DPICHLT
HEZHRTT 5 RATH S ADP Tid. RYIIIHEMZ S END X0 HBEAABKHII
ERIFTLESZD, BIZE LR AAATLE 72D EW s R ARID T L —F %
PITENEK DT, HisE YA 7))V OEMHICHES DI NWRY Y D TINERIND EEZ 50
5,

(2) BimENIC K D%
Davis 5 8 I&, &Y 27 OHAMHEEZIT o AL T, 5I& EIFREORY )R
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IMA SN NIEEBEI N EREL TS, INKD, HEEXRYY T L—22F
DRBROFIICL ST, YN ETINEBRZHDEEZ SN S,

RFEDRERTIE. RYINUD BBHABRF DN % T I A, 5IE LITFRO1 2~ 1)
AELUTER 77 7 AEENRERORY I LTI EMBIE ERT BRIt
WU T ABOAN, CHBELUTBHOAN, GHEIE RITR TR C#EHBLTA
BOFNERICEMEZERLUZ. A, B BIADBREFETIE. Y ETFINTL—F&
U TN NK D ITHEAABREB LG E BT, TN T AADEBRB IS
TREBER > TRFU T L TWB I ENDND, BHABIRE CHAAHBNEZEiVT
5 &, BlE BRI THBAAALTLUEN, KAAMDT, bt T L —F&h
FTLESEENH S, LALIIE LITRHEOHRENS, FMREIEERYY T M
—Z 2P T, BFHTIEISIE LTRE#E > TR Y VTRV, BIEETFST
ETRYINTD B YA FATADHERD L. S 5ITENNGIE LITHROINTERR L
TWbEEZENS, Ko T HEHEARYY L ZICBIT251& LITEMEL. HfkREm L
WCRLESETEINTH D BN Z2FMET 2 — DO S WA S, 207D, 5l
& FITEMEDIREICBNT, 5I& EIF/2 & WD LR TORSMI TR, K0FH
IR ) —[aliz L THREEITD ENTEIUL, FERE DR LB DD TId:
WREEZH5NS,

Xz, EAOHIZEAAAEEIZE EITEMEEZHK L TIT 5728, ELOMAEy b TR
F) P THWEDRNLT B, FERS 2 1L, & POBIXIIEARUERSY > VEHERIT- T
WTH, FEF, FEHOFELZITTHOMENHITENENS EHE L TS, AKif
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HORRNSE, RFVY T RA 2 MTBIT B LTI, HEB KO OB A B
&)V ETFJIT ADP S LT DP THRICEEZRLZ, S 51T, BiEEe/ICHBIT 5
BCIAMGIE TR ORS IV ETHTCHELKRL TABRBIO C LB L TBE#
A EMZIZ BITRERS)V EFIIT CBE R L T A #AE1E LFRHIRSIVITMA 51
LHNTHEICEMERLZ, TUT, BAHAALBIUBIE ETHREOLELDHETRY )

ETHOENERD 2 EMNE BIREARYY > FIZBNWTHIEHNEET 2 LRI N5,

H3H AR

B B RBHERD 3 DOEEAKICENT, EFFICIENTHIBHETH R TIIRNA,
BEZRIERDRD 5 2 N5, WNRBEOHDPBEETFEENRE N ENDND, Ok
RIZT A5 L, BEEAIEHRARE WD EBHRENMENDOTII W EEASND, L
L. BT HEREARSYY O JTHEEIEN TWaWe, TNETEKOH 28X % LT
BY, HEROARLEMICE D AN LN EAICEN. BESIEENRE</R>TLEST
WHEDHERSEND,

HEREDL — hEZZMES BT, BEERYY 2RO FREIEIC DWW TR L 723
3TIE, MRBIET OBYHT Al BT A RIIAH SR o TN, RBIET S K Ve B Tl ER;
DOBEETAIEIEAEIN L 72, 2 — MEOLIC k> T, BEETRIEMRICE LN A S Nz Z &
5, RFY T HOEEROMEIC R > TERNECTNSEEZS5NS, £z, Desipres
59 P—b@mem<I s LENHOEEAENERICHEMLIZEMELTHBO, ET

TIEB L ETERIC L > THEAEICEEN DS EEZ5ND, AIROKRETS 27
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BOETHEITBNT, RS OBETEEI B TIIERENA SIS0, EFHT
1 DA TR ST O WA BICEEER U, Z3Ud, EFHOLEN DA & SI OMTKE
RFY LT HENBELTBY, REEHOMBE, BihfAEOHEENKENT EERLT
W5, BREIEIIRER MV OHEE LU TOREIZRZLTED 9, #ii~OBE)Z %
DHEETIL, KBS OME MV NEREIND, LMo T, EHONT +—< P AM L
EEZ BB, RBEHEIHEMEOBREEZRO D ZENEETHS 2, £-T. KREH
DFEES D ML Y ISR E WA, ETHRENHES /20, BEHHERGRN SHET 5%

AR BTT KO EWBEERENIME S NS EEZX 515,

HAH IEMG (BEFEX) 5 AAED)
ZRAEMEIL, BERIICE < LR ZRHITTOERMRSNDD EREDd
(KIRED) | HRAROIHEREBZASDITHEL TH0 ., SMEE) Z2FT 5628 FETH
% 30728, AWFEOMERELAEE L THEL TWD EE R T,

RF (Rectus Femoris : ABREfH) . BF (Biceps Femoris : KR SR . TA (Tibialis
Anterior : Bill8EH) BKI GAS (Gastrocnemius : BEHEFFSMAER) O T 48 5RIE
R ZRE L, B BHZ 0O IEMG 285 Lz, X5 2 Jid—EiRDH ThHifA
FECHOIRENS 21 > bR 5720, BRAIBRENFET 5 EEZ5N5, INET
IRFY T 1YA0NEr 527 DAETERELZREIASNS 919, LiL, XY
U > F 3 ARAA R EFIE LITREOZDOREICKE L HEIN. TOXDRNET

OEGEHITTON TR, Jorge 5 200, RFU T 184 7)V%E 10 BEICHEL T,
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T 8 i DFEE)Z LIRS L 7-fE R, TN ETNOHNDH 5 R CERIITTEE T 5 &3t
HL TS, Foo ABEOHDS 6. REREA & KBS, 2 ThRBEfiofE
EEMOEEH & U THEEREEZRIZL THha1Fh. BESOMESEICHED5
BIEifCTH D 29, TO/, RIRFROBBHI L IIRAENSno T &mn, KRB
VRRBAEI O T T OMEAMTON TN S 19, Ko T “HEEfHO L D ITHEM
TS BEZ IR 9 S 72 DT B 2 N < T2 T EMNELEE X B,

(1)  BEAABBIOG[E LT REO

TA BLUGAS IFEBEHOEFE IS L. BF RARYYU T O51&E LITBHEOBICEE
FiELUTBEGS %2, BBABREICENT, EFHFTHRELEZEHO 4 D55, TA
T CHELERLTABTARICHEZRL, GAS TH C LKL TA#BLUB
BHCTARICEEEZR U, AR ZIZIPRICRREL TR OSIE LiTEfEE2{7> T
NDHENIWE D NS, BARABRHITETRE (A-BH#) TIL TA & GAS OFEENCK
D RBETEE LB ER WK SR TEE L. RFU T 275 EEZ 515,

—75. BIELEFREICHNT, RFTIE CHEUMU TABTHRICEMER Lz, £
7z, TA TIIAEZERAH SN 72 C LT A BOL NS WMERINA SNz,
NKD, BIE EITRICHHREN R A BT RF 25CHEE S & CRBERTZEi L. 5
ELFEIT> TS, 51T TA OFFEENC XK 0 EBEIAEE Ui X720 & 5 A Tl
ELRTY T EFo TN EEZSNS, BHEIIE LTRmECBNT, BidEhBako
HICEERIZK B8N ? 0720y 5 27 EiR & EHRE D S1 2R IVCKIEL TH D, 4l

E LI RECTHIZEZNCEIE 11T 5 Z &N TEIUIE HIAD R TOMINOATHITE R X
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N5, INEORY )N ETFHBLK EIUTK T 551Z LITRE TOAD LT 0ORDIE.
RYYVTEREUTIRAD ZENTES 29, ZOXDITHEFHHEITK > THTEENIRS
HTEMS, BEICK> TEHT5HZRET D I EILTERN,

LLEDZ EDG, Bithe 1B L OETHA R WZ E51& LT R CR RSB
o Tn5, BENSHGEECE. N—= 7 UK B L OBHERR TR B
TP 2 W Z EERLUTND, BEHTIE. EMWBERERYY T N—22 7
B0 TWB7z0, RENEWETH 551 & LITREICHWTEET S TA O IEMG A3
OB THRICEEZR Lz, &0, 51 BITRHE OGS & Fkae 1 & OfiC
OB D S EE A 5N5,

(2) U2 0AEZEDHHE

RF T3 5> 74 30—60 EIZHWT, AHE CHOMITAEEENALNZ, TD
JHENTEAASRBEORFETH D, I 518y T afFTIE ARG RIHET 520 &
DB D, HEREARY U > JRA DR TH D BBH OB T, C BE& Lk
L TABIZBWT RF @ IEMG EEICEMEEZRLZZ X, HIREOHMRR ML —
ZUURBICEBBDEEZOEND, Tz, BAL, BIE LITEROSMETISIE LT
BB THBEMEONIZENS T T 27 fA 180~360 EDOXF TAEENMGEHNDL &
TR TOEN, RHFEORERD SITAEREZB/D LI TERN D72,

XHEEE (C#D O BF 1L, FrTREAA LRI ORREIEHERHCIEEI L T2 (X 22)
DIZH L. EFEH A, BE) TEEAABREY 5> 7 Ak 30 BEMAS TERD 180 E

FTIFIIREEIEHL TS (K23), £ 752 7/AE 120 BE~210 ED 3 KET
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C HITH LT A B0 IEMG WERICEEZRLUZ. INKD, MBEICLLNEFHOS
DRI 2 R 5 DICEREHANEEIL THB D, YWCKVESNEBADZENT
EBHLEZSNS, UL Davis & ® OFE RIFHHTX DK EVHEBGREOFETA A

SN EDHE E—EL, ESITEFHTRAFEENENEVWSHERE, RYINTERH
NEBADENDRERN—H L TDZENS, KOEIRYINTHELBAD Z EI13EE
D LICKRESHEEL TWBH EEZS5NS,

752 AEZEDIEMG IZBWT, 75 27 FAE 120~270 &b I LHEFA O A EX
M CEFR S RBEOMICERENS S NZMiId TA Th - 7z, TA iHEEHEE LEBEO
Bithza> ho—)L L, REMEEMTERNIGEETS 10, £/ 9 32K
B, BHEUBAERNESICHHIMTEET S EMELTWE I ENS, TA 1LEBIHHH
ML COREEICEEREEER > TWA2Y, EEENEE S H/RFUTsIE LT Rmmics T
BRI NADINEEFELBHSRNDT, TA OfWA, b BHEENGIE LITETE
CEHICERT A EEZOND, Ko T ZHUTFEMNABEEERY ) 7 N—22 7
BTO TEICKD, TA OFEBIROHIMANRZ 5 Z L&KL TV,

FRORFR T AL RE &, 51E RTRH CHEERFHOENASN, £/ TA T
AR OBSEINEEL TS (K24, 25), TROBEFHICBNTIL BHAAZ
T < B E EITREICB N THERMIIC TA 2BEIS T TNWB EE L 515, ZHud
2 R LIZGE CRBRORERDBBE SN, SHITETNITEY O 527 1 RiEHIZE
BHET D, THEA 2 BAHSNIZENIRERE—H U= L6, BiFRe1OM LIZiX TA

DIFFEHOEMPNETH D EEZAS5ND, TNKTOME T AMEDFHEB O EZ ]
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HLUTWBIHFEIIRL, ZUIAHEDRERN B OSNIZHARTH S, LINLEITE
s &I 50N, EQRET TA OMISEMBILRERSY ) S JICERT 2hENS &
THd. TITHAUETIL 75 > V7 AEE 12 /BEIZHEL THEENI DO W TR L 2.
EROEEDHEBNT, 7T 27 AEFENS ORBEHEE G & o 7= B4R
RHREIIATRETH D EEZEZENSD, LML, BIE LT ENWS REH TOREZRNI T T
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A pattern of muscle force production and motion analysis
in track racing bicycle (Keirin racing) exercise

Manabu Iwata

Summary

The purpose of this study was to show clearly these changes from differences
according to the different methods of pedaling and bicycle racing ability. These results
showed that differences according to the different methods of pedaling and bicycle
racing ability.

The subjects were 10 student bicycle racers of the Japan Keirin School (athlete
group) and 4 untrained healthy males (control group). The student group was divided
into the A group, which had 5 bicycle racers of higher ability and the B group, which
had 5 bicycle racers of lower ability and the C group, which was a control group
composed of 4 people.

Measurement items were maximum torque, maximum speed, pedal force on pushing
down and pulling up motion, angle of joint and integrated electromyogram (IEMG).

Maximum torque and maximum speed were compared with regard to bicycle racing
ability and method of pedaling. Bicycle racing ability showed a significantly greater
value in the C group than in the A group. The method of pedaling showed a

significantly greater value for Sitting (SI) pedaling than for Dancing (DA) pedaling.

41



Pedal forces of pushing down and pulling up motion were compared with regard to
pedaling point. The right pedal on the pushing down phase and the left pedal on the
pulling up phase showed significantly greater values for After Dash Point (ADP) than
for Dash Point (DP).

Angle of joint was compared with regard to method pedaling. The student group’s
angle of hip joint showed significantly greater values SI than DA on the pushing down
phase. The student group’s angles of hip, knee and ankle joint showed significantly
greater values of SI than of DA on the pulling up phase.

IEMG were analyzed according to 2 phases of the pushing down phase and the
pulling up phase and 12 phases of each crank angle.

In the two pushing and pulling phases, IEMG of tibialis anterior (TA) and
gastrocnemius (GAS) showed significantly greater values in the C group than in the A
group in the pushing down phase. IEMG of rectus femoris (RF) showed a greater
tendency in the C group than in the A group in the pulling up phase.

In the 12 angle phases, IEMG of RFs from 30 to 60 degrees showed significantly
greater values in the C group than in the A group. IEMG of biceps femoris (BF)’s three
sections from 120 to 210 degrees showed significantly greater values in the C group
than in the A group. IEMG of TAs from 60 to 90 degrees showed significantly greater
value in the C group than in the B group. Furthermore, IEMG of five TA sections from

120 to 270 degrees showed significantly greater value in the C group than in the A
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group. IEMG of GASs from 90 to 120 degrees showed significantly greater values in
the C group than in the A group.

These results showed that differences according to the different methods of pedaling
and bicycle racing ability. Furthermore, it is suggested that it is possible to make
accurate evaluations of bicycle racing ability based on change of limb muscle activities
from electromyographical characteristics on dush pedaling. This also suggests that it is
possible to use these informations in coaching about the suitable characteristics

needed for improving racing ability.
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RF : rectus femoris  BF : biceps femoris
TA : tibialis anterior GAS : gastrocnemius
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RF : rectus femoris  BF : biceps femoris
TA : tibialis anterior GAS : gastrocnemius
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