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Limbs in Limbo

HERBERT ELFTMAN, Ph.D.’

To STAND on his feet and to walk with his legs wherever his heart desires are
natural rights guaranteed to man by his own constitution. Heads may plan
and hands may build, but only where legs and feet have brought them. Loss
of the lower limb is therefore a major catastrophe.

When loss of leg occurs, replacement becomes the primary hope. Ages past,
an unknown man hobbled forth from his cave in search of a willow; with one
of its limbs adopted as his own, he walked back with majesty. Since then the
stage of history has resounded with the staccato echo of countless amputees
marching with peg-leg, grit, and gumption.

Rapid perfection of limb construction was to be anticipated after these early
ventures had focused human ingenuity upon the problem. To the superlative
talent which mankind has shown in the production of machinery both intricate
and sturdy, the building of a mechanical leg would appear to offer little diffi-
culty. Why is it, then, that artificial limbs have so generally belonged to the
limbo of things undeserving either of unstinted praise or of utter condemnation?

Failure of artificial legs to satisfy our hopes results less from the imperfection
of their mechanisms than from the extravagance of our expectations. People
who do not expect a glass eye to see or a prosthetic hand to play the piccolo
are disappointed when an artificial leg squeaks while dancing the polka. Man
has never commanded clear appreciation of his means of locomotion. From
time to time he has been ecstatic about the eye and the liver, the heart, the
brain, the hand. Legs have been referred to most frequently as symbols of
neighboring functions, so lightly have their own merits been regarded.

Why is the performance of the lower extremity so much less spectacular than
that of the upper? Independence of the upper limb from obligation to the rest
of the body allows it to indulge in ornamentation of movement, so impressive
to the eye. The lower limb, sandwiched between the ground and the torso, must
ever be responsive to the needs of the body as a whole. It cannot choose to
support some parts of the body and not others or to walk with the body through
only portions of each step. The intricacy of function of knee and ankle does not

* Associate Professor of Anatomy, College of Physicians and Surgeons, Columbia Univer-
sity; member, Lower-Extremity Technical Committee, ACAL, NRC.
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exhibit itself in capricious movements but excels when it modulates countless
disturbing factors so that no tremor mars the stark simplicity of normal locomo-
tion.

No one can rightly expect an artificial limb to take over completely the func-
tions of its predecessor unless it is endowed with an equivalent of muscular and
nervous control. Difficult as it is to provide substitutes for bones and joints,
such provision is simplicity itself compared with the incorporation within the
prosthesis of its own control. Although considerable progress has been made
in the field of decelerating mechanisms for lower-extremity prostheses, the leg
amputee must still use his own resources when he needs to supply energy or to
exercise discretion.

The contribution which the amputee makes to the over-all prosthetic result
far exceeds that of acting as a model for exhibiting the achievements of in-
ventors. It is he who must finish creation of the new locomotor mechanism by
reshaping the pattern of his muscular activity and establishing alertness to new
sensory cues. The success of the artificial leg depends on how thoroughly it
becomes a part of the form and the function of the amputee after he has blended
its metal, wood, and plastic with his muscle and perception. It is only appro-
priate that the new mechanism, having superseded the natural limb, should
contribute to amputee gait that special accent which identifies the supernatural
walk.

The complexity of human motion makes it inevitable that fundamental
improvement in leg prostheses must come slowly, since it is based on factors so
numerous that no one individual can comprehend them all. In addition to the
profession of engineering, there is needed the cooperation of the physician, the
physicist, the physiologist, the physiotherapist, the prosthetist, and the
psychologist—to list them in alphabetical order—so that the patient may get
the total care he deserves.

The problems which need attention are of different degrees of complexity and
must be approached by different methods. Choice of materials, details of con-
struction, and provisions for repair require less consideration of the over-all
characteristics expected in the rehabilitated amputee than do problems of fit
and socket shape. More general considerations must be weighed in projects
concerned with alignment, basic design of mechanisms, and evaluation of
performance. For these there should be a conscious choice of arealizable objec-
tive, the attainment of which requires integration of man and machine into a
functional unit.

All of these are practical problems amenable to increasingly useful solutions
year by year, provided we do not surrender to the impatience of those who must
have the answer to the question of the century today and of the millennium
tomorrow. It is necessary to preserve clear vision of long-term objectives, al-
though some members of every team find the environment more familiar when
details arise.



Had trial-and-error and serendipity been able to produce truly satisfactory
lower limbs, we would not still be waiting for such. It was left for the National
Academy of Sciences—National Research Council to initiate the development
of artificial limbs on a modern basis by creating the Committee on Prosthetic
Devices and, later, its successor, the Advisory Committee on Artificial Limbs.
By carefully balancing the fundamental and the practical in their program,
these Committees have laid a firm basis for some progress today, much more
tomorrow.

This is the key to the future in lower-extremity prosthetics. Used wisely, it
will allow us eventually to rescue the limb problem from limbo and to provide
the amputee of the future with a fitting legacy.



The Objectives of the
Prosthetics Program

MAN depends upon his legs to support the
body and to move it from place to place as
occasion warrants. Since mobility is nearly
indispensable to most human activities, the
loss of part or all of a leg—through accident,
war, or disease—imposes serious limitations
and has always made a replacement of some
sort more or less of a necessity. Accordingly,
artificial legs of one kind or another have been
made and used since the most ancient times.
As a result of the long-continued effort, leg
prostheses have undergone progressive, if
slow, development through the centuries,
so that many lower-extremity amputees have
in the past been successfully restored to some-
thing resembling a normal life. With the ad-
vent of industrial development, and of im-
proved tools and materials with which to work,
the nineteenth century marked the appearance
of many new lower-extremity devices and of
new techniques in the medical treatment of
amputations.

Impetus provided by World Wars | and |1
gave rise to rapid advancement in all branches
of technology and thus made possible a con-
certed attack on the problem of supplying the
best possible artificial limbs. The term "lower-
extremity prosthetics" has now come to mean
the practice of rehabilitation of the leg amputee
by providing him with an artificial limb that
will restore lost functions to the greatest
possible degree. But more than just the arti-
ficial leg isinvolved. The amputee himself isa

* Professor of Civil Engineering, University of
California, Berkeley; member, Advisory Committee
on Artificial Limbs, National Research Council;
chairman, Lower-Extremity Technical Committee,
ACAL, NRC.

Lower-Extremity

HOWARD D. EBERHART, M.S”

most important part of the end-product, and
amputees, like other people, are individuals
with widely differing characteristics and abili-
ties. Of course surgical procedures should be
designed to secure a painless stump and to
retain maximum function, and it would seem
that the artificial leg, when properly fitted,
should duplicate as closely as possible the
normal activity of the lost part. Moreover,
physical conditioning and gait training are
both important phases of the whole rehabilita-
tion process.

This concept of lower-extremity prosthetics
has developed during the years since the start
in 1945 of the program of the Advisory Com-
mittee on Artificial Limbs, National Research
Council. Initially, the primary objective was
to develop improved devices, it being con-
sidered as obvious that, if a better prosthetic
knee or ankle or foot could be devised, the
amputee would benefit. Attempts to produce
such items, however, made necessary the
determination of functional requirements and
thus immediately revealed the lack of neces-
sary fundamental information. Basic research
into the complicated phenomenon we call
"locomotion" was therefore carried on simul-
taneously with the development of devices.’
These investigations indicated a need for the
application of basic mechanical principles to
fitting and alignment of artificial legs. A three-

* A more logical and systematic approach, had there
been sufficient time, might have been to postpone
device development until the results of the basic work
became available. But the urgency of amputee de-
mands at the end of World War Il made such an ap-
proach less desirable than the one adopted.
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pronged approach, al parts of which are
complex and interrelated in various ways, has
thus evolved. Basically, the three objectives
are:

1. To extend knowledge of the amputee, of lost and
remaining functions affecting locomotion, and to collect
information on the best possible medical treatment.

2 To improve fitting techniques and practices, in-
cluding training, so that existing devices might be used
with greater comfort and function.

3. To develop improved lower-extremity devices.

Relative emphasis on these three phases is
shown in Figure 1. Implied in such a program
is the dissemination of information and tech-
niques to those who serve the amputee. Many
of the accomplishments to date are recorded,
and fully documented with the report litera-
ture, in Klopsteg and Wilson's Human Limbs
and Their Substitutes (McGraw-Hill, in press).
In addition, various seminars and short
courses for surgeons and prosthetists have been
conducted throughout the program.

FUNDAMENTAL STUDIES

Detailed and comprehensive study of normal
human locomotion is the basic key to improve-
ment in al phases of the lower-extremity
problem. Walking is to all appearances so
natural and simple a process that it is difficult
to conceive of its complexity. A knowledge of
the behavior and the contribution of each
anatomical part in providing the many services
required of legs in normal use is essential to
determine the functions that have been lost

DEVELOPMENT
OF DEVICES

{lncluding Evoluotion)

CF EXPENDITURES

FUNDAMEMNTAL STUDIES
{ingluding Phontom Pain)

RELATIVE EFFQRT IN TERMS

‘G TECHNIQUES

through amputation and the functions that
still remain. The surgeon needs such informa-
tion in order to provide the best amputation
stump with maximum remaining function.
The prosthetist must understand the limita-
tions and potentialities of the amputee-
prosthesis combination for optimum fitting,
alignment, and adjustment. The designer
needs detailed information on angles, dis
placements, velocities, accelerations, forces,
energy requirements, and functions in order
to improve existing devices and to develop
new ones. And finally, the amputee himself
has problems that require a fundamental
approach. Causes and treatment of phantom
or other pain, circulatory difficulties resulting
from amputation, skin tolerance to pressure
in areas never intended for such use, as well
as the better understanding of the psychologi-
cal problems of the amputee are examples of
important areas of investigation.

The objectives of the program of funda-
mental studies of the lower extremity may be
summarized as:

1. To study the phenomenon of locomotionin a sam-
ple of normal individuals and to analyze the results for
use by the surgeon, the designer, and the prosthetist.

2. To develop design criteria for new or improved
devices and as a basis for evaluating existing devices.

3. To develop an understanding of the compensatory
mechanism of the human body and its ability to adapt
itself to overcome functional deficiencies of its parts.

4. To provide a frame of reference for evaluating the
degree of success obtained in replacing lost functions
by means of an artificial leg.

5. To obtain information on the cause and possible

g~=TOTAL EXPENDITURES

[ i9as | 1946 | 1947 | 1948 | 1949 |

1950

1951 | 1952 | 1953 | 1954

Fig. 1. Trends in the lower-extremity prosthetics program, 1945-54, projected through 1956
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treatment of phantom pain and other medical problems
of the amputee.’

DEVELOPMENT OF TECHNIQUES OF FITTING
AND ALIGNMENT

It appears obvious that, no matter to what
degree an artificial leg is perfected mechani-
cally, its effectiveness will depend upon the
comfort afforded the wearer. Comfort is a func-
tion of the fit and alignment of the prosthesis.

Although the artificial-limb industry has,
through the years, developed reasonably suc-
cessful techniques for fitting and aligning
artificial legs, the results have been obtained
mostly by trial-and-error methods; seldom
have basic mechanical and anatomical prin-
ciples been employed. It was found, for
instance, that even among the most successful
prosthetists there existed little agreement as to
what constituted a satisfactory fit. For these
reasons it appeared necessary to include in
the lower-extremity program a project to
develop fitting and alignment techniques based
on sound scientific principles and to include,
if necessary, the development of auxiliary
tools and a study of materials and of methods
of suspension.

The study was launched with the following
objectives in mind:

1. To learn from the artificial-limb industry the pro-
cedures used in fitting and alignment of artificial legs.

2. To work with the industry in applying fundamen-
tal principles to the problem of fit and alignment and to
formulate the guiding principles involved.

3. To develop mechanical aids to improve fit and
alignment and to serve as tools to simplify shop opera-
tions.

4. To investigate and evaluate types of suspension as
well as materials and methods used in socket fabrica-
tion.

5. To develop simplified methods of evaluating the
amputee-limb combination—to be used as a check by
the prosthetist, the surgeon, and the physiotherapist.

6. To improve methods of training the lower-extrem-
ity amputee in order to get better functional and more
effective use of his prosthesis.

Out of this study have come such develop-
ments as the introduction of the above-knee
suction socket (page 29) and the University of

"It should be noted that the work on phantom pain
is applicable to both upper- and lower-extremity
amputations.

California adjustable legs and alignment
duplication jig (page 23). The study of fitting
and alignment continues at the University of
California, Berkeley Campus.

DEVELOPMENT OF PROSTHETIC DEVICES

New and improved devices have always
been a major objective of the ACAL program.
Great effort has been expended in this direc-
tion, often without the necessary or valid
criteria. Although engineering designs can be
made to accomplish nearly any specified
function, the end result of any given design
may be unsatisfactory if the specifications
were unrealistic. The device may be too com-
plicated, too heavy, uneconomical for the
improvements obtained—or it may actually
interfere with some service functions though
improving others. Since the beginning of the
ACAL research program, anumber of out-
standing industrial firms have engaged in
development of devices. As a result of these
activities, a great deal has been learned about
what is possible—and about what not to do.
Together with the fundamental studies, a
body of knowledge has been developed to pro-
vide a realistic approach to design criteria
A number of devices based on this information
are now in the development stage; they show
promise for the future.

Criteria for improved knee joints for above-
knee amputees have undergone great changes
as fundamental knowledge of locomotion has
increased and as various knees, alleged to be
improved ones, have been tested on amputees.
Similarly, dependence of knee performance
on ankle function, fit and alignment, training,
and total coordination is becoming better
understood. In the light of present knowledge,
it seems clear that "super-devices' are not
apt to be the solution to improved artificial
legs and that considerations of natural ap-
pearance, minimum energy consumption, and
simplicity of mechanism for maintenance and
economy will in the end be the controlling
factors. Of course no device should be made
available for general distribution until it has
been checked thoroughly for function, strength,
maintenance requirements, life expectancy,
and adaptability to different types of ampu-
tees. A complete testing program has there-
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fore been established under the direction of
New York University to ensure the adequacy
of each device approved under the program.
Present objectives for the development of
prosthetic devices may be stated as:

1. To invent new mechanisms, improve and adapt
existing mechanisms, and apply new materials so as to
add functions, or to improve presently provided func-
tions of prostheses, seeking in the end lu provide better
devices to meet the needs of every amputee type.

2. To perfect those functions involved in level walk-
ing, with the best possible solution Lo oilier services
such as sitting down, walking on slopes and stairs, elc.

3. To adapt devices that take advantage of remaining
functions in the amputee's stump.

4. To increase stability during the weight-bearing
phase but to reduce the energy requirement during
transition as well as during the entire cycle of walking.

CLINICAL STUDY

Throughout the program, amputees have
been fitted with experimental prostheses in
order to conduct studies, trials, and tests of
the equipment. Techniques and practices
involved in fitting amputees are so varied,
however, that some orderly means of in-
vestigating these areas became necessary.
Accordingly, in 1952 a program of clinical
studies was established under the project at
the University of California, Berkeley, in space
at the Artificial Limb Shop of the U. S. Naval
Hospital at Oakland, Californiaa Here an
orderly approach can be made to a review and
formulation of best practice in lower-extremity
prescription, fabrication, fitting and align-
ment, and training in the use of the prosthesis.
Complete documentation of each step in the
process, as applied to a variety of amputee
types, under the supervision of an advisory
panel and with the cooperation of members of
the limb industry in the San Francisco Bay-
Area, will serve to close the gap between
fundamental work in the laboratory and
practice in the field. Besides this, it will serve
to supply source material for the information
of the various professions involved in physical
rehabilitation of the amputee as well as to
define areas where more information or new
devices are required.

In addition to establishing what is the best
prosthetic practice, the objective of the

clinical study is to develop, for distribution
to each member of the rehabilitation team,
including the amputee, information such as:

1. Medical data for use by the surgeon in connection
with amputee problems.

2. Criteria for use in proper prescription of a prosthe-
Sis.

1. Principle* and practices of fabrication, fitting, and
alignment of a prosthesis.

4. Suggested means of evaluating prosthesis and
amputee. Including gait analysis, performance checks,
and achievement tests for use by the prosthetist, the
surgeon, and the physical therapist.

5. Suggested curriculum for training the amputee in
the use of his prosthesis.

6. A comprehensive list of specific prosthetic appli-
ances and devices, with descriptions of their individual
characteristics and functions, for use in preparing pre-
scriptions.

7. Suggested curriculum for training the prosthetist,
the surgeon, and other members of the clinic team in
lower-extremity prosthetics.

8. Data useful to the research and development
laboratories in continuing their studies.

FUTURE PROGRAM

The investigation and development in-
volved in a lower-extremity prosthetics pro-
gram are complicated and time-consuming.
And since it appears impossible to reach the
ultimate goal of replacement of all functions
that have been lost, the task must be consid-
ered as never-ending. For the immediate future
it is contemplated that development of devices,
the clinical study, fitting and alignment
studies, and fundamental research will con-
tinue. The relative emphasis on each phase is
projected on Figure 1 through 1956.

As progress is reflected in the results of the
clinical study, some means must be developed
for effectively transmitting this information
to orthopedic clinic teams throughout the
nation. Whether this is to be accomplished
]prioriically al a central location, or whether
through field teams on a continuing basis,
will depend to a large extent upon the results
obtained in the clinical study during the
coming year. Whatever method evolves,
every effort will be made to ensure that any
useful information is disseminated to the field
as quickly and efficiently as possible.



Contributions of the Lower-Extremity

Prosthetics Program

WHEN, in 1945, the National Research
Council launched its program for improvement
of artificial legs, the original concept was that
the major portion of the work would in al
probability consist simply of devising mechan-
ically improved artificial knees, ankles, and
feet and of applying new materials to existing
designs. But it soon became apparent that,
if any appreciable success were to be had, the
scope of the work would have to be broadened
considerably’. For new items that were designed
failed Lo satisfy the amputee, and there were
insufficient fundamental data on which to
base improvements. Such information as was
available on the mechanics of the lower ex-
tremity was either incomplete or else not
presented in such form as to be useful to
designers.

The character of the fit was shortly found
to be a matter of paramount importance in
determining the success or failure of a given
device. But fitting itself was based largely on
the personal experience of individual fitters,
and there were in existence no formalized
standards or rules for guidance in obtaining
proper fit. Moreover, the results of testing of
devices were too often based on the impressions
of only a few amputees and casual observers,
either or both generally not qualified to ex-
press a competent opinion. There was not even
general agreement on some of the principles
involved in the surgery of amputations. Be-
fore any real progress could be made, informa-
tion had to be secured in al these fields and
coordinated with data from others.

The task of obtaining the required informa-
tion was assigned by the National Academy

' Consulting engineer, 930 Rosalind Road, San
Marino, California; member, Lower-Extremity Tech-
nical Committee, ACAL, NRC.

EDMOND M. WAGNER, M.E.

of Sciences to a number of subcontractors.
At the outset, basic research on problems
concerned in lower extremities, including
studies on surgery, pain (9,25), and fitting
(18), was placed with the University of
California at Berkeley (22). To assist designers
and fitters, and to provide a record of the
devices and techniques being used in the limb
industry, a review of prior art was carried out
at Northwestern University (15), and the
Surgeon General of the Army sent to Europe a
commission (26) to study and report on the
prosthetics art as practiced in various other
countries. Solutions attempted in the past for
many problems in leg design are cataloged
and described in the Northwestern report
(15) and in the report of the European com-
mission (26).

Development of devices was undertaken
by Goodyear Tire and Rubber Company
(10); Vickers, Inc. (20), Detroit; C. C. Bradley
and Son (2); Catranis, Inc. (4); Adel Pre-
cision Products (/); A. J. Hosmer Corpora-
tion (11); Northrop Aircraft (14); the U.S.
Naval Hospital at Oakland, California (21);
National Research and Manufacturing Com-
pany (12); the Aero-Medical Laboratory of
the U.S. Air Force, Wright-Patterson Air
Force Base; the Army Prosthetics Research
Laboratory, Walter Reed Army Medical
Center; and the University of California at
Berkeley (22). Later in the program, the
Denver Research Institute (6) of the Uni-
versity of Denver carried out an investigation
of below-knee prostheses, some additional
basic data have been supplied by New Y ork
University (13) and by the Prosthetic Testing
and Development Laboratory of the Veterans
Administration in New Y ork City, and another
commission (23) was sent to Europe to observe



progress abroad after 1945. Testing and evalua-
tion of devices has been developed and carried
out at New York University (13), and the
Orthopedic Appliance and Limb Manu-
facturers Association has cooperated in
general program guidance.

DEVELOPMENT OF BASIC DATA

Because prior to 1945 little study had been
conducted on the characteristics of human
locomotion, because of the complexity of the
problem, and because of its highly specialized
nature, it was necessary first to devise special
equipment for collecting information which,
ultimately, would lead to determination of
the mechanical and physiological changes

R

occurring during various activities of the
lower extremity. A number of pieces of un-
usual apparatus, such as force plates, a glass
walkway (Figs. 1 and 2), and special photo-
graphic equipment were designed (7,22), and
from the data collected using this equipment
it was possible to determine such factors as the
forces and moments in human and artificial
legs and the roles played by major muscle
groups under a series of conditions. From
such findings it has been possible to describe
fully the phenomenon of human locomotion
and thus to establish a set of realistic criteria
for the design and evaluation of artificial-leg
components. Aside from applicability to the
field of prosthetics, the data collected are
useful also to designers of leg braces and to

- £ = .a L J >

Fig. 1, The University of California glass walkway. With this device, motion pictures taken from a single camera

yield sufficient information to determine relative motions of various segments of the body during level walking.
Subject shown here is wearing an above-knee experimental leg.

R L -l
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Fig. 2. Normal subject prepared for participation in
studies using the University of California glass walk-
way. Some targets are mounted on levers to amplify
motions otherwise of small magnitude.

the medical profession in the treatment of
pathological gait {19).

The major portion of this work was per-
formed at the University of California, Berke-
ley, and many of the results have been docu-
mented in reports and in the journal literature.
Of the many reports issued, most, such as
those of Cunningham (5), of Bresler and Berry
(J) and of Radcliffe (17), generally cover a
single phase of the subject.

CREATION OF DESIGN OBJECTIVES

From study of the basic data, and from
careful review of current practices, it has been

possible to set up a listing of design objectives
for leg prostheses, it being understood that
above al the prosthesis must satisfy the
amputee. Arranged in generally decreasing
order of importance, these requirements are
as follows:

1. Security from [all.

2. Minimum consumption of energy in normal walk-
ing

3. Appearance of the walking pattern to compare fa
vorably with that of a normal person.

a. Smooth swing phase, including deceleration of
the prosthesis at the end of extension, control of heel
rise at the end of flexion, and deceleration of the pros-
thesis just prior to heel contact.

b. Smooth stancephase, includingattainmentof full
extension without find snapping action.

c. Ability to change gait to maintain smooth, nor-
mal-appearing gait.

4. Ability to extend the leg under load at any time.

5. Proper phasing of the locking action, if used, with
al portions of the stance and swing phases.

6. Performance of incidental operations—such as
going up and down stairs and ramps, turning, and sit-
ting down—with reasonable ease and smoothness.

A listing of the features desired of leg
prostheses at three functional levels (Table 1)
has finally evolved.

IMPROVEMENT or FITTING AND ALIGNMENT

As a result of the early attempts to improve
existing knee-brake devices, it was found that
fitting and alignment were together often
more of a determining factor in amputee
acceptance than was the performance of the
device itself. In the two trips to Europe (23,
26), various techniques and several mechanical
aids for obtaining greater uniformity in fitting
were observed. These techniques and devices
have been analyzed, and from the resulting
knowledge, together with information from the
basic studies, improved methods of fitting
and aligning above- and below-knee legs have
been formulated. All of these observations
have been published in a report of the Uni-
versity of California at Berkeley (18).

In order to make these principles of fitting
and alignment easier to apply, an adjustable
leg (page 23) for above- and below-knee
prostheses, with provisions for individual
adjustment of major elements, was designed
by the project at Berkeley and turned over to
the limb industry. This leg, once adjusted,
can be worn by an amputee for periods of a
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Table 1
DESIRABLE FEATURES OF LEG PROSTHESES*

Class
of leg

Ankle

Foot

Standard 1. Toe break so set as not 1. Pla

to interfere with ampu- 10-15 in.-lb. per deg.

tee’s gait. Range: 30 deg. Range: 10-20 deg
Stiffness: 2.5 in.-lb, per | 2. Dorsiflexion stiffness:
deg 60-150 in.-1b. per deg
2. Shock absorption at heel Range: 2.5-10 deg.
contact
5. Proper shape of foot to
fit shoe
Improved 1. Toe break 1. Plantar flexion
2. Shock absorption 2. Dorsiflexion
3. Proper shape 3. Transverse rotation
with independent ad
justment. Range: £13
deg.Stifiness: 1-6 in.-lb
per deg. Location: any
level below knee
4. Lateral-moti range
+10 deg. Stifiness: 4-8
in. 1b. per deg
Maximum 1. Toe break 1. Plantar flexion
I f : &

function 2 2. Dorsiflexion

3. Transverse rotation
{. Lateral motion

3. Toe pickup

6. Ankle extensor for push

off

® All components of the leg prosthesis must have sufficient strength to meet str

ment is required to derive maximum benefit of the leg prosthesis. All components :

ntar-flexion stiffness:

Component

hanl Knee"

1. Shape similar to nor 1. Satisfactory range of motion,

mal leg min. 110 deg.
2. Pleasingcolorand cos- 2. Predetermined constant knee
metic appearance friction in swing phase
3. Stability in stance phase inde
pendent of added mechanism
1, Proper shape 1. Range of mation: 120 deg. min.
2, Cosmetic appearance 2. Predetermined variable friction
3. Sufficient space for in- in swing pt
stallation of knee-fric- = 3. Stability stance phase inde-
tion device pendent of added mechanism
4. Involuntary cont yielding
type knee brake. Resisting mo
ment: 750-2500 in.-lb,
1. Proper shape 1. Range of motion: 120 deg. min,
2. Cosmelic appearance 2. Predetermined variable friction
3

Space for knee-fric in swing phase as a function of

tion device

4. Additional inner space

angular wvelocity for cadence

control
required for mech 3. Stability in stance phase inde

anisms pendent of added mechanism

'S

5. Cosmetic coveling . Yielding-type knee brake

Voluntary

control,

brake,

positive-
with
knee flexion
1500-5000

action knee pro-

vision for initial
Resisting

in.-1b

moment:
6. Anatomical knee motion

tural and durability requi

ments. Proper align-

ting alignment must be capable of adjustment

during assembly. The socket or other method of attachment used must support the weight of the amputee comfortably and suspend the

sfactorily duri

leg sa he swing phase

" The column “Knee'’ must be interpreted according to whether the prosthesis is for above or below knee. It applies almost in its en-

tirety Lo very short below-knee stumps

few days to determine if the fitting is satis-
factory. To transfer to the permanent pros-
thesis the measurements thus determined by
the adjustable leg, there has been designed a
fixture which holds the elements of the pros-
thesis in position while they are being
assembled with the predetermined alignment.
With these two devices, which are now avail-
able commercially, fittings become quite
exact. The ease with which minor adjustments
can be made in the adjustable leg makes it
possible to try variations in fitting which,
previously, were avoided because of the time
and expense involved. Moreover, the adjust-

able leg has the psychological advantage of
demonstrating to the amputee that the fit of
the device he is obtaining is the optimum for
him.

METHODS OF SUSPENSION

A major factor involved in fitting of both
above- and below-knee legs is the socket. On
the first trip to Europe (26), a number of
exceptionally well-fitted suction sockets (page
29) were observed in Germany. This type of
suspension had been tried previously in the
United States (16) and in England with poor
results. The successful cases seen in Germany
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in 1946, however, prompted another trial of
the technique in the United States. A thorough
study of the shape of the socket and other
features involved in fitting of suction sockets
was undertaken at the University of Cali-
fornia at Berkeley (8,24). As a result of the
successful conclusion of this work, the suction
socket has since been widely applied by the
United States limb industry and has been
accepted by the Veterans Administration as
an improved method of fitting prostheses for
above-knee amputees where there are no con-
traindications. The knowledge gained in per-
fecting the technique of suction-socket fitting
and in determining the optimum shape of the
suction socket has contributed to improvement
in the fitting of other sockets. Development
work is now proceeding on suction sockets for
below-knee amputees.

In addition to the work on suction sockets, a
"soft" socket for below-knee amputees, con-
sisting of a thin, resilient pad under a con-
ventional leather or plastic socket lining in a
plastic or wooden socket, has reached the
testing stage at New Y ork University.

SCHOOLS FOR PROSTHETISTS AND SURGEONS

Since the suction socket was as much a
technique as a device, it was determined that,
if the suction socket was to be as successful in
general practice as it had been in the devel op-
ment period under the supervision of the Uni-
versity of California, the technique had to be
taught to limbfitters throughout the United
States. Accordingly, plans were laid for a
series of schools to be held in various cities in
the United States. A course of instruction
was laid out, and under the auspices of the
Veterans Administration, with the assistance
of the Orthopedic Appliance and Limb Manu-
facturers Association, a series of schools was
held throughout the country. The Veterans
Administration, by requiring that fitters and
surgeons have certificates from one of these
schools before suction sockets could be pro-
vided beneficiaries, ensured that the best
practices were provided. Establishment of
these schools was an important advance, for
it provided a mechanism for bringing to the
commercial limb industry and medical pro-

fession the new techniques and ideas devel oped.
Their success has led to expansion of the
principles of the clinic-team approach for

handling both upper- and lower-extremity
cases.
In connection with the suction-socket

schools, manuals were issued on how to fit
suction sockets. They constituted the first
attempt to present, in a manner that would be
useful to the limbfitter, data developed in the
program. Their success has led to the issuance
of manuals on other subjects.

AMPUTATION SURGERY

In the early investigations, it became ap-
parent that relative difficulty of fitting rather
than surgical considerations often dictated the
site of amputation. This circumstance led to a
study of the sites of election and to a considera-
tion of whether some changes might not be
advisable. Studies have since clearly shown
that the longer the stump the more function
and control can be obtained—a matter that
has not always been fully appreciated. In the
above-knee amputee, the increased length of
stump is particularly important, since it is
one of the governing factors in obtaining
stability of the prosthesis in abduction. In the
above-knee amputation, it has also been found
advantageous to tie the muscles together
across the bottom of the stump or otherwise to
attach muscles to the bone to aid in obtaining
stability in abduction. These new concepts are
leading to a revision of amputation practices.
There will, no doubt, be other such advances
in amputation surgery as more is learned about
body mechanics.

PAIN STUDIES

Pain, both phantom and real, has always
been a troublesome problem in amputee man-
agement. In order to obtain a clearer under-
standing of and possible solutions to the pain
syndrome, a project was instituted at the
University of California. Although practical
applications of methods to alleviate pain and
eliminate phantom pain have been meager to
date, the mechanism of pain radiation has
been elucidated, and the results (9,25) form
the basis for future work in this field.
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NEW DEVICES

One of the most important parts of the
lower-extremity program is the development
of new devices. Consequently, device devel op-
ment has been one of the major efforts. In the
early stages of the program especially, there
was an urgent demand from new Service-
connected amputees for improved devices. At
the time, the data from the basic studies at the
University of California were not available.
But because of the urgent demand, a program
for invention and development of devices
was undertaken simultaneously with the
program for developing basic data. While
most of these devices were unsuccessful, the
time, money, and effort expended developing
them were not entirely wasted. For in trying
these devices, much needed information was
developed, and the need for long-range re-
search on several items of a basic nature was
pointed out. As the data were collected at the
University of California, devices were pro-

duced incorporating features which seemed
desirable.

A great deal of effort was expended in at-
tempting to perfect a knee lock for above-knee
amputees. But most of these designs were
abandoned for one reason or another after a
few models had been made and tried on
amputees. The particular difficulty in ob-
taining smooth and reliable action in a knee
lock was found to reside in the method of
control. In addition to knee locks, considerable

effort has been expended on coordinated
motion between the knee and ankle, toe
pickup, transverse rotation in the leg, and

control of the swing phase. Numerous devices
incorporating such features have been made.
Both mechanical and hydraulic devices, with
varying degrees of complexity, have been
tried.

Of all the knee locks tried to date, only two,
the Stewart-Vickers (Fig. 3) and the Henschke-
Mauch (Fig. 4), appear to have reached the

Fig. 3. Schematic diagram of the Stewart-Vickers hydraulic leg incorporating knee lock, swing-phase control,

and coordinated motion between ankle, shank, and thigh.



