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Abstract : The purposes of this study were to determine the mass, the location of the center
of mass, and the moment of inertia about three principal axes of the body segments for
Japanese and Kenyan elite male distance runners and to examine whether their segment
inertial properties significantly affect the dominance of Kenyan distance runners or not.
Subjects were 14 Japanese (22.1+0.9 yr.) and 6 Kenyan (20.3+2.8 yr.) elite male distance
runners. Using an optical body scanner, three-dimensional position coordinates of point
group on the body surface of subjects were measured in their standing position at 2.5mm
intervals of height. These coordinates were imported into 3D-CAD software and a solid
model for the body was made from the configuration formed by the point group. The solid
model was divided into the 14 or 15 segments. Segment density was assumed to be uniform
and optimized with subject’s total body mass based on 26 sets of cadaver segment densities
of Dempster (1955) and Chandler et al. (1975). From the volume, the preliminary moment of
nertia, and the optimal density, the mass, the center of mass, and the moment of inertia
were determined for each segment. Furthermore, running motion of each subjects were
captured by optical motion capture system. From the body segment parameters and
kinematical data of their lower extremity, the whole leg moment of inertia about hip joint
during swing phase was calculated. The results of this study are summarized as follows.

1) The lengths of each segment in upper and lower extremity were significantly greater in
Kenyan runners than in Japanese runners.

2) The mass of the head was significantly less and the masses of each segment in upper
extremity were significantly greater in Kenyan runners than in Japanese runners.

3) About the medio-lateral axis and the anterior-posterior axis, the moment of inertia for
head was significantly less and the moment of inertia for each segment in upper and
lower extremity were significantly greater in Kenyan runners than in Japanese runners.

4) The whole leg moment of inertia about hip during running was mostly determined by the
motions of each segment in lower extremity, not by morphology or inertia properties of
them.

5) Kenyan elite runner ran with the rational technique that could make the whole leg

moment of inertia less during swing phase by greater knee flexion.
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(020 )|C 13 )| 06 )|C 05 )[C 10 )JCo014)|(C 13 )[C 04 )[C 04 )|(C 06 )
E®iBE |t 170 + [+ 410 - 284 285 t 900 - 1.39 419 285 28.7 9.86
(014)|C 09 )|(C 02 )|C 03 )|C 064 )|CO012)f(C 05 )[C 03 )[C 03 )|( 041 )
EF |t 0900 + 82.1 54.8 50.9 26.8 0.709 79.3 54.6 50.5 27.1
(0124)|(C 38 )|( 32 )|( 28 )|(C 23 )|(0096)|(C 53 )[C 38 )[C 36 )|( 24 )
EXEE |t 136 + 38.8 304 30.0 * 129 - 12.7 386 306 30.1 13.8
(04 )|C 05 )|Co02)|C 01 )JC 09 )|C 04 )[C 05 )[C 04 )[C 04 )|C 06 )
EThR 4383 405 * 281 +|* 279 +|t 802 -| 487 41.1 276 274 9.20
(022)|C 05 )|( 06 )|( 06 )|(C 044 )|C 036 )[C 07 )[C 03 )[C 03 )|( 049 )
ER [t 162 + 56.9 243 [* 104 - 25.0 1.43 57.0 24.1 10.9 25.0

(003)|C 08 )|C 03 )|C 03 )|(C 02 )]Co010)|C 08 )|C 05 )|(C 04 )[( 04 )

1) *, tEIEBE OB EZZRT (x p<005, tp<001, + F=FASBEA, - 7=FAHEA).

2) WyaNOBIEFZEREERT.

3) BELFEHREEICHT I, BEPLLFHIRISHTZ2HEHRNSDEMDOLTHS.

4) B, LR, FIROBEHOH®IE, ThZThEE BELZETD, KSTHETREODANSDEHDLTHS.

5) EERFFLIIEEGREEZOHIRICHTILETHY, BLEE, BOREZEELIBEOEET—AVIOERHEICHELST 5.

3.2.2 WHoERBIUVEET LK

F=T NG DO RIZAARNT =X 0 b FEIT/NE L, WO FIEKE Sy DR Sy
BlIIOWThbABEICRENo7 (K 6). Fo, HxtZETHRDLE, F=T A7 F—0lEoY
BER O EIFINTNOHAANT v F—K 0 5~183%IFERE o7 (K 7). ZZTHY
FREHEBOBRIZERT DL, MORPEVVEAICH L B DITEEDBRELS 2o TW5S. LvL,
THTEr=7 A7 =0 RIZAARANT =L L FEICKREIVOICH LT, HERITIE
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HEH HEFiD B B&A> 7=7 A (p<0.01)
EH BEA> =7 A (p<0.05)
FZFA> BAA (p<0.01)
|:| =T A> BAA (p<0.05)

noA B &

EiEE—2Tb
Ix(EA#EDY) Iy (FTEEDY) (£ T#@EbY)

g &

Aa AL B &

0
o

0

E6 BARANSVUF—EHSZTASUFT—DBSPOFEE

B2t HAEEDEAKREEICNTHE

BEHhDLE BEBSOLENSEERDMIEETOEMOEBL RIS TS

EEE¥EZEL EEFROTFIEICHTHHE
Bl — [BMEE— A > R

7] AN Fii =N
T E &

BERENHIONRN-T2. ZOZ D, 7=T ANT7 v —LBRANT »F—O FRRIXFERE
DEETHLN, JBENRLY, =7 N7 =D TRITMENENZDTHAS ).
BEPLLETEEENALN Bl & ik, R CIXAARNT T —D R r=7 A7)
— EHARTNEL, B TIRr =T AT T —DFER/NEno72 (F4bBIXOK6). L,
BEFLIIZBT D ME O ZI TN T OH KT ZIZBNTE 5% R THdDZ &b, 8
B OEEFLHIZOWTEIAEARANT v — =T AT F—TRERET RV EVNZD
ThsrH (7).

3.2.3 BMEE— A b, EERNERE

A& REBRS &, BFHEESICH T DA (xfh) X ORTEE (yih) o0 oEMEE
— Ay FOFMEIZIZEFE LN R0 D (R 4a). ZOZLnn, HEREHD & mIZEATIC
GBI L7 Wi X ARSIV &0 D 2 ERMA D, 72k, BIEICBE LT, SMORDERTH D
D F DD BN A A SRR ASATR G & 72 B 72, RES O LA, BT KO R o BRI,
oD B Ry DA A, Tl X ORI E O BRI L Tnd.

AR KL ORI E DY OEMEET— X > MM, BEEICBWTORAARNT »F—THEIZK
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A
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B OfEfAA LB miBE F O OKBE TERR R LR TR

o U VMNEMEDYOEELEL
45% 20%
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-15% - -10%
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B OfEfk LB wiBE F 0 OKBR TER R LR TR B OfRMk kR owmiBE F 0 OKBRE TERR R LR TR
SO M ETHEDYOREE—Ah O (LT EDYOEEEEL
45% 20%

30% 10%
15% [~
—-15% = —-10% -
-30% -20%
B MRk kB owiBE F 0 OKBR TER R LR TR B OfEfA LB wiBE F O OKBE TERE R LR TR

B7 BARABLUT=7ATUFT—NDBSPOMEXIZE (%)
EQME:7=7A>BAA, AOE: 7=7A<BAA

<, MEDIFIERTOES TIX, ¥=T A7 v —THEICKRE 1oz (F4aB LUK 6).
ETEEDY OEMEE— X ME, EADHIRE, FRIORETTr=T A7 T —DOhEPAEIZKR
ol MXEEATHD L, A XORiEEE DY OEM%EE— A > ME EROFERRS
T 40~60%IEE =T NT v —DFNRRKRE -7 (K 7). FERIC FREOFEE Y CTIiE, 10
~30%I\EFETr =T NT T —DFBRRKEh-oT-.

LovL, [EHREEE (BEEMAREBE LIS A OEET— A 2 NOMIHEE 272E5) &
KDL, B L ORIEED Y CHAEAEANALNTZDIXTRERDOART, BHEE—AL T
ITHEBENHA LN EEICHOW T, BRERIE TR BEERA LN o Tz (3 4-a BLOK
6). Fiz, AR L ORIRENE DY OEESERI T, 1ZEA O THXZEDN 2% K51 T
b ololeiosd, KA B X ORIEIE D D OEESERIICIIMFICREREZTRNENZ L THA
5 (7).

UEDXSABERNT T — =T N7 T —OEME— A FOFIER, FIRHOHE &
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EERREOMHENRKESFBL D, T72bbh, r=7 A7 v —TCid EEOH KRS O- &
EHFEOWTNENHARAANT VT =LV REL, 2O ERTNDO DG OEEE— A MR
REWZEDFRKERTHD EEZOND. £z, T=T AT FT—THARAZ VT —L0D L TED
BRSOl K ORI E DD OEMEE—2 2 PRREVOIE, BEEIZE LT, HoEN
RKEWTEDHDTHDLEWZD.

Saltin(2003) DL L [FEEIZ, AFROERNOL 7 =7 N7 o F—D FRITMEWZ & 23b
Mot —HIZr =T AOTRITME S, FARFIZRWEZZ 5N TWD XD Th DA, EEEICIE
=T NT O TFROEREIZIAARANT = RRRETH T2, 2, T=T AT —D
THUIAARNEREOEETHREWZWD, AAEE DD OEMEE—A 2 MIEARANT v F—L 0
B B0% KEholz. T7obb, EATHICTIREZ AL E DY FHET 572D1IX00 5 AT A
ANLV LT =T ADIZIMRENENZD. T = ZIZBWTIRBB IO TRAEWN &
IRERBIEESD )X THATHLEEZLNDN, —HT, ROHEREHSERIZIZAA T
THEDITABLRELS 2D, U EOZ E0n, BUEFENSARDL =T AT P —F AR
ANZ7 =L H FRRORBERIZH D EHENPKRE L, PROBERBRKRIZT V=723 I—(C
B AEMEORINRSH D L1302 RN E D ThHD.

3.3 EITHOEE#S b OMEEDEMEE—RA b

AR OFER NG, HRANT v —, =7 N7 T —OHEE S OEMERREOFHIED ] 5 5>
2o T2, LInLRns s, EEOEBECBWTE, KR, TR X ORAE OF G E % 28
LS ERNOHBEDOEZ E L TWD T2, B L2 A G IIEEICOWTEET 2020
b5, T, AT 6 m/s TOEITIZEHIT DB £ ORBEDOEME— A > b
IZOWTHFT L7z, X 8 1L ETTHORBEE £h v OHEERDOIENEE— 2 FBLXORZEORR (L
BY) LB HE Sy OBEEFLE TORBE (TB) 27=7 A7) — (64) LARANT
F— (94) TNENOFETRLIZGL O TH S, HRlh oo RERE G R 2 BLE (L U 72 FH ot g
MTHY, 0%DRFEIEEH, 100% DR S Z R L TV 5.

BT E o U O EEROEMEET— A 2 b Tersom) TR BEOEMEE— A 2 b (T, Lo,
I ) X0 LREBAEI S H IRy OEEPLE CTORERMICE > TELDIBEE—2A 2 b (me-d e,
ms-ds2? meede?) IZEDEZABERMICKENZ ERNbND. ZOZ L%, HEEoE
PEE— A 2 M A ORI OICRE L O b B RE 3 DIRF 4 L 2 DALIE &R, 37 b BIAE
DENE (74 —2) Lo TRESNDZ EZERLTNAS.

IR OEMEE— A > MIBEHIE R (0% IR RIAT) 36 KX OMEHIECRT (100% 152 1 IRF ]
) TR&E L, ERITE (50%ERIAMUT) T/hE otz ZAUTBERSE OB I A
AT EINDERT, AA 27 OFPETIIREMENE L, & TIIBMEREELZ & b7 5 DIk
ClebDThD. r=T ANTFT—E BARANT VT —%2iKT DL, =7 N7 T —Diek
DOIEMEE— A ¥ MIBEHER S X OBEHER T CIEAAANT > — X0 K& <, WM C
AARNT o —LRIRETH - 7o, BEHE RIS X OBEHERT TN R L T\ 5728, HIED
EWr=7 A7 T —TIIHEROEREE— A "RLVREL ot B 2N, —FHT,
HENEWIC 20D LT, 7 =7 NOHRERDOEMEE— A & MBI R T RARN & RIFEE
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ThHHDIX, L KRE B 21T THERE XLV /NS el ATTRBTAL 7 LT
H120THhDHEEZLND. K 8 DEMIZRLIEAT 4 v 7 BT FXIIr=7 ABIOHAAN
ENEND & HHERF O RENMEIZ OV TR LIS DO TH DM, 7 =7 N CIlilEE s ¢
a2 X0/l ATHDEETR 0D, £, 8 TEaxHDLE, r=T N7 F—
CIRIE g TR BN L VTV ZEE T EDIT 6N TND Z ENanD.
bz o, ETHOMEBEKROENEE— A > MIEA OFIEREHSOIFEE XV LKD)
WL TRESN, 7 =7 ATRHEFHICRWHEZ XV /NS HV A TAAL 7 LT
L2 ERHALMNC ol ZHIEEW T A X0 D7 WA TRIGICAA 73 2 EHITE B
Z, T=T NOENT T 4 —~ U ADFRKRBPIEIEA KIS 5 DT <, MEZIE»T EHI
ZHDHZEERBTEHLOTHAD. £, BEHIEZORE REMEE—A 2 MIPLL THIFT DA
A2 T EERET OISO R —=RBRETH D720, 7 =T N TIIBEEE o< T
— RN PEN TV D AREMERE X DN DA, FEIC OV IS BBRRTT 20 ERH A ).

4. 5

KPR T ARIIRGHHEEE 2 VO, BEARAB LNV =7 A—iEREET T — DO H K5
ITEVEREZ R SN LTz, £, EEMEOHT 21TV, ETH OB F b OO EME
— A NMZOWTHRF LTz, ZOREE, LTOZ ENRHALNZR-T-.
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— L0 LEHOEEE— 2 FRFEREITNSL, B IO TFTROFEHyOEEE— X
EMEBEIZRKE W,

4) ETHOREE £ OMEROENET— 2 > M, Jx OFIRESOFRE (B X
DY, MoEEIZL-oTIRESND.

5) =T N7 —3Bk R HEMEIC L Ao &2 REL L, WeEfogte—
AU NENSLKTDHZETHERWVETHFOIREY HLAEZIT> TV 5.
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