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External energy in walking from viewpoint of
the movement in ankle and knee joints.

Matsuo Akifumi, Fukunaga Tetsuo

Abstract

In the walking at different speeds, the vertical and forward components of the force exerted by
the foot on the ground and the displacement of the centre of gravity of the body were measured by means
of force platform and 16 mm cine film. From there records the external mechanical energy changes of
the centre of gravity were calculated in two components ; forward energy change (E;) and upward ener-
gy change (E;). The present experiment was performed with 8 healthy normal male subjects. Work
done due to forward velocity changes (W) increased linearly with the walking velocity, Work done
against gravity (W) scattered about 0. 7-2. 1 watt/kg independent of the walking velocity. It was ob-
served that the movement of knee joint had an important role to the exergy transport between vertical
and forward, and plantar {lexion of ankle joints was related to the increment of E,,,.
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Table 1. Physical characteristics of subjects.

2 Age Height Weight
Subject
(years) (em) (ke)
Y ' 28 167.0 64,0
Mi . 27 183.7 73.5
Ts ! 22 171.6 68.0
Uk \ 22 172.1 60. 0
Nt | 20 174.6 62.0
Sa ' 21 166.0 56.0
Nk | 22 173.3 64.5
Ou J 19 165. 8 58.5
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Fig. 1.

Shematic illustration for force and energy curves. Two upper curves represent

forward exerted by the foot on the force platform, and two middle curves rep-
resent the vertical and forward energy changes. The bottom curve indicates
total energy changes. The interval of ‘a-b’ indicates the positive phase of for-
ward direction, ‘c-d’ indicates the positive phase of the vertical direction.
Down and upward arrow represent the moment of landing and take-off respec-
tively. The duration between downward and upward arrows mean double foot

contact period.
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Fig. 2. The work done per body weight of each com-
ponent as a function of walking velocity.
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Fig. 3. Phase angle between both positive phases in forward and vertical direction as a

function of walking velocity.
1o 21Tk, EEOMT, HElFRT DR
BRbHTHH, AW T, Cavagna 532
FRRIC S ETLICER T Wk RDD L &1, I
filofc X b fEH LA, BFoHOEET L
FRCIER L TWA LEELT WD, Db,
Lz, EAEOMTERTI NCE L LIHE
ik, M20X5 kol iclrifionddbot
7-%2: BJh-ZJO
fLHAIC DWW TARD &, ANERRTIABTHE
FE L B RciiE—E Ml (#9180°) *R L1,
A AR T L IMF R —ETHD LS
Ziit, YOSTMEETHIBAE=FAF -2 6
Boixrx—n, HBHEWITHAL, =FAF -2
o TWBHZ L HERLTWAS, —Jj, Cavagna
L, BTHELMATSICOR, E, 2 Er 0
RNk X0, BPOHPELIAF- T BT &%
WHELTWD, BEBTIE, E, 2E,DOFEHB X
CHAMEMREAY—BLTWEZ LhbThIT,
Cavagna L0045k, MITEESHAKTS L &
bz, BN BETAOEE OB EENITT
ThbhTWwAH I LKL TS, —HARFET
B EESmML TS Ec0FEEE E. 0 A4
DEC—FLTWwbe 2% b, HITOEEL VD

cimER XS edh, BTLETLEIBEORK
NEL BB LD THLLZ L TRBETHEEZD
has

DX 51z, APge s Cavagna bR F R
RBHFERE LT, HOHEO #EBEDFTRAL
Cavagna * XL CRELZLERTHOT
HOHM, FOERIOWTE, Foliv»ETS
ThbHdo
EmHOBERNEE & REAMOZEL L = F & — i
BEoOME (A4) 225 LR E O MR
E, »#§inL, RERE, Ef RO Eo 231
mTaEENA bR, T BB, BTt
DEEBHOBER RO Ho@ X o Tof
EE O BE S RO RERTH 2 PR,
REE£FEAET 5 E b EHOE T ¥ TRIES %
B, b3 0L P L 2 IE RO i ERA L
TRT o EERE LTV, i, BB MR
Th o WAL KEBEME b, gk, B
BfioMBERCE, chboZ &b, HElp
[ 35 el 2y aog NN oY i HE S AT e il
InIhTwd rEx bbb, BITHEN
FBV & Zimir (M4-1), MBI RO R
HiZ Eroe ORI Z ST, # Eoe O Hii0



44

(A) abhsdznt, EnBE o= 0
F—BbDZ LHEYD Eo Ok, HES
fiofmE Lsb0eELZLR S, ¥4, Ei o
EMDHIYE (b—c) Tk, Ew o & {1z e <
E.vb=da¥—mE i b, E o8
fBohTkb, ZoM, BRUREME L LB
t\o ¥, Eoo o, E. b0 =51
F— e FEHEARE IR TAZ 2k, BB
DREBOMEICIDELDOLEL RS, HBTHE
FEAEEVE ik (R4-T), BB MR
Eot Oz bhico b b, BB & o
BIBOYHLOBL LEHLTCE. = 3% 1
F-—wMMEET e bDEELBNE, —F,
RER, Eo ##¥MEes LERERTHS L
%—72’_621700

Subj Nk
Vy :20m/sec
y . ? "c 1o =
e : . ’\ 130 §
i'i‘.rro \\ i 3
: :
§= 5o o %
x m ] [} 'w
B, ey
: o
3
g - <o rala
E e de e R R
l - Vi ‘ e - o
5 4B T Ty %
] 1 i \
i i) Sk .
§ SR
B AN T e A
w V ' 1 L
- :
= ) i \
» .
o or oz 83 B¢ 05 08
Time [ sec
¥ :3.0m/sec
m -
i'g,r ~ 70 §
darrs
ag"t 150 S
10 §
i 150

Energy ( joule )

0 aor 02 03 04 as
Time [sec)

Fig. 4. Changes in angle of ankle and knee joints, and
forward vertical and external energy as a func-
tion of time, when the subject Nk walked on
the platform with the two different walking
velocities.
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