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APPENDIX 1

Determination of Strain Gauge Positions

Introduction

To ensure accurate extrapolation of the bending moment at the hip from the
strain gauge readings on the shank, the precise position of the gauges has to
be determined. The gauges do not necessarily record the bending moment at

their centre, so simply measuring to the centre of the gauge is not sufficient.

Method

The pylon was fastened to a steel stanchion as shown in Fig.ll.1, and a
6 in. long tube attached to it.

A weight of 85 Ib. was suspended from the tube at 3 in., 4 in., 5 in.
and 6 in. from the reference point. The strain ot U and L was recorded on the
" Budd Strain Indicator Model P=350. The zero reading was taken before and
after each load application and the mean subtracted from the reading under
load. The pylon was unclamped, rotated through each of the four positions,
two in each of the Z and Yplanes, and the readings repeated. Two sets of
readings were taken in each of the pylon positions making a total of four
replications for each plane.

The gauge readings r, were plotted against x and a linear regression of r
on x was calculated. The intercept on the x-axis was determined together with
its standard deviation.

This value was defined as the distance of the gauge from the reference point.






Theory

Referring to Fig.ll.1, if a load P is applied at distance x from the reference

point, the bending moment at U is:~

P (a+x)
- {_’(c +X) ceuns (1.1} (k is the calibration coefficient)

Therefore if r is plotted against x, the intercept on the x axis is equal to
~a (see Fig.1l.2). Similarly for the position L, the intercept would be ~(a + b).
The value of b can be found by subtraction.

To obtain the "best" value of a, together with its standard deviation, 0,
linear regression is used. The technique is briefly described below, but for a more
detailed presentation, the reader is referred to Johnson and Leone (1943).

If the equation of the line is represented by, r =mx + ¢, then the bestvalues

of m and ¢ are defined as:~

~ = nixTr - Txr (where n is the total number of
[ 2 9 (readings = 16
n(Ex)T - Lx
= LxLr - l6Lxr
(Zx)2 _ lész ........ (11.2)
and & = ! Cr - mIx)
n
= 1L (& - nEx) ...nnl (11.3)
16
if r =0 then mx+c =0
or x= -~ ¢
m
T (11.4)

Therefore the best value of a, @, can be derived from

Do






2 2
= 2 2
08 e ) o, e (11.6)
M2 2 m
2
Now o, = o2 ! + X — (Johnson and Leone)
¢ n o Lxj-%)2
2 2 2
o T g Lx_ . ... (11.7)
¢ 16E x* - (£x)
2 2 | (Johnson and Leone)



TABLE 1.1

Modified Gauge Readings

X Z Plane Y Plane
inches e +b . b »
Z Z A Y Y Y
1579 1100 1124 161 8
3 1588 1101 1139 1627
1594 1098 1124 1612
1577 1094 1139 1623
1841 1359 1391 1895
4 1857 1365 1401 1904
1859 1355 1397 1896
1848 1357 1418 1889
2122 1631 1662 2168
5 2139 1643 1675 2175
2142 1633 1668 2162
2130 1631 1688 2164
2392 1895 1941 2445
6 2413 1907 1957 2456
2410 1898 1951 2438
2399 1899 1971 2448










APPENDIX 1ii

Determination of Foot Centre of Pressure and Shank Angle

Introduction

If filming is not resorted to, information regarding the limb configuration
and the point of application of the load on the foot is not available. A technique
is required whereby a reasonable approximation of these parameters may be
obtained. This would allow the weight of the limb to be taken into account
in the force analysis particularly with respect to the hip moment in the A/P
plane.

The method suggested here is based on a knowledge of the deformation

characteristics of the foot and ankle assembly worn.

Theory

Referring to Fig. lll.1, the coordinates of the centre of pressure of the foot
are g, h in the =x and y directions.

The foot=ankle unit of a prosthesis can be thought of as a curved surface
rolling along the ground during the stance phase. If the surface could be
represented by a simple function of the form g = f(h), ‘then using equation 4. 19
from Chapter 4, g and h could be calculated. Further, since 5—‘-}1 represents
the shape of the curve at g, h, the angle between the tangent (i.e. the ground)
and the x-axis (the shank) could be found by differentiation.

In fact some account musi be taken of the load deformation characteristics.
The more common foot-ankle units used are linearly elastic in nature.  There-

fore at any distance h from the x-axis, the value of g may be expressed as:~
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Substituting equation (I11. 1) into equation 4.19 gives:-

h= My, + Eo () - RF )] gy (11.3)
, tx
This polynomial is solved by a modified Newton's method designed to speed

up the convergence. The technique is described by Runge and Kénig (1924).
Referring to Fig. 1l1.2, the usual Newton's method is as follows: -
Assume y = f(x)

It is required to find the value of x, x such that f(x) = 0.
An initial trial value of x, x_, is made and the value of f(x¢) evaluated.

f(x) is differentiated fo give f'(x) and the value of f'(xo) also calculated. A

better approximation to x is given by:-

o x)
| = %o "F()

f(x;) - O| g a predetermined amount say 0.0l.

[teration proceeds until
To speed up the convergence use is made of the expression:-

-D ...... (111.4)

1 2 [N} 3
where fx) + FOOD+F'x) 2 + xR =0

2! 3
This equation is solved by iteration as follgws:-
M) 60 DGy - £ D
T TR B W T

When [D.-D. “ S say 0.01, iteration stops and the new value of x;
| I-

calculated from equation (l11.4).

In the case of equation (111.3), it is required to find h and an initial value

of hg = iAZ is used with the procedure outlined above.
R
. hfy = M
The value of g can be found from equation 4.19, i.e. g = xf AZ
Y

- 1'6...






The calculation of the shank angle proceeds from equation (I11.2). Difficulties

.. . dR
arise in the evaluation of 3 iee the rate of change of the resultant load

with respect to the y coordinate of the centre of pressure.

As a first approximation, 5 Wwos estimated as Ri = Ri| but the combination

hi = hi-|

of the inaccuracies involved in the calculations resulted in virtually meaningless

answers. An attempt was made with a medified value of dR based on the

dh
"five point parabola™ fit.

Briefly this consists of fitting a parabola to five points about the point of
interest i.e. to Ri+2' Ri+l’ Ri; Ri-l, Ri-2 and hi+2, hi+ll hs, hi—l’ hi-2 when
dRy . .

Th. is required.

This modification improved the accuracy of the calculation but further work
along these lines is required. The random errors involved in the calculation
influence the five point parabola technique and some reduction or smoothing
of these inaccuracies is necessary to achieve greater precision in the calculation

of the shank angle.
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Computer Programmes

Calculation of Foot Equation Coefficients
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' PROGRAM! ( PBOE16027PB0O Lowe pylon studies, foot ejuation!
'begin'
'procedure! Cheb(m,v,B,C,x,v,A,XU); ‘'value' m,v,B,C,x,y; 'integer' m,v;
'real!' B,C; ‘'array' x,y,A,XU; :
'begin' 'comment' Forsythe's method as modified by Clenshaw , Comput. J., 2(1959), p170.
The procedure produces in array A the coefficients of a Chebychev polynomial of degree
v which fits m sets of points (x,y) in the ranze [C,B];
'real' L,M,POS,NEG,eta,phi,KO0,K1,c,alpha,beta,delta2,MAX,mu,p,delta,Y;
'integer' r,i,j; ‘'array' P[-1:v+2,0:1],T[0:v+2];
'for' r~1 'step' 1 'until' m 'do' x[r]«(2.0%«x[r]-C-B) (B-C);
"comment'! normalise x to lie between -1 and 1;
beta<K1<0.0; T[0]«1.0; P[O,1]<1,0; P[1,0]«P[1,1]<0.,0;
'for! j«0O 'step' 1 'until' v+2 ‘'do' A[j]<0.0;
"'for! ie=1 'step' 1 'until' v 'do!
'begin! KO«K1; K1eLeMePOSNEGMAXe-delta2¢0,0;
"Tor' r«1 'step' 1 'until' m 'do’
"bezin' p<P[0,1]/2; T[1]ex[rl;
"for' je1 'step' 1 'until' 1+1 'do!
Tlj+1 ]Je2.0xx[r]*T[j]-T(3-11;
'for'! jet+1 'step'! -1 'until' 1 'do' pep+P[J,1]*T[Jj];
Ki«Kl+p*p; LeL+x[r]*p*p; M-M+yl[rlx*p;

— OZ..

'end';
"1if!' 1=-1 'then' 'goto' first;
"Tor' r<1 'step' 1 'until' m 'do!
'berin' YeA[O] 2,05 T[1)ex[r];
'for' jel 'step' 1 'until' 1 'do!
T{j+1 ]2 0xx[r]*T[J]-T[3-11;
"'for! j<1l 'step' -1 'until' 1 'do!
Y*Y+A%J]*T[J];
delta-yY-y[r];
11f' deltadPOS 'then'! 'begin! POS«~delta; eta«XU[r] 'end!'
telse! '1f!' delta<NEG 'then' 'begin' NEG—delta; phi«XU[r] ‘'end';
Ye 1if' y[rl=0.0 'then' 0.0 'else' 100.0%xdelta/ylr];
'ir' abs(Y)>abs(MAX) 'then' 'begin' MAX<Y; mu«XU[r] 'end';
delta2edelta2+(deltaxdelta);
Tend';
beta<K1,/KO;
newline(lz;
writetext (' ('maxZposddev')'); print(P0S,1,3); print(eta,l,4);






'begin!
xfO[1 Jeread






_ﬁg_

scale[i]eread;
azeread+l .089; ayeread+1.118; bze1,688; by«1.769; cz<b-(az+bz); cy<b-(ay+by);
opengp;
pause(10);
newset: paperthrow, tlmenow; newline(2);
write text 5 $'SUBJPCT’°‘) )3
write text (' (''('c')! KNEE#TYPE! ('¢! )VACTIVITY'('c! ) 'CYCLEZTIME' )');
neread; cyclecread;
nrint (cycle/10 0,1,2);
write text(! ('“SECONDS'(‘EC ) INPUT”DATA'( c8s!')IMLZ (P11 )'MLY' ("11s')'MUZ' (111" ) MUY (125! )'T

(1125 )'FX' (Y 11st)"THETA' (et )Pt ) 1)
'bezin' 'intezer! 'array! varlO:n,9:22]; larray' plot[1:19,1:nl;

for!' i«Q !'step! 2 'until' 21 'do'

'for! 1«0 'step!' 1 'until!' n ‘'do!

"vezin' varli,jleread; var[i,j+1 ]Jeread; 'end';

'for' i«<0 'step' 1 'until' n 'do!

"hemin'! 'for! 199 "'step' 1 'until' 22 'do!

print(var{1,;],4,0); newline(1); 'end!';

newline(2);
mlzO~var[0,10]; mlyO~var([0,12]; muzO~var[0,14]; muyO~var{[0,16]; tO~var[0,18]; fxO~var[0,20];
thetaO~varl0,221;
"for' i«1 'step' 1 'until' n 'do!
'bemin'! frameei-13; mlzevar(i,10]; mlyevar(i,12]; muzevarl[i,14]; muyevar(i,16]; tevar[i,18];
fx—~var(i,20]; theta~var(i,22];

ruzemuz-muzo; ruy<muy -muyQO3; rlzemlz-mlzO; rlyemly-mlyO;

rfx~Tx-x0;

'if' rfx 'se' O 'then' 'begin' 'if' 1< 'then' 'begin' !'for' i1 'step' 1 'until' 19 'do'

DlOt[J Pl ]"O

'voto' false; 'end' 'else' 'for' 1«1 'step' 1 ‘until' 19 'do!
'hesin! plou[i *]FploL[T,l-T], 'moto! false ; 'end'; 'end';
theta—(theta- LhetaO *c*1,45 go rtet-t0;
muyeruy/z [2,2];  mlyerly/al4,b4 rxerfx/als, 5], tert/al6,6];

repeat :muze(ruz-all 2]*muy a[1,5]*fx a[] 6]%t) e[l,]],

muy—(ruy-a[2, 1 | *muz- ~al2,5]*Cx-2[2, §1%t) al2,2]1;

mize(rlz- ~al3,4 ]*mly- ~a[3.5]*cx-a[3,6]%t)/al3,3];

mlye(rly- a[u,3]*mlz a[ﬂ 5]+f'-ﬂ[4 6] *t)/d[u,M]-

fx «(rlr a[),lﬂ*muz als, 2B*muX-a 5,6 E £)/al5,51;
slot[9,1]-t  «(rt -alb,1]*muz- xmuy-al6,5]%rx)/a(6,61;



"1f 'abs (muy- ruy-a{2,1}*muz-a{2,5]*fx-a[2,6]*t /a[2,2]§‘ze'0.05'then"goto' repeat;
117 'abs(miz-(rlz=-a 3,4 ]*mly-al3,5]*fx-a[3,6]*t)/a[3,3])'2e!0.05'then' 'goto' repeat;
riftabs(mly-{rily-a[4,3]*mlz-a[4,5]xfx-a[l,6]*t)/alli,4]) '2et0.05 ' then! 'goto! repeat;
'if'abs§fx-(rfx—a[5,1]*muz—a[5,2]*muy—a[5,6]*t /al5,5])'ge'0.1'then' 'zoto!' repeat;
"if'abs(t-{rt- a[6,1]*muz-e[6,2]*muy—a[6,5]*fx§/é[6,6])'ge'O.i’then"goto' repeat;
plot[19,1 Jerframe cycle/0.8;
fy«~(muz-mlz)/bz; fze(muy-mly)/oy; rzesqrt (Px*fx+Ly*fy) ; ryesqrt (£x*fx+£z%£z)
plot[2,1 Jeresqrt (Cx* L x+Ly *Ly+Lz*f2 ) ; phicerctan(fy/rx);
plot[15,1 Jemazemlz-cz*fy; plot[16,1i lemayemly-cy*fz; plot [4,1 Jemkzemuz+az*fy;

nlov[17,1 Jemkyemuy +ay*{z;
plot[ 14,1 Jeczemkz /rz;

11¢b+3.2+1%cos(theta);
12e=(3.2+b)*sin(phi)/cos(phi)+dzfcos(phi)+1*sin(theta);
betacerctan(12/11);
alpha<beta+phi;

plot[1,1 Jeperz*cos(alpha);
plot{3,1 Jemhz~(rz*lixsin(alpha))/cos(beta);
plot[5 1]Fd@(b+3.2)*sin(beta)+(b+3.2)*sinéphi)/bos(phi)*cos(beta)—dz/bos(phi)*cos(beta);
plot[1é,i}9ﬂmy+fz*12/sin(beta)-it*(fx*cos beta)+fy*sin(beta));
phiephl*57 ,296; alphatalpha*57.256; plot[6,1l«thetactheta*57.296;
false: ‘'end!;
mhy¢mhz«0;

'for'! i«1 !'step! 1 'until' n 'do!
'bepin! mhyemhy+abs(plot[18,1]);
mhzemhz+abs(plot[3,1]); ‘'end!;
write text ('(1''('2¢') ' AVERAGE,A~PSHIPZMOMENT! (12c!) ')t );
print(mhz*0,01,4,1); ‘
write text ('(''{'3c')'AVERAGE; M-LYHIPYMCMENT' ('2c')'")"');
print (mhy*0.01,4,1);
heplott(0.0,28.0,0,0);
hgpaxist§1.0,1.o,'E'PERcywALKchCL')',-14,8.0,0.0,0.0 8.0);
hrpaxist(1.0,1.0,'('PCOM;TORC' )',9,5.0,90.0,0.0,scalel1]);
‘for! 1«1 'step! 1 'until' n 'do' ‘for'j<3,2 'do!
heprectt(plot[19,! +0.93,plot[1,1])/scalel11+0,98,0.04,0.04,0.,0,3);

]
}']':I)El;".]—f"’b( ] 00’6'0, ! ( ')’7' ) ! ,-1 ’EBQO,O.O’OQO,Egoo);










'SEND TO!
'LIBRARY"

ED, COMMONOUTPUT, + SUBFILE NAME)
ED, SUBGROUPS-RS , SUBROUTINES )

'PROGRAM! (PBOF16027PB0O Lowe pylon studies 4 single axis without film no error 2)
'INPUT ' O0=TRO
'CUTPUT ! C=LPO
'SPACE' 6000

"TRACE' 2

"besin!
'comment!

by use of foot deformation equation x=fC(y)+rz.f1(y) and pylon records,various parameters

are calculated for a sinzle axis knee -

_88_.

1 thigh lensth
b shank length
it distance medially of the 1schial tuberosity from the axis of the pylon
ay, ez, by, bz, cy, ¢z, are the dlstances of the bending moment gauges in the y and z planes,
a2 referring to the knee-upper gauge distance
b referring to the intergauge distance
¢ referring to the lower gause-ankle distance
n number of observatlons
0 refers to zZero reading on d-mac
u refers to upper rpawes
y and z refer to planes or axes
m refers to bending moment reading
muyO therefore, is the bending moment at u about the y axls zero reading
fx axial thrust
theta knee angle
T torque
coeffO[1i] coefficient in foéyg of y17-1
coeff{i] coefficlient in fi(y) £ y17~i
c 1s the reciprocal of the goniometer output at 90 degrees minus that at O degrees
ali,j] are the calibration values of the pylon
8 sign varlable either 1 or O ,IFOR more data or end of data respectlvely
The output parameters are defined by the write text statement below;

'procedure! tlmenow; 'external';'procedure' opengp;
'external';
iprocedure! heaplott(x,y,ic,1);

'reall

Xs¥s

'intesmer! 1c,l;

taviternall;





















0@ =

1Por! ie1 'step' 1 'until! n 'do! 'for! 363 2 tdo
hoprectt(piot[19,1]149.98,plot (8,1]/scale (S 1T7 48,0. ou 0.04,0.0, j)4;

hgps x*stg10 .0,1.0, g PERCGIALKHACYCLY )V ,-14,8,0,0.0,0,0,3.0);
hepaxist(10.0,1.0, ' "WERT#FORCY)!,0,5,0,90.0,0. o,soa19[71)

1Port 1~1 lstep!? 1 iyntil? n 'do! 1fort 1@3,0 'dot

heprectt{plot (10,1149.98,plct (7,11 /sca1e[71+0.93,0.04,0,01,0.0,3);

hopaxis .0,5.0, E PERCIATKS CYP"g -14,8.0,0.0,0.0,8.0);

h"[ﬁ)isté19 0,1.0,! STARGDISTDZIN® 14 5 0 90 o ied caler Lh],scalel[14]1);
for! i1 istep! 'unth' n tdo! 1for! Jje3 2 tdot

hgnrectt(plot[19 {

B4
1
,11418.9%,plot (M1 L,3) /scale L ]+4,.93,0,04,0.04,0.0,3);
0,

hgpaxist(19.0,10,0,'('%)',-1,8,0,0.0,0.0,8.0);

hgpaxist(” 0 .0, ,6.0,1 TOIMaNRS PO )‘,,,, 0, ad. 0, “hxscatel” 5],scalel15
TPort? 41 top' 1 Tuntil! rn '4cs? '?or' Je3,2 tdot

hg hreott(p10t[ 9,11+ 8.98,plot [ 5,1 ]/JCdWefwc] 9.98,o.ou,o.ou,o.o,j);

hgl}:ﬂ,}:18t§19¢0’13‘0)'é'%‘) —1 (o). O O O O 8 O)

hoprxist(19.0,77.0,7 'MANY%MFRA') 19,5.0,90.0,-2x5cale( 6],scalel16]);
Ifor! iel !'step! 1 tuntil! n 'dn! 'fO”'JPJ:° 'qo!
hgprectt(plotf\g,i] 8 (*(O),ploj-r‘?( l]/r" L78r76'“r'1? 90 0. Ou» 0. O}—t 0. O J)

hﬂp?}i fgno 0,18.0, g ¢ryr -1,8.0,0.0,0.0,8.0);

nwnnx st(19.0, ’16. 0, 'MY’EﬂMFTA )' 9,5.0, 90 0 ~2*SCdleL17 ,scalel171);
For! tel 'steh’ 1 'until? n 'do! 'ior' Je3, ? tdo!

hwnro<ut(n10t 19,11+ 8.98,nl0t (17,1 1)/scalel 7]+ 7.98,0.04,0.04,0.0,3);

hopaxist 19.0,?3.0,'§'°'> ,-1,8.0,0.0,0.0,8.0);

hoporlsti19.0,21.0, VMHTPAMETA )‘ 9,7 0 90 0,-2rscalel18],scalel?81);

1Port d¢1 totep! 1 tunbil! p ‘do' 'fort j<3,2 'dof

hgprectt (plot [10,11+ 8.98,plot [18,11/scale[181422.98,0.04,0.04,0.0, 3);

henlott( 2.0,28.0,3,0);
gerend

1411 o= 1 'then! 'GotQ! newset
Tend';

slosesrs

fondt
















In any expression of the form:-

2 2
= X -|-)/

14

Z
<

ol






_+ 1l s 9z 2 2
AMKZ(MUZ)— " <+@je +e'" +(0.002 MUZ)2 Ibf.in.

2 lbf.in.

+ 2 2
- 5.4 e’ + e
j e” +(0.002 M, )

Similarly using equation (V,7),

+ 2 2
AMKZ(MLZ) = -4.7/ e +e' +(0.002 MLZ)2 [bf.in.

Further:~
N .
AMKZ(GZ) = -~ 0,03 (MUZ - MLZ) Ibf. in.

+
DMy (b;) = =0.17 (M, = M) Ibf.in,

When applying equation (V. 5), AMKZ(bZ) >2x AMKZ (cz)

and is, therefore, dominant,

SA MKZ(MUZ)

= f5.4j 1+ (0.002 M ) Ibf.in.

UZ)
+
= = 5.4 Ibf.in. if M, << 250 Ibf. in.
and a maximum of + 12 lbf. in.,if MUZ = 1000 Ibf. in.
LZ)2 Ibf. in.

= T 4.71bFin. if M, < 250 IbF. in.

4
S A MKZ(MLZ) = -4.7 | 1+(0.002 M

and @ maximum of = 11 Ibf.in., if M, = 1000 Ibf. in.,
+ .
S A MKZ(bZ) = =0.17 (MUZ - MLZ) Ibf.in.
. + . . _ .
= a maximum of = 8.5 Ibf.in., if (MUZ - MLZ) = 50 Ibf.in.
Therefore combining these various contributions according to equation
(V.5), the systemic error is given by 271168, in.<.SAMKZ<t [8.3 Ibf. in.

and the random error by RAMKZ = 14 Ibf.in.

V.3.3 The A/P ankle moment, MAZ

Equation 4.9 gives:-

- _ <z )
Maz = Mz ~ (Myz - Miz)
yi

...42_



V.3.4

S AM

azM

+
u7) -0.75/ 14 (0.002 MUZ)2 Ibf. in.

+ . .
- 0.7 Ibf.in., if MUZ< 250 Ibf. in.

I

and a maximum of t 1.7 Ibf.in, if M, ._ = 1000 Ibf. in.

uz
_+
SAMpZ(MZ) = - ]'4/‘ +(0.002 M Ibf. in.

2

LZ)
+

= - 1.4 |bf. in. if MLZ<250 Ibf. in.

and a maximum of pA 3.1 Ibf.in, if MLZ = 1000 Ibf. in.

+
- 0.038 (M5 = M) Ibf.in.

SA MAZ(CZ and bz)

I

. + . .
a maximum of = 1,3 Ibf.in. if MUZ - MLZ _ 50 Ibfin.

Therefore, the systemic error is given by p 1.6 Ibf. in.<SAMA§+ 3.2 Ibf.in.

and the random error by RAMAZ = %]_4)2 +(0.75)Z = + 3.2 lbf.in.

The A/P hip moment, Myz

Equation 4. 10 gives:-

M = M +f .1.sin@ + -
HZ uz % sin (07 + 1. cos 6) (MUZ M

L7
bz

. 4
- 7 . geen
SAMy7 (M7) 11.5 /1 + (0.002 Mj5)* Ibf.in. (if 8 =0)

= T 11516k 0n. if M7 250 Ibf. in.
and a maximum of t 25.5 lbf.in. if MUZ = 1000 lbf.in.
nj 1+(0.002 M, )2 Ibf.in. (if © =0)

1+

MLZ) -

SA My (

1+

11 Ibf.in, if MLZ< 250 Ibf. in.

and a moaximum of B 25 Ibf. in. if MLZ = 1000 Ibf. in.

SAM To0.03 (N\UZ - MLZ) Ibf.in., i.e. a maximum of

hzloz) =
T 1.5 160,

+ . ) .
A MHZ(I) = = (0.1 fy.sin©+0.06 (MUZ - MLZ) cos ) Ibf.in.
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V.3.7

With very few exceptions, e.g. at heel strike, Fx>>Fy and fz and for
the purposes of this discussion, AR = A foe
.". The systemic error in R is given by SAR = 0.1 1.

and the random error by R AR = ! 0.2 1bf.

The hip moment required to stabilize the knee, Myypy  As explained in

Chapter 4, g was assumed constant in the calculation of MHRZ' The effect

of this inaccuracy is discussed below.

Myrz ™oy be approximated as  P.d.(l +b - g)
b-g
AMHRZ(Q) L Bx
MHRrzZ (b=x)(l+b~-g)
= 0.05 g.

Now from filming A g was found to vary between 2" and 3.5", therefore
the maximum value of Ag is 1.2%,

S DMprz(g) = 6%
MHRZ

The only other significant source of error in Myrz is due to P, Since
P is approximately equal to R, the error is:= a systemic error of % 0.1 Ibf.,

and a random error of b 0.2 |bf,

T d(+b-g) x0.1 Ibf.in.

E—g
+ . + .
- 4x 0.1 1Ibf.in. = =0.4 Ibf.in.

S AM g (P)

I
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APPENDIX VI

Variations of Force Actions in all Activities

Introduction
The graphs of A/P hip moment are presented in order of knee mechanism as
follows:~

S.A. Single-Axis, Non-stabilized knee with pneumatic swing phase
control (Fig.VI.1 to Fig.VI.16)

B.S.K. Blatchford Stabilized knee with pneumatic swing phase control
(Fig.VI1.17 to Fig.VI.31)

O.B. Otto Bock Safety knee (Fig.VI1.32 to Fig.VI.46)
G.R. Otto Bock Greissinger knee (Fig.V1.47 to Fig. V1. 60)
U.C.B. University of California Polycentric knee with pneumatic swing

phase control (Fig.Vl. 61 to Fig.VI.75)

L.A. Lammers knee (Fig.VI.76 to Fig.Vl. 90)

In the case of the activities; standing, sitting down and lifting and lowering
a weight, the resultant load on the prosthesis is reproduced adjacent to the A/P
hip moment to assist in comparing the effectiveness of the devices.
The remaining force actions are illustrated for the single axis, non-stabilized knee

only, to indicate the typical variations between activities.

A/P knee moment (Fig.VI1.91 to Fig.V1.100)

A/P ankle moment (Fig. V1,101 to Fig. V1. 110)
M/L hip moment (Fig.VI. 111 to Fig. VL. 120)
Torque (Fig. V1. 121 to Fig. V1. 130)
Resultant load (Fig.VI. 131 to Fig. VI, 140)
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If some stabilizing action is present at the knee, its effect can easily be

seen by comparing the hip moment produced with that required for stability.

This subject is covered in more detail in Chapter 5,
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A/P HIP MCMENT IN WALKING DOWN RAMP WITH L.A.

+

HIP MOMENT

FRODUCED b, .
HE

cycle time 1-26 seconds HIP MOMENT REQUIRED
FOR KNEE STABILITY My,
me 134,2ipf 0. scc.
182 ¢
Mme,.. 200 ibe. in.
— ~
\N
\\
A
/l
/’/
//
. y
7
;
IR !
B
Q
S
,U
4 Lo &
/ ¥
a
/ %
\ >
\ o
\™ ¥ - @
9 i ; -
& O O ) o
Ye) ™ (;') O f
EXTENSOR ACTION FLEXOR ACTION
AP

HIP MOMENT (5t in)

fig. V1.78













HIP NMOMENT
PROCUCED M

HIP MOMENT REQU!RED

FOR KNEE STABWITY &4

HZ N\ HRZ
Hh3 N
«LO
‘i: \'\
( o~
\'\
' )g. _ .\}
S
P
yd 0 o
'S / 7
, /
, “ V4
o J
/
{".
O
l/
[ 1o
/ i°
/ 2
./ iy
( i O
(A
<\ \ .3'—.}“
1
\ 3
- SO N N - —
3 & 3 O S & 8
O %) (5] ") 4] ey

EXTENSOR ACTION

{ {
FLEXOR ACTION
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A/P HIP MCMENT IN LIFTING AND LOWERING A WEIGHT WITH L.A.
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A/P KNEE MOMENT IN WALKING DOWN STAIRS WITH S. A,

cycle time 1.20 seconds
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A/P KNEE MOMENT IN" RUNNING WITH S.A.

cycle time 1.09 seconds
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A/P KNEE MCMENT IN WALKING SIDEWAYS (Prosthesis Leading)

WITH S. A,

cycle time

1.00 seconds
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A/P KNEE MOMENT IN WALKING SIDEWAYS (Normal Leg Leading)
WITH S. A,

¢ycle time 0.82 seconds
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A/P ANKLE MCMENT IN STEPPING CVER AN CBJECT (froma

standing position) WITH S.A,
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A/P ANKLE MCMENT IN WALKING SIDEWAYS (Prosthesis Leading)

WITH S.A.

cycle time 1.00 szconds
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M/L HIP MOMENT IN WALKING DCWN STAIRS WITH S.A

cycle time 1.20 seconds
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M/L_HIP MCOMENT IN WALKING SIDEWAYS (Normal Leg Leading)
WITH S. A.

cycle time 0.82 seconds
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TORQUE IN WALKING DCWN RAMP WITH S.A.

cycle time 1.14 seconds
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TORQUE IN WALKING SIDEWAYS (Prosthesis Leading) WITH S.A.,

cycle time 1.00 seconds
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RESULTANT LOAD IN LEVEL WALKING WITH S.A.
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RESULTANT LOAD IN w
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RESULTANT LOAD |IN WALKING DCWN STA(RS WITH 5. A
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RESULTANT LCAD IN RUNNING WITH S.A.
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