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SUMMARY

A strain-gauged pylon has been constructed which can be incorpor'afed into
the shank of an artificial leg for a patient with a below knee or higher levels
of amputation. Together with a goniometer at the artificial knee joint, this
enabled sufficient information to be recorded to calculate the force actions
exerted between the socket and the amputee. A computer programme was
written to cc:rry. out the necessary computation and plot out the results in
graphical form. .

An above knee amputee was fitted with a quadrilateral suction socket and.
the strain-gauged dynomeferqu attached to a SACH (solid ankle cushion heel)
foot. Various knee mechanisms designed to aid stability were incorporated
in the leg and the performance of the amputee assessed by measuring the force
actions developed. Tests were carried out over a range of activities and the
devices compared for their effectiveness.

A statistical ananlysis of level walking indicated that the Lammers poly=-
centric knee was particularly beneficial to fhig amputee, although in overall
performance the Blatchford stabilized knee was found to be the most
satisfactory device investigated. _

This dynamic work and earlier research into the static characteristics of
artificial legs were compared. The static testing of knee mechanisms has

limited application in a limb-fitting clinic but can provide important

information on their characteristics. The problem of correct prescription of



artificial legs in connection with an objective assessment of the amputee’s
capability was discussed.
The different requirements were outlined and lines of development

indicated for a clinical tool and research instrument based on the strain-

gauged pylon.



INTRODUCTION

In a normal individual the joints between the various segments of the leg
are stabilized by muscle and ligamentous action. When an artificial leg is
fitted to an amputee, the joints in the prosthesis are not under direct muscular
control and substitutes must be found.

In an artificial leg for a patient with an above knee amputation, knee
stability can be achieved by the amputee actively extending his stump, by
a mechanism built in to the artificial knee itself and by alignment of the
leg.

No information is available on the inter-relation of stump capability,
alignment and joint mechanism stability. Furthermore, the force actions
developed in amputee activity are not known,

The work described here provides some indication of these factors and

outlines a basis for prescription of prostheses for above-knee amputees.






NOMENCLATURE

As confusion may arise when one symbol is used to denote more than one
quantity, the following system is adopted.

* Denotes that the symbol is used only in the Statistical Analysis in section
4.4 page 116.

Symbols used only in the Appendices, are accompanied in their definition
by a reference to the particular Appendix.

All symbols are accompanied by the units used in the text if applicable except
for those used in the statistical anoiysis. (unit) is used to denote 0.1 mm. deflection

on the U.V. recorder trace.

a denotes a constant

a distance from upper bending moment gauge to reference point (in.) (1)
A ankle

a distance from upper bending moment gauge in | plane to knee (in.)

a;: reading on load channel i (0 < i< 6) due to load action

(0 <j< 6). (unit/ Ibf. or unit / Ibf.in.) See section 3.4.

ajj *value of effect in (0 < | < n;) stride, i (0 <i < m) knee device
A/K above knee
A/P anterior posterior
b shank length i.e. AK (in.)
distance between upper and lower bending moment gauges (in.) (lI)
bi:’. distance between upper and lower bending moment gauges in  plane (in.)
) .
B/K below knee
B.S.K. Blatchford stabilized knee with pneumatic swing phase control -



c goniometer calibration coefficient. (radians / 636 cm.)

c constant in regression analysis (Ibf.) (11)

C centre of pressure (on.foot)

c; *a "contrast". (An array of numbers defined on page 121)

ci distance between lower bending moment gauge and ankle in j plane (in.)
d distance from knee to ‘'hip-centre of pressure' line (i.e. KK") (in.)
d differential operator

D difference between trial values of x (in.) (ll)

e normal reading error (unit) (V)

e! zero reading error (unit) (V)

f frequency (HZ)

F *tabulated values for assessing statistical significance

fi force in k direction

f(x) function of x

f'(x)

first, second and third derivatives of

f'(x) £(x) (111)

£ (x)

f_(h) undeformed shape function (in.) (I11)

fi(h) stiffness function (in./Ibf.) (lI1) o

g x coordinate of centre of pressure, C. (in.)

9o undeformed value of g at a particular value of h (in.) (l1I)
G.R. Otto Bock Greissinger knee

h y coordinate of C (in.)

H hip joint

H' projection of H on Z plane

hg initial trial value of h (in.) (1)
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suffix

-y

it distance medially of hip joint from Z plane i.e. HH' (in.)

i suffix

k suffix

k calibration coefficient (unit/Ibf. or unit/Ibf.in.) (I1)

k elastic modulus or stiffness (in/Ibf.) (111)

k lever arm for calibration (in.) (V)

K knee joint (N.B. in polycentric mechanisms, K is taken to be the

instantaneous centre of the knee when the thigh is at 90° to the shank)

K! projection of K on 'hip-centre of pressure' line, CH'

| thigh length i.e. KH (in.)

L position of lower bending moment gauges

L *difference between two means

L.A. Lammers knee

m *number of knee devices

m slope of regression line (Ibf./in.)

mj *mean value of an effect for a particular knee device

me muscular effort (Ibf.in.sec.)

me g, average muscular effort (Ibf. in.)

M; general term for bending moment (Ibf. in.)

Mii bending moment at i in | plane (Ibf. in.)

Myr A/P hip moment required to stabilize a single-axis, non-stabilized
knee (lbf.in.)

M/L mediolateral

MSW *mean sum of squares within knee devices

vii



n number of time intervals investigated in one test

n number of readings (1)

n degree of polynomial (111)

N *total number of strides for all knee devices

n. *number of strides for i knee device

O.B. Otto Bogk safety knee

P component of resultant load in x' direction (Ibf.)
P load applied (Ibf.) (11)

r gauge reading (unit)

ri reading on bending moment gauges at i in | plane (unit)
rfy axial load gauge reading (unit)

(o torque gauge reading (unit)

RA F(Z) random error in force action F due to error in variable Z (Ibf. or

_Ibflinl) (V)
S *term defined by Scheffé (page 121)

SA F(Z)  systemic error in force action F due to error in variable Z (Ibf. or

Ibf.in.) (V)

S.A, . Single-axis, non-stabilized knee with pneumatic swing phase control

T torque about x axis of pylon (Ibf.in.)

t; *total of all readings for i knee device

T, Chebychev polynomial of degree n (111)

U position of upper bending moment gauges

unit 0.1 mm. deflection on U.V, recorder trace

U.C.B. University of California polycentric knee with pneumatic swing phase
control

var gauge reading (unit) (V)

var zero gauge reading (unit) (V)

viii



X, X directions defined in Fig.4.1 page 110 and Fig.4.2 page 111
X, X planes " oo " non u n n
X distance from reference point (in.) (11)
x denotes an independent variable
X mean value of x (in.) (I1)
X required value of x (111)
X; (i + 1) trial value of x (l11)
y denotes a dependent variable
Y, Y directions defined in Fig.4.1 page 110
Y,Y! planes v weow
z, z' directions defined in Fig.4.2 page 111
yAA planes " woon oo
Z rationalized reading (Ibf. or [bf.in.) (V)
Greek:=

a *level of significance
B shank angle (radians and degrees) .

o partial differential operator
A an error term
At time interval (sec.)
A F(Z) error in force action F due to error in variable Z (Ibf. or Ibf. in.)
] angle between x and x' directions (radians and degrees)

Vi

*degrees of freedom
V2
9a standard deviation of a
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[.1

CHAPTER |

Introduction

The necessity of amputation in certain cases was realised by Hippocrates.
"When gangrene sets in a fracture, the soft parts separate quickly; as for
the bones, they become detached at the limit of their exposure; but much
more slowly. [t is necessary to remove whatever dies first below the lesion
from the healthy parts, avoiding pain as far as possible, for patients die
from fat embolism.™ (Littre (1844)). The replacement of the lost part by
a prosthesis followed naturally from this realisation.

Although the majority of the development of artificial legs has
occurred in this century, throughout history bursts of progress followed

the major wars, particularly the Napoleonic Wars and the American Civil

War.

Artificial Leg Development Prior to 1900

The actural date of the first prosthesis is not known but mention is
made in writing for the first time by the Greek historian Herodotus at the
beginning of the fifth century B.C. He tells of a native seer of Ellis numed
Hegesisfratug who was thrown into prison and condemned to death by the
Spartans. He was chained by his foot and in order to escape, he cut his
foot off and made his way thirty miles to Tegea, where he provided himself
with a wooden leg after the wound had healed. It is certain that he was
present ot the battle of Plataea in B.C.479. Eventually he was recaptuied

by the Spartans and put to death at Zacynthus. (Herodotus 1X.37).

e



In "The Birds" by Aristophanes, produced in 414 B,C., Pithetaenis

refers to Kinesias, a player on the cithara, as "The famous lime tree man",
(G.Murrcy (1950)). This is almost certainly a reference to a wooden leg
wom by Kinesias.

Popp (1939) reports: "A picture of an ltalian um showed a prosthesis
which consisted of a simple wooden capsule. The same type of prosthesis is
depicted on an old Peruvian vessel. An artificial leg of remarkable workman-
ship was found in a grave dating back to 300 B,C. |t was essentially a
prosthesis with side bars made of thin bronze which were fastened with bronze
nails to a wooden base. "

Another leg of the same period is referred to by Haddan (1940) "It wes
unearthed in an ancient tomb in what was the battle-torn city of Capua in
Northem ltaly. [t dates back to the Sammite Wars (300 B.C.) when the
highway was being built and the foundation laid for the mighty Roman
Empire". The leg was kept in the Royal College of Surgeons, London, but it
was destroyed in the second World War,

The only type of appliance used up to the l6th century was the peg leg.
Various examples are clearly shown in the frescoes in the cemetry at Pisa
by Oreagna and at Penni in the Vatican. References are also made to
pylons and artificial limbs in ancient Telmud (Putti(1930)). The 'Acta
Sanctorium' and other medieval chronicles mention wooden legs and
artificial supports for those who have lost an extremity (Ficarra (1948)).

Generally these legs consisted of a pylon supported below a pad, corset

or socket, which in some way was attached to the stump or suspended from

the shoulders. This device provided a column which, together with the
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AN ARTIFICIAL LEG OF PARE

(Little (1922))

-5~ Fig. 1.1




to Fig. -l some of the more interesting items are:-

"1) The thigh socket, with the screws and the holes of the said screws,
to enlarge or tighten on the thigh (stump) which will be inside.

2) The pummel on which to place and rest the hand and to turn oneself.
3) The little ring which is in front of the thigh, to straighten and direct
the limb where one wishes.

4) The two front buckles and the one behind to hold and attach the
limb to the body of the doublet,

5) The hollow below, within which the thigh (stump) is placed as far

as two fingers’ breadth from the end, serving also to produce the beauty
and shape of the leg.

6) The spring which moves the catch which closes the leg (locks the
knee).

9) The hinge to allow the leg to move (at the knee), placed in front

of the knee. "

A, B, C and D are cosmetic coverings for the leg probably made from
thin metal such as was still used for armour in 1564, The leg was
constructed for Paré by a French locksmith named Lorraine.

Gibson (1955) is of the opinion that Pare’s "Wooden leg made for
poor Men" was probably the most useful artificial leg of that period.

An artificial leg for above-knee amputations was constructed by
Gavin Wilson near the end of the eighteenth century which had a
flexible knee joint and was suspended by a strap over the opposite

shoulder. This may have been the first "conventional" artificial leg



for above-knee amputees since no precise date can be found for its
introduction,

In the conventional leg, some cosmesis was aimed at in that the
leg was made to look like the normal leg. The knee was hinged and
could be flexed, although in the early varieties, a knee lock was
provided to ensure stability in standing. A foot was attached to the
shank with either a rigid or jointed ankle.

Although there are obvious advantages in this type of leg over the
simple peg leg, other problems are encountered. The ability to flex the
knee enables the amputee to sit, kneel and perform, in a more natural
manner, other activities requiring a hinged knee joint. If a knee lock
is not provided, a better gait is achieved than with a peg leg, since the
leg can be brought through in the swing phase without excessive hip
elevation. However, instability at the knee and ankle joints is inherent,
also problems such as excessive heel rise, and shock at full knee extension
just before heel sf‘rike , are introduced. These problems are still being
investigated to the present day.

In 1800 a leg was patented by James Potts of London. It was fitted
to the Marquis of Anglesey at the Battle of Waterloo and from then onwards
it was known as the Anglesey leg. Basically it consisted of two hollow
wooden segments with a steel knee joint and a wooden ankle joint. Cords
from the knee controlled the ankle joint (Fig.1.2).

Little (1922) refers to the use of the "clapper leg"; "so~called because
locomotion was apt to be accompanied by a clapping sound, due to the

wooden stops in front of and behind the ankle". This predated the

A



THE ANGLESEY LEG

(Little (1922))

-8- Fig.1.2












THE PALMER LEG

(Murphy (1960))
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The ivory or glass ball, B, rested on a vulcanised rubber bed (Fig. 1. 6).
Five cords or tendons, C, could be adjusted by turning the nuts, N, which
were compressed when the tendons were tense. Af the knee joint there was
an extension stop in the form of a strap, H, but even more interesting is the
swing phase control consisting of parts E and F. It is apnarent that the rod F
slid in the bush E during the swing phase. This bush was made of rubber with
an adjusting nut on the top, and the friction could be altered by compressing
the rubber as the nut was turned.

The advantage of this type of ankle joint is that the amputee can accom-
modate the sole of the artificial foot to various inclines of the ground. This
is especially important when walking along the side of a hill, when the
normal foot would be inverted or everted. If no adaptation is made, undue
strain is thrown on the stump. This advantage was in practice found to be
outbalanced by the disadvantage of insecurity.

The Marks leg, 1860, had a fixed foot set "in equinus at an ankle of
25 degrees to 30 degrees so that the heel is two or three centimeters from
the ground (the usual height of a boot)". (Broca and Duroquet(1918)). The
foot consisted of a wooden keel sfrefching from the bottom of the shank to
a point corresponding to the middle of the metatarsus and half the thickness
of the foot. The rest of the foot was formed of indiarubber stuck on to the
instep piece. The whole was enclosed in a sheath of leather.

The action of the knee joint in the Marks leg is described by Broca and
Duroquet, and is reproduced here as Fig. [.7. It contains an extension stop

and an extending mechanism to ensure that the leg is fully extended at heel

strike.
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THE MARKS KNEE

The Marks knce.
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Although rubber bumpers had been used before 186!

, it was in this year

that Hangar developed the "cordless" ankle. The present day articulated

ankle is virtually the same as the one designed by Hangar. He also introduced
the wood socket and popularised the idea.

The next major invention was that of the suction socket by Dubois D. Parmelee
in 1863. This type of socket had a long and variable development until it reached
its present form. In his leg (Fig.|.8) Parmelee incorporated an unusual knee
unit consisting of two rollers and a concave piece of steel fitting over them.

The rollers were fixed to the thigh and shank respectively and any rotation of
the knee joint resulted in a rolling rather than a slipping of the two surfaces
involved. It was claimed that friction was decreased.

Although Herrmann (1865) was the first to use aluminium in the place of
steel he preferred to use wood for the rest of the prosthesis, since it was
light and durable.

Some kind of pelvic band and hip joint for the above~knee limbs was
first described by Hoffa (18%1).

The last development of the nineteenth century was due to an ltalian,
Vanghetti. In 1898 he experimented on fowls with a technique called
cineplasty. The technique is described by Lewis (1942) as the "muscles in
the stump made use of, independent of the general movements of the stump

itself".  The first operation to be carried out on a human patient using

this method was by Ceci in 1900.
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THE PARMELEE LEG

(Murphy (1960))

-18- Fig.1.8






used today. The suction socket eliminates the need for this type of
suspension.

Basically the idea is that a slight negative pressure is created between
the stump and socket, which is sufficient to hold the prosthesis on to the
stump during the swing phase of walking (Fig.1.9).

The remaining musculature controls all movements of the prosthesis and
no sock fs worn on the stump. The socket is made to fit snugly in order to
maintain an air seal, but should not restrict the muscles or circulation of
the stump. The fit is assisted by contraction of the stump muscles in the
swing phase. When the socket is properly fitted and has no leaks, there is
no relative motion between the skin and the side wall of the socket. The
femur does, however, move slightly within the soft tissues of the stump.

After Parmelee's patent in 1863, a patent was issued to George C. Beacock
and Terence Sparham of Brockville, Ontario in 1885 for a similar type of
socket. There was no fundamental difference between the two. However,
a development due to Justin Kay Toles of Stockton, California in 1911, was
the addition of a rubber tube and bag lining. This could be inflated to
assist in holding the socket on. In 1926 Ernest Walter Underwood of
Birmingham, England varied Parmelee's design by making smooth helical
grooves in the socket. These he claimed ventilated the stump as well as
holding the socket in place.

Some thirty cases were fitted with suction sockets at Roehampton,
England after World War | using a metal socket with a helical groove.
The groove was a little over one turn round the circumference. Use of
the socket was discontinued for a number of years but was revived round

the end of the 1940's.
-20-



PRESSURE VARIATION IN A SUCTION SOCKET
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Pfau of Berlin says that the socket was known in Germany in the

1920's but was popularised by (")sferle of Ulm in the early thirties. Felix,

a surgeon of D:.;sseldorf, reported on above knee suction sockets in 1941,

The construction of a satisfactory valve in 1932 boosted its use in Germany,
although Felix says that suction sockets were used from World War | onwards.

After a visit in 1946 of a Commission on amputations and prostheses from
the U,S.A. to Europe to observe practices there, a programme was set up
to determine the possibilities and limitations of the socket. This eventually
lead to wide spread use of the suction socket in the U,S.A, The breadth of
its use can be appreciated when it is realised that in 1952, 90% of the
U.S.A.F. above knee amputees were fitted with a suction socket (Canty
(1952)).

Putting the socket on is quite simple if a stump sock is used to ease the
stump in. To ensure that the stump is correctly seated, the weight is put
on the leg before fitiing the valve.

The most popular suction socket at the moment is probably the "quadri-
lateral" socket, designed at the University of California on biomechanical
principles. This socket follows the general requirements outlined above and
a detailed description is given by Radcliffe (1955).

A recent development in Britain hos been the "total surface bearing"
socket. This is simple to make but takes no account of the forces acting
in normal activity. However, it must be pointed out that initial trials

indicate that patients seem to be quite comfortable in the socket and the gait

achieved is good.
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Apart from the obvious advantage of the suction socket from a
comfort point of view, in that there is no belt or harness, numerous
advantages are claimed. Details of advantages, disadvantages and contra-
indications are given by Daniel (1950), Gillis (1957), Compere & Thompson
(1957), Bancroft & Marble (1957) and Kerr & Brunnstrom (1956).

In a report by Thorndike and Eberhardt (1950) on suction sockets quoted
by Furman (1962), statistics of 606 patients initially fitted with suction
sockets are presented. Seventythree percent still wore suction sockets,
fourteen percent wore both suction and normal sockets and thirteen percent
were failures.

Until quite recently sockets were made from measurements of the stump
taken by the limb surgeon. But as Broca & Duroquet (1918) pointed out
"good results cannot be obtained, if, as certain people have tried, linear
measurements are sent to a workshop whence an aparatus is forthwith
despatched to a patient whom the maker has never seen". They also indicated
that a plaster cast could be used to get an exaci replica of the stump.
Unfortunately these remarks were not heeded and the archaic system remained
in Britain until the 1960's.

Generally in Britain the whole of the leg, including the socket, is made
of aluminium. In the U.S.A., the quadrilateral socket was originally made
of wood but now can be made of either laminated pelyester or epoxy resin.
Recently these plastic sockets have been used experimentally in Britain at

one or two research centres. The technique of lamination is described fully

by Foort (1963).
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1.3.2 Mechanisms to aid the stability of the artificial knee The basic problem -

of instability is present with any leg which has a knee joint. l With geriatrics
the solution is often to have a semi-automatic knee lock. This results in
locked knee for walking and normal activity with a manual release to allow
sitting down. The only concern in this thesis is automatic methods of achieving
stability at the knee joint. These can be grouped into three main categories.
Those which depend on positive locking of the knee, those which have a
brake at the knee actuated by some means and those which are voluntarily
controlled in some way.

Devices which depend on positive locking of the knee as soon as full
extension is reached just before or at heel strike are generally unlocked
just before toe off by a certain degree of dorsiflexion of the foot. Ballif's
system for obtaining such an action has already been described in the first
section of this chapter. Other legs using this same principle have been
designed by Lange, Fleming and Hildebrand (1918).

Hildebrand thought it much more important to have complete fixation
of fh.e knee joint in full extension rather than a break operating at all angles,
(Fig.1.10) . As the leg swings into full extension, the rod is pushed into a
slot on the thigh at the knee joint and fhg shank and thigh are rigidly locked
together. Dorsiflexion of the foot pulls the rod out of the slot and the knee
is free to flex ready for the swing phase.

Attempts have also been made to lock the knee by body weight. Schaefer
(1917) designed the load actuated lock shown in Fig.l.Il. When a load is

applied to the shank in the extended position, the teeth mj and mo engage
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THE HILDEBRAND KNEE LOCK

| (Hildebrand (1918)) '
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THE SCHAEFER KNEE LOCK
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the racks n| and n, thus locking the knee. When the load is removed the
central spring o presses the two sets of teeth apart and the knee is allowed
to flex.

Schlessinger (1919) describes a mechanism based on this principle but
using heel movement to actuate the lock. It was designed by Baumgartel
and is shown in Fig.1.12, This device is very cheap and, since the rod is
hidden by the shoe is cosmetically acceptable.

Other mechanisms using the principle of body weight to actuate the knee

lock have been designed by Huber, Bingler and Erlacher.

Mosberg (1918) describes a knee in which flexion is limited by a stop
to a reasonable level for walking, which can be released for sitting down.

Variations on these various devices have been attempted since 1920 but
no really satisfactory focking mechanism has been devised yet.

A kriee brake can be octuated by body weight or by movement of the
foot. The principle of using band or block brokes in ortificial knees is
attributed to Engels and his modified designs of 1916 are shown in Fig.l.13
and 1. 14, Both these mechanism utilise body weight to force the braking
surfaces together.

The Fischer leg is typical of body weight actuated devices, and is
described by Schlessinger (1919} in his excellent review.

Rebentisch (1919} invented a knee brake which uses the principle of
a wedge being pressed into a V channel by load on the leg in much the same
way as the modern Otto Bock safety knee.

Movement of the foot is used to actuate the Rosset and Soukup knees,
both of which are featured in Schlessinger (I919).

Fischer (1918) also described a knee which brakes with dorsiflexion of

the foot, and this device is shown in Fig.!.15,
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THE BAUMGARTEL KNEE LOCK

(Blencke (1917))
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THE FILIPPI HYDRAULIC LEG

Hydraulic knee lock of Filippi. A, Cylinder; B, piston
rod bearing an integral pision; C, valve disc loos:ly supporied
by the valve stem; D, volve sect on the bstiom of the piston beiow
bypass norts; E, pivor in the shank; F, pivot in the thigh: G, velve
stemn teletcopically movabie withia the piston rod B: H, cord to
waist belt. Tension on the cord (as in stumbling forwerd, or in
flexing the hip at heel contact) lifts the valve stem, thus lecking
leg.

(Murphy (1960))
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This leg is depicted diagramatically in Fig.1.17 and the relative

movements possible are clearly shown, Jaks claims that an amputee can
stand on this leg with a slightly bent knee as long as "the forward knee
joint pin does not overtake the forward foot joint pin". One amputee was
able to carry a load of one hundredweight on his amputated side.

The most advance design of this type is that designed by Schede (I918)
and shown in Fig.1.18. At heel strike, Hp contacts the stop A and the
four bar linkage system H Hy K| K allows control of the knee joint K by
means of a pelvic socket (this is an idea of Schede to distribute the load over
the pelvis). As the body moves over the straight leg H, is moved away from
the stop and rotates about Hj and can do so until the link Hy K| contacts
the stop A if excessive knee flexion occurs. The four bar chain is therefore
released and the shank is free to swing through.

Biesalski (1919) features legs by Lange and Zuelzer which depend on the
movement of the rump to tighten a cable which passes in front of the knee
joint. With the Lange leg, body extension activales the knee while in the
Zuelzer leg it is body flexion which is used to extend the knee. To facilitate
sitting down part of the cable is elastic.

Hanausek (1917) describes a similar system where the strap passes over the
shoulder of the amputated side and is secured to the rear of the socket.

An artificial leg which depended on the movement of the normal leg for
its action was designed by Karsch, Schlessinger (1919).

One method of achieving true voiuntary control of the leg is by harnessing

the power in the remaining siump muscles, for example the quadriceps. The
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THE CINEPLASTIC KNEE OF BLENCKE

(Blencke (1916))

Fig.1.19 and Fig.1.20
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a similar system for an A/K prosthesis. With this technique a bulge is

formed under the skin with the remaining stump muscle. A strap is fastened
around the bulge and the power available from movement of this strop is
used to release a brake at the knee joint. Henchke and Mauch (1948)
describe a mechanical-hydraulic device for obtaining knee stability which
is voluntarily controlled by the abdominal muscles.

Recent research in the U,S. A, by Mauch (1967), into the possibility
of using voluntary control of the resistance at the knee indicates that muscle
hardness may be the best source of signal to operate such a device. EMG
and ultrasonics are also possible methods and are being investigated.

A further development this century is the polycentric type of knee in
which the instantaneous centre of the knee axis is changed by a linkage
system or condylar surface. The idea originated when Schede and Haberman
attempted to copy the normal knee, Fig.l.2l. Three of the devices
investigated in the research presented here are of this type. They are the

Otto Bock Greissinger knee, the Lammers knee and the U,C. B, polycentric

knee,

1.3.3 A brief critical review In this century there have been two major areas

of prosthetic development. One a concentrated effort between [915 and 1920
in Germany, and the other, a steady progress from about 1955 up to the
present day mainly in the U.S, A, but also to a lesser extent in Europe.

Between these two, very little has contributed at all to the well-being
of the amputee. The sad thing is that a number of lessons leamt and

experience gained by the early German workers has been completely neglected.
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Relevant Load Analysis Techniques

To calculate the moment exerted by a person at the hip joint, it is
!

necessary to know the magnitude of the resultant load and the perpendicular
distance from the hip to its line of action.

The system adopted at Strathclyde by Paul (1967) to calculate the hip
joint force uses a strain-gauged force plate set in a raised walkpath, As
the subject walks over the dynamometer, all components of the floor to foot
force actions are displayed on a U,V, recorder. By filming markers at
specific points on the leg of the subject as he walks over the force plate,
the position of the various limb segments and pelvis can be found. This
enables all the external forces acting on the hip joint to be calculated,
both inertia and ground to foot forces, and the moment about hip joint can
be computed.

If the gait of an amputee is investigated it is possible to incorporate the
transducer into the prosthesis. This technique was first described in U, C. 8.
(1947) and later by Cunningham & Brown (1952). Although this method has
the advantage that the amputee is not restricted to walking over a specific
part of a walk path, it does introduce an encumbrance of wires to the
dynamometer on the amputee.

Using a pylon technique, Cunningham & Brown reported values of force
actions in the artificial leg in a A/K amputee as follows:~

Axial thrust of 0 = 250 Ibf. (body weight was 190 Ibf.)

A/P knee moment of ~200 - +300 Ibf.in.

A/P ankle moment of =150 = +1200 Ibf. in.

Torque of =80 - +l00 [bf.in.

No information is available in the literature regarding the hip moment

exertzd by an amputee in normal activity.
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ligamentum teres is attached.

The neck is a flattened pyramidal process of bone, which connects
the head with the shaft. In the adult it forms an angle of about 130°
with the shaft, but varies inversely with the size of the pelvis and the
person's height. The anterior surface of the neck is perforated by numerous
vascular foramina (SWGII holes). The posterior surface is smooth and the
posterior part of the capsular ligament of the hip joint is attached to it
about half an inch above the posterior intertrochanteric line. The
superior border is short and thick, and terminates externally ot the greater
trochanter. lts surface is perforated by large foramina. The inferior
border, long and narrow, curves a little backwards, to terminate at the
lesser trochanter.

The trochanters (Greek: run or roll) are prominent processes of bone which
provide leverage to the muscles which rotate the thigh on its axes.

The greater trochanter is a large, irregular, quadrilateral protuberance
situated at the outer side of the neck, at its junction with the upper part
of the shaft. It is directed a little outwards and backwards, and in the
adult, is about three quarters of an inch lower than the head.

The lesser trochanter is a conical process which projects from the
lower and back part of the base of the neék. Its summit, which is
directed inwards and backwards, is rough, and provides the insertion for
the tendon of the Psoas major muscle.

A well-marked prominence, of variable size, which projects from
the upper and lower par’ of the neck, ot its junction with the greater
trochanter, is called the tubercle of the femur. A slight ridge called

the linea quadrata passes along the back part of the shaft vertically

-45-


















2.4.

part of the thigh, the femoral vein lies behind the artery. At the root
of the thigh it lies medial to the artery and changes to the external iliac
vein on passing behind the inguinal ligament.

Three main nerves enter the thigh, the femoral, the sciatic and the
obturator.

The femoral nerve passes into the thigh behind the mid point of the
inguinal ligament, and immediately breaks into numerous branches. These
supply the muscles and skin of the front of the thigh and the hip joint.

The sciatic nerve is the largest nerve in the body and its path is
shown in Fig.2.6. |t passes through the greater sciatic foramen below
Piriformis, along the back of the ischium deep to the lower part of
Gluteus maximus. The sciatic nerve then runs vertically downwards
in the mid line of the back of the thigh deep to the long head of Biceps
femoris, and it gives branches to the Semitendinosus, Semimembranosus and
Adductor magnus.

The obturator nerve runs at first on the side wall of the pelvis.
Reaching the thigh by passing through the highest part of the obturator
foramen, it divides immediately into two branches. The anterior branch
supplies Adductor longus, Adductor brevis, Gracilis (and often Pectineus),
some of the skin of the medial aspect of the thigh, and the capsule of the

hip joint. The posterior branch pierces and supplies Obturator externus

and part of Adductor magnus.

The Effect of Amputaticn on Hip Musculature

Research into the effect of amputation on the muscle power in the
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2.4.2

during walking and standing upright, Basmajian (1964).
Since these muscles insert on the lesser trochanter, they are un-

affected by amputation and are able to keep their full power.

Gluteal muscles  The three gluteal (Greek: rump) muscles are all large

and powerful and the qualifying adjectives used merely indicate their
relative size.

Gluteus maximus is one of the largest, thickess and coarsest-grained
muscles in the body. It is placed entirely behind the hip joint and is

shaped like a parallelogram whose long sides run downwards and laterally,

(Fig.2.6).

Fig.2.9 shows the complicated insertion of Gluteus maximus but as
far as the femur is concemed, it inserts along a continuous line from
just below the hip joint right to the knee joint.

Gluteus maximus is an extensor of the hip joint but it is used only
when the joint has to be extended with power. [t is used therefore in
rising from a sitting or stooped position, climbing a hill or going upstairs.
Indications are that in walking on the level at normal cadence it is not
used. The muscle is also a powerful lateral rotator of the extended thigh
though it loses power if the thigh is flexed. It is claimed to have an
abducting action but this has not been shown to be true.

From the prosthetist's point of view it should be borne in mind that
Gluteus maximus can only act with full power when the femur is flexed

15° or more. It is advisable to align the stump forwards to take

advantage of this powerful muscle.
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THE COMPLEX INSERTION OF GLUTEUS MAXIMUS

Tensor Fasciae
Latae

lateral
intermuscular
septum.

&~
o
Three-quurters of Gluteus Maximus
run inte iliotibial band. Many of these fibres then
run to linea aspera via lateral intermuscular sep-
tum. (Left side, from behind.)

(Bcsmaii.cm (1964))
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DEEP DISSECTION OF THE BACK OF THE HIP JOINT

_Glutei Med.

; Obturator Ext.
N

;/,'.:'/n’ \{) Quadr. Fem.
.:w'z//,’,é/ imadd. Maqnus

L . }'/;.

(Basmaijian (1964) )
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2.4.3

2.4.4

control the action of the pelvis in the stdhce phase by preventing excessive
drop of the pelvis on the side of the limb in the swing phase. They also

prevent excessive lateral shift of the pelvis which is related to the medio-

lateral stability.

The six lateral rotators ( Fig.2.10) These are Piriformis, Obturator intermus,

Gemellus superior, Gemellus inferior, Obturator externus and Quadratus
femoris. All these muscles lie deep in the thigh behind and below the
Gluteus minimus and are hidden by the Gluteus maximus. They all pass
behind the hip joint and the tendons of the first five insert into the medial
surface of the greater trochanter. The sixth, Quadratus femoris, inserts in
the quadrate tubercle.

Once again these muscles are unaffected by amputation and are able
to function as in a non amputee.

Pirifor mis may abduct and extend the thigh Anthony (1967) and all six

muscles are lateral rotators of the hip.

Muscles of the front of the thigh (Fig.2.8) The shaft of the femur is

covered by three muscles over its front portion. These are Vastus medialis,

Vastus intermedius and Vastus lateralis. Since all these muscles have their
origin on the shaft of the femur and are inserted into the patella at the
Rectus tendon, they have no significance with respect to the hip joint.

However they are important in myoplasty, since they constitute muscle

bulk which can contract end hence harden. This forms a good medium for

force transmission from the femur to the socket.
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Two muscles of importance in this group are the Rectus femoris and
the Sartorius.

Rectus femoris arises (a) by a straight tendon from the anterior inferior
iliac spine and (b) by a curved tendon from the upper margin of the
acetabulum. These two tendons join and the muscle runs straight down the
front of the thigh where it can easily be felt, lts structure is pennate to
give it great power over a short range. The insertion of Rectus femoris
is into the patella at the rectus tendon.

In the normal individual, the muscle flexes the hip and/or extends the
knee. This combination of movements is used to advance the limb in
walking. In the above knee amputation this muscle is transected and
its power is lost unless a myoplasty is performed. The same thing happens
in the case of the Sartorius.

Sartorius is the longest muscle in the body and has the longest fibres.

It arises from the anterior superior iliac spine and, running obliquely,
makes its way as the most superficial muscle of the thigh, to the me&ial
side of the knee where it is inserted by a thin, flat, expanded tendon, on
the upper part of the shaft of the tibia.

It is not a very powerful muscle and flexes, abducts and laterally
rotates the thigh whilst flexing and medially rotating the shank. It

possibly plays a stabilizing role during walking.

2.4.5 Muscles of the medial aspect of the thigh (Fig.2.6 and 2. 8) These

muscles all act to adduct the thigh and, by their bulk, fill in the gap

medial to the femur.
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Gracilis is a strap-like muscle descending vertically from near the
mid-line symphysis pubis to the medial side of the tibia just beyond the
knee. The other adductors lie between Gracilis and the femur.

Pectineus, Adductor longus, Adductor brevis and Adductor magnus
arise from the front of the pubis and they run downwards and laterally to
pass behind the origin of the Vastus medialis. They are triangular in
outline and are arranged in layers like the pages of a book.

Pectineus is the most superior and arises from the superior ramus of the
pubis as far back as the pectineal line, i.e. the front part of the pelvic
brim. [t lies adjacent to Psoas and is supplied by the same nerve,' i.e. the
femoral nerve.

Adductor longus and Adductor brevis originate from the front of the
body of the pubis.

Adductor magnus arises from the ischio-pubic (inferior) ramus and extends
its origin as far back as the ischial tuberosity.

Pectineus and the other three adductors (longus, brevis and magnus) are
inserted along the linea aspera and medial suparcondylar line to the
adductor tubercle.

Adductor longus occupies the middle six inches, Pectineus is inserted
above it and Adductor brevis lies half behind Pectineus and half behind
longus. Adductor magnus occupies the length of the linea aspera from
a little below the quadrate tubercle to the adductor tubercle.

As a group, the adductors can produce powerful adduction yet this

action is not an especially important one in walking or standing. Their
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true function is not known but they probably help to "stabilize the hip"

(Basmajian). Because they are on a plane in front of the hip joint, most

of the adductors can Fléx the thigh as well as adduct it. Because they

pass to the back of the femur they can assist too in lateral rotation. Adductor

magnus, due to some of its fibres inserting at the adductor tubercle and

originating from the ischial tuberosity, can assist in extension of the hip.
Adductor longus has an important action just at the end of the stance

phase of walking where it assists flexion and external rotation of the leg.
Amputation above the knee will divide Gracilis and additional

adductors will be transected as the level of amputation is progressively

raised.

2.4.6 Muscles of the back of the thigh (Fig.2.6) The group of muscles lying

behind Adductor magnus is known as the hamstrings. These are very long
and extend from a common origin on the ischial tuberosity, to beyond the
back of the knee joint. They are Biceps femoris, Semimembranosus and
Semitendinosus.

Biceps femoris as it name implies has two heads. The short head has
very little significance in prosthetics as it arises from the middle third of
the linea aspera, although in the longer above~knee stump the short head
is able to contribute to muscle bulk and assist in force transmission. Both
heads insert on the head of the fibula.

Semimembranosus, whose upper one third is membranous (flat sheet
of fibrous tissue) is inserted on the back of the medial tibial condyle.

The Semitendinosus has a long rounded tendon that curves round the
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Various methods have been suggested for covering the end of the bone.
Wilms used the soft parts of the tendons, Rittar used the fascia and Neuber
used muscles and tendons. From this point of view it appears that Neuber
was the first to attempt a myoplasty. Nieny (1917) points out that to
apply Neuber's technique successfully a long stump is required.

Mommsen (1918) describes a technique used by Ludloff in a Gritti
amputation where he sutures the two=-joint muscles on the rear side of the
femur to the ligamentum patella.

Little (1922) warns that the suturing of extensors to flexors causes too
much mobility but basically he is in favour of myoplastic techniques. "Muscles
and tendons should be prevented from retracting by fixation to the periosteum,
but n.of brought over the end of the bone."

After World War [, improved artificial limbs lead to amputation schemes
for various levels. Both Schede (1941) and zur Verth (1937) contributed to
these developments. In World War Il surgeons attempted to meet the
requirements of Schede and zurVerth and in fact sacrificed limb segments
to do so. The guillotine operation was also adopted at the battle front to
be remedied later in aseptic conditions.

The real move towards present day techniques occured after World
War It when Ertl and Mondry developed plastic amputation techniques.
Mondry is best known for his work in myoplasty and Ertle for osteoplasty.

Loon (1960) revived the technique of Bier but found it unsatisfactory.
He then tried osteoperiosteal flaps instead of periosteal flaps and the

healing time improved and satisfactory results ensued. Loon also showed,
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Room must be left in the socket for movement of any tendons. This
is especially true of the adductor tendons.
Until other methods of loading the stump are available, it appears that

the majority of the weight should be taken by the ischial tuberosity.
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3.1

3.2

CHAPTER 3

Introduction

The devices used to obtain information regarding force actions and
knee angle are discussed together with the procedures used to calibrate
them. The various tests performed are described and methods of accelerating

the processing of the data for subsequent use by the computer are presented.

The Strain Gauged Pylon

The pylon is designed to record the following force actions as shown

in Fig.3. 1:~

The bending moments in the A/P or Z plane at two levels
M and M ..

uz LZ
The bending moments in the Y plane at two levels
MUY and MLY'

The axial load f,

The torque about the long axis T

The mechanical construction of the pylon is shown in Fig.3.2. ldeally
it should be as long as possible sothat inaccuracies of extrapolation are
minimised (see Assessment of Accuracy, Chapter 4). On the other hand
it is desirable to be able to incorporate the device in as many different
types of prostheses as possible. The final design, allows it to be used
in the majority of B/K amputees and gives reasonable accuracy.

Basically the pylon consists of a 13" internal diameter tube, 0.049
inches thick of 24 ST aluminium alloy, fitted at each end with aluminium

plugs. These plugs are made to a slight interference fit, and further
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A bridge voltage of 6 volts was used per channel and this was supplied
by six Fenlow amplifiers type ZA2. The signal from the bridge was
amplified by the same device and the output fed to an ultra violet
recorder type SE 2100.

The galvanometers used were as follows:-

Type A3300 for MUY and MLY

Type A1600 for MUZ' MLZ and T

Type A1000 for f,

Under typical maximum values of load, the stress and output signals

are as shown in Table 3.1.

The Goniometer

For locating the hip joint in space relative to the shank axis, both the
angle between the shank and thigh and the knee joint~hip joint distance
have to be measured. |In the work described here a simple goniometer was
used to measure knee angle and its general construction is shown in
Fig.3.4.

Two pieces of 3" wide, Ilé-" thick brass are jointed at one end. One
is nine inches long and the other fourteen inches.

The body of a Beckman type 5311 wirewound potentiometer is attached
to the longer strip and the shaft to the shorter. The goniometer is
energized by a stabilised power supply through a second potentiometer.

The arms are attached to the socket and shank with the potentiometer

on the knee joint axis. Provision is made for relative movement between
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TABLE 3.I.

Output voltages from Strain Bridge Circuits under

typical maximum load conditions

For:- Bridge Voltage = 6 volt
6 . 2
Youngs Modulus = 10 x 107 Ibf/in
Poisson's Ratio = 0.32
and Gauge Factor = 2.06
Typical Max. Stress Circuit
Value of (Ibf/in2) Output
Force Action (mV)
Axial Load Gauges {250 [bf 1080 8.8
Bending Moment [200 Ibf/in 13850 171
Gauges
Torque Gauges 100 Ibf/in 1160 9.5
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THE CONSTRUCTION OF THE GONIOMETER
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and the pylon surface. Since the cycle time in walking is of the order of
one second, these relatively long-term effects are of no importance. For
the cases when the pylon is loaded for more than this, e.g. standing on
the prosthesis, the drift is assumed to be linear and by taking a zero
reading before and after the test, it can be allowed for in the calculations.
Tightening of the screw attaching the pylon to the stanchion was found
to affect the zero position of the lower level bending moment gauges
only. It wos decided, therefore, to carry out the final calibration of
the bending moment gauges after the foot had been attached and firmly
hedded-in".
By subjecting the pylon to one type of loading at a time, the cross
effects can be accurately determined. As discussed in Chapter 4, the

equations used to calculate the true force actions are 4.1 to 4.6 and these

can be rearranged to give:~ /{5%
Uz | qu+a|2 MUY+°|5 fx+cléT ..... 3.1
Uy = 922 MUY+°21 MUZ + °25fx+°26T“"' 3.2
ry = 933 MLZ + 034MLY + 035fx+c136T..... 3.3
fly = %4Mmf+%3wl+%5&+c%T ..... 3.4
rf, = age f + dg MUZ + ag, MUY+°56T""' 3.5
rT = G T + A MUZ+c162 MUY + s fooeees 3.6

If a bending moment is applied in the Z plane only to the pylon, and
neither axial load nor torque, the readings from the various bridge circuits,

r, using equations 3.1 to 3.6 are:-
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uz uz
wy T % Myz
nz = %3 Mz
Ty T %3 Mgz
rf, =g M
rT = ag MUZ

and since MUZ and MLZ are known, these particular interaction co-
efficients may be determined. A similar procedure was adopted to find
the other coefficients, applying bending moment in the Y plane a pure
torque and a pure axial load.

The bending moments and torque were applied to the pylon while it
was attached to the stanchion as shown in Fig.3.5. To apply a pure
axial force, a simple calibration device was constructed and its use is
demonstrated in Fig.3.8. The location at the bottom of the pylon is by
means of a steel ball which fits into the conical recess machined in the
aluminium end pieces of the pylon. At the top of the pylon, a tapered
brass plug is located in a hole which is concentric to the O, D, of the
aluminium boss on which the extension tl;vbe is attached. This ensures
that the line of action of the load is along the x axis of the pylon. The
load is applied through a linear ball bearing to ensure minimum friction
effects.

The interaction coefficients were determined using exactly the same

instrumentation as was used during the amputee tests.
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To carry out final calibration of the bending moment gauges,
extensive use is made of the Static Stability Rig described by MacGregor (1968).

This allowed various combinations of load action to be applied to the pylon

3.5

when it is actually attached to the foot at one end, and a boss at the
other, as shown in Fig.3.9.

The goniometer was found to be linear with angle over the range
within which it was expected to operate, i.e. 0 = 900, At the time of
amputee evaluation, a reading is taken with the angle at 0° and one with
90° of flexion. The reciprocal of the difference between these two is

used in the computer programme for the calibration factor.

Ouvutline of Test Routine

The amputee was fitted with a quadrilateral suction socket. A
description of this type of socket can be found in Foort (1963). Although
the original sockets were made of wood the modern quadrilateral socket
is constructed frem laminated epoxy resin.

The strain-gauged pylon is attached to a SACH foot of the correct
size for the amputee by a % " B.S.W. Allen head set screw. A shoe is
put on and the knee unit to be investigated is secured to the upper end
of the pylon with a length of tube between the two. The height can be
set by a suitable tube length. "Jubilee" clips are used to attach the
tube to the pylon and knee units.

The socket is joined to the knee unit generally, by means of a
"Staros~-Gardner" alignment device. When carrying out tests on the
Blatchford modular system, the socket is fitted directiy to the built-

in alignment mechanism.
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Once the leg is assembled and the total length from the ankle to the
ischial seat of the socket is adjusted correctly, it is roughly aligned
before being fitted to the amputee. Final alignment and adjustment to
the knee mechanism is carried out using conventional methods of amputee
assessment, that is by watching the gait and asking the amputee if any
adjustment is an improvement. The complete set of tests is carried out
with the optimum alignment based on these considerations. The amputee
is asked to walk up and down to get used to the particular leg involved.

A subjective impression of the knee mechanism is obtained by
asking the amputee to speak about the device into a portable tape
recorder. At the same time he is asked if the socket is comfortable,
if the stump is properly in and if there is any pain.

The goniometer is attached and checked to ensure free movement.
This is especially important in the polycentric types of knee, where
movements of an inch are possible between the upper arm of the goniometer
and the trochanter position on the socket from the hyperextended position
of the knee to the position when the amputee is seated. This results in
an error in the thigh length of one inch rbuf as demonstrated in Appendix V,
this is insignificant compared with that due to other factors. The
method of attachment varies with the type of knee under consdideration
but the general arrangement can be seen in Fig.3. 10.

The amplifiers are switched on at least an hour before the tests
commence. This ensures stabilisation of the strain-gauge bridge voltage.

Although the pylon is connected to the amplifiers for this warming up
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period, it is disconnected during the alignment procedure since the lead
tends to become twisted after a while due to movement of the amputee.
[t is reconnected just prior to the test and fastened securely to the
socket with adhesive tape. The goniometer lead is likewise secured and
the two cables are led up to an overhanging beam which pivots about a
fixture on the wall.

The amplifiers are connected to the ultra violet galvanometer recorder.
The bridge voltages are noted and the gains on each amplifier adjusted
to their calibrated value.

To facilitate the taking of a zero reading in the test procedure and
for balancing the bridge, a simple standard method was adopted. The
amputee was asked to raise the artificial leg off the ground and let the
shank hang vertically. The only difference noted on the recorder between
this reading and a true zero reading, i.e. with the pylon disconnected
from the leg and standing on the floor, was a slight reduction in the
axial load gauges due to the weight of the foot and shoe. This resulted
in a 3 mm. difference on the U,V, recorder trace. An adjustment of
this amount was made to all the axial load zero readings.

Balancing is not as critical with the arrangement used as it is with
some systems. The important parameter with regard to linearity is the
input impedance of the device connected to the bridge. By using
amplifiers with a high input impedance, the problem of connection to
the low impedance galvanometers (approximately 50 ohm.) is obviated.

The galvanometers are set such that the spots of light are at specific

positions along the paper which correspond to those used in the calibration.
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They are adjusted to give a sharply focused spot, and the amputee is
then asked to §f0nd on the leg and a check is made to see that the pylon
is working correctly.

The U.V. recorder controls are checked to make sure that the paper
speed is set at 200 mm/sec and the time markers at 0.01 sec. It is
worthwhile to ensure that the "trace" and "grid" intensity are high
enough to get a good image by running a foot or so of paper out at the
setting used.

During the actual test it is an advantage to have an assistant who
can pull the overhead beam round so that the wires do not interfere
with the amputee. This is not essential as one person can operate the
U.V. recorder by remote control. He can then walk along with the beam
and control the U.V. recorder at the same time.

A trial walk is first carried out before preparing for the actual test.
Zero readings are taken before and after each different activity.

The activities investigated are:=

() Level walking

(2) Walking up and down a ramp

(3) Walking up and down stairs

(4) Standing up and sitting down

(5) Lifting and lowering a weight

(6) Stepping over an object

(7) Walking sideways

(8) Running
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The first test to be studied is level walking. A walk of at least six
strides on the artificial leg is aimed at. The U.V. recorder is started
and the amputee asked to commence the walk. At the end of the test, the
recorder is stopped and, after rechecking the zero reading, the amputee
sits down and rests while the U.V. trace develops in the room light. The
result is checked and if, for some reason, it is not satisfactory, the test
is repeated.

Generally a rest of about five minutes is taken by the amputee whilst
preparations are made for the next activity.

After level walking, the gait is investigated when the amputee walks
up and down ramp. This particular incline has a gradient of 1 in 7.

Performance whilst ascending and descending a staircase is examined
using stairs which have a rise of 7 inches and a length of 7 inches. It
should be pointed out that when descending the stairs, the amputee, in
these tests, placed the artificial leg on the next step and this was followed
by the normal leg to the same step. Normally he would descend step over
step as a norma! individual, but as the pylon is not very well protected
against hard knocks, it was felt safer to adopt this particular technique.

Standing up and sitting down starts with the amputee in his normal
seated position. He is asked to practice once the act of standing and
sitting to see how much he can use the leg, then after sitting normally
again the test is repeated with the recorder switched on. The activity
is carried out in one smooth movement with the amputee standing up straight

only momentarily before sitting again.
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3.6.2

this line when it is coming out of the recorder. The record is now taped
to the table securely and the levelling rechecked.

Before readings are taken, the number of intervals to be fed in, n,
and the cycle time in tenths of a second are typed out on the keyboard.
The counter on the console is zeroed and the "position" made of operation
selected.

Initially the readings of all the traces were taken for each of the time
intervals in turn beginning with the zero reading. [t was found that with
this technique numerous errors were made due to mistaken identity of
the traces involved. The computer programme was then altered to allow
it to store all the information for one stride, rather than store only that
for one interval. The data could then be read in a channel at a time
with the first reading being the zero. The information is then reorganised
in the programme and the values for each interval made available in the
correct order. Not only did this technique reduce the errors to a negligible
amount but the time taken was cut from approximately one hour per stride
to fifteen minutes.

It is worthwhile leaving about a foot of blank tape between the data
from each set of readings. [f the total shown by the console is different
from n + 1 (the zero reading is included), the whole channel is simply

remeasured and the tape spliced.

Representation of the output from the computer  The output force actions

are required fo be displayed in a manner such that they can easily be

undeistood. A graph of the relevant parameter with respect to time
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4.1.

4.2.

CHAPTER 4

Introduction

The strain gauge and goniometer data is obtained in the form of curves
on recorder paper together with time interval markers. [t is now necessary
to calculate the required force actions from this information. Due to the
large number of readings involved, a computer was used to evaluate
these parameters and produce the output in the form of graphs. A technique
for comparing one device with another in terms of the effort produced at
the hip joint is suggested. A statistical analysis of the more relevant
force actions is then presented. Finally, an assessment of the inaccuracies

involved in measurement and calculation is made.

Derivation of the Basic Equations

It is convenient to define two coordinate systems. The pylon orientated

system is referred toas x, y, 2, and the auxiliary system as x', y', z'.
Figs. 4.1 and 4.2 show the axes of the two sets of coordinates.

The long axis of the pylon is defined as the x axis.

The line joining the centre of pressure on the foot, C, with the
projection of the hip joint, H, on the Z plane of the pylon, H', is
defined as the x' axis.

The upper case letters X, Y and Z refer to planes while x, y, z are
reserved for directions.

Since both sets of coordinates lie in the Z plane, Z' is the same as

Z, and z' the same as z.
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The anterior/posterior or A/P plane is defined as the Z plane.

The mediolateral or M/L plane is defined as the Y' plane.

In the tests performed by MacGregor (1968) on the static stability
rig, the coordinate system used corresponds to the auxiliary system
defined above.

Referring to Figs. 4.1 and 4.2 the force actions required are:-

the knee moment in the Z plane i.e. the A/P knee moment.

Myz

Myz the hip moment in the Z plane.

My~ the ankle moment in the Z plane.

R the total resultant load acting on the foot.

T the torque about the pylon axis.

Mppy the hip moment in the Y' plane i.e. the M/L hip moment.
Myrz the hip moment required to stabilize the knee in the Z plane

assuming it is completely free and single axis.

The sign convention used throughout is shown in Fig. 4.3.

It is possible that a particular bridge circuit will respond to more than
one load action due to minute and unavoidable misalignment of the gauges.
Correction for such effects has been incorporated in the computer programme.

Considering as an example the upper Z plane bending moment gauge
reading, Uz’ the main contribution will be due to the upper Z plane

bending moment, M However, there will be an effect from the

uz-

Y plane bending moment, one from the axial load and finclly one from

the torque. Therefore, these effects must be subtracted before final

divisicn by the calibration factor ay, i.e:~

M 4.1,

uz =(uz = 92 Muy = 915 T = 9 D /9y
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lateral

sve torque (CD

medial

wve fy ~.+\ve,NP shear force,
i, . K
+ve A/P moment
medial lateral
+ve axial load,t +ve M/L shear force,
fx f2
\__//

+ve M/L moment
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Similar equations can be arrived at for the other parameters as follows:~

My = Gy = agp Myz =ag5 fx~ay  V/ay, 4.2,
My = (g —ag My —ags & = o3, T/ags 4.;.
My = (py =93 Mg magsfc- a0 WVay, 4.4,
fe = (fx mog Myy =ag) Myy =ag Dags 4.5.
T = (T~ %l MUZ " A42 MUY =95 fx)/déé ..... 4.6.

(The factors 'a' are the interaction coefficients considered in Chapter 3)

These equations are solved by an iterative method. Initial values of

Myy = :_L_JX, f, = r_f_,_< and T = T are substituted in equation
922 955 %66
4.1. The value of Mj7 thus obtained is substituted together with fx

and.J in equation 4.2. and a new value of Myy evaluated. The process
is continued until the difference in the value of each parameter on

successive iterations is less than 0.05 (for Myy, Myz, My and ML7)

and 0.1 (for fx and T).
The majority of the relevant force actions occur in the Z plane.
Referring to Fig. 4.1.:-

The shear force in the y direction is given by:

fy = Myz - MLz
bz .......

Therefore for the shank section between L and K taking moments about

4.7.

K gives:
Mgz = Myz * Fy.cZ

= Myz + Z(Myz -MLZ) ...... ‘ 4.8.
67 |
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Similarly for the whole shank taking moments about A gives:

Maz = Mz = z'

MLz = ¢Z (Myz-Mz) ....... ' 4.9.
bz

To find Myz take moments about H considering the thigh and shank
above U

Myz = fx.l. sin@ + Myz + fy (az + L. cos6)

= Myz + fx.l. sin@ + (az + I.cos8) (Myz - M 7) ..... 4.10.
Z .

Referring to Fig. 4.2, the leg in the M/L plane:-

The shear force in the z direction is given by:

Y cererenes 4.11.
The resultant force R is given by:
R =j f2 + £,2 + 2 il 4.12.

Referring to Fig. 4.l., if the resultant force in the A/P plane is resolved
in the directionsx'and y' the component in the x' direction, P, corresponds
to that resultant force which would occur if no hip moment were produced.
Assuming that the knee joint has no built in device for assisting in its
stability under load, it is necessary for the amputee to exert a hip
moment, MRz of sufficient magnitude to ccu;e the resultant force to
pass through the instantaneous centre of the knee joint to prevent buckling.
If the knee is hyperextended, the back check prevents collapse due to
extension and thus can be thought of as an assistive device in this
configuration.

Let g, h be the coordinates of the centre of pressure from the ankle

in the -x and y directions.
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The moment calculated in each plane is the resultant of the moment
due to the hip musculature and the body=-socket contact forces. As yet
no technique is available for ascertaining the exact location of the point
where the load is taken by the body, and therefore the contribution due
to the two components cannot be separated.

When attempting to compare the performance of an amputee on two
different prostheses, criteria are required. It is suggested that the
maximum moments exerted by the hip in extension and flexion are two
important parameters, but some assessment of the overall effort produced
by the amputee is desirable.

Nubar and Contini (1961) suggest fhdf muscular effort be defined in
terms of muscle tension and duration of contraction. The simplest
expression suiting these requirements is:~ muscular effort (me) = tension x
time. This can be expressed in terms of the hip moment as me = moment x
time. Since the moment varies at each time interval, At, the total

n
muscular effort over n intervals = Z() M;.At. To allow for positive
and negative moments, the expressilo; is modified to:~ the absolute value

n n
of _  MiAt or ?_
=0 1=

to calculate as the experimental observations are taken at equal At intervals.

n n
i.e. Z IM].Af
1=0

= At 2
Since strides may not be of constant length with different mechanisms,

M;. Atl . This is a very simple quantity to

v

i=0

and the purpose of walking is in fact to get from A to B, presumably with

the least effort, a better measure of performance may be the average
At <
i=0

muscular effort. This can be defined as:~ meqy, =

W
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Layout of Computer Programme

The programme was prepared originally on punched paper tape.
Once it had been corrected and test results checked for various extreme
values of imput parameters, the compiled version was stored on magnetic
tape. This saves compilation time from Algol to machine code each
time a set of results is computed.

The layout of the programme is indicated in Fig. 4.4. and a typescript

copy is given in Appendix IV.

Statistical Analysis of Results for Level Walking

Since all the observations and measurements needed to calculate
the force actions required involve some degree of experimental error,
conclusions based on the magnitude of these parameters must in some way
take account of this inaccuracy. It is intended to compare four different
criteria between the six knee devices (with the particular alignment used)
for the activity of level walking. These are:=
(I) The total muscular effort in the A/P plane per stride, me.
(2) The average muscular effort in the A/P plane per stride, meg, .
(3) The maximum value of the A/P hip extension moment per stride.
(4) The maximum value of the A/P hip flexion moment per stride.

To see if there is a significant difference between the knee mechanisms
in respact of each of these criteria, the usual analysis of variance technique
can be used. Briefly this involves comparing the variation between knee
devices with the variation within each knee device for the number of strides

considered. This ratio is checked against tabulated values called the
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and 99.9% chance that the limits given actually contain the true value of
L. The level of significance is designated by @ and the other parameters
are defined below:

m is the number of groups (knee devices).

ni is the number of readings (strides) in the ith group.
m

N is the total number of readings taken i.e. Z n; .
i=1

Fa: vi, v 2 isthe F value (from tables) at the % level for degrees of
freedom v, and Vo,

% is the jth reading in the ith group.

t; is the total of all readings in the ith group i.e. ajj .

MSW is the mean sum of squares within groups.
m

__I_._ D 2 m i'iz
MSW = Nom Z ZI aji” - Z — ]ens 4.21.
= i:

Scheffe has proven that the probability is I~ @ that all imaginable
contrasts will be captured by the set of intervals given by:~

T-stpsistl+sy
where $2 = (m-1) F

The array c; is called a contrast and is used to pick out which of the

various combinations of comparisons available one wishes to make. The only

m
constraint on cj is that Z c; = 0. For simply comparing one mean with
i=1
another, cj will take the formof [ =l 000... or 001 -l... etc.

To illustrate the technique, assume that knee device | is to be compared

with knee device 2.

A t t
ml - __I ’ r?lz - ....2
ny n2









When deciding on a sampling rate, the magnitude of the random error
must be borne in mind since it forms a frequency component commensurate
with the highest component that can be extracted at this sampling rate.
This means in practical terms, that the highest frequency that can be
relied upon decreases as the magnitude of the random error increases for
any specified sampling rate.

A sampling frequency of 100 Hz. was used throughout the work. This
was directly available on the U.V. recorder and no additional instrument-
ation was required to generate it.

The maximum frequency that can possibly be relied on from the data
at this sampling rate is 50 Hz., and the author would consider 30 Hz. a
more realistic figure. It would have been better to have introduced a
high frequency filter into the circuit before recording the data if a purely
digital output were taken, to exclude all components higher than say
40 Hz. However, the information was initially recorded in analogue
form and is a true record of all frequency components. This allows an
examination of the Frequen;:y content with respect to the time interval
traces. The data read into the computer could be passed through a
digital filter in the programme but since the output was in the form of
a graph, the trend of the particular force actions is easily recognised.
Further, the random errors are not masked and their effect can be
appreciated.

To ensure that all the frequency components are transferred to digital

form, a sampling frequency of at least 300 Hz. is desirable. It was thought
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that the additional information made available in this way did not
warrant the extra effort required in the data preparation. Moreover

the computer time used would be increased accordingly. In fact the time
taken to prepare the data using the D~mac is approximately 15 minutes
per stride and the computer time is approximately 6 minutes per stride.
The graph plotting is carried out "off-line" and is not included in this
time.

Ideally the paper speed of the U. V. recorder should be as high as
possible so that the intersection of the curves with the time interval
traces is clearly defined. Practically a limit is imposed due to the
amount of paper used. A compromise of 200 mm/sec. was decided on.
If a lower paper speed is used, the time interval traces are too close
together to avoid errors of misreading. The minimum distance apart that
can be tolerated is about | inch.

fo

A check was carried out on the D-mac to establish the maximum
reading accuracy that can be obtained. Twenty readings were taken of
a single point approaching it from various directions. It was found that
the machine's accuracy could be specified as a standard deviation of
0.6 on the y coordinates and |.5 on the x coordinate. For the use made
of the machine here, énly the y coordinate is of interest. Further, since
the resolution of the D-mac is |, the random variation is not significant.
In practical terms it may be stated that the machine will measure to

within | unit or 0.1 mm, in the y direction. However this does not mean

that the reading error is of this magnitude, since it is influenced by the
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speed of reading and by the ability to define exactly where the recorder
traces intersect the time interval markers. It is assumed that the reading
error for zero readings is Lol mm. and for other readings is L0.2mm.

It was decided at the onset of the work to avoid the use of filming,
since it introduces more labour in the preparation of data and difficulties
of synchronizing pylon and film parameters. This means that unless some
system such as described in Appendix Il is used, information regarding the
configuration of the limb segments with respect to the ground is not avail -
able. The effect of using this simplified approach will be briefly discussed.

No account in the analysis is taken of inertia force actions. In the
normal individual these represent, according to Frankel and Bresler, a
maximum of 10% of the ground-to-foot forces in the stance phase of walking
and due to a decreased weight of the leg in an amputee, this effect will
be reduced accordingly, since the accelerations are approximately of the
same magnitude (U.C,B. report (1947)).

Since the hip angle is not known, no account of the weight of the
prosthesis on the A/P hip moment can be taken. The affect of this additional
force action is usually to cause the hip moment, calculated from the input
data, to be greater than the actual hip moment produced. At heel strike
and toe off this difference is a maximum, due to the size of the hip angle,
and this can be estimated by using the body weight coefficients given by
Frankel and Bresler. The weight of an artificial leg for an above knee
amputee is approximately 8lbf. and the foot and shoe constitute about

2Ibf. of this. By far the most important contribution is the weight of the
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TABLE 4.|

The Random Errors

Random Errors Produced in  Output Force Actions
Maz Mgz Myz Mgy R T MRz

(Ibf.in.) (Ibf.in.) (Ibf.in.) (Ibf.in.) (Ibf.) (Ibf.in.) (Ibf.in.)
;_33 MUz 1.5 10.8 23
o
£
g M 7 2.8 9.4 22
0.
§_ MUy 12.8
c
o [My 12.8
B
5 £ ) 0.2 0.8
<t 0.4
S 20  0.02
L
TOTAL 3.2 14 38 18 0.2 0.4 0.8
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TABLE 4.2

The Maximum Systemic Errors Involved when

Comparing Two Strides

Maximum Erros Produced in Qutput Force Action

Errors Assigned to Input Parameters

Mz Mz Mz My R T Murz
(Ibf.in.) (Ibf.in.) (Ibf.in.) (Ibf.in.) (Ibf.)  (Ibf.in.) (Ibf.in.)
My, | 0.7 5.4 11.5
M| 1-4 4.7 1
Myy 6.4
My 6.4
£, 0.1 0.4
0.2
) 20 0.02
TOTAL 1.6 7.1 26 9 0.1 0.2 0.4
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CHAPTER 5

5.1 Introduction
The force actions are presented in graphical form in Appendix VI. To
illustrate particular aspects of the discussion, certain relevant graphs are
also reproduced here.
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.V1.31)

O.B. Otto Bock Safety knee (Fig.VI.32 to Fig.Vl.46)
G.R. Otto Bock Greissinger knee (Fig.VI1.47 to Fig.VI. 60)

U.C.B. University of California Polycentric knee with pneumatic
swing phase control (Fig.VI. 61 to Fig. VI, 75)

v LA, Lammers knee (Fig. V1. 76 to Fig.VI. 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.V1.91 to Fig. V1. 100)
A/P ankle moment (Fig. V1. 101 to Fig. V1. 110)
M/L hip moment (Fig.VI. 111 to Fig.VI.120)

-132-


















TABLE 5.2

Constants used in the Calculations for Level Walking

with a Non=-Stabilised, Single-axis Knee

Thigh length, | = 15.1 in.

Shank length, b = 16.2 in.

Goniometer calibration factor, ¢ -0.001059 radians per

636 cm. deflection.

Pylon calibration factors, ajj i

aii 1 2 3 4 5 6
1 |-1.518 0.031 0 0 0 0
2 0 2.242 0 0 -0.093 0.079
i 3 0 0 1.680 0 0 0
4 0 0 0 3.160 -0.036 0.065
5 |-0.156  0.345 0 0 -10.96 0.651
6 0.248  0.056 0 0 0 4,68

The units of aii are either mm. deflection per 10 lbf.in. or mm.

deflection per 10 Ibf.
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To illustrate the method of calculation, the value of MHZ will be

calculated at the points of maximum extensor hip moment and maximum

flexor hip moment.

Equation 4. 10 gives:
MHZ = MUZ +f. l.sin @+ (oz +1. cos ) (MUZ - MLZ) /bz

For maximum hip extensor moment

Equation 4.1 gives:

Myz = Gyz = o2 Muy =95 i =96 D /9

Since a5 and 4 = 0,

uz = (ruz =12 Myy) /9

- 0.031 MUY)/-1.518 |

Uy = EJ_Y _"uy (From equation 4.2)
doo 2.242

-0.014 r ) /-1.518

To a first approximation, M

e Myz = (nyz

[(1955 - 1926) - 0.014 (1297 - |325)] /-1.518

It

(29 - 28 x 0.0l4) /-1.518

(29 - 0.39) /-1.518

The second term represents only 1% of the total and is well below the

+ .
reading accuracy of = 2 units.

) 29 ,
So Myz = i = 1941 Ibfin.
Similarly M. _ = - 28 = _57.2 Ibf.in
4 LZ T.38 . - 10
and foo= 1758 _ 140 1.
10.96

D
I

-3 x |.57 x =0.001059
0.005 radians

L. sin® =0.005

and cos 8 = 1
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Je My = =190 4160 x 15,1 x 0.005 + (12,6 + 15.1 x 1) (=19.1 + 57.2)

/1.69 1bf.in.

= 91+ 12,0+ H %38

~19.1 + 12,1 + 625 Ibf.in.

li

Je M

HZ 618 Ibf. in.

Similarly for maximum hip flexor moment

~771
MUZ — .1._ = 508
-1.518
984
M = = = 586
LZ 1.68
f, = 1566 = 144
10.96
0 = =16 x 1.57 x -0.001059
= 0.0266
S S.sin® = 0.0266
cos®@ = 1

S My, = 508+ 144 x 15,1 x 0.0266 + 27.7 (508 - 586) /1.69 Ibf. in.

= 508 + 58 - 1280 Ibf. in.

714 Ibf. in.

These points together with the rest of the value;_ of A/P hip moment
calculated are plotted by the computer and presented here in Fig.5.2.

In the calculation of the maximum hip flexor moment, errors are
introduced due to the subtraction of one large value from another. An
estimation of the magnitude of these effects is fully discussed in Appendix V
and summarised in Tables 4.1 and 4.3.

The values calculated for MHRZ are also reproduced on the same graphs

as the A/P hip moment variation.
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TYPICAL COMPUTER CUTPUT OF HIP MOMENT

(LEVEL WALKING WITH S.A.)
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a maximum of +280 Ibf.in. at 8% of the cycle, passes through zero at 16%
of the cycle and reaches a minimum of -700 Ibf.in. at 41% of the cycle.
The two curves intersect at 47% of the cycle.

Thé hip moment required to stabilize the knee at heel strike is easily
achieved by the amputee and he is able to increase his extensor action as
the requirement increases. The danger of the knee buckling is present up
to 16% of the cycle at which stage, the hip-centre of pressure line passes
through the knee joint. Beyond this point, stability is assured without any
effort on the part of the amputee.

To exert a hip flexing moment on the normal leg at the initiation of the
swing phase, a hip extensor action is required on the prosthesis. This is
demonstrated by the results in the persistence of hip extensor action until
32% of the cycle.

The intersection point of the two graphs at 47% of the cycle is the time
at which flexion at the knee is initiated. ldeally, the two curves should
coincide from this point up to toe off. Not only the static but also the
dynamic characteristics of the knee device can, however, influence the
hip moment during the latter part of the stance phase, as the knee is flexing.

As far as amputee effort is concerned, the maximum values of hip extensor
and flexor moment in association with some indication of their duration are
the important parameters. A measure of the latter criterion is given by the
muscular effort (At. & Mi) as discussed in section 4.2. The results of the
statistical analysis Table 5.3 to Table 5.6 provide the best means of
comparing the various devices for level walking with respect to all these
variables, The method adopted of displaying the information is explained

on the table concerned but an example will be used to clarify the procedure.
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TABLE 5.5

Comparison Between Knee Devices for

Maximum Hip Extensor Moment in Level Walking

(a) The values of maximum hip extensor moment obtained for the various

knee devices (in Ibf.in.)

O.B.
G.R.
S.A.
U.C.B.
L.A,

B.S.K.

780

627

576

351

375

447

840

534

626

375

363

471

780 765 700
645 550 570
730 498 477
390 380
345 396 273

285 273 . 280

(b) The results of the statistical analysis

705

471

321

300

O.B. G.R. S.A, U.C.B. LA,
B.S. K. | xxx XXX XXX - -
L.A. XXX XXX XXX -
U.C.B., | xxx XX X
S.A, XXX -
G.R. x -

447

333

The horizontally listed devices have a larger value of hip extensor

moment than those listed vertically. The significance of this difference

is indicated thus:-

XXX

* %

0.1%
1%
5%

Not significant
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TABLE 5.6

Comparison Between Knee Devices for

Maximum Hip Flexor Moment in Level Walking

(a) The values of maximum hip flexor moment obtained for the various
knee devices (in Ibf.in.)

U.C.B. 840 804 797 870

S.A, 666 768 633 756 762 670 747
B.S.K. 543 600 780 750 790 675

0.B. 265 450 450 444 480 440

G.R. 291 450 414 480 411

L.A, 351 450 339 405 387 426 399

(b) The results of the statistical analysis

U.C.B. S.A. B.S.K, O.B. G.R.
L. A, XXX XXX XXX - .-
G.R. XXX XXX XX -
O.B. XXX XXX XX
B.S.K. - -
S.A, -

The horizontally listed devices have a larger value of hip flexor moment

than those listed vertically. The significance of this difference is indicated

thus: -
XXX 0.1%
XX 1%
X 5%

- Not significant
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If it is required to compare the B.S.K, with the S.A. for muscular
effort, the single point concemned with the two devices in the array of
Table 5.3b is located. In this case it is the third column, second row. For
this example, S.A., is listed horizontally and B.S.K. vertically. Hence
S.A. has the higher value of muscular effort. Whether this difference is
significant or not is assessed using the technique described in section 4.4
(page 118) and the result displayed as explained in the table.

Although multiple comparisons have been tested for each of the four
parameters, the discussion will be limited to the comparison between each
knee device and the single~axis, non-stabilized knee, S.A. Apart from
O.B., the results obtained for the muscular effort and average muscular
effort are identical, therefore only muscular effort will be discussed in these
cases.

B.S. K. had a significantly lower value of muscular effort and maximum
hip extensor moment than S. A, Although there was an increase in the
maximum hip flexor moment produced, this was not significant in the experi-
ments carried out. The amputee felt vel:y secure on the leg and the addition
of the swing phase control resulted in a smooth transition from swing to stance
phase. -

A very significant increase in muscular effort a‘nd a significant increase
in average muscular effort were obtained with fhe O.B. This is mainly due
to the very high maximum hip extensor moment produced by the amputee
although the maximum hip flexor moment was significantly lower. [t is
thought that the results from the O.B. were influenced to a large extent
by an extension spring mounted in the knee. This is designed to ossis.f

in knee extension during the swing phase of walking. The spring action
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was, however, too strong for the amputee. As the knee extended before
heel strike, the inertia of the shank caused the hip to flex and the amputee
to overstep his usual stride length. A greater push off was required from
the normal leg and, due to the longer stride length, a larger hip extensor
moment was needed on the prosthesis. .

Apart from this fault of the design, which can be overcome by fitting
a tension adjustment to the spring, the amputee was happy with the leg. It
gave him a definite sfcbili.;_ing effect in the stance phase. |

The amputee was pleased with the G.R, but commented on the excessive
heel rise that occurred with this particular mechanism. The muscular effort
was significantly lower than S. A, but no significant decrease in maximum
hip extensor moment was recorded. On the other hand, a highly significant
decrease in hip flexor moment was obtained.

A significantly larger value of muscular effort is recorded with the U.C. B.
due mainly to a very high hip flexor moment. At the same time the maximum
hip extensor moment is significantly lower than that obtained with S. A,

With this device, heel rise, just after toe off, was reduced by' the swing
phase control and a very smooth gait was achieved. The amputee could
nfeel™ his artificial leg going into full extension cffér heel strike. This is
approaching the gait achieved by a normal individual in this phase of the
walking sequence. One failing of polycentric mechanisms was exposed during
this particular investigation. With a polycentric device it is difficult, if not
impossible, to extend the hip without extending the knee. A typical situation
where this can occur is the first stride of a walking sequence, where ideally

the knee should be in slight flexion to give a smooth push off. As the amputee
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5.4.2

extends the hip to balance the body weight, the knee extends and is raised
giving a jolt as the first stride is taken.

The Lammers knee, L.A'. , gave the best set of results for muscular effort
and maximum hip flexor moment, and although the tests indicate that the
B.S.K. required less hip extensor moment, this was not significant in the
statistical analysis.

The only comment against the LA, is the lack of a swing phase control,
and hence the cadence of the amputee is limited to that imposed by the

mass properties of the shank~foot assembly.

Walking up a ramp  When walking up ramp (Fig. 5. 4) the knee is stable

from 6% of the cycle onwards, but hip extensor action is required for a
higher percentage of the cycle (34%) than in Ie\)el walking (20%).

This increased effort is needed to lift the body of the amputee up the
gradient of the ramp. The maximum hip moment of +700 Ibf.in. occurs
much later than the maximum of that required for knee stability (10%
against 3%). The stance phase occupies 54% of the cycle, very similar
to that of level walking. However, knee flexion is initiated later at
48%.

The only knee to produce any odvantdge in ascending a ramp is the
Lammers (Fig.5.5). Both the hip extensor and flexor moments are decreased,
but as with S.A, the peak extensor moment occurs later in the cycle than
A much lower hip flexor moment than M

the peak M is required

RZ*® HRZ

to initiate knee flexion showing the effect of the polycentric device on the

hip moment.
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A/P HIP MOMENT IN WALKING UP RAMP WITH S.A.
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A/P HIP MOMENT IN WALKING UP RAMP WITH L.A,
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A/P HIP MOMENT IN WALKING uUPpP

STAIRS WITH S.A,
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A/P HIP MOMENT IN WALKING DOWN STAIRS WITH S.A.
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RESULTANT LCAD IN RUNNING WITH S.A.
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COMPARISON OF LOADING POINTS ON STATIC RIG

A Points used by MacGregor
B Approximate point when maximum knee instability is present
i.e. MHRZ is maximum,

C  Approximate point when initiation of knee flexion occurs
i.e. MHRZ and MH graphs intersect.

simulated
hip

{knee

+ \ankle

B A
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The result is seen in Fig.1.18. A steel strip goes obliquely down under the
ischial tuberosity, round the adductors, climbs tightly over the inguinal
ligament to the iliac crest. .Then it bends round and is connected to its
other end at the hip joint. The A/K socket is then joined by a steel link
to a point on the pelvic socket corresponding to the hip joint.

Anderson et al (1960) report that 10° of anterior pelvic rotation can be
telerated without damage to the spine. An amputee can hyperextend his
hip 5°, so the total angular movement possible is 5°+10°% i.e. 15°.

Brunnstrom (1947) also stresses the importance of realising the limitations
of ischial bearing, and reports that an A/K amputee should be able to extend
the thigh slightly more than the normal individual. By setting the stump in
slight flexion in the socket, some assistance is given in obtaining this.

Another problem of ischial bearing is the atrophy of the tissues of the stump.
Nieny (1917) reports that Kienbock, Sudeck and Sick have shown that not
only muscle but bone also atrophies when the load is taken on the ischial
seat. Other workers since have reiterated this finding. Recently Loon (1960)
found that osteoporosis set in in the pelvis as well as the femur. He also
found degeneration in the hip joint. An end-bearing prosthesis would
assist circulation in the bone and cartilage.

To transmit the moment to the socket from the femur, considerable lost
motion occurs due to the relative softness of the tissues between these two
solid members. Research into this problem was first carried out by

Blumenthal (1917) who used X-rays to examine the movement of the femur

in the socket.
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VARIATION IN HIP MOMENT CAPABILITY WITH HIP ANGLE
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6. 1.

6.2.

CHAPTER 6

SUGGESTIONS FOR FURTHER WORK

Experimental Technique
6.1.1 Clinical pylon

6.1.2 The use of the pylon for fundamental research

Further Investigations
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6.1.2

6.2

As an interim stage the analogue computation can be carried out away
from the amputee where the limitations of size and weight do not restrict

modifications to circuitry and do not preclude the use of sophisticated

matching components.

The use of the pylon for fundamental research  The technique of data

‘processing used should be improved by the use of analogue to digital

converters, with a suitable interface, replacing the manual method described
here. A sampling frequency of approximately 1 m.sec. per channel is
suggested. The complete set of input information for one sample would
then take 7 m.sec., and the frequency response would be of the order of
70 HZ (see section 4.5). To examine in more detail the force actions at
the time of heel strike, the sampling frequency would have to be doubled.
This is the lowest sampling frequency at which the 100 HZ content of the

/

signal at heel strike would faithfully be reproduced in digital form.

Further Investigations

The results from the pylon should be compared with those from the force
plate by filming an amputee walking over the force plate whilst wearing a
strain~gauged pylon. l X

Techniques for obtaining information on the spatial configuration of the
limb segments without resorting to filming should be develope—d. [t is hoped
that Appendix Il may prove to be of use in this respect. The dynamic

effects at heel strike and the contiribution due to the weight of the artificial

leg could be calculated.

In further studies on other amputees, it is suggested that the most important
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of those activities investigated here with regard to knee stability are
lével walking , walking down stuirs, walking down ramp and stepping over
an object. However the range of tests should be extended to cover walking
over uneven, soft and polished surfaces.

Similar investigations on hip disarticulation amputees and through knee
amputees would reveal any specific differences in their use of knee devices.

The relationship between muscular effort, as defined in Chapter 4, and
metabolic cost should be investigated, and an ideal specification of amputee
gait arrived at, if possible. This entails consideration of energy cost to the
amputee as well as possible degenerative effects and force actions in the
hip joint, and the joints in the remaining leg.

The effect of learning should be examined by carrying out tests on an
amputee throughout his walking training. An attempt could be made to
correlate hip moment capability at each stage with the physiotherapy

treatment of the amputee.
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The most stable knee device tested was the Blatchford stabilized knee.
In fact the amputee was able to bear his whole weight on the leg when the

knee was flexed to an angle of 25°,
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