4. BUERREOSITEHEDRMY

41 HH

SITEBBFRLUCRLFERICAVOhZIEHD 1 oTH2H, H
REFBCBI2BHETCRL, BEOHMR HMEDEDOFERICHRD
2%. F, BRBLL TR, THBHRL BT TCEHILRALLESE
BRHEOEYDORVEEREHED 1 DTHAS. LEN-T, BRED S
THEORELMBICL RS EENAARA L7 AMICRET 2 2
Lid, BRBEOSTRAOOHER HHE, o3 EILEEEDRBENR
ROBRICEIOMAERETZEIB NS,

CNETIZS, BBMEBEOSHITEEICE T ANNA A A2 AWTFRIZ
TN T &) (Murray et al,, 1969; 6, 1977; Marino and Leavitt, 1987;
Himann et al., 1988; Marino and Schroeder, 1988; Winter et al., 1990; & F,
1991; Kaneko et al. , 1991; F A &5, 1993, Judge et al., 1996) . LD L, =
EOSTHELZEH NV, BB VI ST —, HZERLEREOHEN
HOPHERN AN —OENANAICEE L TARLETRREI R W, £
2, INLOMEDER, RBEOBTEELEE LRI ALz &
D, ZORBEZHASPICLELII L LELDTH I, BEE L HFED BT
HENRRLED, MEOHEOEBNIMBORE R T, HTHE
WRRBZLEIDVELELEWS TREDTETERWL. LEXST, &
BEOBTHEOREPINMBRICLIEEZHL I TIEDCE,  F@O
ATRLGBITHEVHECRETHEEZER LUE L TRET2LEMRDH
5LEBEBIBND. '

AMAOERE, 4 BEOBEBEC L2 EMERE L EEOHTHER
kinematics 3 & TF kinetics B AP L LLE L, BEBEREOSITHEOR
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BENAFAAZIZANCHALPICT B L TH D,

42 H&
4.2.1 BBEB LI TERBRRHK

BWBREZ I~ ROmBBME 258 (MUT, BUEHE) & 22~28 5%
ODEFREME 128 (UTF, BF) Thok. R4-1 ZHREOEHB LY
SRR ERLELOTH B,

BREZARBEORETOET, Thb b, DiE 5 (Slow Walking (SW)),
@B M #$4T (Normal Walking (NW)) , @4 (Fast Walking FW)) , @
BAEE #H1T (Maximum-speed Walking (MW)) Z{7h ¥, HEEET
BERBVTWIREBETOSTEABBTLL, 2RIV BBVEETOS
T2, BVWEETOLTEESE, TEARVBELBVELDERAE
EHTe Lk, BBREICR, BESTCE TEEEVSNTTI N, #£
BTRTERLDIEBISVTTEV ), @B TR TSI EFHEIBN
TFEW, BEREEST TR TR 2B SENTTFIN, 203
TESZ, £, STROEBEIMAICHIT D L3 ITERLE.

422 F—FINK

BITHEEZ2RTHEAIRT 220, ST (B 1.5m, B4 8.5m)
OMBIZHEE VIRV AZ (NACHE) 1 828BL, #BREOSGH
EZEF 20037, BHER 1/1000~1/500 D TRE U=, RIRKICHTEE
WZ74—2A75w h7x—5h (Kistler 1L 8) 1 2B L, HREBEOEE
WIERTO2MERDESHLE. . MER D -2 ADERF—RIZLD
500Hz T ADEH U EHE, "=V FNa>ta—%— (NECHHE) IZHWD
AATE.
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Table 4-1 Characteristics of the subjects

n Age (yr.) Standing height (m) Body mass (kg)
ELDERLY 25 74.5%6.7 1.612£0.061 59,189
YOUNG 12 245118 1.766£0.051 70.9+79
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423 F—IAARBLCEHEB

Fo Nz VIR Eg % 54 BRI > X 5 A (Frame-DIAS, DKH #h#4)
ERAVWT Sz OV > 7V VRABBTCT 4 P84 XL, B LD 13 &
(EH3IMFER, HFY, SHEMN, GHES, Go%%, ESSHE
B, A, GEME, AHBEH, SREFSR, BEA, %A, B
LU) ORREIBT 2 2 RuBERERTE. BohE 2 WnHEEHEE,
Wells and Winter(1980)OBREF T EE D LU BFRAOEERAS T ICBHE
AT TR I B % R L, 4 D Low-pass Butterworth Digital Filter % Fj T
BEEZTo L WEARNBLIUCEEGEOHNAOEBIEEL D LIZLUTO
HEHEZEMUE. 28, BEMFEICL D BSOS N ER A0 B E 5N E K
&, xBIRTI 1.5~6.5Hz, yBEI T X 2~THz OHE AN TH o 7=

4.2.3.1 performance descriptors
O HTEE, AFv7E, AFvTHE, 5T
AREMPOROLARBMETOR (1 HTAMY) OE>FEDK
F(RIH)ERMD 12 2RAF v 7R, 1 HICETSREOME (steps/s)
EATvTHE, ChoORESITHEL LE, £, 27y 7R
AT THBOW(RAT v 7R/ A5 v 7EE ) & $H17 H (Sekiya er al.,
1996) & L 7=.
@ HENER
IBITRAMICETZ2RBOMRE LT, VIR 278> 5 Z R
M (STT) , EHIHHREHE (SWT) , AR (SST) , MWHXRH
HiRE (DST) 2HEH L.

4.2.3.2 kinematics
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O HEAERLUHIAR
X 4-1 FHEFHAEBLTBAAREOEREERLEDBDOTH .
HFHHZRRTZ 2 20 TA L FOMNEEEZHEEAR, BKE
VALV POMERBEN T2 ARERZMSAR L L.
@ PBEH A
MEiAE2RERS L THEAEREEER L.

4.2.3.3 Kinetics

O BEEABLCHEES LY
BikeR2, TH, AR, F, gk, L, B, B> 5HEY
IR TAVIPEFNVEETFMLL, B42ICRLELDIE, LT A
YMIOWTESABRARLTRE. BT AV MILODVWTOEHAHERX
I TOL RS,

Fid + Fip + mig = miai 4.1)

Mid + Mip + ridx Fid + ripx Fip = Liati (4.2)

T, FidBLU Mid X FBIHICHIBE T2 27 AV N (T A B
i-1) PRI AV NIRRT EHAY MV (BFH) BERERVIA
M0V (BEiNNVY) , FipBLU Mip R frRIcBE T 27 A b
(EZ7 AV b)) PHETZAVFIKERT S HR2 M)V (BEiL) B
S NIRZ N (B NVZ) , ridBELCFrip BEZAN 1D
BEERALPLAZBRMBAB LOHEMNBAROMEBERY PV, mi dL 7
AVMIiOHE, ailZeZ7ALNiORINEERTZ bV, LideT A
FMOBEBHOELHOEME—AL N (BEFVIL) , aildtY
AV iOANEEN? PV, g dEIMEERY MV (HETHEIC
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Joint angles Segment angles

Ty
T Upper end of thorax T
-Torso angle

+... Forward inclination
-... Backward inclination

_~Torso

Hip angle

Hip

Thigh Thigh angle

+... Backward inclination
-... Forward inclination

Knee angle

Knee

Shank angle
Shank o

-... Forward
inclination

+
Ankle Ankle angle i
Foot Foot angle
+... Bﬂ‘ikw?é'd
inclination
Heel Metatarsal Toe -... Forward
_ + inclination

Figure 4-1
Definition of angles,
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Segment i

mig

—
-.‘.“‘.““"" SL LT

Sgément i-1

a".j

o
", .
ML

e
-’ i

-

Fid + Fip + mig = mia;
Mid+Mip+ridXFid+ripXFip=Lii

Fid, Mid : Force and torque acted on the distal end of segment i by segment i-1
Fip, Mip : Force and torque acted on the proximal end of segment i by segment i+1

rid, rip  : Position vector of distal and proximal end point for the segment i
mi : Mass of the segment i
ai : Linear acceleration of the segment i
I : Moment of inertia of the segment i about center of mass
o : Angular acceleration of the segment i
g : Acceleration of gravity
Figure 4-2

Free body diagram and equations of motion for the segment i. Fid for foot is
the vector of ground reaction forces during stance phase and zero during swing
phase. Fid for hand and head is zero. Mid for foot, hand, and head is zero.
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9.8m/s’) THB. AMETIE, BHO LT AL b & BIELALIEC X
41 BLUR 42 2@ zicd by, HEEMOBEEHB LOME MV S
ERDE.ChHOABRACBI A/ 7A L FoBERELET 2T
—5 (EA&, BEPLLE, BEE—XA 2 M) &, FECRMILA996)

D, FERRECIHEIBCR~ 2B EBIBERRKOEERA» b2
L.

@ BT —BLCHEE LY T —
BIFi D MR OEEE R U CHE /ST —%, BE bV 2 ICBEH
ODAREZEUTCHEM VI T —2BH LR (R 4.3, & 44) .
Pji=Fi v (4.3)
P = M+ (o1 — o) (4.4)

CCT, PjiiBAE i oBB ST —, FilZBEE i ic{ER T ARE
Z MV, vidkBEEi i OEEARY PV, Pmi A I QBB NV YIS —,
Mi BRI EBTABS PNV I RT MV, wid ZEEE i 2R T3
BAUETAY POAEERI MV, wip SRS i 2HEEBT3EME 7 A
FNOBBEERIPVTHD., BB, | wid- wip | B O AE
ETH 3.

® BIEE D St

EBLUROBEE MNVIND —2BLZICHEAS L, BEOHFENLE
(ELE, Aft#F) 2HHLE.
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PW. = [*(Pm)a @.5)
NW. = [*@m)a (4.6)

13

ABWar =Y (PW/]+|NW/) 4.7

CITL R I BITRAMOBMERA, 213 1 BITRABOKR THA, PWI
ABAHT i DR UL IEMSE, NWiIZBE i S LEALE, ABWir k2
HEOBMNTEORM, 3 BAMRTEREL-BHOK (EE50R,
B, B, F, M, R, BLCE) ¢th5. b, |1 STREPCEMND
R OB AT o = h 2T ER AN ORBEMIC L 2 HEr L%
LWy DL UTEHAEL =,

@ HENZANF—-RFOE MM
BEI PV IC L D EAMI N AN A VX - DEN L T 5 EE)
BB ENZTEMCEDN DM T 5 =810, HEH T RV ¥—F
H O Bk (effectiveness)iZ DUNVTIRES L7z, FIVL & B H(1996)13 738
TARIVE—FHOHEHY %M T 53548 & L T Effectiveness Index (14
T, EI) LLiEh2BHBERELTV S (R 4.8) .

Performance or Effective Work (or Energy) (4.8)
Mechanical Work (or Energy)

EI (Effectiveness Index) =

EMETEH,BH M IICL2 W ERNLTHOBANABEROEDIZED
BEEHTh-Er2HET 2201, K483 ICES U TFToOREAN
T, hENz A NF—-FHOFMEEREEH LR,

El = d | (4.9)

[:3' (pw)+ [NW:D] /BM

=|
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CCT AR THTRAMQB)IRDEEDOKELEM(RT v 7EX2),
BMIZSBEETH2. ELOAREEES - L OLBGORNTED
RMTH2. CORLVBONS EHZBULEEDH =) OBKOKTLE
BhEEEE (KEEM) 2BMKT 3.

4.24 BITRAMPOBES T
HBATO 1 AMZELS LB, REFICHT2EH (B s hREH

M) OMBEESNT, 6 20BERTICATE. M43 1 HITFRAGIK

BU2BEEARRALBEEATRLESDOTH S . SHERIBAOBIIZ

LTOEDTHD.

@ 1"R-on HRE (HIH) OB (MFHOBMBIOKT, SFHO =
RO, MHXZFHOBE)

@ Loff ER GESIFH) Ot (MEXHHOKRT, 2HHOE R
EREOBIH)

@ Stmid  ERMAR(KEFIEROE S HREHEOK BB T
IR

@ L-on ER (FFatih) oty (SHFMHORMIHYPORT, MM
EROME)

® R-off HE (2HH) oMt (FWMOZHBOKRT, HFH O
B O B4R )

® Sw-mid EHHAR(FREOBSHEBHEPABETOET2EE T
B

@ 2" R-on ®D R-on
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St-mid L-on R-off  Sw-mid 2" R-on

'

phase 5 | phase 6

Swing phase
ng

Figure 4-3

Definition of movement phases of the right leg. Head, torso, and right limbs are
drawn by solid lines, left leg by dotted lines. Abbreviations for seven event points
are as follows.

1st R-on : 1st right foot contact on the ground

L-off  :left(contralateral) foot off

St-mid : midpoint of the stance phase (instant the hip passes over the foot)

L-on » left foot contact on the ground

R-off  :right foot off

Sw-mid : midpoint of the swing phase (instant the foot passes over the hip)

2nd R-on : 2nd right foot contact on the ground
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4.2.5 MEAHE
MA4-4RQENZA-—FOEREREOFHE, FEBICEROBERIZD

WTRLESDTHD. RIFRTH, BT EEESTHAELRVWEEE R

DPEEELTLL L, BURRELEBELBIZ2ENIA-FOEREMR

B, BTEEZHERBL T2H S8 (ANCOVA) 2R WE.

L, HABMIETIRE, (1) STEEEMIERE L, REL L

DETBNIA—I R HBER L LELEORMREROES I THE TS

LW (FFThd) ak¥acl, (2) OREROMHSE (FHETEL

W) BEBTHBIL, BEETHD. LEN2T, 2T, (1) 0izd

ORE (BITEEZMRIERL THAREROFTHEORE) & (2) @

HORE (AFOEREORE) 2170V, FHEEHEZLENT A-FIC

[RD ANCOVA 2T ok &k, ZGEZMEI VNS A—FIIDOWTH,

RizqRLifttDRERTo R,

BEREOHKERIZE, RFOO~@DWTh PR3,

OHTHEEOREIARIBVTELL, SFEEOXRESLHEDbA T
MHEMROZERXERTH 3.

QLTHBEOREIPERHIIBVWTE LY, SITEEOREIIEHDLS T
MBFEFAOEXFRTERY,

@ETHEOEELZIY, GHEOENERTH . NFEHRO ST
BOREOHKER, MECERERIFEITTCHD iRkt rd, BFRD
EEMHOBREORSR, BRI\EBRTRVWERE, ZTONIA—F BT
HEOREEZPRVWEHHTES, Lido7T, COBRIE, 517
BEEERIALRVERE (B 2BHO tRE) 21Tk, ZOHER,
MEOENERTH 2 EBETH D.

@BITHEEORELSY T, AHMOZVARTIEIRY. ODBELR
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Test for the equality of regression slopes in which
the walking velocity is an independent variable

n,s.
{ The regression slopes are same. )

Test for the significance of
common regression slope

p<.05

n.s.

( Walking velocity
relates to the parameter. )

Analysis of covariance
(ANCOVA) with the walkmg
velocity as a covariate

Unpaired t-test
p<.05 n.s.

lp<.05 ln.s.

@ @

€) @

p<.05

v

®

Effect of walking velocity Difference between Mark of
on the parameter is: the age groups is: significance
. - . . \ * p<0.05
(1) |same in the age groups significant in any walking velocity ** p<0.01
@) |same in the age groups not significant in any walking velocity
<0.05
@ [not significant significant 1 i( 0.01
@ |not significant not significant
: ' . : § p<0.05
(B |differerent between the age groups |dependent on walking velocity {§ p<0.01

Figure 4-4

Flowchart and interpretation of results in statistical analyses,
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BRI, MA2HO tREZT o LBR, THOENERTRDP > EBE
THD.

OHTHEEOREIFAMBECRRD, ANMOZRSTARIIKET 2 (&
DHETEETHBERT I PICL RS ERD) |

BB, WINOREZEOHES, BRKEIGRE SYREL Ui,

43 R
431 BTHEEZHETIER

RA2BBTHEE, RF VTR, A5 v 7HE, SFHOTE L iEiE
RMEZTLELDTHD. &, ROEBRIZBTEELENSA—-F O
MARBLURHAMOBREZRTLE.

BUERBREOSTEEREEDOHTEED 75.9~82.5% (B 75.9%, H
BA4T 77.8%, M 82.5%, RAME BT 82.3%) THH, WThOHTI
BUTHEMERERIEELDSEVEELRLE, 27y 7R 4 S
DHETOVTRIZBWTH, BERBETEIFTELI NI o2, 20O
CERABREDOSTHRECHBELTIIRAZETCH> .

ML HITEEOEMIZI LR NWAF Yy Z7RIIBALED, MKRKD
BEABRMEEBRECTCHRICNE { (p<0.05) , BTEEFBVELCAHO
EPREDP-R.BRBEVORATFy 7ROBHOEABAS NED, &
THEOHMMIIE b RIMAROEACIHBECHARENAShR D5
oo AF v THEER, BB LERSTIEBVWTIREED, ESLRRHE
BTEBVWTRBESRENEP 2P, AREOSTEETHE T 5 &
FHEBREOSVEP oL AR ISTHEEOHMIELIRWVWAF v
FEIERLEY, SXOBEIBMEHETERICKREL (p<0.01) ,
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Table 4-2(a)
Performance descriptors of walking (Step length and Step frequency)

YOUNG ELDERLY

walking relationship wilh walking velocity {horizonta!
speed M sD M sD axis:m/s) and the result of statisties
SW 130 0.09 0.98 0.17
Walking velocity 161 0.08 125 0.16
) -
(m's) 1.87 0.09 1.54 0.19
218 0.17 1.50 0.22
0.74 0.04 0.61 0.09 e 5
0; YOU\N\G Er B
Step length (L) 084 006 0.67 0.07 o8 2 B
(m) a7 - W
0.5 L 1 n 1 J
1.00 0.06 0.78 0.05 0.8 12 18 2 2.4
e e
042 0.02 0.38 0.05 .
048 003 042 o004 57 il
Step length ’ ’ ’ '
/Standing height 05 002 0.46 0.03 04 [
03— ‘ : '
0.56 0.03 0.48 0.04 08 12 18 2 24
175 0 1.61 0.16 21 1
26 |
192 007 187 o1z 28
Step frequency (SF) ' ' ’ ) 21 |
19 |
(steps/s) 205 ol 200 01 |
1.5
2.19 01l 231 0.23 08
043 0.05 0.39 0.07 05 r
044 004 036 004 04 ¢
Walk ratio (SL/SF) : : ' " L
(m/{stepfs) ) 045 0.04 0,36 0.04 o
0.2 . L * . !
0.46 0.04 0.34 0.04 0.8 12 1.8 2 2.4

Abbreviation: SW=Slow Walking, NW=Normal Walking, FW=Fast Walking, MW=Maximum-speed Walking,
3 S-marks ( §, §) mean significant differences between the age groups in the test of regression slopes in which the
walking velocity is an independent variable ( § p<0.05, §f p<0.01).
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STEEPRVECTAROENRE P o 2 . BT LRV T D EITIZB W
THEERREDPEELID S NI Dok . 2O LEABREDSBITHE T
HBLTHRARTH o2 ST EEOMMNIC L bR ST Lo LIETHE
THERICELZ > TWE (p<0.05) .

M 4-5F2A7 v 7REAF Y 7EHEOHBRERLEDOTHS. 22T,
BRTHOWZHREISERE SR E, ERISESTHELRT. COR» S
b, BUHRBREITEL Y DABEOREBIIRIZ AT v 7ENDE L,
AF v 7HENROWILPDID., 26, FEL VBBV THIRBE
MEBREORT Y 7TREIFELDVDNSVBEAS AW (BEEBHH
ODRAKEESTEEEOARBITOLR) . £, EHTFOFHOT Y
MRS, BETCRSITEREOHMIZ LR VWEHITHABRKLTWRDICH
LT, BEBBRETCERLLTWR S 3, o kid, FETHE
BITREOEMIILbRIRAT v 7ROBARKENR T v 7V EHE OB AE
EhEREL, BUERECEZONTHIZ L EEKRT 3,

RA20)BBTHEEERETAERO S b, BTORMENER (X7 v
THEOREERE) 2K 42@EAROHETCTRLEDOTHD. XH
D%STT, %SWT, %SST, %DST 22 h, LIEHEHE (STT) , #EH
MR (SWT) , WM (SST) , MM HFHERER (DST) o |1
SRRSO 882~V P TCRLELDTH S,

FRRE, EHARGE, AREOSTEEORMICE IR VED
L, AREOSTEECRBEEEREFEELDEP . ThED ]
BRI B8 A (%STT, %SWT) i, AL & BTEEDOHEMIC
EHRVBSTT B L, WSWIiRERLE., Thbid, AREOBITHE
ETEImMBETITERULTHo .

FHZEYELE, &N, ML BTEEORMIZL S
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O YOUNG ¢ ELDERLY
[ Meanof SW_Y QO Meanof SW_E
7] Mean of NW_Y Mean of NW_E
B8 Meanof FW_Y @ Meanof FW E
M Meanof MW.Y @ Meanof MW_E

NN
o o W

NN

— NS N o NN R

Step frequency (steps/s)

g S m—y

04 05 06 07 08 09 1 1.1 1.2
Step length (m)

Figure 4-5

Relationship between step length and step frequency in walking. Each broken straight
line expresses a same walking ratio(SL/SF) and each broken curved line expresses a same
walking velocity. SW_Y=Slow walking for YOUNG, NW_Y=Normal walking for
YOUNG, FW_Y=Fast walking for YOUNG, MW_Y=Maximum-speed walking for
YOUNG, SW_E=Slow walking for ELDERLY, NW_E=Normal walking for ELDERLY,
FW_E=Fast walking for ELDERLY, MW_E =Maximum-speed walking for ELDERLY.
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Table 4-2(b)

Performance descriptors of walking (Determinants of walking cycle)

, YOUN
walking G ELDERLY velationship with walking velocity {horizontal
speed M sD M Sp axis:m/s) and the result of statistics
sw 075 0.06 0.83 0.09 09 Ir
08 _~YouNa
Stance time (STT) 0.66 0.03 0.69 0.05 0.7
06 o -
® 0.60 0.03 0.61 0.05 05 | ELDERLY i
04 P —
0.56 0,02 0.55 0.06 08 12 18 2 24
0.40 0.03 0.43 0.06 05 Iy
04 g
Swing time (SWT) 0.38 0.02 038 0.04 8 g
03
o) 038 0.03 0.36 0.04
02 .
0.36 0.03 0.33 0.03 08 12 1B 2 24
85.5 16 66.0 2.5 68 ¢
66
° 633 1.3 64.7 2.2 64 1 5
o HER S SN
1.1 1.5 63.0 19 60 |
58 e : :
60.7 18 62,6 18 08 12 18 2 24
345 16 34.0 2.5 42
o B+ - I—i
YUSWT 36.7 13 353 22 38 | ,?_,
%) 36 | =
189 1.5 37.0 19 a4 |
az [—es ——
93 .8 37.4 1.8 08 1.2 1.8 2 24
0.40 0.03 0.44 0.06 05 i)
04 —my
Single support time (SST) 0.39 0.02 039 0.03 !ﬂ-"l -
0.3
) 038 002 036  0.04
0.2 1 1 J
037 0.02 033 0.04 08 12 18 2 24
0.18 0.02 0.19 0.03 0.2 *
0.15 %
Double support time (DST) 013 04l 0.15 0.02 0.1 oy
(=) 0.14 001 012 0.02 0.05
0 i. E I
0.09 0.0 0.0} 0.02 08 iz 18 2 24
4.7 13 351 2.0 42 r i)
40 - B i—!
%SST £ 12 36.1 1.7 ol M{@ﬁ
%) 39.2 11 37.3 1.5 a4 | H
32 " i i i > 5
40.1 1.5 179 1.6 08 12 16 2 24
15.3 13 14.9 20 i I
8 oy [N
8 12.5 1.2 13.9 17 4 [ .
AEST 12 | I
(%) 108 LI 12.7 15 50 | L
B L 1 1 i 1 I
9.9 1.5 12,1 16 08 12 18 2 24

Abbreviation: SW=Slow Walking, NW=Normal Walking, FW=Fast Walking, MW=Maximum-speed Walking,
3 Asterisks mean significant differences between the age groups in ANCOVA (* p<0.05, ¥* p<0.01) with walking velocity as
a covatigte. S-marks ( §, ) mean significant differences between the age groups in the test of regression slopes in which the

walking velocity is an independent variable { | p<0.05, §f p<0.01).
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ROWHAD L, AREOSBTEEICIBWCEBEEHENEFEIDIED, -
oo Tho0 1 BITRMICSD 25 E (%SST, %DST) i, @Hr b4
ITEEDOEMIZL BVW%SSTIZ AL, %DSTREDL LE. ChsDH
THEEOHMIZLRIEWOBEIWBERTCERICELRY (WTFhd
p<0.01) , BUERBHEO A PRROBENMED ok, Lieh>T, %SST
AL Ims 2 RIS, ZhUTOEBECEESERENEELID O KRE L,

ZhULOoEBETEEMRBENEEL D M VWEREHOhE, F
7=, %DST Tid%SST DM %R L 7=,

DEpclirs, AIBECSTEECRBELESHERIEELVHRAT
VITRPNEL,, ATy THEPBWC L, BECESTEEOHMIC L
HRVWSTIEMERTZ20EN LT, BUEERECIWOIZ LD D
ok, £, ABBOHBITEECEKAT v 7HEEZRAET2RENERD
35, XREHKME, XK, PSR, MEXHERRBO L
THhHENFEMERETCEELDIE P oM, Cho DHAE%SSTB X
C%DSTIZD2WTOAMBBTENSH S Mz,

4.3.2 THESBLUEKERO kinematics
4.3.2.1 THRBEET O BIRT A & B (ki B

B 463 1 STEAATOTHERAAROELEZAROELBITRLED O
THDH. B 1 BTRAM (Walking Cycle, LT WC) % 100%& LTIE
BMIELEBEERL, 0%WC BLT 100%WC ORADPEER, 60~
66%WC i (H4E,/#E4: 65.511.6%, B HEHIT: 63.311.3%, Hib: 61.1
+1.5%, BRBEEHBT: 604L1.5%; BUREHE BB 66012.5%, B
BT 64.7£2.2%, HB: 63.01£1.9%, BRKEEHIT: 62.611.8%) »HD
FAEMMTH S, 0P, MHFIFEUE R-on, L-off & £ DEER K RIS
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—— NW
----- FW
— MW
YOUNG ELDERLY
I“R -0M L uff St- mld L-on E R ul‘l‘ Sw mld ZMR -on 18 R—un L—oﬁ' Stemid L-or:f. R-off SEd 20d R-on
200 200
180 180
160 160
140 140
o
o 180
T
5 160
g‘: 140
- 120
B
2 ]. 00 T T T ] i 1 T T 1 1
160
Ankle Plantar.,
140

120 ‘ ,

100 ——r—r——1 17—

0 20 40 60 8 100 0 20 40 60 8 100
Percent walking cycle (%)

Figure 4-6
Changes in lower limb joint angles in walking,
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking.
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BEHTUL>THERZEDTH B (Ron & 2™ R-on DHEF~BT 3) ,
CITREFELBEEREZINZRIEBU S 4 BEOSBTOFHETHR
LT3,
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Figure 4-8

Maximum and minimum joint angles and ranges of joint angular motion(ROM) during stance
and swing phases, SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed
walking, Asterisks mean significant differences between the age groups in ANCOVA with walking velocity as a
covariate (* p<0.05, ** p<0.01). Crosses (t, I) mean significant differences between the age groups in
unpaired t-test ($<0.05 ,  p<0.01). S-marks ( [, [J') mean significant differences between the age groups in the
test of regression slopes in which the walking velocity is an independent variable ({ p<0.05, I p<0.01).
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Figure 4-9

Changes in segment angles of lower extremity and torso in walking.
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking.
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Figure 4-11

Maximum segment angles and ranges of segment angular motion(ROM) during stance and
swing phases. SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed
walking, Asterisks mean gignificant differences between the age groups in ANCOVA with walking velocity
as a covariate (* p<0,05, ** p<0,01). Crosses {}, I) mean significant differences between the age groups in
unpaired t-test (+<0.05 ,  p<0.01). S-marks (J, [Y) mean significant differences between the age groups in
the test of regression slopes in which the walking velocity is an independent variable ([ p<0.05, I p<0.01).

_86_



L-off, St-mid,R-off i B J 2 B D 2L & & T # - 7= (R-on, R-off: p<0.05,
L-off, St-mid: p<0.01) . Sw-mid TBIFEBEOHEMIZ L &3 KEA
EOEULIPRBETCERICERo T (p<0.05) . £/, XFHOB KX
E, BHHORK - B NEZREEOSTEE CRENERENETELRD
bERBIEKRED ok (XFPEXE, BHEAR/NE : p<0.05, BRBEX
fl : p<0.01) .
@ ThHAE

TREE, MBEL D Ron TIEEMEE, L-off, St-mid, L-on, R-off, Sw-mid
TRABZRLE. AREOSTHRECH, BEEREIFTELD S Ron
TOTROEMEMNONE L, L-off, St-mid, L-on, R-off, Sw-mid T D §ijff
WREDPoE, ZD>5 B, R-on, St-mid, L-on, Sw-mid BT H2WMED
ZREBTHoE (WThd p<0.0l) . L-off, R-off TIXH{THE M
bR THABOELVAHEBECARILRER>TWE (WTFHhd
p<0.01) . 7%, IFHEBICEHHORREBZREEDOHITEETIEE
MEREIPBEELIOHRIC NS ko= (WThd p0.0l) . XRKEB
JUCHEHBOBRNEZSTEEOHMC LRI ELIHBERTERE
HixoTWhk (B /NE: p<0.01, EHEAR/ME : p<0.05) .
@ ZEHAE

B R-on, L-off, St-mid, L-on, Sw-mid ClX %%, R-off TR ATLE
Rk, ARBEOSTHEETIR, BUEHEFEIFTELD  Roff ITHBIT
ZEBOFENERIC/NEI P o (p<0.05) . L-off, Sw-mid T #H1TH
BEOMMICd > RBABROEMIFHBMTERBLRR> T EMWY
hd p<0.05) . £, IREBITERBORDEIRREEDHITEE
TRHBLMBBHEIBELDOEREAE P o & (WTFHH p<0.05) .

PDrtoz s, AREOSTERCBVW TR, BUEREREFE L

- 87 -



BLUT, $TABORER2GCD LV EBROREIREN &, KEO®K
EARELFES NIV e, THOBEI NS {FGEBREW L, B
MO EMORBER NI W hbhodk. &k, AREOHBITHEILS
WTR, TREAOBEGBICIABHMTCARENA ORI EVDD

oz,

4.3.2.3 TS O M A EE

X412 1 HTEAMRROR, F, BAGIOAEEOELZR 4-6 LR
BMICEROEHTCRLEDDTCH S . £ 577 0MBOEDHEIZMEREE
(REHicREREE) 2, AoEIXMMhERE (ZEMHTRIERER) 2
®Y.

SHFHOME (REHTEER) B & C/HH (EREEICIRER) OF
R — VTR CRABECH-o L. h, AR ISTHECH M L B
BRWEHEOARBEOY —7EMHRT HHANASWE . ABREOBT
HE (EMERE  SW=098+0.17m/s, NW=1.25+0.16m/s, FW=1.54+&
0.19m/s, MW=1.80%0.22m/s, & £ : SW=1.301+0.09m/s, NW=1.61£0.08m/s,
FW=1,87+0.09m/s, MW=2.18+0.17m/s, B HEHED NW L FHE O SW,
BMBRREO FW LEEO NV, BEERHRZO MW L EFOFWRENT
NIEERBETH?) THETI L, AHBAKIEIMNTOLIREVFADL
k.

@ 1 B A R

EMEBEEFELD & L-off~L-on (15~50%WC {iL) T Dk B i
JEBEE, R-off Ai#E (60~ 80%WC f3) ik & m d#E, R-on Al (90
~95%WC i) ORFEHHEERENIREDP oL,

@ KEBEfAEE

- 88 -



— NW
----- FW
YOUNG ELDERLY — MW
/K‘ ....... & f et J «4_ k & f ‘.‘\- "J
st R-on L- of‘t‘ St mld L-on R—oﬁ‘ Sw rmd 2 R-on 15 R son L- oft‘ St- mld L.-un R-oﬂ‘ Sy mld 2 R -on
4 - 4

z __ " e i ..,& = ™\ P Eit

i . | )
-2 j Hlp \\/ -2 ': Hlp Flex.
-4 =2 '

Famn)
7] 8 -
?, . Kn
B 4r
8 2 I Ext
2 ol N\ ,T,
g ‘ Q
'a -2 Flex.
g4t
|§ “6 i
= i
H '8 T T 1 1 1 1 T 1 1 1
4
2 / Plantar
0
-2 Dorsi
| T T 1

0 20 40 60 8 100 0O 20 40 60 80 100
Percent walking cycle (%)

Figure 4-12

Joint angular velocity of lower limb joint in walking,.
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking.
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Figure 4-13

Joint torque of lower limb joint in walking. The data are shown as per body mass.
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking.
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Figure 4-14
Joint torque power of lower limb joint in walking. The data are shown as per body mass.
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking.

- 04 -



DRI =B K&ED o).
@ BB by —

MH S IR RS (20~45%WC) D BEFHERE MV I IC X 2EDN
-G HITEREOMMICE b RVWED Uk . &k, ZREEE (40~60%WC
TE)ORHEBEBE M 7L ZEOR T - REE L & BTEEORMIC
EHERVWREBORBENEE oL LD, BHFEHIC EDIED/ Y —RIER
OB G BITEEPBENVTIERE N - 12,

REEOHSTHEETE, BHABRERITEL LT, TRELE
(15~40%WC (1) D ZBEBMER bV 7 IC L 2RD ST —, IIHFHHE % (40
~60%WC i) ODEMHBERE M ZIZLBEOAT—MNhEhok, =
DI>B, ZRPRE (40~60%WCHE) ORBEHER NI ICLBED
N —&, MHEOESKRICHEETCH- .

RO s, AREOSTEELBVWIR, BEEREBEXFELD
ORBE S KRB O PV I N - KREL,RHEHDO MY IST—iF
MEnWZedbhrok. £, 20535, IFHPBLOELEHERE VY
WEHBEDONT —IHHEBMOENRIIHETH L ¥ o k.

4333 BEMOHZENLEBLICERE

B 4-15 13 1 BITABC BT 2HH0KEY b ohENTE (UTF,
BriBEr+3) 28B0EYTRLEDOTHS. B, B, BEHKE
HMOME (BT 1 ABHCBI2E650MBOAFHIEBEIELWEERELT
EROMEE 2(5L7%) ThHb, MO Upper RTFY, W, WH, Bo
HE (UTF, L) cH3. |

WELOBFEEOMMcLbRY, REOHENEE (2EFiOM)
REMLE, GLFE, 2ho0BNEOMTH 2 Hx{LFE (ABWtot) DN

- 0 -



Ankles Knees [ Hips [ ] Upper

; YOUNG ELDERLY
3
2.5
—_ 2
<3 .
g% = % % - i
SIS /A e S [ -
= B T S0 3 7/
é 0.5 i 0.5 g st N Y y
< o .
8 0 S P SN I 0 S L .
E SW NW FW MW SwW NW FwW MW
:‘é 0 (I.Z?OI-MS)I(l..?frffs)l(l.?'ffnls)[(2'.'1l8'njfs) (0.?8{1’11’5)1(1.2.51-“:'5)[(l,.54j'nf-$)'(l..80.rnfs)' .
S
4 I I B .
%J -1 /__% %
z -1.5/—
Ir
-2
Figure 4-15

Mechanical work done by the joints in walking, The data are shown as per body mass.
SW=Slow walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed
walking. The figures in parenthesis are mean walking velocities. “Upper” means the sum
of wrists, elbows, shoulders, and neck joint, Data for the lower limb joints are shown as
the sum of both legs. Asterisks mean significant differences between the age groups in
ANCOVA with walking velocity as a covariate (* p<0.05, ** p<0.01). S-marks (J, [I)
mean significant differences between the age groups in the test of regression slopes in
which the walking velocity is an independent variable ([ p<0.05, Jf p<0.01).
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Percent contributions of each joint to the positive and negative mechanical work in walking. SW=Slow
walking, NW=Normal walking, FW=Fast walking, MW=Maximum-speed walking. The figures in parenthesis are mean
walking velocities. “Upper” means the sum of wrists, elbows, shoulders, and neck joint. Data for the lower limb joints
are the sum of both legs. Asterisks mean significant differences between the age groups in ANCOVA with walking
velocity as a covariate (* p<0.05, ** p<0.01). Crosses (},1) mean significant differences between the age groups in
unpaired t-test (1<0.05, § p<0.01). S-marks ([, JI) mean significant differences between the age groups in the test of

regression slopes in which the walking velocity is an independent variable ( [ p<0.05, [I' p<0.01).

- 08 -



BLUALEFERICN S KEFOALTENEFRIZASVWI EBDb D
o, Fk, BNEHEQCEELEBLT, AIREOSITER CRELSE
KBWIREBHIORRENMARI /DS, BHESOBRENERICAS
WZe, RTBEIBWITERERMORREPERIC/DE L, BESOER
EPERBICREVWI ERbhor.

4334 AZEHRRNVF—RBOEME

X 4-17 ZBITEBL | BTRAPKC B2 =2 VF-HAOE SRR
(AT, ENORREZEHOFHLIRBERETCRLEDOTHS. WHE D
Bl BBTHEEOMMIC L RVWED LY, BOORBICIAHBATEHE
REPASGNRP >k, Bl BHTHEEOREILHDLL T, RBEOH
TEETEBMEREVEELVHBAERITEP oL (p<0.05) .

4.4 EBR
441 AT V7R, AFTv7HEEDP LA BEERBFOSTEEORM
HITEBRIATF Yy 7REAT Yy THEOHE THEZNS H2EHERZR
ZRDORTFYTREAT Y THEOHASDLEEEBRICH DM, Z0OH
DHEFAPEREBRUERT Yy Z7RLERAT Yy 7HEOHEASDLEE,HE
ADREBRMHIIRECKETIEZEAIONDG. CHhET, BREDO BT
BENESELHEBLTEVWOR,FELXF vy 7EPNIVWILNRATH
% L#EXNTE S (Marino and Leavitt, 1987; Himann et al., 1988; Marino
and Schroeder, 1988; Kaneko et al,, 1991) . RIIKDOHEENH, ARED B
FTHEBECBVWTCHELERBZRFEFFELVORAT v TIRPNEL, AT v
BENXEBWILHRANE. £k, AFvIERLAT v 7EESBIEEE
#, BELIC, BTEEOMMICL bR o THAL, AHL B HBTEE

- 99 -



“ab
- C SWE SW Y
{ 0.7 2 Nw":Y
D A ® B FW.Y
E ® H MW_Y
- 06
b
(b 5
2
o 05T
¥5]
O i
o
S 04!
—
8 "
tht_] 0.3 L L L A i i 1 I

0.8 1.2 1.6 2.0 2.4
Walking Velocity (m/s)

Figure 4-17

Effectiveness Index (EI) of mechanical energy utilization for the forward transition of the
body in walking. SW_Y=Slow walking for YOUNG, NW_Y=Normal walking for
YOUNG, FW_Y=Fast walking for YOUNG, MW_Y=Maximum-speed walking for
YOUNG, SW_E=Slow walking for ELDERLY, NW_E~=Normal walking for ELDERLY,
FW_E=Fast walking for ELDERLY, MW_E =Maximum-speed walking for ELDERLY.
Result of ANCOVA with walking velocity as a covariate showed significant effect of the
age group( YOUNG, ELDERLY: F(1,145)=4.64, p<0.05 ).
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Figure 4-18

Comparison of body kinematics between YOUNG and ELDERLY during walking in
similar velocity. SW_Y=Slow walking for YOUNG, NW_Y=Normal walking for YOUNG,
FW_Y=Fast walking for YOUNG, NW_E=Normal walking for ELDERLY, FW_E=Fast
walking for ELDERLY, MW_E =Maximum walking for ELDERLY.
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