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Abstract

A two-dimensional biomechanical model was developed in order to calculate the lower extrem-
ity kinematics and kinetics during level walking. This model consists of three segments : the thigh,
calf, and foot. Each segment was assumed to be a rigid body ; its motion to be planar in the
sagittal plane. Five young males were involved in the gait experiment and their anthropometric
data were measured for the calculation of segmental masses and moments of inertia. Six markers
were used to obtain the kinematic data of the right lower extremity for at least three trials of
walking at 1.0 m/s, and simultaneously a Kistler force plate was used to obtain the foot-floor
reaction data. Based on the experimental data acquired for the stance phase of the right foot,
calculated vertical joint forces reached up to 0.91, 1.05, and 1.11 BW (body weight) at the hip, the
knee, the ankle joints, respectively. The flexion-extension moments reached up to 69.7, 52.3, and
98.8 Nm in magnitude at the corresponding three joints. It was found that the calculated joint
loadings of a subject were statistically the same for all his three trials, but not the same for all
five subjects involved in the gait study.

o, 00 2eg Fatel sy Afole AR
LA E sEol HAT Sgo] Agso] 1AL g
(=)

G}, Aol Hohd Wol AsAE AL FHe
AV 9P SAL e A% AEF 2 ol WA At $Ae wmez A
3 o AgaE 5L Adoe AR A7)

solsh, ol AHAL FH4E Ao 3o
tEe vE 4 de  aFEs,

o2 u 5 Y

AN, FAATE AT % AAAgare  SoAdE aid AvE 2qdes deys

**‘:’*Mlﬂm gay 7 A e A Ble] AlA o] g2l o

rEgE e A3 force) & 4%

=]

ul# (foot-floor reaction
Hule] ALzt g ol

> nio

A

rlr



2102 £ A.3

N3 dAF= A3 AP gk Seiregd
Arvikar®E Z 77 (musculoskeletal system) ¢}
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Table 1 Personal data of five subjects
S1 S2 S3 S4 S5 Average S.D.

Age (yr) 29 24 23 25 22 246 24
Stature (cm) 170.0 177.0 1745 175.5 171.5 173.7 2.6
Weight (kgf) 70.0 67.0 61.5 61.0 52.5 62.4 6.0
Midthigh circ.(cm) 55.3 49.0 49.5 50.0 44.0 49.6 3.6
Thigh length (cm) 41.0 39.5 415 43.5 415 414 13
Thigh mass (kg) 10.0 , 80 8.1 8.4 6.2 8.1 12
Thigh C.M.* (cm) 17.0 16.2 172 18.0 17.2 17.1 0.6
Thigh inertia (kg-cm?) 1397.0 1020.0 1124.0 1268.0 714.0 1104.6 2334
Calf circ.(cm) 39.5 375 35.0 37.3 33.0 36.5 2.2
Calf length (cm) 36.2 42.0 40.5 40.2 415 40.1 21
Calf mass (kg) 4.0 4.0 34 3.7 3.0 3.6 0.4
Calf CM.* {cm) 134 15.6 15.0 149 15.4 149 0.8
Calf inertia (kg-cm?) 550.0 608.0 922.0 971.0 338.0 517.8 9.2
Calf depth (cm) 12,5 123 11.8 12.5 10.3 11.9 0.8
Ankle circ.(cm) 23.2 23.0 22.0 217 20.0 22.0 1.1
Sphyrion ht. (cm) 6.8 7.5 7.0 7.3 7.0 7.1 0.3
Foot length (cm) 245 253 26.0 26.3 25.6 25.5 0.6
Foot mass (kg) 1.0 11 1.0 1.0 0.9 1.0 0.1
Foot C.M.*(cm) 5.3 5.5 5.6 5.7 55 5.5 0.1
Foot inertia (kg-cm? 33.0 39.0 39.0 41.0 32.0 36.8 3.6
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Fig. 1 Experimental set-up for the gait study
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Fig. 3 Global and local coordinate systems

Fahglet,

A¥e g 249 B4 A (Fig 2 #2)%
g3t shA9 244 AL BY AEE ¥
sahoch, 84 13 29 94 Az2¥H FHYF
43013 B9 M4 ABFAY A4, 4=,
s o Aol el Zddl, AEE, AhkE
£ A4Sl 2L oz B4 25 39 94
AnziE 7ol ARFAY 44, £, HEE
9 STl B Fas Adsdes, A 4
o 59 AAARZYEY ol FE TIAEE AL
seieh,

32 ofSeistgalol oigt B 2

shx Lol Y A%, BHEWE,
2, 272 YHold F4% $UY ARE Evj2
A Aol AEsE Y4 2

o, 7o 840 dF AREA=22E A] K],
Hjel €22 #de] szl Y3 ZallES A4
gt

Fig. 4(a)9] AFEAE2HE AJoll &3 &
Fuyst 28E My% T3 4% FEstd e
2,

FM=M1 A’CMI—F»F—F’GI (1)

Mu=1101k—ﬁr—ﬁu/cmx Fu—ﬁwcmx ﬁr (2)

AN M, Ao, Fr, Fore 77k whe] Az,
Az CM1Y sl&x, A g8 FA=e
Wk, AFolch A@AAM L a6 M
Rajiom, Brion®e 27k CM1el| og o] A m o)
B, W] Ar&s, dhmide] og =l
o thgk AJe] A9z, CMle| ol =y
Ao AvhsiA o e},

59 wyez Fig 4025 Ko} 2&35te
'Ele F’Klg‘]' —?—D{‘JE—- MKJE °}":‘ é’la ‘H‘E—"‘S}"ﬂ
<7 2,

rl

ta
B

— ll’ﬂ
JE -
N O
L

b =

r

E



HAE Aol o FALETH BEHE 3ol RY AN YA H4

Foy=M: Aozt Fay— Foz (3)
ﬂm=I2QZE+M'AJ’- ﬁx;/cmx F}(}+EAJ(CM2X ﬁu
)]

4’}(3)0“1“] MZy A’CM& FC2'\":- 7'}'7’} 261737°]'°‘] %a&:,
AFFA CM2Y 7tex, AFelst, H{@)eA b

{b) Calf

~Mia
(c) Thigh

Fig. 4 Free body diagram of the lower extremity
elements

2105

a2, félmcmz, FIU, EAJ/CM:%‘: 74z CM2of] g A
7helel BAmWE, Aol Asisx, CM2of
a Kl Agiela), Kjol z4ste 3, CM2d
3 AJel Adigixleldt,
Fig. (0258 HJo #83e § Fuol 20l
E Hw¥ T3 A FE8 o 2o
ﬁw=Ma/jfcMa+ﬁxJ‘“ﬁcs (5
Muy=has & + Mo~ Rapews* Frg+ RuyewsX Frr (6)

AGyNA Ma, Acus, For® 27 sxe A%,
Az CM3o] A A ddmdzE, 3y
Ag A7Ex, CM3Y 7t&s, AFoith A(6)
°“"'] Iy, as, ﬁw/cm, R.w/cus“f? 77 HJj2l 444
A, CM3ef vhdt KJo Asi#i Aozt

4 HE Y DR

41 138e mAEKo] e A
sAY e 2 Eube] Mol FEF ohie Hof
r 748 Awl A &7|7}(stance phase)ol
& AAgke MAsgc 49 YA =24
< E8 A4E sAe £49, #EE, Ad=A
E 29 Aztel] wE WSS Annr] $sted 59
o HAHA & HEAeR 199 HAPA(S2) oA
g ARE AAsge

SAgA S29) 2 E&F sixle] ¥AH 54 A
o AL Fig 59 Zawn, afdy 28%e] A
wo] 2E AR (1=0.00)3 2E¥o] Aol =
oAl A1 (£=0.73)% HAIN FALE EIAG
t, A&7kl 0.73% Fobol Xdpgkel A
7} 7ba 2A 22" 2 A4 Zel Hiojdx,
2 #Zr7lE 75.8cmel FYch Yebdel sixwse
we gor 77 A8 BEE Eogys] AL
of AJol4 12.3cmz spA ZA el

Fig. 6& 2.8wo] date] H &3ty Tl 53
5 walele] Xeof Yubar Aol Feop Fed dhebd

S

o

Fig. 5 Time histories of marker positions on the
right lower extremity



o
soo | S T e

FOOT — FLOOR REACTION (N)

H i "y

02 03 04 05 06 07 0.8
TIME (sec)

0.0 0.t

Fig. 6 Foot-floor reaction components during stance
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Fig. 7 Forces at the right lower extremity joints
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Table 2 Maximum values in the vertical component of foot-floor reaction and joint forces (N) in three task trials

T1 T2 T3 Average S.D.
Foot-floor reaction force 686.4 695.4 707.1 69.3 10.4
Ankle joint force 671.9 674.2 692.2 679.4 11.1
Knee joint force 633.4 635.2 654.1 640.9 11.5
Hip joint force 560.7 562.3 583.1 568.7 12.5
1.2
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Fig. 10 Moment at the ankle joint in three task trials Fig. 11 Time history of the hip joint position for five
subjects
AR 724E TFAA 224 FU1EE & 100
919 t, Fig. 10 33 4-8lo] i AJgEd o
epdich,, AJE=leo Hg(H4azh)L& TL, T2, T %
T3el A 747h 94.8(—7.4), 96.5(—8.1), 94.8(—7.2) £
5 L[]
Nmz A=A 48 79 TFA4E 0.7(0.4) g ”n s P
Nme|gieh, = A&7 7ke]l ob& TlellA] Fig. 6 8 sl
A EAL To-Twizel B Aol wAsd, 2
33 $Ho) Adet= Alnwle FACA AsAe & 6of
2 FAE W3 g Ly
R ) 83 54 S5 TOTAL

43 5% mAHHX o ChE AR

Zolz ®g5S 579 FHAYA} YL ol
dg ANE vmadch, olxst o] nAl
APk A, dukde AU A8, L5
A9 gk AR dbFo] AR ZdE
of disll FAH g s ngh

Figs. 117 12+ zabde wHdo oi¢ A
el Fig. 11& zb sl Ayl o) dof
ARF shts Halo] 599 HAH A A7
o] @& HgAE uvehd Aoz Sl,S2, S3, 54,
Sooll wH3 FH YA HWEHEFL 77 76.0 75.8,
75.5. 80.4, 77.0cm= vteht 5% S AYPA A}

r_‘

oft g

o,

[l

SUBJECT

Fig. 12 Horizontal displacement of the hip joint dur-
ing stance for five subjects

o

of AA FPAME FrA se]E: UAY
gt Fig 12+& sjAgx zbate] ois] 33
3 A3E B0 AR WHFe] AT (H
AN ZFAzxH(edudz 24)F vebd
agolA & 4 gl%o] 19 HAHRI} Fof
3¢ 34 Y oo 2FAAE S5(2FY
2 3.0cm)E AstnE 0.3~1.6cmE HAFA
Abole) BEHAQ 2.3cmyc}t A et} o)

ORI



A% AolZ A A LEH

3 3ol A A a4 2109

Table 3 Maximum values in the vertical component of foot-floor reaction and joint forces (N) for five subjects

S1 S2 S4 S5 S5 Average S.D.

Foot-floor reaction force 762.7 695.5 688.7 658.1 485.0 658.0 104.0

Ankle joint force 752.6 679.4 677.8 644.4 482.4 647.3 100.3

Knee joint force 703.0 640.9 638.6 604.5 452.5 607.9 93.9

Hip joint force 623.3 568.8 552.2 519.5 393.9 531.7 85.7
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Table 4 Two-factor ANOVA table for subject (A) and trial (B)

Factor A Factor B
Horizontal displacement of the hip joint 4.09 0.31
Vertical component of the foot-floor reaction 143.76 0.51
HJ 203.46 151
Vertical component of joint force KJ 103.84 1.44
AJ 208.64 1.44
H]J 1.62 0.14
Joint moment KJ 394 1.20
Al 48.84 2.68
Critical value of F 7.01 8.65
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Table 5 Two-factor ANOVA table for factors A and B using normailized values
Factor A Factor B
Horizontal displacement of the hip joint 4.50 0.31
Vertical component of the foot-floor reaction 25.19 0.35
HJ 34.32 1.12
Vertical component of joint force K] 21.73 1.25
AJ 37.02 1.14
HJ 2.46 0.09
Joint moment KJ 2.44 1.30
A] 7.39 2.24
Critical value of F 7.01 8.65
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