3. HAANERE O S KBMEMEREOREH & #EEXOER

3.1 H#

BEREHONAF A=) AWMETIE, EBPHOFERIERT 245
2EtAILED, MOERHERELED T 248, ZOEDHICIE kinematic BT —
FRMAT, HE, AEPOUE, BUE XV P20 a&Ea0EM
FECET 288, $2bb FEHHBM4ERE(Body Segment inertia
Parameters, LT BSPYW M ETH 5.

SEBAOOEMREIERE, B2, ABOBWREDREEERITS
& e T W B (Reid and Jensen, 1990; Jensen, 1993; ¥ HH 1993)D T,
BRI OBRICE AN R LR 5BBEOHEICS>Z BSPZH VWD
ERH5 HEAABREOBEZNSNA T ANV ZANCBEFT2BCEBE
AANEBREDOBSP EHAVLIMENSD, ZOLDIR, BRICHEAAR
BEOEGFRSOBEBFENMLNTVEILEND B,

ChETI, HAAO G HHRABUERMEICHET 2 MERZHOERIES,
1986), ERACRH, 1958), HBET7 X ) — MNIIIL 5, 1992) R EIKZDNWTD
YDOLHEZB,HEABREZOVTE, BEORRKIC D2V TOHWE(Mori
and Yamamoto, 1959; Fujikawa, 1963) MAANI RS 5 R W,

AFEDEHMIL, Jensen(1978) OWEEF N (BEHEHKEMEF V)
ERALERITS(1992) OEFNVEZHNWT, HEAABREFOSERSOD
HE, EBPOME, THEMEET-AVIEREHL, ohkF—-sid L
KZhbOERREERTHILTHS.

3.2 A#
3.2.1 BEETNV

_24_



ARAT I Jensen OBEEF NV EBALEMI OO FERAVT, &
fREta (SRS, Mk, LB, BikE, F, KB, TH, B0 sHME, aslc
W&z LR, TRICZ4) 0oB8, BEDOLOMNE, BEPLEBES3I DO
EWEDLDOERET AV I 2EMLE. K3-1 BEATFRTCHVLEHE
EFNVBLUBABOORARERETI2HEKT VK-V DLELEFR
LZbDTH2, COEFNILHTIREZINTORDTHS.

O BRI WHIWE ISEHAEZ ZDIc 2T =Ba)0RIE» SR D,

IS DREREASHO—HTEBI LTS,

@ BUEBEHIOBERTIH—THZ. LizhoT, BESELOEEBH L

EEERLE—RT 3,

Q@ BREHAIES 2cmOBEMAKRFPAREELEE>TTETCBY, EFAD

FEBLUVTROEEBER—TH 3.

@ BEEHADOEE I Dempster(1955) 3 & T Chandler et al.(1975) 4%

ELERAEFOEEOVT AP LEFL L.
® HEHS 03 oOBEEEHIZE RIS j OFBMA L KR (BE 5

), BAES OREENICH Y, RIMICEERE (ZG8 : x8#) ,

R EFMoOR G ICEERE (A& »#) L —BT 5.

3.2.2 #HERH

WEREIL 62~86 MO BH IR L 61~83MOLM 9LDE 17T9ZHTH
ok, R31@QBLTRIIGEHEBREOFERB L UEHFEEZRLED
DTHB. 2B, XRI-1OKBVWT, HORLARIEREKRD? 5WHERAH
OHEETCORY,AGFEOBAREIMNE LEPSAREFHBOPRITO
B3, LAOBAEREELEP IR TR ELOBETHETEABOTRE
“éd)ﬁé,THW@%B%E@HE"F#&IOJ?ETEH%—F%J%F@6Dqﬂﬁi)*Bﬁ?‘:iﬁi
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vertex

— =" midpoint of both tragia
acromiale

/ \‘ upper end of thorax

1

@ —radiale
= —lowest point of rib cage

stylion ulnale

trochanterion

phalangion

tibiale

Sphyrion fibulare
pternion
acropodion
X
Figure 3-1

Mathematical model based on stacked elliptical
cylinders and body landmarks
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Table 3-1(a)

Characteristics of the subjects (age, stature, body mass)

Age(yr.) Standing height (cm)  Body mass (kg)
Male Mean 75.1 158.3 57.1
(0=90) SD 5.4 6.7 10.6
Range 61.9-86.2 140.3-174.1 36.8-86.5
Female Mean 73.0 146.7 50.9
(1=89) SD 4.7 5.0 8.2
Range 61.3-82.8 137.1-1574 31.6-69.8
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FHOFRETORS, EOHSRE>ERIPbEZITCTORIELE. &
heORBEZER, FK, RELIEVHBHECAGLTWE, 2O
PE,INLOHBRBOFHBAMMBUFEIERABHEOREFEL LT
HWwaZlPagETcHrLEI NS, £/, Thb0HEBREISBES N
% BSPOHERE, B3 1@QEKFULEFRBLATREOHBEANOREZH
TOERE, Thbb, EL{OHFARBREICEATEZILEZILND.

323 BHRER

BHBREILAL-T, BBREOSRLAEBEZRAELE. REUTOS
ETHBREOIMNESREEHRBR L.
BEHECHERKAOKKEL KBEEEAZS Y, K3 IRKRLELIICER
LRV Re—2 &Mt LE. RCBEOBEESHEAY V-4 ([E@EK
2em R TRADNKTICE-TH D, ARIICIET L 45° OAHE THEF
Dt shTnWa., BE3-12B) OFICHEBEL2ILY, #REDIEH
PE3ISmMm AFNVAAZERNWTRASA FEREBELE.ZOXDITL
THRBREOEREGBLIUBMEE - ZAEEE —HOAZ( FERLEIH
= (BEE328R) .

324 F—IAHA
3.2.4.1 BSPOHMH

BELEATA4 REEERSA F7AY P& BT4PF A
(3050 dots X3050 dots, 4MEHE : 10 dots/mm) EiTREE LI . WEHE
CEEBLTCAEEGORELEOMFR(Z L —LEBR>EREBHEORD
BEBLCEHH LS LEBES Y Ee—0)OBRET A VS 4
Y—2RWTHRAR S .
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Photo 3-1
Frame used for photogrammetry
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Photo 3-2
Posture of subject during photographed
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LD ROEZEDS , BEEE I 2HB T 2BAKROELES S
LUEEEHRAOMAEEEH L, 7 V-2 L0F7 v kv 0IEE D
PRREBRMELE. M4OBHARORRE, 8%, B, BIUVEE®S
BREMOROGR, ARPONE, BEE—XA 2 M ERkDE (K3-2) .

RELIHTRREREEFNVBICRECE ST, BASEHI D
HE (M) , HEFOIE (Xj,Y),2Z) , BEE—AY > (g, 'y, z)
B~ OEPEOGE, AEPOLE, BET—A L PBLUEERIO
BEPHVWT,UTORICLDEHTNS(M33). 0B, 22T X, Y,
ZFEHZV-L0ETHM2RA L T 2HTERER Z(0XY2)(R3-12H)
EHRES i 0BRBPOMNEBEEZRAL TS LD KRR LLERR

SH(OXYZ)D 3 AR EREKT 5.
szg‘i(dj'\’ij) 3.1)

nj
Xi= l=IZI(dj- Vi + Xi M (3.2)

( Yj, Zj & RAHK)

Ix= gll(IXijJr di-vi((yo- Y +@i-Z)Y)  (3.3)

( Py, Pz b FBR)

TIT,nj REARBS ] RHRTAEAROK, 4 ZBERS | OBE,
vij IR i (B4 0 i EEOHMIK) OFM, xij, yij, zij 34
MAE i) DR LAE, i) EAR joEAlEbIOEB/EET~A >
FTHD.

ChoDRPbHb 5N, BSPEZEHTZHICE, FAEEHIOE
BdBSETHD. RPFE T, Dempster(1955) PHELLE 7T HRDREMS
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C
| C A=(x1,z1) A’ =(yl, 22)
; B =(x2, z5) B’ = (y2, z6)
D 11 C=(x3,23) C’ =(y3, z4)
TR~ D = (x4, z7) D’ = (y4, z8)
BI

Z oo = (|x1-x3)/2 +[x2 - x4//2)/2

Y
LX G(x,y,2) 12 =(|y1-y3|/2+|y2 —y4|/2)/2
’ h=|(32) /4—(3.2) /4’ ”
t=1 i=5

e

Volume (v)
\_ v=nar2: (2 . h) [ Moment of inertia (Ix, Iy, Iz) I
4 Location of center of volume (G(x.v.z‘;)\ s 2
Ik =v-d-(r2%/4+h?/3)
4
x=(>xi)/4
(2 ) Iy=v-d-(r1*/4+h*/3)
4 »
Y=(§y‘)’4 Iz=v-d-(11* +12%)/4
8 -
Z= (Z ZI)/ 8 d..... Density of the segment
L = VAN /
Figure 3-2

Method of calculating the volume, location of center of volume,
and moment of inertia for each elliptical cylinder
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Elliptical cylinder ij(i=1,2,...ny) Segment j

Volume. . .. .. Vij \
Density. . . . .. di

Location of CV. . . (xij, Vi, 24)
Moment of inertia. . Ixi, Lyy, Lz

M=§(¢-vu)

4 Mass of segment j ( M) )

S

Xy Yy, Zy)

X.Fi(di'Vij‘Xiij
o
=1

Yi= 2. (di vy yi) Mg

Figure 3-3

/ Location of CM of segment j\

\ Zj=§(dj-Vij-zj)/M J

Location of CM. . . (X, Yj, Zj)

nj2 Moment of inertia.
nj-1
nj

X, Y, I

4 Moment of inertia of segment j )

(T'X;, 'Y}, 'Z;)

135= 3 (Ui vy (- Y0+ Cza- Z)
I'= g(lyﬂ +dj v ((z- Z)* + (x5 - X))

]_'Z_i=§(lzi_i+dj'Vﬁ'(()ﬁj‘)(_i)2 +(yi-Y)*))

/

Method of calculating the mass, location of center of mass,
and moment of inertia for each body segment
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BAE (ERBIC, Dempster id 8 BOREELZHVWTWAEY, 20355 |
BEHEBB LI CRECEFTREINTHRWEDHEIE L) B LU Chandler
etal(1975) PMELE 6 FORBEBEOEEEZ D LIZ, UTOLB3IZ L
THEHBRECREOEERME LR,

Dempster 33 & O Chandleret al. @MU OEER/AOFEEZRELTH
50T, FRABITEMERNB L E R 2 LG 26 FIOB KL EEDHED
Boha., 22C, ZThHoBEOHMEZR YW, SERELDVWT 260D
BEHAEEERRDE.ZOB, CNSOBHHRAIBREPOGEREEL,
HEFEL ZUEEOBREERNMNC T2 5EKESEROMERELE . £
L REIW-BEEAEROBEMICAVWEEEORE 2 OHBRE IR
BOEEE L, BSPOHEHRICAWE.

3242 BEE-AY bo#HER

IZETOBBTHELNEBEAFHIOBME—AV T (Ly, 'y, I'z)
HEBER I OXLZN BT 23MEDOETHE. BERFOMOM
BEOLES (EHE328H) »obha ki, HAERLORMITER
2 (OXYZ)D Z iGN EIE RO Z X FIT R, TROBENGMA)
BEThTWEED, BEERSOEMEE—RA Y M2 EEEHRAOE LML
BEEMALL, SESBAOLME 28 & T 5 BER I (Oppz)® 3 WS
DHYOEIEBRTLILENSD.

BEHEF S (OXY,Z)IC BT B BRES j OEMEF L VNETD;, ERR
S (Opyz)ic B 2 BEHS j 0BT VY NVE [T E, IE [OH
WM TOBEGEME b LD (KHE, 1995) .

I; = RTjR} (3.4)

TR BEIER S (O YZ)h 5 EERE R I (Opgyz)~ O BREEATFIT
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X, Xj
il =R |
z, Z, (3.5)
OEBEREL,
I, m n
R.=|l, m n
j 2 2 2
i my n (3.6)

TRIND., ZZTh, my, ny (SI230MEAFMRFEERT.

R34 EZRAWTEST VYNV OMEREfT > . EMEBEOEMET VI
DIEMARS (BEER) IoFLbolc@Ersr0nd, FABHaOR
HMEZhiCERTZ2 2 200HE2BEEHEEEL (3210 BETFNVORK
EOSR. TROLEURBZ2 (LRETICLLERETHD) , BEE
DEET >INV EONARS ZREEHIOEBEE-X L PELE.

gz, UTORIC &b EERE (k, kyj, kej) ZEH LK.

kx = /(Ixi/ Mj) 3.7)

( kyj, kz; & FIBE)
T T D Z(Oppyz i B B A j O x;BiE b DBEET—A b
TH5b.
2B, T0xy)PEHEFEORMICOVWTE, BROYRERLE.

3.2.43 a0
R EM R OME, HAE, ABZEOREBIZEMI 2B tE
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FRAWE., ERKEILGRE 5%k L.

3.2.44 BSPOHEERDER

"BONEESHMAOHE, BEEHDLUE, EEBET-—ALN2EHB
EHEL, B, R, hE, BARZ2FHERL LTIRAF v 704 XK
CEHERRBAFNET o~

£9, 420 FEHOLTCZERAICHEAL, BERRFREIFAEE
TRVWEHEZ 1 DT 2HRLU, BRACBE > ZEROBRERRRHBHR O =
THER (p<0.05) L RoERETHMERTLE, BRNIIE - 204w
A& BSPOER L LE.

33 HE
331 BEEFNVOR UM

AMATCAVEBRREEFVORYEE, B5hEBSPEZAVWTEIIL
REERBEORZBIC Lo THRIE LK.

RI2RAMEREDOKRAEED 5 ORELTFHBRE, HEHAE (RMS)
BLUBARBETRLEDOTH S, HEFELRAKEOFIREE,
BEMTIE-0.0710.54% (BAEE : 2.03%) , ZHTE-0.01%1045% (&
KEE:-127%) THok, ChHOEBRBOEFVERVWEMRIES
(1986), FIVL 5 (1992) OWME (MFH 1 -1.14%, L :2.1%) L b bvhaE <,
Jensen et al.(1993) D (0.05%) LIFIERZTHoE, 2O &L D,
AFRTHWVERFEEFVE, HAAEREO BSPAELAWERESO
BEEENETFHELERLTE S <, HRARRE O BSP DHE T
BOWICZOEFNEHAVIZLOBUBIETIEWEVLAS.
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Table 3-2 Estimation error of body mass (%)

n Mean+SD RMS. Max.
This study  Male 90 -0.07£0.54 0.54 -2.03
Female| 89 -0.01£0.45 0.45 -1.27
Yokoi ef al. (1986) 255 1.65 - -
Aeetal (1992) Male 215 2.1%£13 - -
Female!{ 80 1.9+14 - -
Jensen et al. (1993) 19 0.05+£2.96 - -

Estimation error (%) = ( { Body Mass estimated - Body Mass measured ) / Body Mass measured ) x 100
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33.2 BEAHBSEOSAHSEMEY

RIZEGBESHEL/OERL, BEP L, BEREPLEES 3 DOEKE
EHEDLYORBEMRELZBELARLOEHETRLELDOTHE.ZIT,
HENIHGERBIIN T 280 EE0  BEEDPLLIBARIIA T HH
Wi (L) POBERLMIBESZ COBEROL, MELELIHSRICH
TREABLEOD I L THB. kEL, BOMAREHEERD S W H K
BEOPAEETCORE,IAGROBAIREIRE LEPOMAREFROPRE
TORX, LACHBARIPELBPOMTHR LOBTHMETRFMOF
RETOES, TIHOHARIMTH ELOBRTHMETRAMOPRL ST
AREFHOFRETOES , ROHAREDELEMCBEETCORI L LE.
Eh,EOBERPLLEBARICH T2 0OEEPSEHEPOETCOBRMD
e Uz, 8331802 %EEBRE s%k#ET, THRBRE 1%KE
TEBRRUEVPROOSNWEIL2EHKT 2. £, tREMEOENREX
PyEBERENWCILZ, —RASVWILEREKRT .

BEbckgip, F, 2, LIRREEOAFMREL, KR, THE, TR
FrREDOHEDPRED o .

BEROLTIRER, F, A, TRERBROAWRE L, AE, LK,
BikEMosPREhok BEBOLPRENWI LR EGHIOEE W
OAED (LMBEHLEBNT) LV TH (BETERLVEL) KHDLE
BT 2.

Bl L EZLcRES, Bdi#ebBEOANREL, KR, LIRE 3
MDA BREP oL, ZOMOMAITDNWTE, THO X (£
EE) sbhoEEEEEL, RO YHE (Rig#E) bbb oEEREL
BLUOFozi (Bl) L OEEFELIBEDTBRKE P> .
¥, Ak, g, TROZHBEDLDLVOEEREFRZ XED TP RE D
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Table 3-3 Body segment inertia parameters of Japanese elderly male and female

Male Female
. o o . Radius of gyration . . . Radius of gyration

Segment § Y%Mass (%) %CM (%) Yekox (%) | %ok () | 96ka (9%) %eMass (%] %CM (%) o | oy @0 | ke )
Head 9.1 869 t+ 507 T+ 520 T+ 41,8 T+ 88 838 48.1 50.2 40.3
(LD 4.7 (2.8) (3.2} (2.9) [{R)) 4.0) @7 (2.7 (2.2)
Torso 49.7 498 t- 36.8 31.2 199 t-| 493 51.5 36.8 37.0 214
(2.9) (3.3) 2.0) (19 (2.6) (3.3) (2.6) (1.6) (1.6 @29
Upper arm 2.5 549 T~ 255 25.6 %+t 11.8 2.5 56.9 25.1 25.3 i2.4
{0.3) (1.6) (1.3 {0.8) 2.0 0.3) (2.1 {1.8) (0.9} (2.5)
Forearm 1.7 %4 427 286 28.6 1.2 *- 1.6 423 289 28.8 115
0.2) @.n (.n (.1 (L) (0.2) 1.9) ) {(1.2) £1.3)
Hand 08 T+ 820 T+ 54.5 53.9 202 #+ 0.6 16.3 535 325 279
(0.2) (10.1) (5.2) (5.2) (3.8 0.1) (8.5) @9 .3 3.7
Thigh 92 t- 48,1 *+ 212 t- 283 - 17.1 T~ 9.8 474 277 289 i8.1
(0.8) (2.2) (1.1) 0.5} (1.8) (1.0} (1.9 (1.2} (0.9) z.1)
Shank 4,7 %~ 42.3 26,3 %+ 284 144 1- 4.8 424 257 284 16.0
(0.5) (1.5} {1.5) 0.9 (2.3) (0.5} (1.8) (2.0) (0.8) (2.6)
Foot 1.7 T4 581 t- 233 t+ 126 TH 235 T+ 1.5 59,1 22.6 12,2 229
0.2) (1.8) 0.7) {0.9) 0.2) (©.3) 22 0.9 (0.6} (0.9)
Upper torso 288 T+ 40.9 413 t- 40.1 t- »nTT- 26.0 417 428 41.9 36,2
@n £5.2) (2.6) Gn (5.3 (2.7 (3.8) {3.0) (3.6) (5.0
Lowertorsof 209 T~ 605 T+ 49.2 48.1 482 234 58.7 493 47.8 49.8
(2.9 (4.4) 4.4) (4.2) {64) (2.6) 3N 4.5) (4.5) (6.3)

1) '*' and 't mean significant difference between genders (% p<0.03, ¥ p<0.01, + Male>Female, - Male<Female) .

2} The figures in parenthesis mean standard deviation,

3) %Mass is percentage of each segment mass to the body mass.

4) %CM is percentage of the distance between the segment's proximal end (upper end of thorax for the upper torso , midpoint of both lowc
for the lower torso, toe for the foot ) and (he segment CM to the segment length.

5} %kx, %ky and %kz are the percentages of radius of gyration (o the segment length.
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3 i

34 ¥R
341 BREOHKSSBURBRCASh MR

¥ 34 REREORERABRL, ERPLL, BELELCBT 2R
EZEERLESDTHS.

AWECEELEZRKO BSP OFHHE, BERBES L CERPLILT
BEhZh T8, 26 (XM) £b 0 OEERELILS L OHiHEH (Y
) £hbOEBEERILTRZNEASHIC, Bl (Z#) $HHOME
BLER TSI ERREENAS N,

THEOREIZ, ML B BIEDE D B KB MEMBMIC RS h
EHDOLELLND. LiENoT, BB BEANIC BB O Sk
HBABERKER VST L, 52 VEEREMOBEAF BB LD S
BEAEEREEBVSI L REE LBV L BTRRIND.

342 RlMEFLEFEOEERBMAMBEOIER

AMETCHBONEHARAAEGREOBP ZAALAFTEOHD (I 5,
1992) LIHEBT D, RI4BEBELBEFEOBSP2EFLOERHETCTL
FLOTHD., REO KT BBE S%KET, THEAEKRE 1%KET
EERHERENRDONEILERKT . £k, tRRBFOMSPHE
ThyBERIIREVWSLE, ~BhEnCkz2EKTS. £/, K35
BRBE L EEBEOBABAEMNREDOEVWERRLEBDTH .
3421 EEL

BT TOBEREIOBRILITONT, KM TRERER BAL
SOBBIEESWVWT, RBMELFETCERRENAbNE. B bEE
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@ Male > Female (p<0.01)

Hﬂ Male > Female (p<0.05)

Female> Male (p<0.01)

%CM

Female>> Male (p<0.05)

C—

Z:@

=
==

Yokz

oky

Yokx

Figure 3-4

Differences of body segment inertia characteristics between the genders

(Japanese elderly male VS, Japanese elderly female)
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Table 3-4 Comparison of the body segment inertia parameters between the elderly and the young

Elderly Male Young Male
o o) o o Radius of gyration % a] o . Radius of gyration
Segment | %Mass (%) %CM (%) T ) | Sy %) | YRk ) YeMass (%o] 2%CM (%) ol TR D)
Head 5.1 T+ R69 T+ 507 T4 520 T+ 418 T+ 6.9 821 479 45.4 363
(1.1 4.7 (2.8) (3.2) 24) 0.7) .1} 2.2 2.1y (1%
Torso 49.7 *+[ 498 368 1T+ 372 T+ 199 T+ 489 493 34.6 35.7 167
2.9 3.3 (2.0) (1.9) (2.6) (2.2) (1.6) (0.8) {0.8) (0.9)
Upper arm 25 - 549 tH 0 255 t-| 256 11.8 T4 2.7 529 262 25.7 10.7
(0.3} (1.6} (1.3) (0.8) (2.0) (0.3) (1.8) 0.7) 0.7 (1.0}
Forearm L7 T+ 427 T4 286 T+ 286 t+ 112 #-~ 1.6 415 279 27.7 11.5
(0.2) (2.1) (L1) (LD) (1L.2) 0.2) (2.0 (L1 (Lo (1.2)
Hand 08 T+ 820 t-| 545 t+ 537 -] 292 t- 0.6 89.1 3519 57.1 314
(0.2) (10.1) (52) (5.2) (3.8) (0.1 {10.8) (6.4) (7.0} 4.5}
Thigh 9.2 t-l 481 %4 272 f- 283 t+ 171 1+ 11.0 4715 278 27.0 152
0.8) 2.2) (LD (0.9) (L.8) {0.8) 1.8 £0.9) {0.9) (0.9)
Shank 4.7 T-1 423 T+ 263 §- 284 T+ 144 T+ 5.1 40,6 274 27.1 9.7
(0.5) (1.5) (1.5} (0.9) (2.5 (0.4) (1.5} (0.5) (0.9 (0.6)
Foot L7 T+ 581 T~ 233 T+ 126 T+ 235 T+ 1.1 59.5 17.7 8.8 18.2
(0.2) (1.8) "N 0.9) (0.8) 0.2) (2.6) (3.00 (1.3) 3.0
Upper torso| 28.8 t~[ 409 t-| 413 T+ 401 tH 327 t+4 30.2 42.8 35.0 3s.1 26.6
2.7 (5.2) (2.6) (3.7 (5.3) (1.8) 2.0) (L2 (1.5) (.8
Lowertorso| 20,9 t+ 60.5 492 t+ 481 482 T+ 18.7 60.9 425 473 43.5
(2.9) (CX))] 4.4) 4.2) (64) (1.3) (3.0} )] (3.0) (3.8)
Elderly Female Young Female
Segment| %Mass (%) %CM (%) Radius of gyration %6Mass (%] %CM (%) Radius of gyration
okx (%) | %ky (%) | %okz (%) Yokx (%) 1 %ky (%) | %kz (%)
Head 88 t+ 83.8 T+ 481 T+ 502 t4 403 t+ 7.5 75.9 45.1 2.6 35.0
(L1} (4.0) 2n @mn 2 0.%) {3.2) 2.8 (2.4) (2.5)
Torso 493 t+ 515 t+ 368 t+ 370 T4 214 T+ 457 50.6 343 35.5 17.0
(3.3) (2.6) (1.6) (1.6) 29 (2.5) (1.8) (0.9) 0.9} (0.8)
Upper am| 2.5 %- 569 T4 251 t- 253 t- 124 T+ 2.6 523 26.5 26.0 10.7
(0.3) @2an (1.8) 0.9 (2.5) (0.2) (L7 0.9 0.9) 0.9
Forearm 1.6 T+ 42.3 289 t+ 28.8 T4 1L5 1- 1.5 42.3 277 27.5 122
(0.2) (1.9 (1.2} (1.2) 3y .13 {2.2) (1.1) (1.0) (L.2)
Hand 0.6 763 t-| 533 525 t-) 219 T- 0.6 90.8 527 573 303
(0.1 (8.5) 4.9 {4.3) (3n (0.1 (10.2) (6R)) (6.6) (4.6)
Thigh 98 t-| 474 TH 277 t-] 289 t+ 181 T+ 123 45.8 28.5 27.8 15.7
(1.0} (1.9) (1.2 0.9 @n 0.1 24) (1.2) (1.1 (1.5)
Shank 4.8 t-| 424 tH 257 t-| 284 t+ 160 T+ 53 41.0 27.5 21.2 10.2
{0.5) (1.8) 2.0 (0.8) (2.6) 0.9 (1.5) (1.0 0.9 0.7
Foot LS t+ 59.1 226 t+ 122 T+ 229 T+ 1.1 394 18.4 9.0 18.9
(0.3) 2.2) (¢.9) (0.6) (0.9} (0.2) (2.4) (2.6) (1.3) 7
Upper torso 260 %-| 417 t-| 428 T+ 419 t4 362 T+ 267 43.8 49 38.0 273
2.7 (3.8) (3.0 (3.6) (5.0) (1.8) (1.9) (1.1) (.4 (L9)
Lower tarso 234 14 58.7 49.3 T+ 47.8 498 T+ 19.0 397 41,1 47.1 44.0
2.6) A .5) @5 63) (18) | @3) 2.8 (3.1) 3.7

1} '$'and "t mean significant difference between age groups (3 p<0.05, 1 p<0.01, + Elderly>Young, - Elderly<Young) .

2} The data for the young is cited from Ae ef al. (1992).

3) The figure in parenthesis means standard deviation.

4) %Mass is percentage of each segment mass to the body mass.

5) %CM is percentage of the distance between the segment's proximal end (upper end of thorax for the upper torso , midpoint of both lowe
for the lower torso, toe for the foot ) and the segment CM to the segment length.

6) %bkx, %ky and Y%kz are the percentages of radius of gyration to the segment length.
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0
vomass B Elderly> Young (p<0.01)

38 Elderly > Young (p<0.05)
Young > Elderly (p<0.01)
@ Young > Elderly (p<0.05)

Figure 3-5

Differences of body segment inertia characteristics between the generations
( Japanese elderly male VS.J apanese young male )
Data of young is cited from Ae et al. (1992).
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Table 3-5(a) Comparison of the body segment inertia between Japanese and Canadian
( segment mass and segment moment of inertia )

Japanese Elderly (Male)

Canadian Elderly (Mate)

Moment of inertia

Moment of inertia

egme M
Segment ass (ke) Ix (kgrem®) | Iy (kgrem®) | Iz (kgrem?) Mass (kg) Ix (kg en®) | Iy (kgeem®) | 1z (kgrem®)
Head 5.08 2707 T+ 2833 T+ 182.4 T# 5.52 2044 2107 144.7
(0.55) (58.1) (58.4) (32.6) (0.80) (28.9) (30.9) (22.2)
Torso 28.56 9108.9 9315.6 2680.2 40.99
(6.4) (2752.4) (2823.1) (1000.5)
Upper arm 143 t- 783 T- 784 T- 172 T- 2.56 197.7 211.9 37.0
(0.32) (24.9) (23.1) (7.6) 0.43) (44.0) (46.3) (12.0)
Forearm 0.97 *- 44,4 %- 444 *- 6.9 1.40 77.1 78.4 12.3
(0.18) (12.3) (12.3) 2.3) (0.34) (24.2) (25.1) (5.5)
Hand 0.43 84 8.2 2.4 0.52 13.1 11.0 3.9
(0.10 (3.3 3.3 (1.0} {0.16) (5.9 4.7 2.0)
Thigh 5.27 T-| 4951 t-| 5355 t-| 1989 7.54 10394 1081.6 241.1
(1.05) (141.5) (154.9) (73.0) (L.14) (272.2) {265.5) (55.5)
Shank 2,67 T-| 2374 T~ 2745 T- 715 t+ 3.40 362.1 369.0 53.0
0.49) (75.0) (80.8) (28.3) (0.34) (56.1) {(56.7) (9.2}
Foot 0.98 *- 326 T- 9.6 332 T- 1.12 42.9 9.9 44,7
(017D 9.1y (3.0 (9.3) (0.16) (11.3) (2.4) (11.9)
Uppertorsofl 16,47 +4| 24773 T+ 22920 t+ 1510.6 *+] 11.53 1214.7 839.7 1304.6
(3.49) (871.8) (718.7) (498.9) (0.80) (223.8) (100.2) (165.6)
Lowertorso  12.09 t-I 11369 t-| 1097.9 t-| 1097.7 t-{ 29.46 5908.7 5352.1 35641
(3.51) (538.8) (536.2) (553.7) (4.88) (1606.1) | (1593.5) (962.6)
Whele bady|  57.12 79.57
(10.57)
Japanese Elderly {Female) Canadian Elderly (Female)
Segment | Mass (ke) Moment of inertia Mass (kg) Moment of inertia
I (kgrem® | Ty (kgeem® | Iz (kgrom®) Ix (kgrem®) | Iy (kg'om?) | 12 (kgrem?)
Head 441 %-[ 2082 t4 2253 t+| 144.9 k4 4,74 143.6 164.0 127.0
(0.47) (47.2) {45.3) (25.9) (0.50) (34.6) (29.4) (27.3)
Torso 25,25 6690, 1 67790 2324.1 29.64
(5.16) {1743.9) (1759.8) (343.9)
Upper arm 129 t- 625 T- 62,9 t- 15.8 T- 2.08 137.4 144.2 25.3
{0.25) (18.8) (7.1 (8.3) {0.35) (38.5) (40.7) (7.7
Forearm 0.84 34.5 344 5.6 %+ 0.72 476 48.6 4.7
(0.16) (9.9) 9.9 (2.1) {0.29) (37.6) (40.0) (1.1
Hand 0.31 50 *- 49 1.4 0.32 6.3 5.1 1.7
0.07) (1.6} (1.6} {0.4) {0.07) (2.1) .1 {0.6)
Thigh 495 t- 4166 T-1 4514 t-| 1781 *t- 8.18 11903 1227.3 272.7
(0.86) (111.4) (115.8) (55.2) (.11} (276.4) {283.8) (62.3)
Shank 246 %-[ 1769 t-| 213.0 *- 682 T+ 2.79 24717 248.8 39.8
(0.43) (56.9) (54.6) 23.7 (0.36) 618 {63.1) (3.2)
Foot 0.77 #- 212 ¥~ 6.1 21.8 T- 1.01 26.1 5.5 26.8
©.11) (5.2) (1.5) (5.5) (0.33) (5.3) (1.2) 5.0
Uppertorsof  13.26 t+4| 1584.1 ++4| 1509.3 1+ 1134.4 t+ 9.99 991.8 747.9 854.7
(2.88) (5557 (498.5) (428.5) (1.86) {(312.9% (227.4) {(251.0)
Lowertorsof 11,99 t-| 10789 t-| 10258 T-| 1115.6 T-| 19,65 2851.3 2526.7 1926.0
(2.73) (344.6) (370.2) (412.6) (1.83) (432.1) (417.4) {343.4)
Whole bodyl|  50.86 64,14
(8.19)

1) "%'and "' mean significant difference between race groups (% p<0.05, ¥ p<0.01, - Japanese>Canadian,
- Japanese<Canadian ),

2)
3)
4

and vertical axis in the standing posture, respectively.
5) There are some blank spaces because the data were not reported.
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The figure in parenthesis means standard deviation,
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Table 3-5(b) Comparison of the body segment inertia between Japanese and Canadian

{Yomass)

Japanese Elderly Canadian Elderly Difference (%)
Segment | Male  Female Male Female Male Female
Head 9.1 8.8 6.9 7.4 +24.2 +15.9
Torso 497 493 51.5 46.2 -3.6 +6.3
Upperarm| 2.5 2.5 3.2 3.2 -28.0 -28.0
Forearm 1.7 1.6 1.8 1.1 -5.9 +31.3
Hand 0.8 0.6 0.7 0.5 +12.5 +16.7
Thigh 9.2 9.8 9.5 12.8 -3.3 -30.6
Shank 4.7 4.8 4.3 4.4 +8.5 +8.3
Foot 1.7 1.5 1.4 1.2 +17.6 +20.0
Upper torso|  28.8 26.0 14,5 15.6 +49.7 +40.0
Lower torso]  20.9 23.4 37.0 30.6 ~77.0 -30.8

1)The data for the Canadian is cited from Jensen et al. (1994).

2) Difference (%) = ( ( Japanese data - Canadian data ) / Japanese data ) x 100.
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Canadian > Japanese (p<0.01)
Canadian > Japanese (p<0.05)

Figure 3-6
Differences of body segment inertia characteristics between the races
( Japanese elderly male VS. Canadian elderly male )

Data of Canadian is cited from Jensen et al.(1994). Upper and lower torsos are
excluded from the comparison because the definition of boundary of the upper and
lower torsos is different between this study and the study of Jensen ef al. (1994).
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Table 3-6 Correlation coefficients between body segment inertia parameters and age

Male
Segment Mass YiMass o4CM Meoment of inertia
Ix Iy Iz
Head -0.267 * 0.306 ** -0.095 -0.189 -0.215 * -0.213 *
Torso -0.362 + -0.296 ** -0.230 * -0.395 ** -0.406 ** 3,280 **
Upper arm 0,359 ** -0.120 -0.153 -0.315 *+ -0.305 ** -0.065
Forearm «0.390 ** -0.077 0.085 -0.269 * 0,264 * -0.387 =
Hand -0.210* 0.090 0.008 0,122 0,199 -0.223 *
Thigh -0.244 * 0.206 <0.049 -0.152 0,175 -0.261 *
Shank -0.266 * 0.171 0.075 -0.330 ** -0,226 * 0.144
Foot -0.290 ** 0.122 -0.111 -0.257 * -0.274 ** -0.215 *
Upper torso -0.359 *+ -0.102 -0.28] #* -0.385 *+ -0.336 *+ -(.292 **
Lower torso -0.308 ** -0.199 0.101 -0.288 0,227 * 0,283 »*
Female
Segment Mass %Mass %CM Moment of inectia
Iz Iy Iz
Head -0.175 0242 ¢ -0.113 -0.161 0.115 -0.130
Torso 0,229 * 0,070 -0.079 -0,269 * -0.276 ** -0.182
Upper arm 0.277 -0.086 0.113 0,270 * -0.289 ** 0112
Forearm 0.128 0.166 0.120 -0.126 0,118 -0.092
Hand 0.068 0.278 ** -0.043 0.092 0.071 0.036
Thigh -0.296 *+ -0.067 -0.059 -0.216 * -0.242 * -0.340 +
Shank -0.340 ** 0.128 0.031 -0.411 *= A0.351 0.122
Foot 0.006 0.283 *+ 0.042 0,025 0.017 -0.031
Upper torso -0.182 0.041 -0.084 -0.162 -0.134 -0.143
Lower torso 0,242 # 0,133 0,052 ~0.280 ** .216 * D207 *

- h? -

*p<0 05 ** p<0.01
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Table 3-7 Coefficients of estimation equation for the segment mass

Estimate equation: Segment mass (kg) = ag+ a,*AGE + a,%SH + a;xBM + a,x8GL
where AGE is chronological age (yr.), SH is standing height (m), BM is body mass (kg) and SGL is the segment length (m).

Y

Segment 1) a a @ u R Standard ermer (kg)
Head 0.29733 - - 0.03502 19.40059 0.803 0.331
Whole torso 9.41082 - -14.07063 0.61885 12.56593 0.979 1.320
Upper arm 0.45388 -0.00532 -0.95366 0.02726 462430 0.925 0.123
Forearm -0.23522 -0.00388 - 0.01304 1.18960 0.897 0.082
.% Hand -1.05031 - 0.76241 - 3.32804 0.614 0.084
= Thigh -3.61530 - - 0.08379 11.59403 0,929 0.383
Shank -1.25106 - - 0.03406 5.58041 0.875 0.240
Foot -1.01815 - - 0.00684 6,56000 0.787 0.108
Upper torsa 141482 - -5.80422 0.2762) 28.90835 0.920 1.389
Lower torso 8.50783 - -14.89843 0.30706 49.49505 0.955 1.059
Head -0.61367 - - 003711 22.12211 0.781 0.206
Whole torso 16.61688 - -15.76407 0.62397 13.61508 0.971 1.262
Upper arm -0.93173 - - 0.02141 4,09693 0.795 0.153
Forearm -0.10555 - -0.63563 0.01624 478388 0.864 0.084
% Hand -0.72577 0.00330 0.33011 0.00249 237068 0.576 0.054
L‘LE) Thigh -3.88222 - - 0.08634 13.49672 0.901 0.376
Shank -1.97321 - - 0.03738 7.13813 0.878 0.206
Foot -0.77528 - - 0.00382 5.884¢68 0.641 0.088
Upper torso 8.53200 - -10.63016 0.31219 17.54475 0.8%0 1.337
Lower torso 3.58737 - -10.45922 0.30083 44.01424 0.968 0.694



Table 3-8 Coefficients of estimation equation for the segment CM ratio

Estimate equation: Segment CM (ratio) = by + by x AGE + byxSH + byxBM + b,;%SGL

where Segment CM (ratio) is the ratio of the distance between the segment's proximal end (upper end of thorax for the upper
torso , midpoint of both lowest ribs for the lower torso, toe for the foot ) and the segment CM to the segment length, AGE is

chronological age (yr.), SH is standing height (m), BM is body mass (kg) and SGL is the segment length (m).

Segment bo bi b2 bs b R Standard error
Head 1.18626 - - 0.00180 -2,93363 0.535 0.040
Torso 0.71663 - -0.33037 0.00175 0.42223 0.673 0,025
Upper arm 0.60733 - - 0.00053 -0,30866 0.428 0.015
Forearm 0.427% - - - . - .
% Hand 0,57277 " 0.38063 - -4,38965 0.368 0.095
p Thigh 0.61032 - -0.16221 0.00087 0.21785 0.373 0.021
Shank 0.423! - - - - - .
Foot 0.581° - - - - - -
Upper totso 0.57081 - -0.39396 0.00227 1.13442 0.798 0.032
Lower torso 0.80937 - - - -1.04893 0.585 0.036
Head 1.10042 - - 0.00178 -2,48271 0.502 0.035
Torso 0.37578 - - - 0.31545 0.439 0.023
Upper arm 0.49021 0.00105 - 0.00163 -0.29465 0.608 0,017
o| Forearm 0.423¢ - - - - - -
= Hand 0.78349 - 0.40873 -0.00315 -6.08294 0.592 0.069
§ Thigh 0.43579 - - 0,00075 - 0.328 0.018
Shank 0.424° - - - - - -
Foot 0.591° - - - - - -
Upper torso 0.39912 - -0.22305 0.00196 0.97061 0.778 0,024
Lower torso 0.55097 - 0.19631 -0.00151 -0.91445 0.626 0.030

1 The data of forearm, shank and foot is not from multiple regression analysis but the mean value. See text for the detail.
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Table 3-9(a) Coefficients of estimation equation for the segment principal moment of inertia (for male)

Segment % & Ca ) C4 R Sm(':;‘t;dn; ;mr
Ix Head -275.56 - - 2.9967 2619.6 0.734 39.95
Torso -14049,5 - 3206.6 203.60 131569 0.972 653.39
Upper arm -88.026 -0.50220 -59.735 1.5643 728.59 0.894 11.42
Forearm -106.68 . - 0.63024 489,39 0.892 5.61
Hand -38.505 - 22,108 - 147.40 0.683 2.40
Thigh -1116.2 - - 8.1863 3235.2 0.899 62,57
Shank -585.91 - - 3.2004 1810.6 0.850 39.95
Foot -92.276 - - 0.27358 44593 0.836 5.04
Upper torso -3958.3 - - 50,966 [2032.4 0,914 358.00
Lower torso 489.62 - 22227 42.460 8952.0 0.915 220.85
Iy Head -204,36 - - 2.9653 2223.0 0.688 42,83
Torso -10995.8 - - 212,54 169122 0.964 75720
Upper arm -190,90 - - 1.3455 670.08 0918 09.26
Forearm -106.75 - - 0.62391 491,06 0,891 5.63
Hand -38.926 - 22.8717 - 135.03 0.671 2.44
Thigh -1273.2 - - 9.0696 3651.0 0918 62.04
Shank -697,99 - - 3.0878 22505 0.892 36.96
Foot -17.693 - - 013132 80.575 0.711 2.11
Upper torse -2700.8 - - 45,986 80782 0.904 31116
Lower torso 670.47 - -2415 8 41,215 9758.7 0.912 223.60
Iz Head -60.910 - - 2.0709 872,92 0.761 21.42
Torso 2404 4 - -2695.3 105.20 -3035.2 0.945 334,33
Upper am -33.950 - - 0.32955 112.57 0.593 6.19
Forearm -3.5836 - - 0.18281 « 0.834 1.28
Hand -3.8817 - 5.0489 0.02221 25.354 0.602 0.83
Thigh -386.36 - - 5.7882 720,25 0910 30.67
Shank -209.26 1.7956 - 1.0136 502,92 0.647 21.96
Foot -93,138 - - 0.30492 444,71 0.843 5.04
Upper torso 677.90 - -1171.4 47.040 - 0.907 212.92
Lower torso 1292.6 - -2595.7 52.140 48122 04,930 206.54

Estimate equation; Segment principal moment of inertia (kgecm?) = cpt ¢ XAGE + ¢;x8H + ¢;%BM + ¢,x8GL

where AGE is chronological age (yr.), SH is standing height (m), BM is body mass (kg) and SGL. is the segment length {m),
Except for foot, X, Y and Z axis are transverse, anteroposterior, and lengitudinal axes, respectively. Ix, Iy, and Iz of foot are ahout
transverse axis in the standing posture, longitudinal axis (axis through the toe and heel), and vertical axis in the standing posture,

respectively. Note that the unit of the values from the equations is not kgm? but kgrem®.
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Table 3-9(b) Coefficients of estimation equation for the segment principal moment of inertia (for female)

Segment

Standard error

Cy ) cy C3 4 R (kg-omd)
Ix Head -271.08 - - 29033 2336.3 0.661 35.83
Torso -9078.3 - - 161.21 17128.7 0.966 458.27
Upper arm -162.26 - - 1.0878 615.81 0.739 12.83
Forearm -64,139 - -37.282 0.64767 546,00 0.829 5.63
Hand -20.431 0.07853 7.2146 0.05041 87.212 0.650 1,21
Thigh -1000.5 . - 8.3360 3021.3 0.885 52.51
Shank -329.20 -2.0967 - 2.8710 1570.0 0.8320 33.10
Foot -56.831 . - 0. 12513 311.82 0.662 393
Upper torso -2609.9 - - 45,513 7421.3 0.866 280.90
Lower torso -267.31 - -1194.6 34.699 69507 0.955 104.11
Iy Head -223.51 - - 2.9558 21033 0.674 33.88
Torso -8978.1 - - 163.76 16808.8 0.964 475.41
Upper arm -175.34 - - 1.0176 677.95 0.830 9.53
Forearm -61.218 - -39.467 0.66101 543,52 0.828 5.65
Hand -19.649 0.06612 7.3155 0.03874 92.443 0.634 1.20
Thigh -1056.1 - - 8.8444 3217.9 0.905 49.95
Shank -53937 - - 331719 1786.9 0.893 24.86
Foot -13.876 - - 0.04356 77.401 0.604 1.22
Upper torso -1712.3 - - 45.410 3604.3 0.839 274,00
Lower torso -725,46 - -1006.0 35.673 7362.8 0.934 134,00
Iz Head -82.017 - - 1.9756 890,83 0.709 18.51
Torso -821.93 - - 98.505 -4219.1 0.891 388.29
Upper arm 32.808 - -73.143 0.56702 223.33 0.561 .42
Forearm 3.5807 - -11.862 0.21656 38,661 0.818 1.21
Hand -5,5333 0.02191 2.3076 0,02102 11.068 0.575 0.37
Thigh -303.48 - - 5.3007 644,72 0.830 3120
Shank -11.287 1.1744 -199.69 1,5597 634,79 0.614 19.16
Foot -61.995 - - 0.15097 33114 0.681 4.06
Upper torso 1021.7 - -1554,0 47.026 - 0.833 240.04
Lower torso 273.60 - -1725.1 47.654 4947.6 0.956 123,57

Estimate equation;

Segment principal moment of inertia (kg cm?) = co+ ¢;XAGE -+ ¢,x8H + ¢;xBM + ¢,x8GL

where AGE is chronological age (yr.), SH is standing height (m}), BM is body mass (kg) and SGL is the segment length {m).

Except for foot, X, Y and Z axis are transverse, anteroposterior, and longitudinal axes, respectively. Ix, ly, and Iz of foot are about
trangverse axis in the standing posture, longitudinal axis (axis through the toe and heel), and vertical axis in the standing posture,
respectively, Note that the unit of the values from the equations is not kg m? but kg-cm®.
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