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Transition

EUGENE F. MURPHY, PH.D.

WITH this issue, Artificial Limbs embarks upon a new pattern of activity,
changing from monographs covering major aspects to issues with articles on
more diversified topics related to artificial limbs. A brief review of the philoso-
phy and contents of prior publications may illuminate the logic of this transi-
tion.

In nearly every issue, stress has been laid upon the management of the
amputee through a clinic team. This noble idea, arising from the follow-up of
the cases fitted immediately after the suction-socket schools in 1947, was
destined to have a profound impact not only upon prosthetics but also, through
this program and many parallel developments, upon the management of other
disabilities as well.

Early issues, many of them now out of print, were devoted to explanations
of the total program of research, development, and evaluation in the fields of
upper- and lower-extremity prosthetics. In a series of monographs, with copious
references, Artificial Limbs has considered nearly every important level of
amputation and has discussed the medical and psychological management of
amputees, whether typical cases or those with special problems. Other related
journals and reference books have become available to the clinician and to the
research scholar.

With the establishment of this solid base of reference literature, both in
previous issues of this journal and elsewhere, it now seems appropriate to
deviate from the classic monograph style so as to permit relatively more rapid
publication and greater freedom in pursuing timely yet widely varied topics.
In the past, one of the major causes for frustrating delay in the publication of
this journal has been the necessity to wait upon the last manuscript needed to
round out a comprehensive monograph. Those concerned with the policy of the
journal, of course, have long recognized that more rapid publication of a reason-
ably useful document could be obtained with far less effort and suspense. A
series of manuscripts, each individually worthy yet not necessarily directly
related to the others, could simply be accumulated until the bundle "weighed
enough to print."

! Chief, Research and Development Division, Prosthetic and Sensory Aids Service, Veterans
Administration, 252 Seventh Ave., New York 1, N Y.; member, Editorial Board, Artificial Limbs.



The articles in this transitional issue, however, are related to the background
of past issues and to other publications of the Committee on Prosthetics Re-
search and Development. In the traditional role of the editorial or lead article,
this is an attempt to correlate the articles in this issue, to comment on them,
and to stimulate each reader to apply them to his problems.

Dr. Glattly's preliminary report on a survey of amputees, conducted with the
cooperation of the prosthetics profession of this country, discloses a number of
fascinating facts yet leads to interesting speculations. Obviously, the informa-
tion in the article is related to the important considerations of methods of treat-
ment for each level of amputation covered in past monographs and in the "case
studies" issue of Spring 1957. Improved prostheses are available for every level
of amputation; but perhaps more important are the principles of management
valid for all levels which have evolved since World War 1. The great pre-
ponderance of geriatric amputees in civilian practice points up the value of the
report arising from a conference sponsored by CPRD in 1961—The Geriatric
Amputee. At the other extreme, the number of child or juvenile amputees
emphasizes the importance of the work of CPRD's Subcommittee on Child
Prosthetics Problems and of the slowly growing number of special children's
clinics engaged in a cooperative program. Fortunately, high-level and bilateral
upper-extremity amputees are relatively limited in number, but they especially
emphasize the need for auxiliary power, as discussed in the record of a conference
held at Lake Arrowhead, California, in 1960 under the auspicesof CPRD—The
Application of External Power in Prosthetics and Orthotics.

Indeed, the entire problem of amputation emphasizes the role of the Com-
mittee on Prosthetics Education and Information in widely disseminating in-
formation to the medical and paramedical professions through their professional
schools, and local and national meetings, and by exhibits, publications, films,
and glides. In fulfilling its important role, CPEI will join CPRD in sponsoring
Artificial Limbs, beginning with the next issue. Dr. William J. Erdman, II, a
member of CPEI, will join the Editorial Board.

Mr. Colin A. McLaurin's article on independent-control harnessing for upper-
extremity prostheses is clearly related to previous issues on the upper-ex-
tremity problem as a whole, harnessing for artificial arms, and discussions of
problem cases. Elbow flexion independent of operation of the terminal device
has long been sought, as shown by the patent literature in this country and by
the German literature of World War |. Immediately after World War |1, many
of the amputees working with Northrop Aircraft in the relatively warm climate
and casual atmosphere of Los Angeles preferred to sacrifice independent control
in favor of simplicity of harnessing. However, the amputees fitted in the rela-
tively cooler German climate by Professor Hepp after his return from his 1951
trip to the United States laboratories were more willing to accept his expert
judgment that some form of "triple control" was important for function. Thus
they were more willing to tolerate the more restrictive type of harness. As a



result of experience with problem cases seen at the Rehabilitation Institute of
Chicago and at the Michigan Area Child Amputee Center at Grand Rapids,
Mr. McLaurin and Mr. Sammons have decided that independent control is
important for selected amputees. Their suggestions, presented in one of the
major articles of this issue, deserve careful consideration.

The article on porous laminates in this issue, by Mr. Hill and Dr. Leonard
of the Army Prosthetics Research Laboratory, is closely related to the discus-
sion of perspiration and its consequences in a past issue on dermatological
problems of amputation stumps. Readers of that classic will no doubt remember
the cartoons of gremlins representing perspiration and bacteria attacking the
stump within the typical air-tight socket. Porous sockets in the past have been
only imperfectly approximated with porous, wicklike stump socks worn within
wooden or metal shells, sometimes with numerous drilled holes, or in sockets
molded of leather, which is slightly porous but undesirable from so many other
hygienic aspects. The typical above-knee suction sockets of lacquered solid
wood or of molded plastic laminate, both completely impermeable, have been
worn without a stump sock. An early goal of the Sarah Mellon Scaife Founda-
tion Fellowship on Orthopedic Appliances at Mellon Institute, in 1947 and
following, was the development of a porous-plastic material. Though techniques
of the time for attaining porosity were not satisfactory, the project made an
important indirect step—the introduction to the orthotics and prosthetics
field of epoxy laminate which later proved to be a key feature in the early de-
velopment of porous laminates. After many years of effort, techniques only
recently have been developed for the production of porous laminates of poly-
ester resins as well as epoxy.

The adjustable coupling for alignment of lower-extremity prostheses, de-
veloped by Messrs. Staros and Gardner of the Veterans Administration Pros-
thetics Center, is obviously related to the early issue of May 1954 in which
tools to aid in achieving alignment based upon biomechanical principles were
discussed by Professor Radcliffe. The adjustable coupling is particularly useful
in aligning prostheses containing special knee joints intended for better control
of the limb, though it is also applicable in alignment of the patellar-tendon-
bearing below-knee prosthesis. The present coupling, useful though it is, seems
only a step toward a light, expendable coupling which may be Ieft in the pros-
thesis, thus obviating the need for transfer of alignment.

Though amputees represent a relatively small fraction of the disabled of the
country, the serious physical and psychological aspects of their problems de-
mand special attention. Neglect of these severely disabled persons has some-
times, as at the end of World War 11, been the cause of public criticism and
emotional or even unjust reactions. It isgratifying that, since then, the system-
atic and steady work of many devoted individuals and organizations has
led to the body of knowledge outlined in the literature now available and to
many thousands of persons being trained through intensive short courses in



the fidd, and thus to the present happier state when this highly speciaized
publication may move from a series of monographs to the greater freedom en-
joyed by other journals.

Eventually, it is hoped to cover such other problems as fluid mechanisms
and children's prosthetics, to provide a review of clinica experience, and to
enter the much broader and more complex field of bracing, or orthotics. Also,
it will be a pleasure to consder for publication voluntary contributions, with-
out placing continual pressure upon a few devoted contributors. In the mean-
time comments will be appreciated from our readers throughout the world.



A Preliminary Report on the Amputee

Census

What is the magnitude of the amputee
population of the United States? What is the
composition of this group of physically handi-
capped individuals in terms of their sex, ages,
and sites of amputation? What proportion of
amputations is caused by disease? By trauma?
By tumor? The answers to these questions are
today more a matter of opinion than of docu-
mented fact since statistics relating to ampu-
tees that are based on large numbers of cases
collected from all states of the Union have
never heretofore been available.

In the interest of developing certain basic
descriptive data concerning the amputee popu-
lation of the United States, the Amputee Cen-
sus was initiated in October 1961 as a joint
project of the Committee on Prosthetics Edu-
cation and Information and the American
Orthotics and Prosthetics Association. The
rationale of utilizing the limb facilities of this
country as the data source for the Census is
based upon the assumption that a relatively
high percentage of new amputees visit these
shops for the purpose of being fitted with a
prosthetic device. It is believed that this per-
centage is materially higher today than it was
in 1946, at which time a federally sponsored
prosthetics research program was initiated.
Since that date there has been a very marked
improvement in the function and comfort of
prostheses, and amputees who formerly were
unable to pay for a replacement device now
find that there are several Government agen-
cies to assist them. These include the federally

! Executive Secretary, Committee on Prosthetics
Education and Information of the Division of Medical
Sciences, NAS-NRC. This Committee is jointly sup-
ported by the Training Division, Vocationa Re-
habilitation Administration, Department of Health,
Education, and Welfare, and the Prosthetic and Sensory
Aids Service, Veterans Administration,

HAROLD W. GLATTLY, M.D.

supported State Bureaus of Vocational Re-
habilitation, the Children's Bureau, the Vet-
erans Administration, and the Workmen's
Compensation programs. It has been variously
estimated by both surgeons and prosthetists
that between 80 and 90 per cent of all new
amputees desire a prosthesis. It is hoped that
some spot checks can be made in a few large
medical centers to document this estimate.

The project title, Amputee Census, is strictly
speaking a misnomer (although it is a concise
expression of the hoped-for result), since no
national or regional head count of amputees is
involved. In that only new amputee cases are
included in this study, it will be possible to
establish annual rates of amputation by age
and cause. By applying life-expectancy tables
to these rates, it is hoped to develop informa-
tion that will bear upon the size of our amputee
population. For example, it is obvious that
there is a very wide disparity in the life ex-
pectancy of a 55-year-old man in good health
who loses a limb by reason of an accident as
compared with a man of the same age
who suffers an amputation of his leg as the re-
sult of vascular disease. This quantitative
study will not be undertaken until the census
has been completed in the fall of 1964.

Two simple data-collection forms were de-
vised that can be executed in a matter of min-
utes by limbshop personnel (Figs. 1 and 2). The
participating limbshops were provided with
bound books of these serially numbered forms.
The books consist of original data slips that are
retained by the facilities and carbon copies in
the form of self-addressed and stamped post-
cards to be mailed to the National Academy
of Sciences. It will be noted in Figures 1 and 2
that the upper left-hand corners of the data
cards are blocked out. It is in this space
that the name of the amputee appears on the
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State - e e Age.__. [OM []F N2 43
Date of Amputation_ _ ___ _ _ _____ __ .o
Date Prosthesis Furnished - - . __ _ __ _ ___ .. _._____.
Site (s) of | P SD) (___.__ AE) (______E) (_____ BE) (_____ w)
Amputation |« up) (_____AK) (____KB) (.____BK) (_____ 5)

P—— { { Trauma) (______ Tumor)

Amputation (R Disease) (______ Congenital)

Mail when complete

Fig. 1. Amputee Census Card No. 1. Data form for single amputations and multiple amputations that re-
sult from a single cause at the same time.
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Date of Amputation_ T ST

Amputation Date Site Cause
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4th

Mail when complete

Fig. 2. Amputee Census Card No. 2. Data form for multiple amputations that occur serialy at different
times from the same or different causes.



origina forms retained by the facilities. Since
the cards are serially numbered, it will be possi-
ble at some future time to identify certain
types of amputees for further study. In the
upper right-hand corner is a symbol consisting
of three capital letters that identify each facil-
ity. The code to these symbols is known only
to the staff of CPEI, and the limbshops have
been assured that no information concerning
their volume of cases will be disclosed to any-
one.

The participating facilities were instructed
to fill out a card on each new amputee case for
whom an original prosthetic device of some
type was provided. Amputees furnished with a
replacement for a worn-out or otherwise un-
usable limb are not recorded in this study. The
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card shown in Figure 1 is used for single ampu-
tations and for multiple amputations that
occur simultaneously from a single cause. The
card shown in Figure 2 is prepared for those
cases that have had more than one amputation
at separate times from either the same or differ-
ent causes. Examples of this type of case in-
clude:

1. An individual who is a left, below-knee amputee
due to an injury who, years later, becomes a right.
above-knee amputee due to vascular disease.

2. An individual who is a left, below-knee amputee
due to vascular disease and is converted into an above-
knee case a year later.

Sincethis card amounted to only three per cent
of the total data forms received, an analysis of



these cases will not be accomplished until the
end of the project.

The following data items are entered on the
census forms:

State of Residence.
Age.
Sex.
Date of Amputation.
Date Prosthesis Furnished.
Site of Amputation:
Upper Extremity:

(SD) Shoulder disarticulation (includes fore-
quarter cases and very short above-elbow
stumps that require fitting asan SD).

(AE) Above elbow.

(E)  Elbow disarticulation.

(BE) Below elbow.

(W)  Wrist disarticulation.

Lower Extremity:

(HD) Hip disarticulation (includes hemipelvec-
tomies and above-knee stumps so short that
they must be fitted as an HD).

Above knee.
Knee-bearing (includes knee disarticula-
tions, Gritti-Stokes, etc.).

(BK) Below knee.

o Syme's operation or ankle disarticulation.

(Partial-hand and partial-foot amputations are not
included in the census.)

Cause of Amputation:
Trauma—amputations due to physical and thermal
injuries.

(AK)
(KB)

DISTRIBUTION BY SIDE OF AMPUTATION
U pper Latremity
Left 9.2,
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Fig. 7
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Amputations Due to Trauma
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Fig. 10. Actual case numhers in each decade of life.

Disease—amputations due to vascular diseases and
infections.

Tumor—refers to all types of growths for which an
amputation is performed.

Congenital—only cases that are fitted with a pros-
thesis are included. The type of prosthesis is used
to determine the level of "amputation." It is
recognized that the data card is not appropriate
for certain types of congenital amputees.

The statistical material that is presented in
this preliminary report on the Amputee Census
is based upon the data forms received from the
prosthetics facilities during the 16-month
period from October 1, 1961, through January
31, 1963. During this time, 8,416 new cases
were reported. This sampling of the amputee
population of the U. S. is sufficiently large so
that the distribution by sex, age, side of ampu-
tation, levels of amputation, and causes of
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these new amputations is already well estab-
lished. This conclusion is based upon the fact
that the percentages presented in this report
are almost identical to thosethat were obtained
from an analysis of the first 5,000 cases. It is
thus possible in this initial census report to
present in graphic and tabular form (Figs.
3—13) a simple description of the group of indi-
viduals upon whom amputations are presently
being performed. The following comments and
observations on this statistical material are
noteworthy:

1, The disparity in the amputation rates for males
and females is due primarily to the facts that:

a. Amputations in males by reason of injury are
nine times as frequent asin females. Thisis due
to the vocational and avocational hazards to
which males are more liable (Fig. 8).

b. Amputations in males by reason of disease are
2.6 times asfrequent asin females (Fig. 8).

. Amputations due to tumor are roughly comparable

between the sexes (Fig. 8).

. Congenital deformities of the extremities that are

fitted with prostheses occur with amost equal
frequency in males and females (Fig. 8).

. There is no significant difference in the incidence

of left- and right-sided amputations in either the
upper or lower extremities (Fig. 7).

. There is a surprisingly large number of lower-ex-

tremity amputees over 70 years of age who are
being fitted with prostheses. In this series, they
number 1,020, or 13.2 per cent, of the total num-
ber of reported cases. It will be noted that there
are four who are over 90 years of age (Fig 5).

. The incidence of malignancy resulting in amputa-

tion is fairly constant for individuals between 21-
60 years of age. The decade 11-2C years has an
indicated rate of twice that of any other ten-year
period (Fig. 12).

In this series there were 162 cases of multiple
amputations that occurred from the same cause
at the same time. Twenty-two were bilateral
upper-extremity cases, 132 were bilateral lower-
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L an-
Trauma Disease ‘Tumnr genital

1 Male 37 7 10 i

FFemale 2 + 12 4

I Male . 13 7 10

IF'emale . O 8 8

I Male 13 { 0 5

I"'emale { 0 0 0O

| Male 404 14 2 52

I'emale 21 6 4 54
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extremity amputations, and eight involved one
upper and one lower extremity.

. During the 16-month report period there were
1,798 cases of below-knee amputations for dis-
ease. It is believed that the vast majority of this
group fals into the vascular insufficiency cate-
gory. During this same period there were 2,520
cases due to disease in which the initial amputa-
tion was above the knee. There is no reason to
doubt but that similar numbers of below-knee and
above-knee amputations for vascular disease have
been performed in years past during comparable
periods of time. Although theoretically the site of
amputation in vascular disease is based on the
level of vascular sufficiency in the extremity, it
may be that too many surgeons are overly con-
cerned with the possibility that amputations at
the below-knee level will later require re-amputa-
tion above the knee. This possibility is suggested
by the fact that in this series there were only 12
instances in which below-knee amputations due
to disease were re-amputated at a later date.
Thisis an extremely low incidence, considering the
number of below-knee amputations that are per-

formed annually for vascular conditions. A clinical
study may be needed that is designed to define
better the criteria that bear upon the decision
as to the level of amputation in cases of lower-ex-
tremity vascular disease. The advantages of pre-
serving the knee joint are obvious, especialy in
the older age group.

9. The reader must recognize that the foregoing
statistical material relates only to new amputee
cases. The statistics are not valid for the amputee
population at large due to the wide variation in
the life expectancy of various types of amputees.
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Independent-Control Harnessing in
Upper-Extremity Prosthetics

FUNCTIONALLY, the well-designed and well-
constructed body harness for an upper-ex-
tremity prosthesis serves a twofold purpose:
first, it helps to hold the prosthesis in place;
second, it transmits body power for operation
of the prosthesis.

For shoulder-disarticulation amputees and
for high above-elbow amputees, the provision
of an adequate functional harness presents a
challenging problem particularly with respect
to power transmission and control. The prob-
lem is especially difficult in the case of shoulder-
disarticulation amputees because of the lack
of a control source from humeral motion, which
is the major source of power and control in the
case of above-elbow amputees. The typical
prosthesis for shoulder-disarticulation ampu-
tees utilizes shoulder motions and chest ex-
pansion.

In the present limited state of the art of
prosthetics, there are three minimal operations
to be controlled in an upper-extremity prosthe-
sis: lifting of the forearm, operation of the
terminal device, and management of the elbow
lock.

Here in the United States, the usual har-
nessing method for shoulder-disarticulation
and above-elbow amputees utilizes the so-
called "dual-control" system (1,2,3). Lifting of
the forearm of the prosthesis and operation of
the terminal device are so linked mechanically
that a single control motion (shoulder motion

! Project Director, Northwestern University Pros-
thetics Research Center; Research Associate, Depart-
ment of Orthopedic Surgery, Northwestern University,
Chicago, Ill.

2Research Therapist, Northwestern
Prosthetics Research Center, Chicago, IlI.

University

COLIN A. McLAURIN, B.ASc. AND
FRED SAMMONS, BA?Z

in the case of shoulder-disarticulation ampu-
tees, arm flexion in the case of above-elbow
amputees) produces either operation, depend-
ing on whether the elbow is locked or unlocked.

In shoulder amputees, operation of the elbow
lock must be managed by various special
arrangements; for example, elevation of the
shoulder, expansion of the chest, or use of the
chin to nudge the elbow-lock control. In above-
elbow amputees, operation of the elbow lock in
a dual-control system depends upon extension
of the humerus and depression of the shoulder.

In a triple-control system, operation of the
terminal device is separated from lifting of the
forearm of the prosthesis. Triple control has
been a recognized method of harnessing upper-
extremity amputees for many years, and stand-
ard harness patterns providing triple control
can be found quite readily in prosthetics litera-
ture {1,2,3). However, triple-control harnessing
in actual application is seldom seen in the
United States, although it is used extensively
in Germany and elsewhere. A possible reason
for lack of use in the States is that in early
trials it was difficult for the patients to operate
the controls independently.

Recent experiments at Xorthwestern Uni-
versity in fitting bilateral shoulder-disarticula-
tion amputees have resulted in a harnessing
system that provides acceptable function using
standard components. Success with some five
or six cases renewed interest in "independent-
control" harnessing for above-elbow amputees.

In describing this experimental harnessing
for bilateral shoulder-disarticulation amputees
and above-elbow amputees, the term "inde-
pendent control," rather than "triple control,"
is used in order to avoid confusion with the
standard harness patterns for triple control.



BILATERAL SHOULDER-DISARTICULATION
AMPUTEES

The limited availability of control sites con-
stitutes a serious restriction on the effectiveness
of a harnessing system for bilateral shoulder-
disarticulation cases. Shoulder motions are
available on both sides, and chest expansion
can be utilized. However, there may be only
sufficient control motions to obtain acceptable
function from one prosthesis. In this event,
activities which require the use of two hands,
such as eating with a knife and fork, are neces-
sarily precluded.

Major consideration is given to operation of
the terminal device and lifting the forearm of
the prosthesis. In addition, the elbow lock must
be operated and the functions of wrist and
shoulder positioning should be supplied.

Although there is but one prosthesis, two
shoulder sockets are used. On the side of the
amputee on which the prosthesis is suspended,

the socket must, provide weight-bearing at the
top. This socket may be fitted well down to-
ward the lower edge of the rib cage in order to
provide good stability. The other socket, or
shoulder cap, is designed specifically to provide
independent control of the terminal device,
and it is made as small and as light as possible
(Figs. 1 and 2).

SHOULDER JOINT

A passively adjustable shoulder joint is
essential for ease in putting on a coat, for posi-
tioning the prosthesis so that it does not inter-
fere when sitting in an armchair, and for posi-
tioning the prosthesis for eating, writing, and
similar tasks. Humeral abduction and flexion
may be combined in a single axis joint. The
friction plate shown in Figure 2 includes two
wedge-shaped discs ("Wilson-Riblett wedges")
which can be rotated during the preliminary
fitting to provide the optimum plane of motion

Fig. 1. Shoulder disarticulation on the right and humeral neck amputation on the left. Amputation followed

electrical burns.



Fig, 2 Bilatera amelia with scoliosis and short left leg.

for the shoulder joint (Fig. 3). When this is
obtained, they are locked into position. The
amount of friction can be regulated by a sef-
locking nut and washer which hold the
assembly together.

Forearm Lift

Because the weight-bearing socket has been
extended downward over the rib cage, the
chest strap may be positioned around the
center of the rib cage where maximum excur-
sion can be obtained. The harness pattern
shown in Figure 1 uses chest expansion in
series with scapular abduction of the prosthe-
sis-fitted side to lift the forearm The forearm
lift cable terminates in a swivel fitting at the
lift tab. Since excursion is usually limited, the
lift tab should be positioned close to the elbow
joint. 1l this is not possible, a pulley may be
titled to double the effect of the excursion. But.
of course, such an arrangement doubles the in-
put toree requirement In Figure 2. the fore-
arm lift cable is fitted internally in a special

groove cut in the locking quadrant ol the elbow
unit

Terminal Device

With the chest strap fastened about the
middle ot his rib cage, the amputee is free to
move the scapula of his nonprosthesis-bcaring
shoulder. Thus, a small shoulder cap. carefully
lilted to the scapula, can provide independent
control o! the terminal device. An anterior
elastic strap is usually required to hold the
shoulder cap in position. In Figure 2, the
available excursion was limited, and therefore
a step-up pulle\ was necessarv in order to
achieve full opening of the terminal device,

Elbow Lock

Since operation of the elbow lock requires a
relatively small amount of excursion and force,
there are several ways in which it can be accom-
plished. The patient shown in Figure 1 origi
nally was fitted with a cable which ran from the
elbow lock, around a pulley high on the



Fig. 3. Schematic drawing showing principle of
"Wilson-Riblett wedges."

shoulder, and thence down to a waist belt, so
that shoulder elevation was used, alternately,
to lock or to unlock the elbow. Later, this was
replaced by the nudge control (Fig. 1), which
the amputee preferred.

For the patient shown in Figure 2, the
prominent acromioclavicular joint was utilized
by cutting a hole in the anterior part of the
socket and positioning a lever so that forward
motion of the clavicle moved the lever forward
and downward to develop tension in the elbow-
lock cable.

WRIST UNIT

A standard passive wrist-rotation unit,
which permits pre-positioning by the amputee,
was provided in both cases (Figs. 1 and 2).

For many tasks, such as toilet care, wrist
flexion is important. Flexion can be provided
by building it into the prosthetic forearm (Fig.
2), or by using a nudge control and Bowden
cable to operate the lock on a standard wrist-
flexion unit (Fig. 1). In the latter case the lock
for the wrist-flexion unit is operated by rela-
tive motion between cable and housing. In this
application the cable is stationary and the
housing pushes to open the lock. To achieve
this, the cable guides must be drilled out to
allow the housing to slide freely. The inner
cable passes through a hole drilled in the lock-
ing lever on the wrist-flexion unit and is
anchored to a post screwed to the cover of the
wrist unit (Fig. 4). When the wrist unit is un-
locked by pressure on the nudge control, ten-
sion in the terminal-device cable will cause the
wrist to flex. If the terminal-device cable is
relaxed, gravity will cause the wrist to extend.

Thus a measure of active wrist flexion is ob-
tained.

CAPABILITIES AND LIMITATIONS

The harnessing arrangement just described
provides reasonably acceptable prosthetic
function without the use of perineal straps.
Independent control of the terminal device
apart from operation of the elbow allows maxi-
mum opening of the terminal device in al
positions of elbow flexion and improves the
performance rate, since it is not necessary to
lock the elbow before using the terminal device.
Also, there is no tendency for the terminal de-
vice to open when the elbow is being flexed.

The amputee who is a skilled foot user may
be able to put on or take df the prosthesis
without assistance, particularly if Velcro straps
are used (Fig. 2). If the amputee is not a skilled
foot user, assistance is required in fastening the
chest strap snugly.

The prime objective in fitting this type of
prosthesis to a severely disabled amputee is to
provide at least a minimum of self-sufficiency
in public. Problems of self-dressing are com-
plex, and their solution can scarcely be
achieved without the use of external power and
devices which have not yet been developed.

ABOVE-ELBOW AMPUTEES

The same three minimal operations (namely,
operation of the terminal device, lifting of the
forearm, and management of the elbow lock)
must be controlled in the prosthesis for a uni-
lateral above-elbow amputee. To avoid restric-
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Fig. 4. Modifications of wrig-flexion unit for use
with nudge control. Refer to Figure 1.



Fig. 5. Congenital above-elbow amputee fitted with independent control. Scapular abduction is used for fore-

arm lift.

Fig. 6. Same amputee as shown in Figure 5 fitted so
the shoulder depression is used to lift the forearm.

tion of the sound arm, the axilla loop of the
harness should provide stabilization only.
Hence the shoulder motions available for
prosthetic use are those that remain on the
amputated side. These are scapular abduction,
humeral flexion, and humeral abduction. It is
conceivable that humeral extension and
humeral abduction could be harnessed, but an
entirely different harnessing configuration
would be required. As in the case of the
shoulder-disarticulation amputee, shoulder ele-
vation can be used only in conjunction with a
perineal strap or a firm waistband. Most above-
elbow amputees can separate scapular and
humeral motion, and the harnessing described
here is specifically designed to utilize this in-
dependent control.

In this harnessing system, lifting of the
forearm of the prosthesis is activated by scapu-
lar abduction. The anchor point is a ring held
in the center of the back by the axillaloop. The
reaction point is attached high on the socket, so






