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9SUMMARY OF RESEARCH RESULTS
The purposes of this study were to use the optimization loop for the improvement of
techniques of medicine-ball throwing, standing long jump and sprint running and to
examine the possibility of using Software for Interactive Musculoskeletal Modeling,
MusculoGraphics Inc., henceforth SIMM, for the optimization system.

Subjects throwing a medicine-ball in a overhead manner and subjects performing a
standing long jump were analyzed and compared before and after the technical training
with a videography and a force platform technique. The results indicated that the
biomechanical optimization loop of sports techniques used was effective not only in the
analysis of sports techniques but also in technical training and drawing suggestions for
improvement,

Thirteen sprinters voluntarily participated in the technical training of sprint running
with the optimization system for three weeks. Based on the analysis of their sprint motion,
they were pointed out technical faults and limiting factors in their motion, ie, delayed
recovery of the leg, collapse of the support leg, and soon. In training session, the images of
their sprint motion were displayed on a VTR display in every trial of sprint running . The
subjects except one subject improved the velocity of sprinting and showed the changes in the
sprint motion, although the types of the changes were various. Biomechanical analysis of
changes in motion indicated that most of the subjects increased theixr stride frequency and
mechanical energy flow to the thigh by the hip joint force power,

Two male middle distance runners were investigated with an inverse dynamies method
and SIMM, Comparison of joint torques, joint torque powers, the musecle torques of the lower
limb muscles during the support phase with both techniques indicated that SIMM could
estimate the muscle torque of each muscle unit, basing on mechanieal properties of the
skeletal muscles and that SIMM is subject to no small revisions and modification of the
parameters of muscle properties for effective use in the optimization system of sports
-techniques.

10. KEY WORDS
(1) hiomechanics (2) sports techniques sprint runnin

(4 musculoskeletal model (8) motion analysis technique
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HUEARTH OB R h Vs OEMBEHM O D En2RETE D I L, B
B2 - DO RREE i bV OBMBPERRIBOFIEHLEEDDZ L, THEIZ
HLUTRVHUEGEZE CSEREHNIE— AV FOBENR TROE SRS
W\BEFWETE D LITFRINTE,

INHDOT &I, EBAEIEA LLER (R2~56) 1Tk LN 200
EOFRA AR EIhEERLBLOND, FLAE, FHHYOEEIZIW
CTHUE Z0R < B A 21 2 2 & 2B S 2 &g o Ik B E R Ry
7 BN TE, FEHHOSERANRHLETE R, W, ERE T TIEZ S
AL LS BEMTHEEL, BEEHICAN T & HT LS 24 A—UF 5
TETTRERY BTBESHAT— A PEEMNTE, TROBXAHBEN
WETEEHETHD. £, G LEEBHIITRBSI 2R, Sl i,
WOETHHEEBRYET TR A I CEsoBl 2K T5 X5
Bk SR oA, Bt roRBEEEM v ZENSETRKBEZRRES
BlEHTOIZHRED - EELENS. |

PLED XS, BHEDELEFIT 4 7 ARELOBREZBRET 2 I LT,
EEOELOAENFEEREZRITEET TR, Eff L —=0 7Bt 5
EWORA L PORYEERETEZEELOND,

6. 3 JIFHT RN — BT BEED b BRI b L= S DOTR

2 (6) DEHEND, REEE (VYL SHTRELLEHAAU—L EI 2L
THWEDLH, R2IIRLELIE, B —= P L5 FH Y —L EI D
B iF—EOEmMB ALt O L, WU ORI Ko
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TEREREZHMERGLbOL EI OEMIZ L > TREEEF M EE L HON
W Z EERTHOTHAD. TILT, BTTE, FHU—DOEMBRER
TH ol ERE | & El OWMERERTH > HWRE Y I OWTHEEICIT 3
RO —OFENEE L, ST —$#INER X O ISR ERESTTH Z LI
T 3.

MR EC B W THREREBLEAV -0 2B LEZL 25, 51&H
L, IRy ELHOBRSICRBAHHHIZ L DT —DORANRHELGNEE, Th
HbEKkEL EEDKRE SOBEEHAT—RMMEWZ LT, ERTH, 31&HL
BNz T —DFAN, IRYE L OIRENEZ > Tk (K16), o
Lo, ATV MBHECBEOTE, SIEHUHM~DARAT—DORARLIRY R
LIS ORHBEEEMSES 2 EREERBBETHLLE VAL D,

ZDLEIRBETHTN L, AEORT—DORNOELEZLTOL S ICE
Ldbhd o, HRE 1 RESHRIILI AT LEED AT —DOMmEH
WAL T, 202 Ehb, HEBE 13, BESHBEOY—oEmz XY
NRU—QREBEZBEMESYE, AHOAT—OFRA - RHEZEMSE TN LS
b5, —HOBHRE YT, BREHHHEO AT —ZED LTt b hnb
B9, FEOSNT—RINERELS BRI THEMLE, LR T, HEBRAE Y
i, PARVWAT—ORBEDELIIGETEZIUELHICOT, FHOAAT—
DA MHEERNSE W LEZDND,

7. £&O

AT, A7V NEMEOQEHR b L= Y OPRE, T F— A,
RFRTT A7 ABLUF T 47 ANER, NEHNZIXALF—ICHTIEEE
BAWTHREI L., FORBRIEIUTOLIICELDOND.
D13 £ P 12 4 OFEEEFEAEM L 72 (p<0. 001).
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@F BICHEDR A b L= BEIIE O > 5N T - 7= (p<0. 001) .

@EFEM O L THRO#H XIAA (p<0.08), THOBERAHLKBOBEHL
(p<0. OL) IZ IR RO R B 2 R T A B MBERHRAS, B O (p<0.05),
T%@#%ﬂammnm,kmoa%mLhmumnakmwxﬁﬁﬁmum
R E R T AR ABEERAR bR,

- @EEIRT I B IR N2 O/ RO L EHH OS> Eh otk
# (p<0. 05), HBHUMIRFIZIN DIREAEEdth L2 O FAFEOWEN L iEHIK
FBOB| & L O (p<0.01), TRREIRY HY 7w iz < BRI 1T — 2
N DR FIFHRIN & TR & %52 O 8rEE (p<0. 05) ORI A E R ARBIR M &
b,

QEFOFH AV — @M S T CEREEEEZEMNS S b 0lX, REBREIZ
EBNRU— LSRN LTEBESNE ST —ORFEHMEE TN —
¥, BI 28NS CREFELMET TS O, EESHHFEOND —
B SRR, BEFEN LTEESNE AU — 2R E BEMER T,

TDEIIE, BT bL—=r ik o TR DOHRENEEREOHKE
SR L Ebiz, BREBELEK LE. B L —= 0 2t X BREBFOLEL
CIBAEN DI, NEHTRAXE—OBALDIE, ELTRAF—ORE
EHM S TESEELRMSEE 0L, FEESETERALF—EEIC
{53 T & BEL ST OREEE LN S €7 b O KBITE £, Ve
HLBEEHEN L TCKIHIGRS NS HEM AT —BREL Ao TWAH I &M
Bohot. | |

12



3k

FITIE B (1996). R R AP FERB L UT R Y — b OE 41815454, Japanese
J.Sports Sci, 15(3):155-162.

Ae et,al(1997) A biomechanical method for the construction of the
“standard motion” and the identification of essential motions by
motion variability. Book of abstracts, XVIth Congress of the
International Society of Biomechanics, Tokyo, Japan, p.27.

GHIED (1994) HAR—IR Y v & —DEWFH, Ex RKFBZIENE HA R
e ERiEE OB, ~—AR— - w4 B, pp. 31-49.

Wells RP and Winter DA (1980):Assessment of signal and noise in the kinematics of

normal, pathological and sporting gaits. Human locomotion 1:92-93.

13



F£1 FAIFTAVANZTEICBITAT{LEEOHBIEREY

- - i v
Ok ¢} QOfEAH QBIEHL  @RBET &2 5h
O}k - 0.561 * 0.419 0.553 * -0.333
Q& ZAH _ 0.699** 0.567 * 0.085
Q5lEH L - 0.877 #+* 0327
@DEE LT - 0.105
&2 50 .

* p<0.05, **¥ p<0.01, *** p<0.001



2 EEEE, F19T7— BOZEL (£114)

Subj,  Sex Vy (m/s) Mean power (w/kg) El
Pre Post Pre Post Pre Post
T M 9.40 9.60 46.63 49.13 0.20 0.20
Se M 9.20 9.31 4091 35.97 0.22 0.26
A M 8.77 9.10 49.15 53.27 0.18 0.17
M M 8.73 8.87 41.16 41.35 0.21 0.21
1 M 8.69 9.11 39.40 45.62 0.22 0.20
Y M B.66 8.75 47.12 41.13 0.18 0.21
Si M 8.38 8.39 42 .46 39.78 0.20 0.21
H F 8.09 8.03 38.71 35.13 0.21 0.23
G F 7.42 7.77 36.27 34.04 0.20 0.23
K F 7.23 7.40 36.42 40.06 0.20 0.18
Sa F 6.25 6.43 26.05 25.17 0.24 0.26
MEAN 8.26 8.43 40.39 40.06 0.21 0.21
SD 0.94 0.95 6.39 7.68 0.02 0.03
I L L
p<0.01 ns ns



=3 FEEEE, FHAT—, BIOE (HE4R)

Subj Sex Vy (m/s) Mean power (w/kg) EI |
Pre Post Pre Post Pre Post
1(XT—18) M 869  9.11 3540  45.62 022 020
Y (EI) M 8.66 8.75 4712 41.13 0.18 0.21
GGERY) F 7.42 7.77 36.27  34.04 0.20 0.23
HGEER) F 8.09 8.03 3871  35.13 0.21 0.23
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BEET R /LY (Nm/ke)

0 0.1 0.2 0.3 0.4 0.5
BFiE] (s)
DB TFBRARANKEN. ZHRIFBRO L TR DAENRDZEEZONDS. ShERCIZE @D &

CATHBIETIZ®AHDITALSIC L:ciﬂzfﬁ%ﬁxn\(f‘:;u(Hﬁﬁﬁanﬁaﬁwwﬁaxw&%:_
Ehd 5 L575D08YT).

Q@TENRICDELIGGVNETIAHDNGIASNWTEY, BEAlcHT OGS, B L=
D REEBEOARIISIERET 5B AA—T A &L,

PIZB I HREDQRY T ALHAEL. BYRAME M SEEN - EEITTEITRYE T SHZETAL
B (N DETERE L IFELTIILITFEN).

B2 Subjl(8.69 — 9.11 m/s . EEEMER A, /\T—IENEREX)DZIKE



N
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- .

FAgTR LY (Nm/kg)
o N
~‘|-.
\
>

0 0.1 0.2 0.3 0.4 0.5
EriE (s)

DB T Z2EARAFDAREN. SHIEBO L TFTEHICDENZEEZLND. ChERHCICEK, @D &
CAHTAHBCETICEA DT 5L THEERA T ELW(BRESBRENL IR RO L]
B3 5L57 DY T).

Q@THAEAIZHENRTWSED, QIZEH3BROHEMAEL. HOSEHLEELBIVIA/IVS T
BRELf=IE5hAVkLN.

@ o@IZM TRENSIZEIFO N TLSRY, COBRDIRYTALNEN. ODESEMLIEY T
AHLZERRT AEIEDTYTOIEIHN L. COISHERIIOTHEEZHADIT22EILR
WEEIBHHEBILND.

B3  Subj.Y (8.66 — 8.75 nv/s : EEMEFZK) D3

W
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o N A o

BEETR LY (Nm/kg)
|

|
E=N
o

BFfE ()

DIZBIFBRARAFDREL. THIZBROLETERIZDEMNREEZLND. ThEKCIZIE, QD&
CATCHBCETFTICHEADITAESIZLTHEZER T LW HRRRLIDRRERD EZIC
B 5554023 U0). BIRVEE - E®AL-IEZSAMEEFELZ D HNIET.

OTHABBIZHENTLSEYD, QIZBTABROBEAEL. Thik DLBTELELSBEERY
FTTNAHEEZLNS. HOSIEELEL2ERWNRAZIV T CHRIBLEESA LKLY

4  Subj.G (7.42 —7.77m/s  FEEEMIE2L) DBFE



BEET LY (Nm/kg)

0 0.1 0.2 0.3 0.4 0.5
B (s)

DIZBHBDEARBAKEL. ThiFEO LTI DEMNZEEZLND. ChEHCIZE, QD&
CATHECETIZEADITSESICLTHEZIRER TUKELWN (BBESHBMNLINRADEEIS
B3 5855 21YT).

QTEMNRIZDETIE(HONETAANBIASNTINSH, QTRERNICHTOAEL. il
F-HOBEFROAMICSIZHT L5TA A=A &L

5  Subj.H (8.09 — 8.03 m/s : :EEEFH L) DEZERE



Pitch (steps/s)

5.00

4.50

X6

1.80 2.00
Stride (m)

FEEE, AFSAE, EvFOELL

2.20



Post-training (deg 3
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p<0.001 |
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BE~LY
DA NIE

r=-0.621
(p<0.05)
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Bt fERR b ILS
DANE

—=0.701
(p<0.01)
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DHNIE
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(p<0.05)
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™ L F A AR
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Subj.I (/37— A Subj.Y (EI#EnEY)

Pre (w/kg)
Post (w/kg)
8.10 \ \
9.65 13.60 } 584 928 ) _~
BlEH UMLK FYRLH2E BlEHUHIS &  RYRLESE
56.58 -35.62 62.20 -40 .88
67.30 -36.32 64.72 -43.71
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BEERETY /Y7 (SIMM) OEREDOKRR



HERETIVF Y7+ (SIMM) OEREDRS

1. BEY
HEBETY 7Y 7 b (Software for Interactive Musculoskeletal
Modeling, MusculoGraphics Inc., EAT SIMM LFER) A L CERERDF
AL, ABR—=VEEORELY AT A~EARTENERRT 2 L.

2. Hik
2.1 HERE B LURE

2 DFFRFPEREERTF (SB 4R 21 B, & 1.67m, {FHE 61.5kg, 800m
Bemiiagk 1' 50" 30; FK 4E#A 20 2, &5 1.80m, A% 67.0kg, 800m &
ALEk 17 517 80) 1z, 3otk (Bf, RFuHEH, BESM) 2XhL—2R
R KD 60% THESHk, |

2.2 F—FINER LUNHE

BNMEICEET 37— % force platform £, VIR iRfEHE, HERIEIZ LY X
U7, B, LEDOREEREES L LTarta—FItBmY AL, HE,
b 5, fR B % R ALER L.

ZLT, MLIZRLEE Y, BBAPMFEICLY TRESOEES L2,
BIfE o NU—RHEETA L L bIC, HEMES (HoEEE), HfAaEz
SIMM IZAH LT FROERGIZ L > TRESWEMHED, iy, G
B/ Py R ERHEELE.

2.2.1 VTRiEELIUOMER I OME
BIEOREE, BEE VIR KLV REAY— FER 250 o+, @BHERH



(172000~ 1/500 &) 12k BiFo7.

MR ORER, ERPNBRLEZ 2 B80T+ —2 7T v b7 4—A% AU,
YTV 2 SEEEL 500Hz T AD BB LA, 2 o —FIE D AL,

222 MHERORE

WA & UCEMO 16 8 KBRS, TR, KEBWFIEOERD, £PEER, KB
ERAS, NN XRY TR, W, LR, KIBER, SMAUERE, PuAE
f5, BEESEAN, I AH, ANRER, WA OREHER L IGEFEEIC
LV EH L,

TEEYEGL OB HICE, EHINER dnm O/PMIARER (AARETEN %
AW, 2 >OE®TLHEOERS 1.5cm B LRSS 5 —I2 & - THERFO
B FEOEEERICEE L, BB, HREOEICES LR EEMI L
FFT U A—F AT A (WEB—5000 %8 . AARNETLER) CERTEESH,
T ZCHIME L (FFE$00.08sec), ¥ 7 > VRS 1kHz T A/D TR L7
SRN—=YFarEa—F TR0 AALE. ERECILAEETE BRGcow
T 3 WHEDOBESERMUREKRIME MVC) 27RbYE, t0LEORKBEREH
E L.

IR SN EMGESL2FER Lit#, 4RO Butter-worth Bl — 42 (i
IFERT) 7 4 Itk o T 20Hz TERELTEBREIR VL, SHoME
B &L ZLT, HBoEEOREEE LT, REOMKRERT MVC JlIERO

1 BRI OBHERTH LARE (WMVC) #HHLE. S IMM~ARTS
FEEPERE (activation) 13%MVC 262120, 0~1. ODENRRLELD
L, BREPIZ MVC 743 100% % B X 7 iBAI3 8T 100% & 7227, TR
FEHDOEFIENIE EMG FH0RADN 6B THET S Z & (Electro-Mechanical
Delay) #EZE LT, FHEELRAHSELMHALD b 80msec ATD EMG &5
2B TE 1% O RMPSA L ke LCHIE &7 o 1.



3. BRBIUER

3.1 TFREDBEE bv 2y, BIEE, B MLy AU —

X 2~4i3, 3EOEMETRE LLBAOZBHICKITAR, K, BOLH
B sy BEAE, A2 ST — OB R BEREIZOVTRLELDTh
5 BHi M BIUAREOEINEE, RIZEMERT. T, BEF#EO
VR LR R R L, BRI NA MR IC g O, FF 2308 Sefsth,
HT A% T,

R B OHHIED R R IE Y SB & EEHEHIZ TV FK & Gl R
BEHXHDHIZ. LhL, TRHORDE, UTFDL 322 Lilbhs.

O RBEEHCE LT, FRE & b FF RT3 88 b s onb R B
LV =7 BRE L EHEZRORDEB bV 7 NU—RREW,

@ BEBEEHRE L Cid, B8 M2 128V T SB T HT BREA R E ViEMAIZH 5
2, W &b FF RO TURNS W E AN A2 30 — 3B
b7 & RRDBER ZRTHN,EDQ/ ST —IZ oW Tid s & 2B REZ2
BIEA DI,

@ IxBEsHOBE My B HD L, EAZEHD OO, FF HEHREOEHE
HBOEH LI BREVEMBHLND. B b AT D — AN E <
HEHIEIC & D AR RIS by,

3.3.2 SIMM i LA RREH F vy

643, SIMM {Z& Y #EELETROR K, RO&BEOEKES vy %
M2REERBEOFETRLELOTHS. ZORMNRLKOZ LRDNS,
DR BIHHICE L TR 2108 LB b vy LRBRC, FFRBEDIIS 489 1
LU= RKEW,



OMRBIFHIZRI LT, BERR 3 & AMOBMZERTH, FFREO vy b &
WEW I BRI Hivdav E 7 SB T HT BE N K& W28, FK CrREHIC L
DHARERIMRILA bR,

OIBIEIZEE LT, R4 1R L B—Ril L WO B by Ry — 2 b d
LSERY, E—E#H—HELVD SF—VERL, BICEBEEZEORKR
=7 [ A bivian,

BB ICKREEOREE M-y 2B ERNFECLVEE LB vy &
b E, RESRPEEAZ -V OMEIITHERAG DM, B ¥ —r
(I LWEBIE RS, SIMM & o CHE by BEERTRER Z L &R L
TWS. UL, BRESHIZOWTERERERSZ L. Zhik, SIMM %/
WCRHE b V7 R RET 2B SICIIHER A7 —F 2RV TR WS, Bl
WWEbRIMEADEEEZL GRX NP2, F7) » 7 EEHENE
Mol OBEARRD L EUERANDOFEE LR TCE R P ol b B
XbNB. 20K D RBESILEBRNIZIE kinematics T — & &b TR b
NI EHE LEBEOREE M2 icbihbohd ZeBmbnTns, e,
RBEMH DB BL B B Sk P DRI 5 B2 T OO FHIEMEEE % SIMM |2
AL CRAVWIELRED 1 2¢EZ M2, 2602 LiE, SIMM
DHEANBEITEERAE & b2 > BECKT 5B b v &R+
ELZDNRWEERHD L ETTHOT, EAREL TREESSLET
HAH9.

333 SIMMIZLAEMHOFE LY
M6~81% BB EOEFEEICHEITSSIMMIZIVEE LAEHofh vy
DI B HEBRE I OVTR LTEbDThHA. ‘i‘f:’_, EK9~1 1ikgkEhss SB iz



BITDR2DHEMBIZE D TEGHOBEOL 534, @12 G EREEE
Wil kinematics 7— ¥ O 24 HHEE Lz ZEICBE S B U — TS RERE
BF (b7 YV VRE) OfESHO LT, SIMM OFEKEEAVTATR
fLLieboTH 2.

N DEIZENWT, UTOL S 2EmAIHBREICA RS,
QORBEICEI LT, B & SUEEMICEE R TE 7 A0 by B LL
R&EW.E7 SB O HT AL TIXANEE B OB b7 BEARRIC A b h, HEHRIE
DREDBE 22 br—ATB5DIEALTWS Z Llbhd.
@OBHEEICEALTE, hanboo KEBEBAME bvy %, BEETTIRRR
ZERGEE AT ERL, ERHESELIRERMB IV B, HUENHIA
fINKR P YT 2APESM L7 2T ENERLTNWD I EB0MD, £X,
Z A T o D BRI TII BRI Rl b ZREBLTWSH I LN
b,

@REEIEICE LTk, RSB~ AR B Y o7 R RIBEAR, KEFN
R My BRRELTWS, /2, R T RRRES,. BIEHS Eil by
7 EREL, HBERORG s BRED,

Lo C, XEHPM 5 SIMM CHEE LIk b vy AR sEL 2R
Lok (R5) BESOBMERKE ol EXDNDS, £z, HM4lTmR
L7 MBBE b2 LOMICK S edER L DR, 1 iSEkLIE XD
CHIERE T ORBILE 3 b0 EEX bNEN, BOBOBEE Ay SHEE A
EBE—RA hOEBLERLRNS, SHEFEMIRNTIMNENSS.
@BIEHEERTHRILLER 9~11 245 &, NABEICH~T, FF L HT &
BT AT SRR E M OEEEAE L, ToE FF RETRED 15 25,
NA % HT RECIA X RIEMERAZBILD, & bIC FFRE TR, X2
—EER. PN AR RY 7 AOTEHRENED. Fie, WTRORE TS 3



HIR TN OTEMEE N B V.

28, B I2WTR LTI, 2 TOBEOMEEEE L00%L{EELTVWS
DT, LTHRFBRERZBHOTHVS LIRHERSATHS. L L, HEEES
REERS LICHEDRFEMEE SIMMICAATBEZ SICL - T, ~HBFEDH
BERHOL I THMDBLLARBICRDTHS S,

PEDE YT, MERT—F 2RO THEEASENERIC &0 #E LB
A7 & SIMMIZEVHEE L boRikds L, RES-CHES CIILk
F—OREDPRBAREL L TwWies, EESTHRMRYERATHE. L
ﬁﬁor,:miﬁmﬁﬁﬁﬁmﬁTéﬁ%%ﬁﬁE%%@Ték,&MMﬁx
bOWEMECOEEME b2 LERT DIITEBEBLETHELELLA
5, ik, ER AT —F 2R TNz L, BEEEOEBEL LE%MVC
25 100% %2 28BN Lil Lida b2 &, SIMM KEEEE L L TRES
NTOBEHORE—RNBEGRERS X CRN—EHEBHFOBRESAFREOL S
WRERBBHOBEL LRI EMCEYNRbO Tk bLbnd &
RECOLHE HDEEZONS. ZhbDORICEH LTI, =—F—H%4 FD
HTIIRRCERNGENH B0 T, BART (MusculoGraphics Inc.) 1ZgkiE
zBEH LR 60,

Z DLz SIMM OEARCREROMIET MEIDLL2roTHIH, #H
MDA PV MBI ENTED, BHEROL TR RE W
5 hvy ofate (REhPhE) 2R3 0T, BEICKT 2 2T o&H »
B OMNITEARIAFETRELETHASD. £LT, ThoDI &, I
EOFHOERZHOBECTEHEOBRAP IR T 5B EOF N 2FED 1
DR BLEZOND. Eiz, FPFFRTIREATERD o, 4% HIBAT



¥ 7 b ( SD/FAST, Symbolic Dynamics Inc.) % DynamicsPipeline

(MusculoGraphics Inc.) ZHRT A &L T, HBEREFAB LG
Va—=dvIial—va Ve AR-VEBEORELICERTE L 2R L
Zaohs.
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