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INVESTIGATION OF AMPUTEE WAIKTNG ON 1HE

ABOVE-ENEE PROSTHESIS

G.P. Gritsenko, I.3h. Moreinis
#batract

One of the most imortant criteria of evaluation of a pros-—
thesis performance is the degree of amputée's fatigue during
wallking. :

The purpese of this work is to estipate the Cnersy expen-—
ditures of an ampute: in gait. Keeping tnis aim in mind a mathe—
matical model of a nine-link biokinematic chain which corres—

ponds to the amputee walking was composed., The equation systenm
has been used for computer calkulation of the moments af mscle
forces applied to the lower extremity joints in sagzittal »lane,
The obtained information w:s used as a ground for the definition
of the values of powers and works released in the extremity
Joints.

The injtial data was collected as as the result of experi-

ments with amputee walking on prostheses of different designs.

Introduction

Inevitable consequence of amputation is loss of functions
of weight bearing in gait and sensce feedbacks, The meodern tyzes
of the presthesis are able to recreate the function of Droer
welipht bearing and propulsion, but it does not compensate the
muscle force losses. That is why the actual problen nowdays is
the working out of the prosthesis designs with external oower
sources , rarameters of which may be obtained on the basis of
general knowledge of energy expenditure in zait, One of the main
ceyluirements to the modern type of prosthesis is the performsrce
of zait with minimum enerzy losses.

This paper is devoted to the evaluation of enerzy losses in
gait with the help of means and methods of mechanics applied to
the mathematical medelling,

The paper deals only with zait in the sagit:al plane. In
addition the next assumption is adopted: weight bearing surface

is & horisontal plane. The physical model served as initial
sgheme fog the calculation in the nine-link biokinematical chafin
fig. 1
Hodern idéas about gait as & process-in which not only the
lower extremity take part but alsoc the upper human body segments
which exercise mutually coordinated motions are laid dowvm as
the basis for the working out of the -resented model.

The pursose to make a description of different pHasesz of
gait with the help of the united systenm of differential equatiams
was also xe.t in mind. .

The motiors of two lower extremities are considered sirul-

taneously, besides that the constraints with the weight bearing
surface are neglected and substituted by the zround-to-foot
reactions, In such a way the well known in mechanies principle
of relecase of comstraint lets us congider the zoound—to-Ioot
reactions as the externmal Forces applied to system.
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All the human body segments located above the hip Jjoint
ere modelled as a single link which in the following text will
3 called trunk. Bach lower extremity is represented as a four-

-linked biokinematical chain, in addition every joint of the
ortremity is considered. to be a roll-socket,.

The equations described the moticns of nine-~link biokine-
zatical chain and were composed.with the following assumptions:
Lhe human body segments are absolutely rigid bodies,- i.e, bio-
Vinematical chain is a system with unchanged geometric parameter%
diztribution of mass inside every link iz even and does not
depend upon the muscle tension and initial lipk leocation, that
neans the links have constant values of inertia moments and
ricid points oi centres of gravity, the constraints between the
linitz are stationary and the whole systen is helonomous,

Assumpiions listed above are quite acceptable at modern
level of development of gait investigations and they capnot
distore substancially the obtained data.

The biokinematical chain put into motion by the moments of
Torces applied to the links between the jointd. These moments
in physical model correspond to the moments generated by the
cuscles in gait. Besides that the moments of friction forces are
acting in the joints, but due to the lack of information about
friction forces their moments are not separated from the moments
of nmuscle forces. '

The model under consideration may be used Ffor the investigation
of normal gait as well as pathological. The motions of proposed
model can be described by the system of Lazrange differential
equations. ' ’

One of the main problems was the determination of moments
of muscle forces with the help of generalized coordinates, i.e.
the second problem of dynamics should be solved.

That is why the equations were solved regarding the above
moments (fig. 2 To determine the moments of musele forees out
of the equations the following imformation should be collected:
Biomechanical constants of humaen body, for example, the lengths
and weights of different sgments with the location of their gEra—-
vity centres, inertia moments and ete, inertia characteristics
of single links such as "stump~prosthesis™, the values of geae-
railzed coorlinates of the angles between the lints which can be
~oed as zenevalized coordinatesjcomnonents of the vector of
ground-to-Toot reactions and the coordinates of the noint of its
acpliance to the foot,

The data of the Tirst two groups are constant for all step
chaces according to theassurmbions made, i.e. they are simple number

“he dava from the last two groups E reaction forces, angles)
are functlons dependins on $vime, i.e. they are processes.,

Information nesded for solution of the eguations was
obtained with the help of experiments and out of the analysis
ol publisned sources /2,3,4/, Inveshigation of dynamices of galt
vas carried out with the nelp of electronic comyuters (BICME)
on the basis of algorithms worked out.To aim the programmes Sor
the computers in "algol™ lanzuape vere corosed,

As the result of computer's ;roces:ing of tne initial data
¢ obtained the charts of momenis of —uscle forces a:olied
wZen uain Jour Jeoints zad the values of power and energy
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expenditures, .

) In spite of the fact that information was obtained in de-,
tail these data are diffieult for use in the compare analysis
of different types of the brostheses, That is why it was expe-
dieht to choose as criteria of energy expenditures in gait the
funciionals shown below: TJ=FL M) ]

which represent the intergral indicators. In the work the fol-
lowing expression was determined ag such criterion:
_ Jai = SR At :

This c¢riterion represents mechanical work, the difference ig
that positive and negative works are summarized 85 values’ of
similar sign. :

To facilitate the comparison-w$ come to the relative values:

Tee =K N (1)l dt

where T
= ——
X=5L .

This eriterion is the specilic energy vapacity of gait,
Bonergy losses depend only on the values of moments and time of
their action ~ if this hypothesis is adopted, then one of the
following criteria can dbe used +

) .7\,,;--.«5[ IMitt))at,

L 2
_ ,74,‘- :x;f [Mm;¢)] at.

We agree that static tension is also energy capacious which
does not contradict to experience.The programme envisages that
all the four kinds of criteria are determined, The summary crites
rion can be found as the sum of numerical values of criteria obe
tained for separate joints.

To prove that the results of investigation made with the
help of mathematical modelling of gait are correct we carried
out electrophysiological research which allowed to determine
separately the influence of muscle forces on the gait of amputee
by independent method 5], .

To evaluate energy losses the information about displacement
of gravity centre.of the whole bumen bady can be used. The
necessary data can be pbtained from the investigation of amzutee
gait on the »nrostheses of different types, besides that oM. a-
rison of trajectories of gravity centres in normal and patholo~
gical walking is expedient. One or the im:ortant peculiarities

of the problem under consideration is that in walking location
of gravity centre inside the bedy changes, That means tha. sra=-
vity centre is not a fixed point. This fact impedes lirecst mea-
surements of gravity centre displacements with the nel.: of
sensors of different kinds, for example, accelerographic sensors
fixed to the subject, or, %o say correctly, caused errors in the
measurenents made. :

Liore accurate from the metnodics point of view is the deter—
@ination of phase trajectory of gravity centre by the integration
of differential equations. These equations can be written as

follows:
Hﬁ;—g =Rgff"‘P;
M%:g,(ﬂ,‘
2 .
Mf‘z‘g= g‘y(t)/
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Tazre M= P/ﬂ mass of human body, P - its weighty
2,X,Y - components of gravity centre displacements: ver-
tical, lonzitudinal (in dérection of ambulance) and lateral cor-
reston.dnrlys
Re, Rx, Ry - components of zround-to-foot reacticen.

The information about components of ground-to-Ffoot reaction
as Tunctions of time is needed for the intergration of system /1/.
Besides that the inital conditions gshould be defined, To find
out the initial conditions periodic capacities of fimctions Z
and Y were used, The fact that coordinate "x" changes within the
sten cycle "I by value S Qthe length of double step) also was
walken @nto account, : '

For the definition of energy characteristies of gait let us
determine the whole velocity o;_gravi@y centre

ry=YE1e) + 30+ §%)
Kinematical energy changes within some period of time can
be expressed by a rough inegualitys .
ATz QIr're+at)-viee)],

Potential energy changes in the gravity field can be written
in sueh g way:

A= PLZIt+8¢)~2(£)]

The lower limit of enerzy losses within double step canbe
To0nt was 88 the sum of nositive meanings of AT and necative
seanings of A7 . The nro.osed way gives a possibility to eva-
1uate  the energy losses in 3ait by simplier method. Data obtained
as tne result of investisetions allow to carry out comvarhson
of difserent {y:es of prostheses on the basis of znergy losses in
rait, lavhematical model taken into consideration and experimental
2ethods can be used in adjaicent field of seience for solution
of problem of locomotio-,
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M. I.
Physical modsl of human walking.
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