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INFLUENCE OF PROSTHESIS PARAMETERS ON EZNERGY
LOSSES QF THE INVALID IN WALKING

A.I. Bogomolov, L,A, Gilin, M.I, Lapaev
and T.Sh., Moreinis

Abstract

4dvance in mathematical modelling of human normal and
pathological gait as well as expanding of computers utilization
in biomechanical research give & chance to study the problem
of the optimjization of choice of the prosthetic parameters on
the basis of some criteria.

Cne of the generally used criterion is the enersy
expenditure in gait, The mathematical model of gait of the
amputee with lower extremity prostheses is developed,

It permits to determine the treajectory of the centre of
gravity of the human body and the energy expenditure in walking
as functions of the location parameters of prostheses links
and humen body segments,

The equations and programmee for computer are worked out
on the basis of the above approaches., It is envisaged to compare
the compuverized data with those obtained by the ingenious
techniques which is used in the experiments with the invalids
wearing prostheses with alignment and balance units.

Introduction

Method of optimisation of above-the-knmee-prosthesis para-
meter selection based on the power criteria is described, The
energy losses of the invalid in walking are determined by his
welght and the trajectory of body gravity centre which depends
on the mutuak position of bedy and prosthesis, irertia and
geonetry characteristics of the prosthesis and also on the ki-
nematic properties of the links, BEvaluation of the relative
importance of the prosthesis parsmeter wvariations for the
changes in energy losses of the invalid on different phases of
step is suggested.

As the result of progress in the creation of mathematical
models for the description of normal gait as well as this of a
man on prosthesis, and duwe to the wider employment of computers
the task of optimal cheice of the lower extremity prosthesis
according to definite criteria became on of the prime tasks.
One of the general criteria is evidently the energy cost of
gait of an invalid on a prosthesis. The emergy losses of the
invalid in walking depend onr the parameters of the interlocation
of body and prosthesis parts, inertia and geometry characteris-
tics of the prosthesis, as well as ninematic nroperties of its
links, Deviavions of the prosthesis paraneters Irom the optinsl,
hamper the orostiesis control and lead to the growth of enersy
losses. BEnergy losses of the invalid in zait nmay be evaluated
by measuring the interchange of zasses or br the electric
activity of muscles, 3But these two zethods do not permit usto
find analytical relations between enerzy losses and prosthédsis
parameters, which is necessary on order to solve the problem
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0L prosthesis parameter selection without carrying out a great
numper of tiring experiments. .

Application of the mathematical model of invalid's gait
maies it possible to remodel different combinations of the Pros-
thesis parameters with the aim of optimization. The simpliest ana-
lytkal relation exists between the energy losses for thé shifts of
the body gravity centre and parameters of the body segnents and
prosthesis links, The trajectory of the gravity centre during
norgal walking is a complex spacial curve., The trajectbry of the
oravity centre of an invalid with an above-the- -knee~prosthesis
will be scrutinized as a result of some berturbating inrluence
on the trajectory of the gravity centre in normal walkingz,

First we shall sée what parameters debermine the novements of
the body zravity centre. In biomechanics the human body in lo-
22z0%lon 1s usually presented as a multi-linked ramified
plcrinematical chain, Motion of body segment and prosthesis
links in walkine may be characterized by thelr angle deviations
from the vertical line, Motion of segments and links, their
nesses, statlie radii and lengths determine the trajectory of
20dy gravity centre in walking, For n-limk mathematical model
of normal zait describing the motion of human body in sageittal
plane, accelerations of the gravity centre motion in fore-and—
-aft and vertical directions are determined with the help of the
fallowing equatigps: . .2 )
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where.ﬂla,sa,-fz are masg, static radius and lengtb of the nthlink,
Wh#&,%ﬁ are angle deviations, velocities and accelerations of '
the n link from the vertical axis,

W is vhe human body mass, '

In the similar way for walking with the above-the.lmee-~ .
prosthesis we may write equations which will include some para-
neters of the prosthesis construction scheme, In their usual
foru equation %1), (2) may be presented as follows:

Eo= Fe(mi,sq,€0,9,¥%,%,u,v), (3
Xe= Fy (me, 8¢, €c,¥:,¢;, ¢, ,0,U), (4)

vhere “u" and "v" are parameters of the prosthesis construction
scheme, for example frontal shift of the socket and its incli-
nation anzie,

Bguations (3) and (4) are Newbton's equations describing
the dymamics of o simzle particle. Quantifties ® and Fx are
comduens8 0f the force acting on the particle.

Let usz consider that equations (3), (4) describe the
motion of sravity centre in normel walking., Alongside with
nonperturceted motion {(in normal wallk) of the gravity centre
w2 shall study the perturbated motion ( in walk with prostheszes),
It 2135 may be treated as gravity centre motion caused by some

Torce close Lo F o
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Fig. I. Trajectory of human body ‘s centre of gravitiy
in normal walk.

- -ﬁ ) on\l’/n'n

Fig. 2. Trajectory of human body’s centre of gravity
in fromtal plane.
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o » <
vhere §; parameter of biokinematical chain, 'j represents

umber ‘of parameter, {~f,... /- is the number of the link of
tickinematical chain,

Suprose that F™ differs slightly from F , then we may
say that differences between perturbated and nonperturbated
notion is conditioned first by the changing of initial con-
ditions, second by the changing of the equations (3), (&),

4s an ezanple take the vertical displacements of gravity
centre in nodrmal walk and that with above~the-knee prosthesis
Initial values in normal walk, when t=Z,nay be renresented as

2= £.00, Lo, C2)=EM0)  PheTe “Co=const (1=1,2)

Let us i'nclud.e ibhe differ;antial eguation
Ec= Felg)) »pPg;) , (7)
vhere M is small parameter,y{qj)is some function of the para-
meters. _

Perturbated motion will be represenced by the solution
of the equation (7) which satisfies the initial conditions
when &=%g ! 2 = £+ &0 vhere &2 is a very

< € < c

small value called the initial perturbation. x

Introduce instead of &7 perturbation & = f ~Z. and
ve can write the following: : i

A= Falg; +5G;) = F(gi)+ 1 P(g;). (8)
Let us take the sippcsad extrenely small nerturbation for li-
wited period of time %% = T where T is the Auration of double
step. For the exact equation (8) we substitute its exXnansion,
Then ignoring the uembers of hi};::er degree of smallnes: we
come to the equationi & & .2 i .
de= 5, 55500 897 * #PI45) . ()

Index "0O" indicates that ekpreszions ; for normal
wall should be substitubed into.the Fformulde under censideration,
Coefficients f—Ef form a2 rectansular matrix, which reflects

4
the value of tne influenc of each biomechanic parameter

variation om the quantity of gravity centre mobion perturbation.
For examp%ﬁ coefficlient #fe/dmi( for parameter §5 is taken the
mas. of 1¥" link) is found acecording to the following Tormula

v Y - .z A v
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. 1
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Hodelling of the %/99: . - coefficients with the help

of com-uters showed that some of them have impulse character
25 in relatively short time neriods they chaaze more than for
an order. '

“hen determining the influence of the biomechanical nara-
zeter variations on the energy losses of invalid we proceded
T“rom the rollewing formula for the determination of energy
losses & ior motion of gravity centres

™ - =S ™)
E=af|(p+ﬂzc)'zcd* (11)
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where P 13 the weight of the invalid, :
“f, is radius-vector of the gravity centre of the invalid for a-
fixed coordinate system,

It is interesting to determine the influence of the body
and prosthesis links mutual position om the energy losses in
walk and to compare theoretical wnu experimental data. During
the experiment only one parameter of the prasthesis Xm(fromtd

displacement of the sbcket in lateral or medial direction)
was changed with the help of an ajustment unit wheh all the
other parameters and the socket were the same, Registration
of gravity centre displacements was carried out with Xy=20m
wnich corresponds to the converge scheme adopted by CNIIPP*
and with &= -~ 20mm, which corresponds to the diverge scheme
4s 1t became clear from the analysis of the thedretical
and experimental data, the energy losses of an invalid with
a prostheses of converge scheme is by 28] per step less +than
with the prosthesis of diverge scheme under conditiom that
tempe of walk does not change.

Thus we come to the conclusion that anslysis of body gre—
vity centre motion in normal walk and in walk on prosthesis,
the study of the influnence &f biomechanical properties of the
prosthesis on the value of deviation from the normsl walk may

give us important information which is useful for designing .
of above-the-knee-prostheses, especially for prostheses with
external power soyrces. . '
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