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Projects, Programs, and 
Perspectives 

EUGENE F. MURPHY, PH.D.1 

For a quarter of a century, the National Research Council has played a 
major role in the coordination of research in limb prosthetics in the United 
States. Originally conceived as a short-term effort likely to terminate at 
the end of the fiscal year, the program is now mature—solidly based on 
major accomplishments, yet fully aware of many problems as yet unsolved in 
artificial limbs, bracing, aids to the blind, hearing aids, and other areas of 
bioengineering related to rehabilitation. 

The NCR's Committee on Prosthetics Research and Development and 
Committee on Prosthetic-Orthotic Education, which are the descendants of 
variously named groups with slowly rotating memberships, carry the re­
sponsibilities for stimulating and coordinating research, advising sponsors, 
and speeding the diffusion of knowledge among the many disciplines con­
cerned with rehabilitating patients. 

The work of the committees has expanded over the years, not only in 
sponsorship but in projects, programs, and priorities. In this anniversary 
year, a review of the history and present status of the program may provide 
some perspective for a wise, vigorous, and zealous attack on the many re­
maining problems. 

Late in World War II, the Surgeon General of the Army, faced with con­
flicting claims for the efficacy of various artificial limbs and with criticisms 
of those supplied in military amputation centers, asked the National Re­
search Council to arrange a meeting to recommend the "best" limbs from 
which the army could select for standardization. The three-day meeting 
produced numerous claims and little evidence, but a general recognition of 
the fact that the "best" were not good enough and that intensive research 
was needed. The army therefore arranged to have the wartime Office of Sci­
entific Research and Development (which was already supporting the Com­
mittee on Sensory Devices investigating mobility and reading aids for the 
blind) sponsor a contract with the National Academy of Sciences to "conduct 
with the utmost d ispatch . . . studies and experimental investigations in 
connection with prosthetic devices." The academy, through its National 
Research Council, set up the Committee on Prosthetic Devices, composed 

1 Chief, Research and Development Division, Prosthetic and Sensory Aids Service, Veterans 
Administration, 252 Seventh Ave., New York, N.Y. 10001. 
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of distinguished surgeons and engineers, and proceeded to develop nonprofit 
subcontracts with a variety of organizations. Some of these in turn made 
second-tier subcontracts with smaller specialized companies. In addition to 
a subcontract on hip-disarticulation prostheses with the tiny laboratory then 
operated by the Artificial Limb Manufacturers Association, there were sub­
contracts with some of the best-known industries. The latter were busy with 
war work, but they were willing, for humanitarian and patriotic reasons, in 
addition to the personal enthusiasms of key officials, to undertake nonprofit 
work toward inventions which generally were expected to be made available 
royalty-free to civilians as well as veterans. Northrop Aircraft, Goodyear, 
International Business Machines, and United States Plywood were among 
the firms expecting that modern technology could quickly improve the 
simple and seemingly crude artificial arms and legs and resolve the major 
complaints of amputees, surgeons, and others. Indeed, some dramatic im­
provements were quickly made in laboratories, though sometimes years were 
to intervene before they were widely used, and many ideas never reached the 
stage of clinical usefulness. Concurrently, major universities—the Uni­
versity of California at Berkeley and at Los Angeles, Northwestern Uni­
versity, and New York University—undertook a variety of tasks. 

In August 1945, the surgeons on the committee developed a "bill of com­
plaints" and presented it to the engineering members. It may be instructive 
to trace the frontal attacks on one of the items prominent on the surgeons' 
list—an artificial knee which would not buckle. Some discussion of a num­
ber of devices followed, including knee friction for control of swing phase, 
but the primary concern was for a lock which would prevent buckling in 
stance phase. The demand for knee locks was further underscored by a study 
undertaken later by New York University on the opinions of surgeons, limb 
fitters, and amputees (both veterans and nonveterans). In that survey, only 
the amputee nonveterans gave any significant emphasis to the need for 
improved fitting and alignment, but even they felt that a locking mechanism 
for the knee was the more important need. Crash programs on knee locks 
were launched at a number of laboratories, with the emphasis understand­
ably on mechanisms rather than on man-machine combinations. 

These various efforts to develop knee locks led to a great variety of test 
models of mechanical locks, band brakes, disk brakes, and hydraulic devices 
with many types of control systems from numerous laboratories, which were 
tested first on local amputees and later independently at New York Uni­
versity. For a number of years after, there followed complaints about break­
age, clicks, hydraulic swishing and squealing noises, hydraulic leaks, and 
deficiencies of control systems during patients' activities other than level 
walking. In the mid-1950s, much of the emphasis shifted to swing-phase 
control by variable mechanical friction or by hydraulic or pneumatic devices, 
which simplified some of the design problems and led to the commercial 
availability and widespread use of several devices which permitted amputees 
to walk easily and gracefully at a wider range of speeds. Finally, the Mauch 
S-N-S hydraulic stance-and-swing-phase unit, the principal survivor of a 
multitude of stance-phase controls, has reached acceptance for routine avail-



ability in the past year or so, several hundred being in use, with the demand 
growing rapidly. 

This long delay in the availability of a versatile and reliable stance-phase 
control, and its relatively minor use even today, is more acceptable if one 
recognizes the substantial improvements in alignment and freedom from 
buckling of conventional above-knee artificial legs with simple, single-axis 
knee joints. These were developed largely as the result of studies of im­
proved fitting of the socket to the stump and of the alignment between the 
socket, knee, shank, and foot. Such studies, and the subsequent codification 
of biomechanical principles, arose largely from the attempt to reintroduce a 
venerable invention, the suction socket. 

The concept of holding an artificial limb on the body by atmospheric 
pressure was originally patented by Parmelee in 1863. Relatively simple 
changes from older conventional alignment greatly increased knee stability 
during stance, yet allowed controlled bending of the knee late in stance to 
prepare for swing phase. Correspondingly, proper mediolateral alignment 
not only allowed stability on the suction-socket prosthesis without sidesway 
or limping, but also, when applied to conventional prostheses (which con­
tinued to be used by large numbers of amputees, particularly the elderly) 
greatly reduced the stresses in the hip joints and pelvic bands. 

Thus a relatively small program (conducted primarily by engineers) on 
biomechanics and fitting, working in parallel with the development of a 
growing number of engineering designs of knee locks, achieved substantial 
progress toward safety against knee buckling long before a truly satisfactory 
hydraulic stance-control device became available. 

The foregoing is but one example of successful flanking attacks on com­
plex problems in prosthetics. CPRD and CPOE have helped to create the 
climate for other similar successes in their roles of coordinators in the re­
search and education activities of the program. 

In fulfillment of that role, the Committee on Prosthetics Research and 
Development, with the help of its subcommittees and their panels, serves 
very effectively as an architect for an entire coordinated program and as 
advisor to the several sponsors. Organization of frequent workshops and con­
ferences, review of proposals, and conduct of occasional site visits are typ­
ical duties. Occasionally, formal recommendations are made through official 
channels, but participation of liaison representatives and circulation of 
minutes and reports on a routine basis usually are sufficient to keep sponsors 
informed. Frequently, the climate of substantially unanimous opinion devel­
oping out of informal discussions, staff work, and conferences on workshops 
leads to actions by sponsors and laboratories without formal recommenda­
tions to sponsors, instructions from scientific officers to contractors, or de­
tailed amendments of the broad subject-work clause typically used in 
contracts. The dedicated, distinguished people who have worked in this 
program over the past quarter century have been anxious to aid the patient 
as rapidly as possible without awaiting formal orders. No one wants to work 
in a fruitless field or to duplicate unwittingly work done elsewhere (though 
systematic replication or checking may prove necessary). Typically, delicate 
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balances have been achieved between direction and independence, between 
organization and spontaneity, and between caution and speed. 

The Committee on Prosthetic-Orthotic Education has worked for some 
years to introduce prosthetics information (not separate courses) into med­
ical and paramedical education, to stimulate interest at local medical so­
cieties, to interest the professional societies in paramedical disciplines, and 
to provide abstracts and bibliographies. While considerable parallel work 
has been done in orthotics, obviously much more remains. There are nearly 
untapped opportunities for both committees to make comparable efforts on 
research and education on orthotic aids like wheelchairs, crutches, canes, 
elastic hose, orthopedic shoes, and other aids to the disabled. 

Clearly, a quarter of a century of work has not resolved all the problems. 
However, a foundation has been laid, a technique has been proven effective 
in carrying effective research results through to clinical practice, and an 
efficient, dynamic, and durable organization under the National Research 
Council has been created. Much more can be done by this mature organiza­
tion in the whole field of bioengineering. 



The Prosthetics and Orthotics Program 

A BENNETT WILSON. JR.1 

1 Executive Director, Committee on Prosthetics 
Research and Development, National Academy of 
Sciences—National Research Council 

Early in 1945, at the request of the 
Surgeon General of the Army, the Na­
tional Research Council sponsored a con­
ference of surgeons, engineers, physicists, 
and prosthetists to consider the feasibility 
of effecting improvements in artificial 
limbs (2). Conclusions that emerged from 
the conference were that virtually no or­
ganized research of significance had been 
conducted in the field of limb prosthetics, 
and that application of technology already 
in existence should produce improved 
devices. 

ORGANIZATION OF RESEARCH PROGRAM 

Subsequently, at the request of the sur­
geon general, the NRC established the 
Committee on Prosthetic Devices (later 
the Committee on Artificial Limbs) to or­
ganize a research program (2). (The mem­
bers of the Committee on Prosthetic 
Devices were: Paul E. Klopsteg, Ph.D., 
Chairman; Harold R. Conn, M.D.; Roy D. 
McClure, M.D.; Robert R. McMath, 
D.Sc; Mieth Maeser; Paul B. Magnuson, 
M.D.; Edmond M. Wagner; and Philip D. 
Wilson, M.D. Consultants: Robert S. 
Allen and Charles F. Kettering.) Subcon­
tracts were entered into with sixteen uni­
versities, industrial laboratories, and 
foundations: 

Adel Precision Products Corp., Burbank, Calif. 
Armour Research Foundation, Chicago, Ill. 
C. C. Bradley and Sons, Inc., Syracuse, N.Y. 

(Catranis, Inc.) 
Goodyear Tire and Rubber Co., Akron, Ohio 
A. J. Hosmer Corp., Los Angeles, Calif. 
International Business Machines Corp., Endi-

cott, N.Y. 

Mellon Institute of Industrial Research, Pitts­
burgh, Pa. 

National Research and Manufacturing Co., 
San Diego, Calif. 

Northrop Aircraft, Inc., Hawthorne, Calif. 
Northwestern University, Evanston, Ill. 
Research Institute Foundation, Detroit, Mich. 
Sierra Engineering Co., Sierra Madre, Calif. 
United States Plywood Corp., New Rochelle, 

N.Y. 
University of California, Berkeley and San 

Francisco, and Los Angeles 
Vard, Inc., Pasadena, Calif. 

Funds were initially supplied by the 
Office of Scientific Research and Develop­
ment. With the impending disestablish­
ment of OSRD shortly after World War II, 
the Office of the Surgeon General of the 
Army for a short time assumed fiscal re­
sponsibility for the program. Then, for fis­
cal year 1947, the Army and the Veterans 
Administration shared the support. The 
Army, the Navy, and the Veterans Admin­
istration cooperated by establishing labo­
ratories within their own organizations. 

In some laboratories, development of 
components and application of new mate­
rials was begun, but it soon became clear 
to the committee that more knowledge of 
the patients' requirements was needed if 
significant progress was to be made. This 
in turn required a more detailed knowl­
edge of the biomechanics of human ex­
tremities, and thus projects in this area 
were started. Also, anthropometric data 
were obtained with the idea of select­
ing rationally a series of standard sizes of 
components. 

The activities of the various groups 
were initially coordinated by the Commit­
tee on Artificial Limbs, and considerable 
progress was made during the first two 
years. By the spring of 1947, the commit-

1 
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tee felt that it had completed its task of 
establishing an organized program and 
suggested that contracts between the gov­
ernment and the research laboratories be 
made directly, and that the committee be 
reconstituted as an advisory group to the 
sponsoring agency. At that time, the ma­
jority of service-connected amputees had 
been discharged from the armed forces, 
and their medical care had become the 
responsibility of the Veterans Administra­
tion. Therefore, new contracts were 
effected between the VA and those labo­
ratories in which promising developments 
were identifiable (1947: Catranis, Inc.; 
Northrop Aircraft, Inc.; University of Cali­
fornia, Berkeley and San Francisco, and 
Los Angeles; 1948: New York University.) 
At the request of the VA, the NRC estab­
lished the Advisory Committee on Artifi­
cial Limbs to continue the coordination 
and the correlation of the program. The 
Army, the Navy, and the VA continued to 
operate their own laboratories. 

The general feeling at the beginning of 
the program was that the solution to the 
problem of providing better prostheses lay 
in developing new devices, and rapid ad­
vances were made by applying new ma­
terials and fabrication methods. It was 
apparent, however, that fit, suspension, 
and control were at least as important as 
components were in the successful use of 
an artificial limb, and perhaps even more 
so. Letters of inquiry were sent by the 
committee early in its history to all known 
limb manufacturers, and one of the first 
subcontracts was made with the Research 
Institute Foundation, a laboratory oper­
ated by the Orthopedic Appliance and 
Limb Manufacturers Association. 

In the spring of 1946, arrangements were 
made with certain prosthetists to fit exper­
imental suction-socket above-knee limbs, 
with cooperation from local surgeons and 
assistance from the committee staff. Stud­
ies to establish the principles of socket 
configuration, fitting, and alignment were 
initiated as supplements to the exist­
ing projects. Both fitting and harnessing 
of artificial arms were studied at other 
projects. 

PUBLIC LAW 729 

In 1948, the Eightieth Congress, recog­
nizing the need for continuity in a program 
of this kind, passed Public Law 729, which 
authorized the expenditure of $1,000,000 
annually for research in limb prosthetics 
and sensory aids (amended by P.L. 85-56, 
Eighty-fifth Congress, to remove the 
$1,000,000 limitation). The Veterans Ad­
ministration was designated as the ap­
propriate agency for the administration of 
the funds, and the Administrator of Vet­
erans Affairs was authorized and encour­
aged to make the results of the proposed 
program widely available, so that all dis­
abled persons might benefit. 

SUCTION-SOCKET "SCHOOLS" 

By October 1948, experience in a num­
ber of experimental settings indicated that 
the suction socket provided significant ad­
vantages over other methods of fitting and 
suspension for above-knee amputations, 
and that the technique should be re­
leased for general use. Because of the 
many factors which enter into the success­
ful application of the suction socket, how­
ever, the publication of a teaching manual 
was not considered sufficient to ensure 
success. Therefore, with the assistance of 
the Orthopedic Appliance and Limb Man­
ufacturers Association (now the American 
Orthotic and Prosthetic Association) and a 
distinguished group of surgeons, the NRC 
organized a series of regional workshops to 
teach surgeons and prosthetists the proper 
application of the suction socket. The 
University of California at Berkeley was 
assigned the initial responsibility for this 
program. The regional workshops were 
continued under VA auspices with coop­
eration of OALMA through 1952, by 
which time it was felt that the suction-
socket technique had become estab­
lished. During the entire program, 
approximately forty workshops were held. 

PROSTHETICS EDUCATION PROGRAM 

Through the findings of the UCLA case 
study and other endeavors, a considerable 
body of knowledge in upper-extremity 
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prosthetics had been accumulated by 
1952. Hence, the development was under­
taken of a medium through which knowl­
edge about the greatly improved devices 
and techniques that were available could 
be disseminated throughout the nation. 
Since the new developments involved the 
use of plastic laminates for all upper-
extremity amputation levels, the time 
required for thorough instruction in fabri­
cation of prostheses ruled out the use of 
regional teaching sessions. The Veterans 
Administration therefore financed the 
organization and operation of the Pros­
thetics Education Program at the Univer­
sity of California at Los Angeles. Following 
a pilot school in 1952 for teams from the 
Chicago area, participation in the UCLA 
cources was ultimately extended to sur­
geons, physicians, occupational and phys­
ical therapists, and prosthetists from all 
over the United States. Prosthetists at­
tended for six weeks; they were joined by 
the therapists for the last two weeks, and 
by the physicians and surgeons for the 
final week, during which these disciplines 
worked together as a clinic team. 

The upper-extremity courses proved to 
be extremely popular and very successful. 
During the initial, intensive phase of the 
program (1953-55), 12 courses were con­
ducted. As a result of these efforts, per­
sonnel constituting 75 specialized amputee 
clinics, and representing 30 states and the 
District of Columbia, were trained. 
Twenty-eight of these clinics were held at 
Veterans Administration installations, 
while 47 were at other public and private 
institutions. Concomitant with the upper-
extremity education program, the VA 
funded a nationwide field study, conducted 
by New York University, to assess the 
value not only of specific devices but also 
of the treatment program taught at the 
schools. This study gathered much useful 
information and also served to reinforce 
the instructional material. 

This combined education-research pro­
gram not only served to introduce new im­
proved concepts in the management of 
upper-extremity amputees, but also was a 
tremendous stimulus to the formation of 

amputee clinics and clinic teams through­
out the nation. Today, more than 400 
amputee clinics staffed with trained 
personnel are in operation in the United 
States. This treatment concept has also 
spread to other countries throughout the 
world. 

The education program at UCLA proved 
to be so successful that the VA sponsored 
the establishment of a similar education 
program at New York University in 1956 
to meet the needs of clinic personnel. Sub­
sequently, the Vocational Rehabilitation 
Administration funded an additional pros­
thetics school at Northwestern University 
in 1959. As new devices and techniques 
emerged from the research program, addi­
tional courses were developed at all three 
schools, so that today every aspect of 
amputee management is covered. 

PRESENT PROGRAM ORGANIZATION 

By 1953, the Advisory Committee on 
Artificial Limbs recognized that child 
amputees had special problems, and 
began to work with the Michigan Crippled 
Children Commission to determine what 
might be done to solve some of these 
problems. The Children's Bureau sup­
ported the establishment of several re­
search centers, and in 1955 the committee 
created the Subcommittee on Child Pros­
thetics Problems. 

From the beginning, the committee had 
felt that much of the experience gained 
in research in limb prosthetics was appli­
cable to the field of orthopedic bracing, 
but it recognized that problems in or­
thotics were even more complex. There­
fore, work was initially concentrated on 
prosthetics. About 1960, the Committee 
on Prosthetics Research and Development 
took steps to assist in the development of 
improved orthotic devices and techniques. 
At the present time, an active program in 
orthotics, supplementary and complemen­
tary to the prosthetics program, is under 
way. 

In 1966, at the request of the Veterans 
Administration, CPRD formed the Sub­
committee on Sensory Aids to advise the 
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VA concerning its research program in that 
area. The subcommittee also serves the 
Social and Rehabilitation Service in the 
same capacity. 

Prior to 1954, most of the research, de­
velopment, and education activities in 
prosthetics and orthotics in the United 
States were supported by the Veterans 
Administration. In 1954, Congress enacted 
the Vocational Rehabilitation Act, which 
for the first time authorized the Office of 
Vocational Rehabilitation (later the Voca­
tional Rehabilitation Administration and 
now the Social and Rehabilitation Service 
of the Department of Health, Education, 
and Welfare) to support research and ed­
ucation in rehabilitation. The prosthetics 
and orthotics research and education pro­
grams of the VRA were initiated grad­
ually, beginning in 1955—a significant 
milestone being the assumption of the 
fiscal responsibility for the three pros­
thetics schools. 

Today the Veterans Administration, the 
Social and Rehabilitation Service, the Ma­
ternal and Child Health Service, and, to a 
limited extent, the National Institutes of 
Health, all support extramural research in 
these fields. The VA, the Army, and the 
Navy also operate research and develop­
ment laboratories as part of their respec­
tive organizational endeavors. 

The VA, SRS, and MCHS support the 
Committee on Prosthetics Research and 
Development, which is responsible for 
correlating the various research projects 
and for advising the interested govern­
mental agencies on matters related to 
prosthetics and orthotics. The VA and SRS 
also support the Committee on Prosthetic-
Orthotic Education of the Division of 
Medical Sciences, National Academy of 
Sciences—National Research Council. 
CPOE's activities are directed toward the 
stimulation of educational programs for 
medical and paramedical personnel. 

Laboratories supported by the VA, 
SRS, MCHS, the Army, and the Navy, 
and their areas of interest, are listed at 
the end of this article. 

ACCOMPLISHMENTS 

As a result of the research program, vir­
tually every aspect of the management 
of amputees has been changed and im­
proved. A similar program has now been 
initiated in orthotics, with the findings 
of the prosthetics program already 
strongly influencing research and clin­
ical practice in orthotics. 

FUNDAMENTAL STUDIES 

The fundamental studies supported 
originally by the VA, supplemented later 
by support from SRS and NIH mainly at 
the University of California at Berkeley 
and at Los Angeles (6), have widely in­
creased our knowledge about human loco­
motion, phantom pain, the functions of 
the upper extremities, the properties of 
voluntary muscle, and energy consump­
tion. These studies not only have provided 
the basis for most of the new designs that 
have emerged from the research program 
but also have proven to be a stimulus to 
others to investigate the basic principles 
underlying the neuromuscular system. It 
is anticipated that fundamental studies 
will continue to contribute to the total re­
search effort. 

FITTING, ALIGNMENT, AND HARNESSING 

TECHNIQUES 

Prior to the research program, it was the 
general surgical practice to amputate at 
certain specified levels, referred to as 
"sites of election." Most lower-extremity 
amputations resulted either in below-knee 
stumps that were six inches or shorter, or, 
in the case of above-knee amputations, 
in stumps no longer than two-thirds the 
length of the original thigh. Similar cir­
cumstances prevailed for upper-extremity 
amputations. The primary reason for 
these surgical practices was the lack of 
satisfactory techniques for fitting the 
longer stumps, especially those involving 
disarticulation, despite the fact that, in 
most cases, the longer the stump, the 
more functional it is. Improved tech-
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Fig. 1. Typical force-plate results for a normal subject during level walking, illustrative of the information 
obtained in fundamental studies. (From Klopsteg, Wilson, et at., "Human Limbs and Their Substitutes,'' 
p. 453.) 
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niques have now been developed for fit­
ting stumps at all levels, and surgeons 
have been encouraged to save all length 
medically feasible. 

New approaches to alignment based 
on biomechanics have been established 
for most amputation levels. New devices 
to aid in achieving optimum alignment 
have been devised and made available 
commercially. Descriptions of the new 
alignment principles, techniques, and 
instruments have been widely published, 

and their application is stressed in the 
Prosthetics Education Program. 

Fig. 2. Force-length measurement of a biceps tun­
nel. (From "Human Limbs and Their Substitutes," 
p. 328.) 

Fig. 3. Total-tension I, passive P, and developed-
tension A curves for flexor muscles of the human 
forearm. (From "Human Limbs and Their Substi­
tutes," p. 306.) 

Fig. 4. A quadrilateral, total-contact socket devel­
oped for above-knee amputees under the program at 
University of California, Los Angeles. 

As an outcome of biomechanical analy­
ses, new lower-extremity socket designs 
have been developed for all levels of am­
putation. The new socket designs have 
revolutionized fitting practices not only 
in the United States but also throughout 
the world. 
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Fig. 5. The figure-eight, ring-type harness for below-elbow amputees developed at Northwestern University 

Fig. 6. The prosthesis for a Syme's amputation developed by the Veterans Administration Prosthetics 
Center. 
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New harnessing techniques for up­
per-extremity prostheses, also based on 
biomechanical analyses, have been de­
veloped and made available for general 
use. 

Not only have the new fitting, align­
ment, and harnessing techniques provided 
the patient with increased function and 
comfort, but they also are easier for the 
prosthetist to apply than the older 
methods. 

Among the more significant techniques 
developed under the program are: the 
plastic Syme prosthesis, the patellar-
tendon-bearing below-knee prosthesis and 
its variations, the quadrilateral total-
contact above-knee socket (with or with­
out suction suspension), the Canadian-type 
hip-disarticulation and hemipelvectomy 
prostheses, and various plastic-socket 
designs for upper-extremity amputations. 

Fig 7 The casting jig for above-knee stumps de­
veloped by the Veterans Administration Prosthetics 
Center. 

Fig 8. The Henschke-Mauch "Hydraulik" knee unit. 

DEVICES 

A large number of mechanical compo­
nents have been developed to provide 
additional or improved functions. While 
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most of the designs have involved individ­
ual components, each was planned in 
relation to the total prosthesis. Hence, 
these new items can be used in various 
combinations to meet the needs of each in­
dividual patient. Noteworthy examples 
among the components developed through 
the research program are: the harness-
operated elbow lock, the APRL volun­
tary-closing hand and hook, the Northrop 
2-load hook, voluntary-opening hand sizes 
1-5, the SACH foot, the Henschke-Mauch 
"Hydraulik" knee units, the Hosmer-
DuPaCo "Hermes" unit, and the UCB 
pneumatic knee unit. 

Fig. 9. The APRL-Sierra Model 44C artificial hand 
(without glove). 

Fig. 10. The Northrop Model C elbow unit. 

CLINIC-TEAM CONCEPT 

As a planned objective of the VA re­
search program, the clinic-team concept 
was introduced and encouraged as the 
preferred method of amputee manage­
ment. The results achieved have fully es­
tablished the validity of this concept in 
providing superior service to the amputee 
and in promoting more successful use of 
prostheses. Today, utilization of the am­
putee clinic team is standard practice in 
the VA, and many state agencies have 
followed the lead of the VA by insisting 
that their patients be treated by a clinic 
team. Moreover, as a result of the VA 
experience, the Children's Bureau has 
encouraged the establishment of more 
than twenty specialized clinics through­
out the United States to serve child 
amputees. 

SPECIFICATIONS AND CHECKOUT PROCEDURES 

In the course of the research program, 
specifications for manufactured compo-
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nents have been developed. The Veterans 
Administration Prosthetics Center in New 
York City regularly checks components 
against the specifications in order to insure 

that quality is being maintained. This 
procedure not only insures the provision 
of safe, durable devices to veterans, but 
also helps to keep the quality of the de­
vices used by others at a high level. 

Fig. 11. The Multiplex above-knee pylon-type 
prosthesis. Various knee-control devices are inter­
changeable when this unit is used. 

Fig. 12. A below-knee prosthesis fabricated of 
synthetic balata, with a cosmetic cover, developed 
by the Veterans Administration Prosthetics Center. 

Procedures designed to assure that the 
total prosthesis is adequately constructed, 
fitted, and aligned have been developed 
for the use of clinic teams. These "check­
out" procedures are modified as new de-
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vices and techniques become available, 
and have been of great assistance in rais­
ing the quality of amputee management. 

Fig. 13. Steps in the clinic-team procedure. 

REDUCTION IN REHABILITATION TIME 

As a result of the introduction of im­
mediate postoperative fitting procedures 
(1) and early fitting procedures, a substan­
tial reduction in the time between ampu­
tation and return to home and job has 
been effected. The use of a rigid dressing 
immediately after amputation also helps 
to reduce edema and pain. 

At one time it was the rule in many 
hospitals, once the decision was made to 
remove part of a limb because of periph­
eral vascular disease, to amputate through 
the thigh because of the better blood 
supply in that region. Various studies 
have shown, however, that the knee joints 
in peripheral vascular cases can, with 
judicious care, be saved. As a result of 
these studies, rehabilitation time for many 
geriatric cases has been reduced even fur­
ther. Indeed, the probability of rehabil­
itation itself can be markedly increased. 

REDUCTION IN COSTS 

The Veterans Administration has shown 
that, because of improved devices and 
procedures for fitting and aligning pros­

theses, artificial limbs were lasting twice as 
long in 1968 as they were in 1948. Although 
the average cost of artificial limbs in­
creased 116.5% during that period, the 
increased "life" reduced the cost per year 
per eligible amputee veteran to about the 
same as it was in 1948 (5). 

In addition to an effective reduction in 
the cost of the devices, repair, mainte­
nance, and clinic visits were also reduced 
substantially. There has been no discern­
ible increase in the number of prosthetists 
in the United States over the past 20 
years, yet the number of patients being 
served has increased considerably during 
that period, owing to the increase in the 
general population and to an increase in 
the number of amputations because of 
peripheral vascular disease in a population 
surviving to greater ages. 

DISSEMINATION OF INFORMATION 

Prosthetics Education Program 

The Prosthetics Education Programs 
originally established by the VA for 
training its clinic teams have proven to be 
extremely successful. The short-term 
courses have made possible the rapid and 
effective introduction to clinic teams of 
the new devices and techniques developed 
by the research program. 
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Since the Prosthetics Education Program 
was organized in 1953, over 15,000 stu­
dents have attended the courses offered 
by the three participating schools—New 
York University, Northwestern Univer­
sity, and the University of California at 
Los Angeles. 

Fig. 14. A typical laboratory scene in prosthetics-orthotics education. 

Degree and Associate in Arts Programs 

Historically, the provision of educa­
tional opportunities in a given discipline 
has tended to create a demand for fur­
ther education. This phenomenon has 
also been true of prosthetists and ortho-
tists, and has led to the establishment of 
longer-term courses at several institutions. 

New York University undertook the 
most ambitious venture by establishing, in 
1964, a four-year curriculum in prosthet­
ics and orthotics leading to the Bachelor 
of Science degree. Two-year courses lead­
ing to the degree of Associate in Arts in 
prosthetics were begun at Chicago City 
Junior College (1965) and Cerritos College 
(1964). 

These expanding educational endeavors, 
plus numerous additional offerings such 
as the certificate course at UCLA and the 
technicians course at Delgado College, 
have raised the standard of prosthetics— 
orthotics practice at all levels, and have 
exerted a steady upward pressure on the 
requirements for certification. 

Publications 

From the beginning of the research pro­
gram, it has been the policy of the spon­
soring agencies to make new information 
available as it is developed to those con­
cerned with the welfare of the amputee. 
This program, which has involved both 
periodic and special reports (3), was fi­
nanced initially by the Veterans Adminis­
tration. SRS and the MCHS have since 
added their support. 

Artificial Limbs, a semiannual journal, 
was created in 1953 to provide a vehicle 
for dissemination of timely information, 
primarily to clinic-team personnel. Pub­
lication and distribution of the journal is 
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