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Evaluation Revalued 
ROBERT E. STEWART, D.D.S.1 

In any sound program of research and development, whatever the intended 
goal, there must inevitably come a time when extensive evaluation of the 
product is indicated. Less than fifty years ago, systematic tests of new con­
cepts were performed more or less routinely by private inventors dedicated to 
proper self-appraisal as occasion warranted. In a period less sophisticated 
technologically, this fashion in science served its purpose adequately and well. 
But with the growth in a more modern era of the large and vastly more com­
plicated system of scientific inquiry, such as we know it today in government 
and industry alike, the requirement for periodic assessment of experimental 
results has led to the development of the independent testing laboratory, 
either as a part of the basic organization or as a separate contracting institu­
tion. So indispensable has this phase of technical investigation become that 
now large sums of money are spent annually in support of evaluation groups 
who themselves commonly engage at least in part in research aimed at im­
proving their own methods and techniques. 

With respect to these matters, the Artificial Limb Program has exhibited 
ostensibly no basic deviation from the general pattern now characteristic of 
other broad exploratory projects involving the cooperation of various special­
ists in otherwise distinct disciplines. But because of the peculiar nature of the 
amputee problem, the particular state of the art of limb prosthetics, especially 
in the upper extremity, and the demands of rather unusual external influences 
of one kind or another, the approach to systematic evaluation has in this case 
evolved out of a unique history and has, consequently, given rise to some 
valuable results in research and education of which the influence was not fully 
anticipated in the beginning. 

Although in that portion of ALP devoted to the upper extremity much of 
the initial investigation was directed toward all-purpose, or "ideal," pros­
theses for selected levels of arm amputation, it was soon recognized that the 
desired objectives would be served more effectively were a variety of compo­
nents made available for assembly into various combinations the better to 
provide for the particular needs of the individual patient. As these compo-
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nents were developed, prototypes and, later, production units were subjected 
to systematic testing by the Prosthetic Devices Study, an organization es­
tablished for this specific purpose within the Research Division of the College 
of Engineering of New York University. 

At this point, evaluation generally furnished much needed data concerning 
the usefulness and reliability of individual units in direct comparison with 
previous similar parts but without regard for the influence of socket fit, type 
of harness and harness adjustment, type and extent of training, individual 
amputee preference, and other factors. Because methods suitable for the 
evaluation of techniques had yet to be introduced, early evaluations of com­
ponents brought with them the subtle dangers of misinterpretation owing to 
the indirect effects of pre-existing errors in socket or harness, to say nothing 
of the possibility of the influence of one component upon the performance of 
another used in conjunction. In these circumstances, a great deal was left to 
be desired in reference to the over-all problem of upper-extremity prosthetics. 

To fill the gap, there was initiated in 1950, in the Department of Engineering 
at the University of California at Los Angeles, the so-called "Case Study," 
with the purpose of bringing together all available information, of viewing 
systematically the results obtained by use of various combinations of devices 
and techniques, and thus of developing a set of general principles of manage­
ment for the upper-extremity amputee. As the Case Study progressed, there 
arose an increasing awareness of the necessity for teamwork in the proper 
application of such knowledge as there was, and by 1952 the Prosthetic Devices 
Study was called upon to conduct an evaluation of the results of the UCLA 
Case Study. 

It was obvious that, if such an evaluation were to be conclusive, large 
numbers of cases under varying geographical conditions would be needed for 
observation and that therefore the services of a number of clinic teams through­
out the country would be required. Although the Prosthetic and Sensory 
Aids Service of the Veterans Administration, long the chief sponsor of the 
Artificial Limb Program, had already established some thirty prosthetic clinic 
teams, and although these groups were readily available for participation, 
it was patently mandatory that they be trained in the latest methods before 
any reliable program of evaluation could be initiated. Accordingly, short-
term courses for clinic-team members—physicians, therapists, and pros-
thetists—were organized and conducted at UCLA beginning in 1953. The 
formation of new clinic teams outside the VA framework was encouraged, and 
these, along with a few private clinic teams already in existence, were invited 
to participate. 

The education program leading to the Upper-Extremity Field Studies, the 
name applied to this part of the NYU evaluation work, proved to be a pio­
neering effort in its own right. While results of research were being made 
available to clinic teams for general use in a remarkably short time after the 
initiation of laboratory work, the continued association of clinic personnel 
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with the research program through participation in the Field Studies had a 
definite impact on those responsible for amputee care. Thus the Field Studies 
came to be a series of complex investigations designed not only to evaluate the 
usefulness of available upper-extremity prostheses but also to determine the 
effectiveness of the management procedures elucidated by the UCLA Case 
Study. Simultaneously, and almost unavoidably, the process of accumulating 
voluminous clinical data on one segment of the population led to a general 
upgrading of industry practices in amputee service and furnished the basis for 
further research into the needs, physical and mental, of the armless. 

Because the NYU Field Studies represent the first, and thus far the only, 
attempt in the United States to appraise the status of upper-extremity pros­
thetics directly and on such a broad scale, and because the results present such 
a wealth of information not available elsewhere, this and the following issue of 
ARTIFICIAL LIMBS are given over to presentation of a series of summary articles 
divided into two parts—the first (this number) concerned with the educative 
aspects of the work, the second (Autumn 1958, Vol. 5, No. 2) with the research 
implications. For those who would undertake further study and interpretation 
in the interest of scholarship, the original data, far too detailed for thorough 
analysis by other than biostatisticians, are available in the College of Engi­
neering of New York University, New York City. 

In reviewing the material offered here, it is appropriate to keep in mind that 
the Field Studies constituted a new voyage into an area in which both subject 
matter and method of approach were uncharted and unexplored. Under­
standably beset by all the problems of design, organization, and execution 
typical of adventures into the unknown, they now reveal certain deficiencies 
most readily viewed with benefit of hindsight. In all probability, the true value 
of the Field Studies remains to be had—in the further application of the prin­
ciples not only in the field of limb prosthetics but in other, more general areas 
of physical handicap as well. 
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Studies of the Upper-Extremity Amputee 

I. Design and Scope 

EDWARD PEIZER, Ph.D.1 

Man's increasing dominion over his natural 
environment has been ascribed to three specific 
characteristics—a highly developed brain, 
binocular vision, and an apposable thumb. 
Although not particularly specialized from a 
biological viewpoint, these three attributes have 
enabled him to adapt to a varied physical 
environment and, perhaps more important, to 
alter the physical environment to suit his 
needs. Loss of any one of them deprives him 
of fundamental human capacities and seriously 
inhibits his ability to compete, to interact, and 
to manipulate the objective world around him. 
Impaired brain function is usually irreversible, 
and in the case of vision loss heroic measures 
are often required to obtain even a modicum 
of functional restitution. But the situation is 
somewhat different today with respect to the 
loss of an upper extremity. New concepts and 
developments in the field of limb prosthetics 
have increased the potentialities of arm ampu­
tees. Not all the problems are solved. Far from 
it. But systematic and concerted efforts in 
medicine and engineering are being applied 
toward reducing the limitations attendant 
upon the loss of an arm. It is perhaps ironic 
that historically these constructive efforts have 
been stimulated by the destructive forces of 
war. 

HISTORICAL DEVELOPMENT 

In the aftermath of World War II , a grateful 
nation spared no effort to alleviate the condi­

tion of those who had been wounded or maimed 
in its defense. Among its many other services, 
the Veterans Administration undertook the 
task of providing prosthetic and rehabilitation 
services to all veteran amputees. In pursuit of 
this goal, it soon became clear that existing 
artificial limbs fell far short of meeting the 
needs and expectations of their users. Perhaps 
because of the greater dependence of the leg 
amputee upon adequate service, and because 
of the consequent emphasis on attention to his 
problems, the major needs were found among 
upper-extremity amputees. Arm prostheses 
were found to be heavy, uncosmetic and unsan­
itary, and possessed of very limited function 
(Figs. 1 and 2). Too often they were relegated 
to the closet. Generally accepted standards 
of prosthetic quality were lacking. Better 
materials, improved design, new prosthetic 
components, and improved fitting and fabrica­
tion techniques were clearly required. 

Not generally recognized was the need for 
highly individualized training to develop pro­
ficiency in the use of an artificial arm so that 
vocational and other skills could be acquired. 
Without a common ground of experience, the 
physician rarely took part in the prescription 
and fitting of prostheses. Thus, even the most 
skilled prosthetist, faced with the task of 
providing his patient with a well-fitting, com­
fortable, and highly functional prosthesis, 
sometimes found himself in the unfamiliar 
role of psychologist, therapist, and/or voca­
tional counselor. In short, sound, complete, 
systematic rehabilitation programs for ampu­
tees were lacking. Officials of the Army, the 
Navy, and the Veterans Administration wasted 
little time in hand-wringing. Authority was 
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soon forthcoming, and funds were made 
available for a broad attack on these problems. 

The resources of science, applied during the 
war years to destruction and demoralization, 
were now directed toward the restoration of 
human loss and the enrichment of human life. 
The first step was the establishment, in 1945, 
of the Committee on Prosthetic Devices of the 
National Academy of Sciences—National 
Research Council, which later became the 
Advisory Committee on Artificial Limbs and 
which is today the Prosthetics Research Board. 
This led to the inception of the Artificial 
Limb Program and to the establishment of 
research projects for the scientific study of the 
problems involved. At the University of Cali­
fornia at Los Angeles fundamental studies were 
undertaken of the biomechanical principles 

involved in normal prehension and of the prob­
lems of using artificial arms. At the same time, 
the industrial laboratories of Northrop Air­
craft, as well as the Army Prosthetics Research 
Laboratory, were creating new materials, new 
devices, and new fabrication techniques, while 
New York University was assigned the task of 
evaluating these developments. The scientific 
facilities of both industry and government 
were thus employed to reduce the problem 
through efforts in basic and applied research. 

The earliest results indicated that solving 
the problems and fulfilling the needs of the 
upper-extremity amputee was a task vastly 
greater than that of improving the mechanical 
aspects of fitting and fabricating prostheses. 
The finest artificial limb is of little value with-

Fig. 1. Typical below-elbow prosthesis, vintage 
World War II . 

Fig. 2. Typical above-elbow prosthesis, vintage 
World War II. 
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out training in its use. Further, the loss of a 
limb was seen to create important disturbances 
in the personality as a result of functional loss 
and distortion of the self-concept. The amputee 
entertains doubts as to how he will appear to 
and be accepted by his family and friends. He 
wonders, often with misgivings, about his 
economic potential. He has what appear to 
him to be insuperable problems, and he needs 
help in restoring his self-confidence as well as 
his lost function. In order to meet these ampu­
tee needs, a complete and rational system of 
rehabilitation programming was required, and 
since 1945 considerable progress has been 
made in developing such an approach to this 
problem. 

After several years of organized effort, a 
great deal of research information became the 
basis for an all-around approach to the treat­
ment of upper-extremity amputees. Through 
the development of models, the testing of 
hypotheses, and the experimental treatment of 
a number of arm amputees of all types, it 
became possible to indicate with some confi­
dence how certain types of patients should be 
fitted, how their arms should be constructed, 
and how they should be trained to use them. 
As an added result, it is becoming a common­
place that all the amputee's needs cannot be 
served by a single individual, regardless of his 
professional status or training. With recogni­
tion of individual needs and the variety of 
amputee problems, it became clear that suc­
cessful rehabilitation of these patients de­
manded the highly qualified and specialized 
services of a number of disciplines. Prosthetists, 
therapists, and physicians each have vital 
contributions in this enterprise, as may also 
nurses, social workers, vocational counselors, 
and psychologists. The modern concept then 
became the "team approach," the team consist­
ing minimally of the doctor, the prosthetist, 
and the trainer and including such other 
specialists as each case required. 

In order to evaluate these findings, a series 
of studies, which came to be known as the 
"NYU Field Studies," was conceived in 1951 
at the Prosthetic Devices Study at New York 
University. 

GOALS OF THE UPPER-EXTREMITY FIELD 

STUDIES 

The NYU Field Studies of upper-extremity 
prosthetics developed as the logical conse­
quence of two main preconditions—the 
laboratory research program and the pros­
thetics education program (page 9). As for 
the first, out of the laboratories had come a 
whole series of new devices which, on the basis 
of preliminary testing on relatively small 
groups, gave promise of being significantly 
improved components. Before some of them 
could be considered "proved" items of a 
prosthetic armamentarium, more definitive 
testing on broader, more representative 
samples under varying conditions seemed 
essential. But more than gadget-testing was 
involved. New fabrication techniques employ­
ing plastics had also been developed, and 
although arms made according to these pro­
cedures seemed superior to older types, it 
remained to be seen if the procedures could 
be mastered by limbmakers all over the coun­
try and economically and conveniently applied 
to the production of all types of artificial 
arms. 

The second factor to be considered in plan­
ning the studies was the matter of broad and 
speedy dissemination of the new knowledge 
and skills. It was clear that the new procedures 
could not be evaluated in clinics whose person­
nel were not completely familiar with their 
use. Moreover, considerable urgency prevailed 
about making new developments and improve­
ments available to all amputees as soon as 
possible. To fulfill this requirement, a prosthet­
ics education program was organized to train 
clinic-team personnel. But it was generally 
observed that additional assistance was re­
quired in significant numbers of clinics before 
they could begin to process patients effectively. 

For all of these reasons, the NYU Field 
Studies were designed in 1953 with three main 
objectives in view: 
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and the confidence it inspires in its user are as important 
in prosthetic service as are structural and mechanical 
adequacy. Each of these areas was explored. 

2. To provide direction for future research in relation 
to practical field needs. Field-study operations should 
provide access to large representative samples of up­
per-extremity amputees. Clinical contact with these 
patients would furnish a means for determining exist­
ing prosthetic problems and, even more important, 
for evaluating the importance of these problems to 
amputees themselves. With this information available 
to the developmental laboratories through a feedback 
arrangement, their efforts could be directed toward 
the problems of most immediacy and importance. 

3. To extend the educational process by rendering 
administrative and technical assistance to newly organized 
prosthetics clinics. Shortly after graduation from the 
prosthetics courses at the University of California at 
Los Angeles, potential clinic teams were to be visited 
by NYU representatives, the purpose being to encour­
age and aid in the establishment of a clinic procedure 
along the lines taught in the courses. The expeditious 
organization of a clinic served two functions—amputees 
would have early access to modern treatment, and a 
clinic treating patients according to these procedures 
was a potential participant in the field studies and a 
source of research data. 

Before these concepts could be tested in the 
crucible of clinic practice throughout the 
nation, several preliminary steps were neces­
sary. First, meaningful and reliable methods 
had to be found for evaluating the effect of 
prosthetic treatment procedures. Second, a 
number of clinics had to be organized to partic­
ipate in the studies if valid inferences about 
the general utility of the experimental proce­
dures were to be drawn. Third, training in the 
new prosthetic techniques and procedures had 
to be given to those who dealt directly with 
amputees. Actually, all three of these steps 
were undertaken at approximately the same 
time. 

INAUGURATION of THE UPPER-EXTREMITY 

FIELD STUDIES 

The staff of the Prosthetic Devices Study of 
New York University had been engaged in 
developing on a generally theoretical basis a 
philosophy and methodology for evaluating 
the status of arm amputees. The problem was 
approached directly, attempts being made to 
determine the most important outcomes in 
prosthetic restoration and to measure the 
extent to which the newer management pro­
cedures provided them. Accordingly, proce­

dures and instruments were devised for 
determining the extent of residual function and 
the degree of adjustment to physical disabil­
ity (Fig. 3). The status of the patient after 
treatment could thus be compared with his 
pretreatment condition as a basis for evalua­
tion. But before these instruments could be 
applied on a broad scale it was necessary to 

Fig. 3. Calibrated grid for measuring the arm 
movements required to perform certain common 
activities. Use of top and side mirrors provides informa­
tion in three dimensions simultaneously. Clocks record 
time data. 
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test their reliability and administrative feasi­
bility as well as to refine the procedures for 
their application. For this purpose, a prelimi­
nary "pilot" study was planned, and Chicago 
was selected as the test site. 

THE CHICAGO " P I L O T " STUDY 

The pilot study carried out in 1952 called 
for a small number of surgeons, therapists, and 
prosthetists from the Chicago area to attend 
a special four-week course of instruction in 
upper-extremity prosthetics at the University 
of California at Los Angeles in order to famil­
iarize the participants with the devices, 
fabrication techniques, and clinical procedures 
to be evaluated.2 Upon their return to Chicago, 
they were joined by representatives of NYU's 
Prosthetic Devices Study, and the pilot study 
was launched. 

This field trial of research instruments and 
procedures involved the screening of a number 
of amputees in the Chicago area and the selec­
tion of a group for treatment in the Veterans 
Administration clinic. To enable the clinic 
properly to prescribe the new prosthesis, each 
of the selected subjects was given a compre­
hensive evaluation prior to other treatment. 
In addition, research evaluations were con­
ducted by NYU representatives to provide 
baseline data against which the effects of the 
rehabilitation procedures could be evaluated. 
The new arm for each participant was then 
prescribed in accordance with the prescription 
procedure taught in the UCLA course and was 
to be fabricated precisely as prescribed and 
according to the mechanical and cosmetic 
standards formulated. When the arm was com­
plete, it was brought to the clinic for a checkout 
which consisted of a detailed examination by 
the clinic staff to assure themselves of the ade­
quacy of the product. If revisions were re­
quired, they were made before the patient was 
given the arm; if none were needed, the clinic 
prescribed appropriate training treatments to 
be administered by the therapist. 

After training was completed, the amputee 
was again seen by the clinic team; if the arm 
were still satisfactory and maximum results 
had been achieved through training, the pa­
tient was to wear the arm routinely in daily 
living. At the end of a two-month period of 
daily wear, the subjects were re-evaluated in a 
manner similar to the pretreatment evaluation. 

As a result of the Chicago study, valuable 
experience was gained in the processing of 
patients. Research techniques were refined, 
clinic procedures were crystallized, methods for 
administering questionnaires and for taking 
measurements were standardized, and instru­
ments were revised and augmented. With the 
end of the pilot phase, expansion of the upper-
extremity field studies to national proportions 
began, an expansion made possible by the 
participation in the program of a number of 
widely distributed private clinics as well as 
Veterans Administration clinics. 

ORGANIZATION OF PARTICIPATING CLINICS 

The unprecedented nature of the projected 
field studies made the selection of a number of 
clinics a formidable task. It was first necessary 
to locate interested and qualified clinic person­
nel. Then it was necessary to orient them as to 
the nature of the program as well as to the 
need for special training. Steps for integrating 
the clinics into the field program required ex­
planation, and specific operating procedures 
had to be worked out with individual groups. 
This task was undertaken by the Director of 
the Prosthetic Devices Study, Dr. Sidney 
Fishman. 

After completion of the pilot study in 
Chicago early in 1953, and continuously for 
two years thereafter, Dr. Fishman and Dr. 
Miles H. Anderson, the Director of the Pros­
thetics Education Project at UCLA, visited 
many large population centers throughout the 
country in order to meet with medical and 
paramedical personnel interested in the treat­
ment of arm amputees. On the basis of expres­
sions of interest, and of an appraisal of the 
available facilities and potential case loads, a 
number of clinical facilities were invited to 
participate. During these discussions, research 
procedures were described, expected outcomes 
were explained, and the roles of the clinic 
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members and of the NYU research workers 
were defined. Arrangements were made for 
members of each clinic staff to attend the 
courses in upper-extremity prosthetics at 
UCLA (see below). 

It was quickly realized that financial prob­
lems would be encountered both by private 
clinics and by participating limbshops. In the 
former, the newer training procedures called 
for increased services of therapists and doctors. 
In the latter, the employment of newer fabri­
cation and fitting techniques required an 
initial investment on the part of the prosthe-
tists in components, equipment, and materials. 
In addition, the checkout of an arm by the 
clinic team often resulted in revisions adding 
to initial fabrication costs. For these reasons, 
certain fiscal arrangements were indicated. 
Monies were made available to clinic teams to 
pay the training fees for amputee cases partic­
ipating in the work. In order to spur the 
fabrication of the new-type arms and to permit 
participation in the program by the prosthe-
tists, arrangements were made to purchase 
five experimental limbs from each shop partici­
pating in the studies. As a result of these 
efforts, 75 clinics representing 30 states and 
the District of Columbia (Fig. 4) participated 
in the field program. Each treatment center 
was directed and staffed by graduates of special 
upper-extremity prosthetics training courses. 
Of the total number of clinics involved, 28 
were Veterans Administration installations 
and 47 were other public and private institu­
tions. 

PROSTHETICS EDUCATION PROGRAM 

The new knowledge and techniques, organ­
ized into courses of instruction and revised 
after the pilot school, were offered in a series 
of 12 schools (Fig. 5) conducted at UCLA, the 
chief purpose being to familiarize doctors, 
therapists, and prosthetists with the new 
developments and to encourage the team ap­
proach to the prosthetic rehabilitation of the 
upper-extremity amputee. It thus became 
possible to teach to those with primary interest 
new concepts for the management of upper-
extremity cases. 

In effecting the transfer of information and 
skill to the primary amputee-treatment group 

consisting of the doctor, the therapist, and the 
prosthetist, academic tradition was broken. 
It seemed plain that if the "team approach" 
were to be taught, the members of the team 
should go to school together. Accordingly, in a 
unique educational enterprise, orthopedic 
surgeons, specialists in physical medicine, 
physical and occupational therapists, and 
prosthetics craftsmen became classmates. The 
six-week course offered at UCLA began with a 
three-week session of instruction for pros­
thetists only. During this portion of the 
course, prosthetists were exposed to a highly 
concentrated educational dose of prosthetic 
design and construction principles, plastics 
technology, anatomy, and kinesiology. Then 
they tested their knowledge by fitting patients 
under the direct supervision of their instruc­
tors. 

In the fourth week, the prosthetists were 
joined by the therapists. This group began 
with a concentrated portion of mechanics, 
biomechanics, and the characteristics of a 
wide variety of both newly developed and the 
older prosthetic components. Under the super­
vision of the instructors, they also received 
experience in training the patients previously 
fitted by the prosthetist students. 

At the beginning of the sixth week, the pros­
thetists and therapists were joined by the 
physicians and surgeons, who were given 
several days in which to review and digest the 
course materials. Practice clinic teams, consist­
ing of the doctor as clinic chief and of at least 
one therapist and one prosthetist, were then 
organized. The entire class then proceeded to 
operate as clinic teams until graduation, 
whereupon each of the individuals returned 
home, a potential participant in the soon-to-
follow upper-extremity field studies. The new 
knowledge and skills were broadly dissemi­
nated by these educational efforts, but their 
utility and effectiveness on patients could not 
be clearly seen until large numbers of varying 
types of patients had been treated and evalu­
ated. 

The Prosthetic Devices Study, charged 
with the responsibility for following up the 
program concepts, designed studies to evaluate 
the modern treatment methods. The central 
questions to be answered were deceptively 
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Fig. 4. Location of the participating clinics See facing page. 
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Fig. 4. Participating clinics, keyed to map on facing page. 
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simple: Are upper-extremity amputees better 
served by means of the program procedures? 
In what specific areas can improvement, detri­
ment, or indifference be found? 

AREAS of RESEARCH 

In relatively unexplored fields, the formu­
lation of meaningful research questions is 
often laborious, unsure, and time-consuming. 
Merely selecting the most scientifically promis­
ing problems from the many questions which 
arise is in itself an important research task. 
Many possible approaches to the field must be 
evaluated, and those selected for study must 
give promise of becoming part of and contrib­
uting to the solution of larger problem areas. 
The research plan developed at the Prosthetic 
Devices Study to achieve the objectives of 
the field-study program evolved in this way. 
It provided for three major interrelated study 
areas to be exploited concurrently. 

The first of these, a census of amputees, 
called for interviewing large numbers of upper-
extremity amputees in order to begin the 
organization of a broader body of knowledge 
concerning them and to provide a large popula­
tion from which to select a sample for more 
detailed study. This was the "Survey Phase." 
Secondly, a segment of this population was 
selected for clinic treatment by means of the 
rehabilitation procedures under study. These 
efforts of the field operations, referred to as 
the "Clinical Studies," were designed to pro­

vide information about the feasibility of clinic 
procedures and prosthetic fabrication methods. 
The third study area provided for the pre- and 
post-treatment evaluation of a portion of the 
sample selected for clinic treatment. This 
approach, called "Evaluation Studies," was 
intended to elicit more detailed information 
about a smaller number of amputees than was 
possible in the survey and to provide a basis 
for evaluation of the methods and materials 
employed in the treatment procedure. 

In its final form, the research plan provided 
for trips by NYU field representatives to 
attend the monthly meetings of each partici­
pating clinic. Consequently, a given member 
of the staff would be in the field approximately 
two weeks out of each month, and a routine 
field trip often took him to five or six cities, 
where he would visit perhaps six or eight 
clinics and observe 20 to 30 amputees under 
treatment. With 75 participating clinics to 
serve, a field staff of 10 representatives directed 
by two field supervisors was organized. Since 
clinic meeting dates and times were quite 
firmly fixed, and since the time required to be 
spent with each subject varied from fifteen 
minutes to four hours, depending upon the 
stage of treatment, the trips required consider­
able planning. To minimize loss of time, sched­
ules were arranged by correspondence, and 
confirmed when possible, before each trip. 
Despite the difficulty of control, the attrition 
rate when the studies ended was low. Some-

Fig. 5. Students and instructors of one of the 13 courses in upper-extremity prosthetics offered at the University 
of California at Los Angeles. This particular course was held in the autumn of 1954. 
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what less than 10 percent of those initially 
selected failed to complete the full treatment 
course and follow-up studies. 

The NYU representative served two main 
functions: he established liaison among the 
treatment centers in the field and between 
them and New York University, which resulted 
in interchange of information and coordination 
of effort, and he was responsible for the collec­
tion of the research information. These data 
were gathered in the field by means of inter­
views, questionnaires, tests, and measure­
ments. 

SURVEY STUDIES 

Each arm amputee referred to a participat­
ing clinic was considered a prospective 
research subject, and each was given a screen­
ing interview, the purpose being to obtain 
pertinent information concerning the patient, 
his prosthesis, and his needs and aspira­
tions. Initially, clinics screened only those 
amputees who were immediately in need of 
treatment. The information thus gleaned con­
tributed to the survey to be made of the status 
of upper-extremity amputees in the United 
States and was also useful in the selection of 
subjects for more detailed study. On the basis 
of the screening data, two classes of subjects 
were selected. One group was to be treated 
only in the clinic by the prescribed proce­
dures. The other, in addition to the clinic 
treatment, was to undergo a detailed pretreat-
ment evaluation and a similar post-treatment 
procedure. 

At the screening interview, the purposes and 
general procedures of the program were ex­
plained to the prospective participant, and 
information of an administrative and medical 
nature was collected. The common vital 
statistics dealing with age, height, weight, and 
marital and occupational status were recorded. 
In addition, the date, cause, and site of ampu­
tation were obtained, and the length, range of 
motion, shape, and condition of the stump were 
described. Detailed descriptions were compiled 
of prostheses worn by candidates, and their 
quality and the subjects' ability to use them 
were evaluated. The data contributed by 
each amputee were recorded on forms devel­
oped for this purpose (Appendices IA and IB). 

The selection of amputees to be processed 
at the first and subsequent prescription meet­
ings was made at the Prosthetic Devices 
Study on the bases of available information 
and the sampling requirements of the study. 
Factors taken into account in the selection of 
the subjects included type of amputation, 
general health and physical condition of stump, 
and motivation of patient (his interest and 
willingness to participate). The entire census 
included 1630 male upper-extremity amputees, 
of whom 826 were below-elbow cases, 668 had 
amputations above the elbow, 89 had disartic­
ulations at the shoulder, and 47 were bilateral 
amputees of all types. The findings arising 
from these survey studies are described in the 
article by Berger (page 57). 

CLINICAL STUDIES 

The idea of the clinic team was the key con­
cept of the newly developed management 
procedures. The clinic was viewed as a means 
and a method for focusing the special skills of 
all the necessary medical and ancillary special­
ists on the specific problems of providing the 
amputee with the best possible replacement for 
the lost member. The primary service group 
consisted of physicians and surgeons, thera­
pists, and prosthetists. Other specialists, such 
as administrative personnel, vocational-re­
habilitation counselors, social-service workers, 
or psychologists, were added according to the 
special needs of individual cases. The funda­
mental nature of the clinic was emphasized by 
the requirement that each of the basic mem­
bers be present before an "official" meeting 
of the clinic could be opened. It was at these 
clinic meetings that the treatment concepts to 
be evaluated were applied. There were six 
basic steps in the clinic procedure—prescrip­
tion, preprosthetic treatment, fabrication of 
the prosthesis, initial checkout, training, and 
final checkout. Of these, three—prescription, 
initial checkout, and final checkout— required 
meetings of the full clinic team. 

Prescription 

Prescription, during these studies, called 
for the selection of specific components from 
an armamentarium of tentatively approved 
devices for assembly into an individually 
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prescribed prosthesis. Most of these compo­
nents were designed for specific types of cases 
or uses and were to be prescribed in accordance 
with their design purposes. The final prescrip­
tion was to be the concensus of the clinic 
members as to the most applicable components 
in each case. In practice, however, the medical, 
surgical, and physical-therapy needs of each 
patient were considered, as were also personal 
and vocational indications for specific com­
ponents and materials. Required was a written 
prescription specifying every component to be 
used, and all deviations from standard applica­
tions were avoided unless expressly written 
into the prescription. To standardize the type 
and quality of the information collected at 
these meetings, the prescription form in Ap­
pendix IIA was developed. This procedure not 
only was the first treatment step but it also 
permitted the collection of research data de­
scribing the specific devices fitted to the sub­
jects. On the basis of subsequent acceptability 
and utility to the amputees, inferences could 
be drawn as to the worth of these components. 

Preprosthetic Treatment 

As part of the prescription process, the pa­
tient was examined for conditions which might 
produce difficulty in wearing or using an artifi­
cial arm. Particular efforts were made to insti­
tute treatment prior to fitting a limb and 
thereby to avoid the influence of these factors 
upon the acceptance and use of the prosthesis. 
Medical and surgical problems involving dis­
ease, infection, inflammation, redundancies, 
bone overgrowth, neuromata, and plastic alter­
ations were referred to the physician for 
treatment. Muscular weakness and limitations 
in joint mobility considered amenable to treat­
ment were referred to the therapist. 

Fabrication of the Prosthesis 

When the prescription was completed, in­
structions were given to one of the attending 
prosthetists to fabricate the arm. With strict 
adherence to the details of the prescription, 
the limbmaker produced the arm by use of the 
techniques of fitting taught by the program. 
He was encouraged to inspect the completed 
arm by means of a checklist embodying the 
structural, functional, and cosmetic standards 

that his product would have to meet at the 
next clinic meeting. 

Initial Checkout 

When the arm had been fabricated, it was 
brought to the clinic prior to being worn by the 
subject. At this clinic meeting, called "initial 
checkout," the standards developed in the 
program were applied. The initial checkout 
included an objective and subjective appraisal 
to see that the device fulfilled the prescription 
requirements and that it met established 
standards of fit, comfort, function, and appear­
ance (Fig. 6). The information thus obtained 
described the ranges of motion available with 
the arm, the forces required to operate it, and 
stability, fit, comfort, and weight. In addition, 
some 30 items dealing with details of fabrica­
tion, appearance, color, specific components, 
and general quality were checked. These 
standards were considered to represent mini­
mal levels of prosthetic adequacy. All the 
appropriate measurements and checks were 
recorded on a form similar to that shown in 
Appendix I IB. 

These data were used to control the quality 
of the arms in order to permit valid generaliza­
tions about their worth. In addition, when 
compared with the outcomes of the treatment 
procedure, these data provided the basis for 
evaluation of the standards themselves. 

The checkout was performed at a regular 
meeting of all members of the clinic. If the 
arm failed checkout, it was referred to the 
prosthetist for appropriate revisions (Fig. 7). 
Consequently, it was sometimes necessary for 
the subject to appear at the clinic more than 
the minimum of three times. If the prosthesis 
met all the requirements, the amputee was 
permitted to wear the arm regularly and was 
scheduled for training by the therapist, the 
next step in the clinic procedure. 

Training 

The training given to each subject by the 
therapist was organized in two parts—controls 
training and use training. 

Controls Training. In the preliminary step, 
the objective was to familiarize the amputee 
with the mechanics of his appliance and to 
develop his ability to control its movements. 
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First he was taught to operate the arm freely 
so as to learn by kinesthetic reaction the mo­
tions and forces required to control it. Then 
various objects with abstract forms and of 
varying consistencies were introduced to 

develop prehension skill. When, in the opinion 
of both therapist and amputee, these control 
motions were adequately developed, the next 
training phase began. 

Use Training. Once the basic operating 
techniques were learned, they were applied to 
performing the practical activities of daily 
living, including self-help, home tasks, and 
vocational and social activities (Fig. 8). The 
training objectives were now to give the ampu­
tee confidence in his ability to use the arm by 
exploring a variety of activities and to achieve 
proficiency in performing them. In this connec­
tion, it was necessary to recognize that the 
prosthesis cannot replace the lost member and 
that at best it becomes an auxiliary of the 
remaining arm. 

By application of this fairly standardized 
sequence of activities, it was possible to collect 
research information relating to achievement 
levels and to the number of hours of training 
required to achieve satisfactory performance. 
When the amputee seemed capable of satisfac­
tory performance with his prosthesis, the 
therapist arranged for him to reappear at the 
clinic for a final checkout. 

Final Checkout 

The final checkout concluded the process of 
providing the amputee with an arm. In a Fig. 6. A typical clinic meeting. 

Fig. 7. Checkout. Final harness adjustments are 
made on a new arm prosthesis. 
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fashion similar to the pretraining initial check­
out, it was conducted at a regular meeting of 
the clinic, all members present. The purpose 
at this time was threefold—to recheck the 
mechanical and functional adequacy of the 
arm after use in training, to assure the clinic 
that satisfactory proficiency levels had been 
attained, and to be sure that nothing further 
in the way of service could be offered the 
patient if the first two conditions were met. 

The objective and subjective appraisal was 
again accomplished by means of the standard­
ized checkout procedure (Appendix IIB). The 
arm was carefully inspected for signs of wear, 
and evidence was presented that the amputee 
was adequately trained. If the condition of the 
arm and proficiency of the subject in its use 
were deemed satisfactory, he was discharged 
with instructions to use the arm in accordance 
with his daily needs. 

Recapitulation 

Altogether, the group treated in the clinics 
included 378 below-elbow, 321 above-elbow, 46 
shoulder-disarticulation, and 24 bilateral am­

putees. Of the total of 769, 410 received no 
further treatment, while 359 were extensively 
studied prior to and after completion of the 
treatment procedures. 

The complete procedures employed in these 
studies are rather too complex for convenient 
presentation here in more than outline form. 
The full description and explanation of the 
most recent modification of these procedures is 
the subject of short-term courses of instruction 
currently being offered at the University of 
California at Los Angeles and at New York 
University. The manuals used in these courses 
(1, 2) contain detailed descriptions of the pro­
cedures and may be referred to for further in­
formation. 

The results of these clinic studies are pre­
sented in the article by Springer (page 73). 

EVALUATION STUDIES 

The prosthesis for an upper-extremity 
amputee is a necessarily limited means of 
providing those motions lost through amputa­
tion—prehension, pronation-supination, wrist 
flexion-extension, and, in the case of the 
above-elbow amputee, the additional function 
of flexion-extension of the forearm. The chief 
goals of the evaluation procedures were to 
determine the extent to which a prosthesis 
provided functional as well as cosmetic 
replacement. A corollary purpose was to dis­
cover additional parameters of prosthetic 
utility and acceptability by increasing our 
knowledge of why an amputee accepts and 
uses more readily and efficiently one pros­
thesis in preference to another. 

The extent to which prosthetic restoration 
is successful is dependent upon what each sub­
ject brings to the appliance in terms of physical 
and mental characteristics and on what the 
appliance brings to him in terms of functional 
capabilities and qualities of comfort and cos-
mesis. Evaluation procedures were, therefore, 
aimed at the analysis and understanding of 
both the human and the mechanical variables 
that are involved in the successful use of an 
arm prosthesis. Although the potential sig­
nificance of the pre-injury personality was 
recognized, it was not investigated because of 
the difficulty of obtaining such information in 
a field study of this nature. 

Fig. 8. Use training. The therapist explains how to 
approach, grasp, and manipulate a variety of common 
objects. 
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Some of the significant evaluation factors 
lent themselves to objective measurement; 
others, of a more personal and subjective na­
ture, could be obtained only from the amputee 
himself. For this reason, the evaluation pro­
cedures and instruments were designed to 
collect both objective measurements and more 
subjective data dealing with the reactions and 
responses of the amputee. 

In this connection, the measurement ra­
tionale underlying the collection of data should 
be understood. Quantitative data are conven­
ient for systematic analysis. But quantifica­
tion can be meaningful only within well-
developed and clearly defined evaluation areas. 
The appraisal, for example, of certain func­
tional characteristics of an arm lends itself 
readily to objective or quantitative measure­
ment, since the problem area is defined by the 
extent to which the prosthesis replaces certain 
lost motions. The problem here is clear; the 
ranges of motion and the forces applied can 
actually be measured. In much the same way, 
an evaluation of performance may be made by 
scoring such objective aspects as speed, errors, 
and even some types of quality. On the other 
hand, in dealing with those effects of treatment 
procedures relating to feelings, attitudes, emo­
tions, comfort, and fit, the parameters to be 
measured are not at all clear. For this reason, 
in such obscurely defined areas qualitative data 
deriving from interviews and from both struc­
tured and unstructured responses of the sub­
ject tend to be more valuable in outlining and 
clarifying the areas of study. Once this is done, 
the particular factors may become amenable 
to quantitative measurement. 

Actually, only three possible sources of data 
were available—objective measurements de­
scribing events, the expert opinions and judg-
ments of qualified observers, and the reactions 
of the subjects. Each of these sources was ex­
ploited. Specific mechanical and biomechani-
cal factors were measured by objective meth­
ods. Prosthetic quality and proficiency in 
performance with an arm were appraised by 
trained observers whose reliability was peri­
odically checked and re-established. Finally, 
the amputee himself provided information 
relating to his reactions to the arm, its quality, 
and its usefulness to him. Within two broad 

categories, the human and the mechanical, the 
following were studied: 

Biomechanical Data 

1. The strength and ranges of motion of the arm 
and shoulder girdle and the general physical condition 
of the amputee. 

2. The ranges of motion permitted by the prosthesis, 
its efficiency, and the forces required to operate it. 

Performance Patterns 

1. Proficiency in accomplishing the basic activities 
of prehension, transportation, and release in various 
planes and at different levels. 

2. Quality of performance of practical daily-life 
activities. 

3. The range of activities in which prostheses are 
used and the extent of their importance. 

Amputee Reactions 

1. Importance and extent of use of prostheses in 
daily living. 

2. Reactions to treatment procedures. 
3. Appraisal of prostheses and components. 

Psychological Reactions 

1. Personal meanings of amputation and prosthetic 
restitution. 

2. Social consequences of loss of limb and of pros­
thetic replacement. 

Biomechanical Data 

It is reasonable to assume that an upper-
extremity prosthesis which affords the amputee 
a greater range of motion and which requires a 
minimal amount of energy or force for opera­
tion will be a more desirable appliance. While 
much more information is necessary before final 
judgment can be made, comparative data on 
these factors formed one of the bases for the 
evaluation of arm prostheses. This kind of data 
was obtained through direct measurement us­
ing such instruments as rulers, spring scales, 
and goniometers. They were used to measure 
pinch force between hook or hand fingers; 
efficiency of force transmission through the 
cable system; ranges of pronation, supination, 
and forearm flexion; socket displacement under 
axial load; and weight of the prosthesis. In the 
case of the above-elbow amputee, additional 
information was collected on force input re­
quired to flex the forearm, angular deflection 
of the humerus needed to produce given ranges 
of forearm flexion, and ranges of motion at the 
shoulder. These measures were recorded on the 
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instrument shown in Appendix IIIA. The out­
come of these evaluations will be presented in 
an article in the next issue of ARTIFICIAL LIMBS 

(Autumn 1958; Vol. 5, No. 2). 

Performance Patterns 

The performance of the subjects in standard­
ized, specially designed activities was ob­
served and analyzed. This procedure was 
employed to provide information concerning 
the effectiveness and appearance of the per­
formance patterns. Two approaches to the 
evaluation of performance were taken. Both 
abstract and practical function were evaluated. 
In the former, the ability accurately to grasp, 
transport, and release objects of varying sizes, 
shapes, weights, and consistencies was graded 
(Fig. 9). In the evaluation of practical func­
tion, amputees were graded on their perform­
ance of meaningful daily-life activities (Fig. 
10). Proficiency scores and time-and-motion 
data were recorded on the forms appearing in 
Appendix I I IB, while activities were tabulated 
as shown in Appendix IIIC. 

Amputee Reactions 

Analysis of Importance and Extent of Use of 
Prosthesis in Daily Living. In an attempt to 
appraise the importance of the prosthesis to 
the amputee, and to determine some of the 
specific ways in which prostheses were used, 

the interview technique was utilized. The sub­
jects were asked if they used their prostheses 
in specific activity areas, including work, home 
tasks, social life, dressing, and eating. If their 

response was positive in any area, they were 
asked to specify the particular use they made 
of the arm. They also were asked to rate the 
importance they placed on their prostheses in 
each of the activity areas. 

The extent to which a subject used his 
prosthesis to accomplish the tasks of daily life 
seemed to be a significant factor in appraising 
the degree of functional restoration afforded by 
the prosthesis. For this reason information was 
gathered about the frequency with which the 
prosthesis was used in ordinary two-handed 
activities. In order to make this more meaning­
ful, additional information was collected con­
cerning the frequency with which each activity 
was encountered in the course of the daily life 
of the particular amputee. Additional informa­
tion about common activities which were not 
done and the reasons therefor also was gath­
ered. 

The following key questions were used: 

1. How often does the occasion arise for the amputee 
to perform each of a number of typical two-handed 
activities? 

2. How often does the amputee use his prosthesis 
in performing each activity? 

3. If the need for an activity arises more often than 
the prosthesis is used in accomplishing the task, why 
does the amputee not use his prosthesis? 

Fig. 9. Evaluation of abstract function. 

Fig 10. Evaluation of practical function. 
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4. What is the relative importance of each of a num­
ber of activities? 

These evaluations were made by means of the 
instrument shown in Appendix I I IC. The re­
sults of this study will appear in an article in 
the next issue of ARTIFICIAL LIMBS (Autumn 

1958; Vol. 5, No. 2). 
Reactions to Amputation and Prosthetic Ex­

perience. The subjective reaction of an ampu­
tee to his prosthesis was deemed an important 
factor in its evaluation. Apart from his feelings 
about the characteristics of the prosthesis, his 
experiences in securing it and wearing it are 
also contributing factors in his acceptance or 
rejection of the arm, and information in this 
regard may be important to an understanding 
of his status. This type of information was 
obtained through the use of interviews and 
questionnaires. By these means, data were 
gathered relating to: 

1. Time lapse between amputation and first prosthe­
sis. 

2. Preprosthetic physical therapy. 
3. Procedures in prosthetic prescription. 
4. Services of prosthetist. 
5. Procedures in initial checkout of prosthesis. 
6. Training in the use of the prosthesis. 

The article by Springer (page 73) describes 
the findings of this study. 

Amputees' Appraisal of Prosthesis and Com­
ponents. An evaluation of the prescribed com­
ponents was an essential aspect of the studies. 
An armamentarium had been developed, and 
components had been prescribed on the basis 
of their design features. In order to appraise 
the relative value of these components, the 
amputees were asked to comment on specific 
characteristics of all the components of their 
prostheses and to describe the suitability or 
inconvenience of any device with which they 
were familiar. The following information was 
elicited: 

1. The extent of his acquaintance with prosthetic 
components. 

2. His appraisal of certain specific characteristics 
of each device with which he was familiar. 

3. His expression of the suitability of prosthetic 
components for activities. 

4. A comparison of currently and previously 
worn prostheses. 

These opinions and experiences were re­
corded as shown in Appendix H I D . The results 
and significance of this study will appear in an 
article in the next issue of ARTIFICIAL LIMBS 

(Autumn 1958; Vol. 5, No. 2). 

Psychological Reactions 

It is frequently observed that some amputees 
fail to wear or use a prosthesis which seems to 
be well fitted and functional. Others, with 
properly prescribed and well-fitted arms, and 
even those with inadequate prostheses, accept 
and use them extensively. These reactions were 
attributed to the varying, highly personal 
meanings of amputation and prosthetic restora­
tion. For this reason, a psychological analysis 
by means of interviews and questionnaires was 
undertaken to explore the significance of these 
factors. 

The instruments used included a 57-item 
multiple-choice questionnaire (Appendix HIE) 
developed by the Prosthetic Devices Study. 
Completed by the subject in the presence of an 
NYU representative, it was designed to pro­
vide information about the feelings and be­
havior of amputees relative to amputation and 
prosthetic restoration. The following reactions 
were elicited: feelings of functional adequacy, 
acceptance of loss, sensitivity about disability, 
ability to cope with social situations, feelings of 
independence, and attitudes toward pros­
theses. 

Another questionnaire (Appendix I I IF) con­
tained nine open-end questions. This provided 
an opportunity for the subject to express his 
feelings about the effects of his condition and 
treatment upon his personality and social ac­
tivities. It supplemented the more highly 
structured 57-item questionnaire (Appendix 
IIIE). 

The third instrument (Appendix IIIG) was 
a novel (experimental) application of a pro­
jective device. It consisted of nine cartoons 
depicting common social situations in which 
the fact of amputation might lead to awkward­
ness or embarrassment. It permitted the ampu­
tee to select one of a number of possible re­
sponses to each potentially embarrassing 
situation. By his reaction, the patient was 
expected to express his feelings of independ­
ence, the degree to which he faced reality, his 

19



acceptance of the amputation, and his sense of 
security. Each response represented a grada­
tion of possible reactions to each situation. 

A fourth questionnaire (Appendix IIIH) was 
employed specifically to elicit information from 
subjects who had never previously worn pros­
theses. It consisted of 15 multiple-choice 
questions relating to the amputee's knowledge 
of prosthetic components and his expectations 
regarding the functional, cosmetic, and com­
fort qualities of artificial arms. A series of 
open-end questions was included to determine 
opinions of prosthetic usefulness and diffi­
culties of prosthetic wear. 

Upon execution of these procedures, the 
evaluation of an amputee was complete, but 
the entire process was performed twice. The 
first appraisal, conducted by the NYU repre­
sentative prior to the prescription meeting, 
provided a detailed description of the pre-
treatment condition of the patient with respect 
to his physical condition, functional capacity, 
experience as an amputee, quality and useful­
ness of his prosthesis, and his emotional reac­
tion to disability. Approximately three months 
after a satisfactory final checkout, or six to 
nine months after fitting, the previously 
evaluated subjects were again processed for a 
post-treatment evaluation, the procedures fol­
lowed being essentially the same as in the 
pretreatment evaluation. The instruments 
used are given in Appendices IIIE, IIIF, IIIG, 
and IIIH. 

These data are analyzed and discussed in an 
article to appear in the next issue of ARTIFICIAL 
LIMBS (Autumn 1958; Vol. 5, No. 2). 

SUMMARY 

Some of the problems involved in prosthetic 
service to amputees just after World War II, 
and the steps taken by governmental and 
private organizations toward their solution, 
have been described in this section. The devel­
opment of the Artificial Limb Program has 
been traced briefly from its inception through 

the initial studies in which problems were 
isolated and new methods and materials to 
solve them were developed. The dissemination 
of new knowledge through the organization of 
a prosthetics education program has been dis­
cussed, and the design and scope of the studies 
undertaken to evaluate the new developments 
have been described. "Survey Studies" were 
carried out to increase the available knowledge 
about amputees in this country. "Clinical 
Studies" were pursued to evaluate the effect of 
the newly developed treatment methods. And 
"Evaluation Studies" of the changes in ampu­
tees' conditions brought about by these treat­
ments were planned and executed. 

The evaluation instruments and techniques 
have been described briefly in this section in 
the interest of presenting a clear overview of 
the whole process. A total of 359 amputees 
were studied by means of these procedures. 
This group contained 168 below-elbow, 158 
above-elbow, 23 shoulder-disarticulation, and 
10 bilateral amputees. 

The upper-extremity field studies repre­
sented a pioneering effort to apply special 
skills to special problems in a broad, only 
partially understood field. A multiplicity of 
interests, unique requirements, and a paucity 
of previous research combined to broaden the 
scope of the studies. The methods and instru­
ments employed are considered a first step 
toward the establishment of more precise and 
valid methods for evaluating the condition of 
those with physical impairment. But despite 
the broadness of the field and the research re­
quirements, service to the amputee was always 
a paramount consideration. 
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Studies of the Upper-Extremity Amputee 
II. The Population (1953-55) 

NORMAN BERGER, M.S.1 

THE number of upper-extremity amputees 
examined during the "Survey Studies" con­
ducted by New York University probably 
represents the largest sample of a single type 
of disabled individual any research group has 
thus far had the opportunity to study. The 
size of the sample (1630 cases) offered a unique 
opportunity for assessing the status of the 
upper-extremity amputee on a nationwide 
basis during the years 1953-55 just prior to 
the widespread introduction of the devices 
and techniques promulgated by the Artificial 
Limb Program. The information that will 
allow us to form a picture of the arm-amputee 
population during those years is presented 
in the following pages under the headings: 

General characteristics. This section presents identi­
fying data (such as age, height, weight, and educational 
level) as well as some general findings concerning 
causes of amputation, amputee types, and amputee 
vocations. 

Stump characteristics. Here are found data concerning 
the strength and range of motion of various stump 
movements, characteristics basic to the control and 
use of a prosthesis. 

Extent of use of prostheses. Under this heading is 
presented information dealing with the extent and 
type of prosthetic use in the common activities of 
daily living, data which permit inferences concerning 
the functional value of prostheses. 

Prosthetic components. This section presents a 
description of the prostheses worn by arm amputees 
throughout the country. 

Within this outline, the data gathered are 
presented, where applicable, by amputee 
type, an arrangement which permits com­
parison of attributes between below-elbow, 
above-elbow, shoulder-disarticulation, and bi­
lateral arm amputees. 

One should note at the very outset that 
this entire study deals with male amputees 
only. No female patients are included any­
where. It will also be noted that the tables 
and graphs which present the data contain a 
varying number of cases. Owing to such 
limitations as the fact that some amputees 
were not wearing their prostheses or could not 
remember details about their prosthetic 
experience, full information was not available 
for each case. Accordingly, the totals approxi­
mate, but are usually somewhat less than, 
1630. 

GENERAL CHARACTERISTICS 

Below-elbow amputees only slightly out­
number above-elbow amputees in the general 
population. This observation may be some­
what surprising in view of the widespread 
belief that below-elbow amputations occur 
much more frequently than do other types. 
Apparently, the latter is not the case, and it 
would therefore be unwise to direct research 
and development toward the one area at the 
expense of the other. The relative infrequency 
of shoulder disarticulations and of bilateral 
arm amputations also is noteworthy. 

Classification of arm amputees is based on 
stump length expressed as a percentage of 
the length of the same arm segment on the 
sound side. For example, a below-elbow am­
putee whose stump measures 6 in. from medial 
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epicondyle to end and whose sound forearm 
measures 12 in. from medial epicondyle to 
ulnar styloid has a remaining stump length of 
50 percent. The system of classifying arm 
amputees is thus based on percentage cate­
gories, each category indicating a progressively 
greater amount of loss of function. Because 
the remaining percentage of the length of the 

corresponding normal arm segment is an indi­
cation of the amount of functional loss oc­
casioned by the amputation, the figure is an 
important one. 

In the NYU survey, the number of amputees 
in each category was as indicated in the ac­
companying charts. Nearly half (45 percent) 
of all below-elbow amputations fall in the 
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medium below-elbow range, while more than 
half of the above-elbow cases (66 percent) 
fall in the standard above-elbow category. 
Extremely short stumps tend to outnumber 
extremely long types in both above- and below-
elbow cases. Of the below-elbow stumps, 10 
percent are very short as compared to 8 per­
cent that are wrist 
disarticulations; in the 
above-elbow group, 12 
percent are shoulder 
disarticulations as com­
pared to 7 percent that 
are elbow disarticula­
tions. 

A very substantial 
portion of the amputees 
contacted during the 
survey studies were 
veterans whose ampu­
tations were service-
connected a n d who 
were receiving prosthe­
tic treatment through 
the Veterans Adminis­
tration. This prepon­
derance of veteran am­
putees should be borne 
in mind, since it may 
tend to affect the data 
in some respects. 

With the large number of veterans in the 
sample, it is not surprising that over half of 
the amputations were caused by combat 
injuries. Aside from wartime casualties, 
most upper-extremity amputations result from 
trauma, less than 5 percent being either of 
congenital origin or due to disease. 
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The average age of the group (Table 1) is 
36 years, but in view of the large number of 
veterans in the sample it is difficult to say 
whether this age distribution is representative 
of the entire amputee population. It is likely 
that significant numbers of cases in the older 
age groups are not included in these data. 

Tables 2 and 3 give respectively the heights 
and weights of the subjects studied. Table 4 
gives the residence of the subjects by state. 

Almost four out of five of the amputees in 
the survey group were married (Table 5). 
There has been speculation about a possible 
relationship between the extent of handicap 
and marital status. In this regard, the following 
breakdown may be of interest: 

While there is some indication of a trend 
in these figures, their significance must await 
additional data bearing on this point. 

Table 6 presents the educational level of 
the subjects, but here again the data may be 
biased by the fact that a large portion of the 
group was eligible for educational benefits 
through the Veterans Administration or State 
Vocational Rehabilitation Divisions. The 
effect of these influences on the data cannot be 
assessed without further study. 

Amputation in the upper extremity ap­
parently results in a definite occupational 
shift primarily away from agricultural and 
other forms of manual labor at all levels of 
skills and toward managerial, clerical, sales, 
and office work. Prior to amputation, pro­
fessional-managerial, clerical, and sales jobs 
accounted for 14 percent of the sample's 
vocations, while agricultural, skilled, semi­
skilled, and unskilled jobs accounted for 64 
percent. In contrast, the former groups of 
jobs include 41 percent of the postamputa-
tion occupations (an increase of 27 percentage 
points), and the latter groups include 27 
percent (a decrease of 37 percentage points). 

Another marked shift occurs in the rate of 
unemployment. Whereas only 1 percent of 
the group was unemployed prior to the loss 
of an arm, 19 percent were not gainfully 
employed when seen at amputee clinics. 
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It is interesting to note 
that those amputees who 
were employed were occupied 
in a wide variety of jobs in­
cluding agricultural and 
skilled vocations. This fact 
leads us to speculate as to 
the reasons for these occupa­
tional shifts. Are these trends 
actually caused by the physi­
cal inability of the amputee 
to perform and compete, or 
are there perhaps other social 
or psychological reasons for 
the occupational shift? 
Doubtless, a combination of 
factors is operative, but the relative importance 
of each is still unknown. 

STUMP CHARACTERISTICS 

The stump characteristics with which we 
are concerned in this section are strength and 

range of motion. Information about these 
characteristics was obtained through gonio-
metric measurements and standard muscle-
testing techniques. 

In general, the below-elbow amputee re­
tains somewhat more range of pronation than 
of supination (Table 7). The average amount 
of residual pronation in the entire sample is 
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38 deg., the average amount of supination 
being 33 deg. 

Besides retaining somewhat more range of 
motion in pronation than in supination, the 
below-elbow amputee tends to have some­
what greater strength of pronation (Table 8). 
The strength of pronation was rated good or 

excellent in 57 percent of the 
cases while 51 percent were 
rated good or excellent in 
supination. 

Of the total group, 75 per­
cent were able to flex their 
elbows actively to an angle 
of 130 deg. or more (Table 9). 
Among below-elbow am­
putees, then, approximately 
three out of four cases retain 
a normal amount of elbow 
flexion on the side of the 
amputation. On the other 
end of the scale, however, it 
should be noted that a sig­
nificant number of amputees 
have a restricted range of 
motion and require special 
prosthetic or medical atten­
tion in order to achieve a 
more normal flexion angle. 

Whereas somewhat more 
than 50 percent of the cases 
had good or excellent 
strength in pronation and 
supination, 90 percent had 

equivalent strength ratings in elbow flexion 
(Table 10), as would be expected since amputa­
tion through the forearm interferes less with 
the muscles and joints related to elbow flexion 
than with those related to pronation and 
supination. 

When wearing a prosthesis, the above-elbow 
amputee rarely has occasion to move his 
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stump beyond an angle of 80 deg. either in 
elbow flexion or in abduction of the humeral 
stump. On this basis, the majority of above-
elbow amputees have more than adequate 
range of motion for present conventional 
prostheses. The data indicate that 94 percent 
of the cases had 80 deg. or more of flexion; 
91 percent had 80 deg. or more of abduction 
(Table 11). 

The motion of extension at the shoulder 
joint is used primarily in locking and un­
locking the prosthetic elbow. To perform this 
operation, an extension range of 40 deg. is 
more than adequate. In our sample, 82 per­
cent of the cases could achieve an extension 
angle of 40 deg. or more. 

The majority of above-elbow amputees 
have no significant problem with regard to 
the strength of motions at the shoulder joint. 
In the total group, 90 percent of the cases 
had good or excellent strength in flexion, 81 
percent had good or excellent strength in 
extension, and 90 percent had good or ex­
cellent strength in abduction (Table 12). 

EXTENT OF U S E OF PROSTHESES 

In assessing the extent of prosthetic use, 
information was obtained as to the length of 
time the prosthesis was worn, if at all, and as 
to the specific activities for which it was used 
in dressing, eating, work, and recreation. 
These data permit inferences to be made 
concerning the usefulness of the prosthesis 
in everyday life. 

A surprisingly large portion (62 percent) 
of the amputees indicated that they were 
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prosthesis wearers at the time of the survey, 
but this figure may be deceivingly high be­
cause of the large number of veterans in the 
sample. Moreover, the term "present wearer," 
while it indicates daily wear, does not indicate 
the actual amount of time the prosthesis is 
worn. Some of these "present wearers" may 
use the prosthesis only a short time each day. 
Further information bearing on this point is 
to be found in the accompanying chart dealing 
with the number of hours per week the pros­
thesis was worn. 

It is perhaps more informative to notice 
how the wear status varies with increasing 
severity of loss. While 75 percent of the below-
elbow amputees were classified as present 
wearers, this figure drops to 61 percent for 
the above-elbow amputees and to 35 percent 
for the shoulder-disarticulation cases. Clearly 
there are considerably fewer unilateral arm 
amputees wearing prostheses as the level of 
amputation moves proximally. 

The same trend is found among amputees 
who had worn prostheses before but who had 
given them up and were nonwearers at the 
time of the survey. Among the below-elbow 
amputees, 9 percent were nonwearers although 

they had had previous prosthetic experience. 
Among the above-elbow amputees, this figure 
rises to 21 percent and reaches 35 percent 
among the shoulder-disarticulation cases. 

From these data, the inference is inescap­
able that, while the below-elbow prosthesis was 
a fairly widely worn device, the prosthetic 
replacement for the above-elbow case and 
that for shoulder disarticulation left more to 
be desired. 

A significant portion of those amputees 
who wear prostheses apparently use them full-
time, i.e., 80 or more hours per week, which is 
about the equivalent of 12 hours a day, every 
day. In this respect there are, however, sig­
nificant differences among the several amputee 
categories. For example, 71 percent of the 
below-elbow amputees were full-time wearers. 
But for the above-elbow and shoulder-disartic­
ulation groups, this figure drops to 53 per­
cent and 54 percent, respectively. Among 
bilaterals the figure rises to 88 percent; the 
bilateral is obviously more dependent on his 
prosthesis than is the corresponding unilateral 
amputee. 

The conclusion that the amount of wear 
decreases significantly as the level of unilateral 
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amputation becomes higher is reinforced by 
the data pertaining to the percentage of 
amputees who wear their prostheses for 
relatively short periods each week. A wearing 
time of less than 40 hours per week was re­
ported by 11 percent of the below-elbow group, 
20 percent of the above-elbow group, 27 
percent of the shoulder-disarticulation group, 
and 6 percent of the bilaterals. Judging from 
these data, individuals with amputations 
above the elbow do not receive sufficient 
value from their prostheses to wear them 
consistently. 

We come now to a consideration of the 
degree of actual use to which arm prostheses 
are put by those who wear them. The activities 
listed in the four accompanying charts have 
two important characteristics. First, they 
are extremely common, being performed several 
times daily by almost every active individual. 
They are an inescapable and integral part of 
normal daily life. Secondly, they are bimanual 
in nature, either requiring two hands directly 
or else necessitating the use of one hand while 
the other is occupied in an auxiliary role. 
For these reasons, the use or nonuse of the 

prosthesis in these activities can properly be 
considered an indicator of the value of the 
replacement. 

We have already seen that some amputees 
had never worn a prosthesis and that others 
had given one up after some trial period. 
While the situation is quite complex, these 
facts point out that, at least for a certain 
number of amputees, the prosthesis did not 
offer sufficient functional advantage to com­
pensate for any inconvenience or discomfort 
involved in its use. But what of those am­
putees who did wear their appliance? Did 
they use their artificial arms to assist in the 
accomplishment of these common activities? 

In the activities of dressing, we find that 42 
percent of the below-elbow amputees did 
use their prostheses in tying shoe laces and 
in holding up the trousers while the sound 
hand adjusted buttons, zippers, or belts. This 
figure, however, is considerably reduced in 
the case of the above-elbow amputee and is 
even smaller for the shoulder-disarticulation 
cases. The information can be summarized by 
saying that, first, significantly less than half 
of those amputees who wear arm prostheses 
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use them in dressing activities and, second, 
that use of an arm prosthesis in dressing de­
creases markedly the more proximal the level 
of amputation. 

Although it is customary for the normal 
person to use a knife and fork in cutting food, 
apparently most arm amputees adopt some 
other method. It should be recalled that the 
use of two hands for eating activities is manda­
tory in only a few instances, such as in cutting 
tough meat or in buttering bread. The amputee 
can try to avoid these situations, can receive 
help from another person, or can use a special 
tool such as a combination knife-fork. At any 
rate, it seems clear that, in the area of eating, 
the prosthesis was not of great functional 
value to the sample group. The highest rate 
of use was only 23 percent (among the below-

elbow and the bilateral subjects, who reported 
holding a fork in the prosthesis). 

Light grasp is differentiated from heavy 
grasp not only by the weight of the object 
but also in that precision is the essential 
feature of the former while strength of grip is 
paramount in the latter. Holding papers and 
writing implements are examples of light 
grasp; handling tools exemplifies heavy grasp. 
The word "support" is here used to indicate 
holding an object up, as in carrying a topcoat, 
not by grasping but by placing a terminal 
device or prosthetic forearm underneath it. 
"Weight" implies holding an object down in 
the fashion of a paperweight, again without 
grasping. 

As regards work activities, the data on use 
of an arm prosthesis present much the same 
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picture as we have seen in connection with 
dressing and eating. The majority of the group 
still report no use of their prostheses, and 
again the amount of use at work declines at 
the higher amputation levels. It is interesting 
to note, however, that in this area there is 
much less decrease in use among above-elbow 
and shoulder-disarticulation amputees than 
is the case in the other two areas (dressing 
and eating). That is to say, the above-elbow 
and shoulder-disarticulation prosthesis was 
used more often for work tasks than for 
eating or dressing. This may be accounted 
for by the social and competitive pressures in 
job situations, or perhaps by the fact that 
work tasks are extremely varied as compared 
to the restricted number and type of activities 
in dressing and eating. 

As for activities involved in recreation, the 
number of amputees reporting use of the 
prosthesis for grasp of heavy objects is more 
than double the number reporting light grasp. 
This reversal of the data dealing with use of 

the prosthesis at work raises a number of 
questions. Does the amputee find himself 
placed in jobs whose demands are quite light 
physically? And, if so, is this a real or an 
imagined limitation, since apparently the 
amputee is able to and tends to do heavier 
activities for his own recreation than he does 
on the job? It may be that there is an existent 
prejudice, not in accord with the facts, con­
cerning the kind of activity that an arm am­
putee can perform. Such a misconception, 
on the part either of the amputee or of other 
persons such as vocational counselors, could 
lead to placement in jobs requiring activity 
levels lower than those which the amputee is 
capable of producing. 

PROSTHETIC COMPONENTS 

In this section we are concerned primarily 
with the types of prosthetic equipment worn 
by arm amputees throughout the country 
just prior to the research studies. For con­
venience, we shall deal first with those pros-
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thetic components that are common to all 
prostheses and then proceed to components 
that are specific to below-elbow and to above-
elbow arms. 

At the time of this survey of upper-extremity 
amputees, the voluntary-opening Dorrance 
No. 5 was by far the most widely used hook. 
Over 32 percent of the group wore it. In all, 
the Dorrance hooks, of which there are nu­
merous types, were worn by 70 percent of the 
subjects, the No. 8 and the No. 7 following 
behind the No. 5 in popularity. Other hooks 
that had a fairly widespread use were the 
APRL voluntary-closing hook (10 percent of 
all the amputees) and the Trautman hook 
(9 percent). 

The three hands that had been most widely 
dispensed were the Miracle (31 percent of 
the group), the APRL (24 percent), and the 
Becker (21 percent). In addition to the rela­
tive numbers of the various types of hands, 
it is interesting to note that 84 percent of the 
sample used active hands as compared to 
16 percent who wore passive hands. Also, as 
one would expect, the total number of hands 

worn (728), while quite high, is substantially 
less than the total number of hooks (1010). 
Many amputees owned both a hand and a 
hook. 

It is clear that at the time of the survey the 
great bulk of arm amputees (70 percent) used 
friction wrist units. The positive-locking type 
of wrist unit was worn by 20 percent of the 
group, and approximately three out of four 
of these units were of the Hosmer WD-400 
type. The proportion of positive-locking wrists 
remained fairly constant in all groups except 
that of the bilaterals, who would be expected 
to have difficulty in operating this unit. 
Among the arms worn by bilaterals, only two 
were equipped with positive-locking wrists. 

The remaining 10 percent of the sample 
wore the quick-change Dorrance "Butterfly" 
type of wrist, which is essentially a friction 
unit with provision for quick interchange of 
terminal devices. 

Considering the group as a whole, plastic 
sockets were used most extensively. Forty-
three percent of the subjects wore this type 
as compared to 37 percent who wore sockets 
made of leather, 12 percent whose sockets 
were made of wood, and 9 percent with fiber 
sockets. Since plastic is the standard socket 
material today, it is interesting to note that 
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57 percent of the entire group did not wear 
plastic sockets at the time of the survey. 

There was, however, considerable variation 
among the below-elbow, above-elbow, and 
shoulder-disarticulation groups. The leather 
socket was used by a substantial portion of 
the below-elbow population (47 percent) 
but by smaller segments of the above-elbow 
and shoulder-disarticulation groups (23 per­
cent and 35 percent respectively). Approxi­
mately half of this latter group (above-elbow 
and shoulder disarticulation) wore plastic 
sockets. 

It is interesting to note that at the time of 
the survey there was still fairly prevalent use 
of wood for the above-elbow socket (19 per­
cent of the cases) and of molded leather for 
the shoulder-disarticulation socket (35 percent 
of the cases). The data also indicate that over 
79 percent of the below-elbow and over 86 
percent of the above-elbow sockets were of 
single-wall construction. Double-wall sockets, 
which have many functional and cosmetic 
advantages, were not in general use. 

The harnesses worn by arm amputees at 
the time of the survey present quite different 
pictures in the below-elbow and above-elbow 
groups. The bulk of the below-elbow popula­
tion (63 percent) used standard figure-eight 
harnesses, and an additional large group (25 
percent) wore a single axilla loop. These two 
types of harnesses differ only in that the 

axilla loop does not contain 
the front suspension strap 
(commonly in the form of an 
inverted F) of the figure-
eight harness. The other 
major style of below-elbow 
harnessing is the chest strap 
and shoulder saddle, which 
was worn by 12 percent of 
the sample. 

Turning to the above-
elbow population, we find 
the situation reversed. Fifty 
percent of this group wore a 
shoulder saddle and chest 
strap, while another 24 per­
cent wore the same harness 
plus an axilla loop to which 

the control cable was attached. Thus, three 
quarters of the above-elbow sample had 
shoulder saddles and chest straps as their 
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basic suspensory harness. 
The remaining one quarter 
of all above-elbow amputees 
wore figure-eight harnesses, 
either with or without the 
over-the-shoulder strap. 

The most universally used 
elbow joint was the poly-
centric rigid joint. It was 
found in 57 percent of the 
below-elbow arms (Table 13). 
If we add to this figure the 
three other types of rigid 
hinges listed in the accom­
panying table, we find that 70 
percent of the below-elbow 
sample wore rigid elbow 
joints. The remaining 30 per­
cent wore flexible or semi-
flexible joints. 

Beginning with the triceps 
pad, a relatively small sec­
tion of leather located on the 
posterior side of the humerus, 
each type of upper-arm cuff 
is progressively larger. The 
half cuff covers approxi­
mately half of the upper-arm 
circumference, the full cuff 
completely encircles the arm, 
and the three-quarter cuff is 
between these two in size. 

A principle generally agreed upon is that 
the less cuffing used the more comfortable and 

convenient is the prosthesis, provided that 
stability and control are not impaired. It is 
noteworthy, therefore, that the smallest cuff, 
the triceps pad, was worn by only six percent 
of the cases. The half and full cuffs were worn 
almost exclusively (48 and 41 percent of the 
sample, respectively). 

Almost all of the half and full cuffs were 
worn with one or two billets. One of the factors 
accounting for the large number of full cuffs 
and supportive billets, which contrasts mark­
edly with present practice, may have been the 
previously noted prevalence of the axilla-
loop harness, which has no front suspension 
strap. 

Slightly more than half of all above-elbow 
amputees did not use automatic, harness-
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controlled elbow units, which are considered 
standard equipment today. Of this group, 42 
percent were manual locks operated by the 
remaining sound hand, while the remainder 
(12 percent) wore Fitch-type elbows, which 
do not contain a locking mechanism. 

Of the slightly less than half who did wear 
harness-operated elbow-locking units, 25 per­
cent used Hosmer units (primarily the E-300 
elbow) and 21 percent used Sierra units (the 
Model C elbow). 

SUMMARY 

The past five years have witnessed a rapid 
change in the field of upper-extremity pros­
thetics, partly as a result of the education 
program and of the studies reported in this 
issue of ARTIFICIAL LIMBS. AS a step in the 
measurement of the progress that has been 
and will be made, the survey studies were 
designed to provide a baseline describing the 
state of upper-extremity prosthetics prior to 

the introduction of new techniques, devices, 
and concepts of amputee management. 

To establish this baseline, information has 
been presented about a sample of 1630 am­
putees observed during the years 1953-55. 
The character and status of the entire upper-
extremity amputee population in 1953-55 
can reasonably be inferred from these data. 
The extremely large number of all types of 
male amputees who participated, the nation­
wide scope of the survey, the inclusion of 
wearers and nonwearers, and the wide variety 
of occupations represented make for confidence 

in the accuracy with which the state of the 
art has been depicted. 

The primary limiting factor in these data 
is the large number of veterans among the 
group, which undoubtedly influences the 
results. In addition, the data tend to char­
acterize those amputees who reside in urban 
areas or within a 100-mile radius of the major 
metropolitan centers where the participating 
clinics were located. Hence it is likely that the 
rural resident is not fully represented. 
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Studies of the Upper-Extremity Amputee 
III. The Treatment Process 

WARREN P. SPRINGER, M.A.1 

THE amputees who took part in the NYU 
Upper-Extremity Field Studies obtained their 
new prostheses through a treatment process 
characterized by seven clear-cut steps. These 
were preprescription examination, prescription, 
preprosthetic therapy (if indicated), fabrica­
tion of the prosthesis, initial checkout, train­
ing, and final checkout. 

The preprescription examination was con­
ducted at the beginning of the treatment proc­
ess in order to obtain information that would 
be useful in formulating the prescription and 
planning the entire treatment program for the 
patient. 

As for prescription, the research and educa­
tional program strongly encouraged the clinic-
team approach, wherein the physician, as 
clinic chief, involved the prosthetist, the 
therapist, the patient, and frequently other 
individuals, such as the social worker or the 
vocational counselor, in the prescription proc­
ess. The resulting prescription not only covered 
the strictly medicosurgical aspects of manage­
ment but also specified the type of prosthesis 
and components that were to be used and the 
training the patient was to receive. 

The preprosthetic phase of treatment, when 
indicated, was directed toward providing the 
patient with the necessary strength and range 
of motion to operate his prosthesis and toward 
conditioning his stump for wearing it. 

In the fabrication process, the prosthetist, 
working with the patient, carried out the con­

struction and fitting of the prosthesis in ac­
cordance with the specifications of the pre­
scription. 

Initial checkout, which was done on a team 
basis, consisted of a systematic inspection and 
evaluation of the prosthesis to ensure that 
accepted standards of construction and func­
tion were achieved. This step was accomplished 
before the amputee received training and be­
fore he was permitted to wear his prosthesis 
for any extended period. 

Training consisted essentially of two parts 
—controls training and use training. The 
purpose of controls training was to develop the 
ability to open and close the terminal device, 
control prehension force, operate the wrist unit, 
interchange terminal devices, and, in the 
above-elbow cases, flex the prosthetic elbow 
and operate the elbow lock. Use training was 
designed to develop the ability to utilize the 
prosthesis in practical tasks related to daily-
living activities and to occupational require­
ments. 

Final checkout was performed after the 
completion of training or after an initial period 
of wear. It paralleled initial checkout in that 
many biomechanical evaluation procedures 
were repeated to determine if wear had given 
rise to any difficulties or deficiencies. But in 
addition to the evaluation of the prosthesis 
itself final checkout also included an evalua­
tion of training and of the amputee's ability to 
use the prosthesis at a practical level. 

This paper is primarily an account of the 
experiences and opinions pertaining to the 
treatment process as obtained from interviews 
with 359 adult, male amputees both at the 
beginning and at the end of their participation 
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in the studies. The information concerning 
checkout and training is supplemented by 
clinical data from records of an additional 410 
amputees who participated in clinical aspects 
of the study. 

The general characteristics of the research 
group of 359 amputees closely parallel those of 
the 1630 amputees in the survey group (Section 
II) . Between the two groups there were no 
significant differences with respect to age, 
height, weight, marital status, cause of ampu­
tation, or strength and range of motion on the 
side of the amputation, although there were 
slight differences in educational level, in ex­
perience with arm prostheses, and in the rela­
tive frequency of below- and above-elbow 
types. These data are presented in Appendix 
I (page 85). 

In interpreting the data in this section, 
certain considerations should be kept in mind. 
First of all, a considerable portion of the in­
formation is based on the amputees' recollec­
tions of past events. The differences that may 
exist between the recollection of events and 
the events as they actually happened constitute 
a possible source of error. A second considera­
tion has to do with the amputees' interpreta­
tions of the questions asked during the inter­
views, especially at the beginning of the study. 
Terms such as "clinic," "prescription," 
"checkout," "physical therapy," and "train­
ing" may have had widely varying meanings 
for different subjects. For example, a subject 
might have said that the prosthesis he was 
wearing at the beginning of the study had been 
subjected to a checkout when in reality it had 
been given only a cursory inspection instead of 
the systematic examination and evaluation 
that constituted a "checkout" in our meaning 
of the term. 

A third factor has to do with the number of 
amputees who were able to give meaningful 
responses to these questions. In some instances 
and for various reasons usable responses were 
not obtained from the entire group. In some 
cases questions were not answered. In most 
instances, however, classifiable responses were 
obtained from at least 80 percent of the group, 
and it seems reasonable that these responses 
are representative of the attitudes of the 
entire group. 

On the positive side, there is good reason to 
assign a considerable degree of importance to 
the opinions and reactions expressed by the 
subjects, since, in the last analysis, the amputee 
is the final judge of his prosthesis. The extent 
to which he accepts and approves of the proc­
ess through which he obtains his prosthesis 
may have considerable bearing on the extent 
to which he accepts and uses the device. 

PRESCRIPTION 

Prior to their participation in the research 
studies, only 17 percent of the amputees had 
ever received an arm that was prescribed by a 
clinic team (physician, limbfitter, and thera­
pist). In the great majority of cases, decisions 
as to the type of limb and components had 
been made either on an individual basis by the 
limbfitter or the amputee or jointly by both 
limbfitter and amputee. Fifty-six percent of 
the amputees approved of this procedure, the 
most frequent reason (21 percent) given for 
approval being that they were consulted con­
cerning their choice. 

In the group (44 percent) that did not ap­
prove of the preprogram procedure through 
which they had received a limb, 14 percent 
reacted negatively to the fact that they were 
not consulted. It was somewhat surprising to 
find that an additional 18 percent expressed 
the opinion that the amputee should not be 
consulted. Of the total group, 12 percent felt 
that the doctor should prescribe the prosthesis. 
Apparently a significant number of amputees 
prefer to trust the judgment of others in the 
matter of prosthetic replacement. Others (and 
the number probably increases with their 
prosthetic experience) prefer to become per­
sonally involved in the selection of components 
best suited to their needs. 

Since all of the prescriptions for the new 
prostheses and related treatments were ar­
rived at on a clinic-team basis, the amputees 
were asked the following question to obtain 
their reactions to the team method of pre­
scription: Do you think that prescription of a 
new arm by a clinic consisting of a doctor, limb­
fitter, and therapist is a good procedure? Ninety-
four percent of the amputees answered in the 
affirmative. Compared to the mixed reactions 
concerning the preprogram procedures, the 
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figure of 94 percent clearly indicates that the 
amputees preferred the new procedure. By far 
the most frequent reason given for this re­
sponse was that the combined experience which 
could be obtained through the clinic procedure 
was useful. Typical comments were: 

". . . more heads are better than one." 
". . . experience of several people is helpful." 
". . . no aspect is overlooked." 

Other reasons that were mentioned relatively 
frequently can be classified under these head­
ings: 

". . . prevents errors." 
". . . team members act as a check on each other." 
". . . amputee becomes involved in the prescrip­

tion." 

Among the 6 percent who did not approve 
of the procedure, the most common reason 
offered was that: 

"An old wearer knows what he needs." 

To obtain information on the parts the vari­
ous clinic members played in prescription, the 
amputees were asked: Who was most influential 
in deciding the kind of arm you should havef 
The replies are summarized in the accompany­
ing chart. 

TERMINAL DEVICES 

The next two charts show the relative fre­
quency with which the various types of ter­
minal devices were prescribed in the research 
study. For purposes of comparison, data on the 
hands and hooks that were being worn at the 

beginning of the study are included under the 
heading "Old Prosthesis." 

In interpreting the prescription data on 
hands and hooks, consideration should be given 
to the fact that it was a policy of the research 
program to encourage the prescription of 
APRL hands and hooks in order to obtain 
additional data for evaluation of these devices. 
This accounts for part, but by no means all, of 
the changes in terminal components of the old 
and the new prostheses. Other factors involved 
in the changes were related to an increasing 
tendency on the part of clinic groups to pre­
scribe aluminum hooks and hooks with rubber 
or neoprene facings and to a natural interest in 
the possibilities of voluntary-closing terminal 
devices with their wide range of grasp forces. 
In the case of the APRL hand, the wide range 
of grasp forces was combined with improved 
appearance. This natural curiosity and interest 
in new devices is reflected in the increased use 
of the Sierra two-load hook also. 

WRIST UNITS 

The new prostheses showed a marked in­
crease in the prescription of positive-locking 
wrist units with the "quick-change" discon­
nect. The chief reasons for this increase related 
to: 

1. Specific vocational or avocational indications 
for a positive lock to control rotation. 

2. Prescription of both hand and hook for approxi­
mately four out of five subjects. A substantial majority 
of these cases required a wrist unit with a "quick-
change" feature to facilitate interchange of hand 
and hook. 
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WRIST-FLEXION UNITS 

There were only two wrist-flexion units on 
the old prostheses. Both cases were bilateral 
amputees. Twenty-two wrist-flexion units were 

prescribed in the research group. Ten were for 
bilateral amputees; six were for above-elbow, 
four for shoulder-disarticulation, and two for 
below-elbow amputees. 
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BELOW-ELBOW HINGES 

A marked increase in the number of flexible 
hinges prescribed reflects the increased aware­
ness of the value of utilizing residual rotation 
of the forearm stump whenever possible so that 
the need for pre-positioning the terminal de­
vice with the sound hand can be reduced or 
eliminated entirely. An additional advantage of 
flexible hinges is that they are less likely to 
damage the sleeves of the 
wearer's clothes. 

BELOW-ELBOW CUFFS 

Prescription for below-

elbow cuffs showed a marked 

change toward smaller cuffs 

and elimination of straps. 

This change is a result of 

increased recognition of the 

desirability of providing a 

cuff large enough to give ade­

quate stability and suspen­

sion but which would also 

have minimum bulk, would 

restrict motion as little as 

possible, and would give 

greater comfort. 

ELBOW UNITS 

A guiding principle in the prescription of 
prosthetic elbow units for above-elbow and 
shoulder-disarticulation prostheses was that 
locking should be accomplished independently 
by controls attached to the harness, without 
recourse to operation of controls by the sound 
hand. The extent to which this principle was 
applied can be seen from the data, which show 
that all elbow units prescribed were harness-
operated. This is a highly significant change 
from the data relating to the old prosthesis, 
which show that only 46 percent of the old 
elbow units were harness-operated. 

SOCKETS 

Practically all of the prescriptions for the 
new prostheses specified plastic laminate as 
the material to be used in fabricating the 
socket. The data on the socket material used 
in the old prostheses show that 37 percent 
were made of plastic, 28 percent were made of 
leather with a steel frame, and the remainder 
were made of fiber and metal, wood, or leather. 
Approximately four out of five of the new 
prostheses had double-wall sockets, as com­
pared to less than one out of five of the old 
prostheses. Twelve percent of the old and 14 
percent of the new below-elbow sockets were 
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of the split-socket, 
step-up type in both 
the old and the new 
prostheses. 
HARNESSES 

The data on har­
nesses show a highly 
significant increase in 
the number of figure-
eight harnesses pre­
scribed for below-elbow 
and above-elbow cases 
with the new prostheses 
as compared with the 
old. The reasons for 
this increase are re­
lated to the favorable 
attitude of the program 
toward this simple type 
of harnessing, except 
for cases wherein heavy 
lifting was expected. Practically all of the 
shoulder-disarticulation amputees had chest-
strap harnesses on both the old and the new 
prostheses. 

Vinyon tape was specified in 96 percent of 
the prescriptions for new prostheses, and cot­
ton webbing or nylon or dacron tape were 
prescribed in the remaining 4 percent. 
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In the old prostheses, 83 percent of the 
harnesses were made of cotton webbing, 8 per­
cent were of leather, and the remaining 9 per­
cent were made of vinyon or nylon tape. The 
marked shift to the use of vinyon tape was due 
primarily to the presumably superior charac­
teristics attributed to vinyon with respect to 
dimensional stability, washability, fraying, and 
resistance to bacteria and fungi. 

CONTROL SYSTEMS 

All of the prescrip­
tions for new prostheses 
called for the use of the 
Bowden cable in the 
control system. In the 
old prostheses, 58 per­
cent utilized Bowden 
cable; the remainder 
utilized nylon cord, 
leather, or steel cable 
without a housing. The 
change to Bowden 
cable was effected to 
take advantage of its 
higher efficiency in 
transmitting forces. 

PREPROSTHETIC 

THERAPY 

Four out of ten sub­
jects said they had re­
ceived treatment by 
some form of exercise 
or other physical 
therapy prior to their 
entrance into the study. 
The same proportion 
of the group indicated 
that their stumps had 
been bandaged to bring 
about shrinkage. 

In response to the 
question, Do you think 
these [preprosthetic] 
treatments were helpful?, 
79 percent replied in 
the affirmative and 
offered the following 
reasons (in order of de­

creasing frequency): increased strength, in­
creased range of motion, helped stump shrink­
age, reduced pain, improved function, reduced 
flabbiness. 

During the course of the research studies, 
preprosthetic exercise or other physical therapy 
was prescribed for 13 percent of the amputees 
treated. That only a relatively small propor­
tion of the subjects received preprosthetic 
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treatment is accounted for by the fact that 
most of the amputations occurred quite some 
time before the amputees participated in the 
program. In most cases, treatment consisted 
primarily of exercise to increase strength and 
range of motion of the stump. Other physical-
therapy measures, such as diathermy, massage, 
and hydrotherapy, accounted for a relatively 
small proportion of treatments. Almost all of 
the subjects indicated that treatment was 
received daily. 

Seven percent of the amputees had their 
stumps bandaged to cause shrinkage. About 
two thirds of this small group indicated that 
bandaging had been continued over a period of 
4 to 12 weeks; the remainder of the group said 
that bandaging had been continued for more 
than 12 weeks. 

Of those who did receive preprosthetic 
treatment, 88 percent considered the treat­
ments helpful. The reason given most fre­
quently was that the treatments increased 
strength and range of motion. About one out 
of five subjects mentioned stump shrinkage as 
the chief beneficial effect. 

INITIAL CHECKOUT 

With reference to arms worn prior to en­
trance into the program, the subjects were 

asked: Was your arm checked for fit, comfort, 
and function before it was delivered to youf 
Four out of five indicated that their prostheses 
had been subjected to some form of initial 
checkout or evaluation, even though this was 
not done on a formal basis. One third of this 
group said that the limbfitter had made the 
check. Thirteen percent designated the physi­
cian as having made the check, and 9 percent 
said the check was made at the hospital. The 
others did not provide specific information as 
to who performed the checkout or evaluation. 

A basic principle guiding operations in the 
Field Studies was that the amputee would not 
be permitted to wear his new prosthesis or 
proceed to training until initial checkout had 
been passed successfully. If deficiencies were 
encountered that would interfere with wear or 
training, recommendations for correction were 
made, and the amputee was scheduled to ap­
pear again so that initial checkout could be 
completed. 

Several factors serve to explain why a rela­
tively large proportion of amputees had to 
appear before the clinic two or more times in 
order to pass initial checkout. One is that the 
checkout procedure proved to be highly effec­
tive in directing attention to the necessary 
corrections and adjustments in individual 

components and to the 
prosthesis as a whole. 
A second related to the 
relatively high and 
rigid standards estab­
lished by the checkout 
procedure. A period of 
time was generally re­
quired before the pros­
thetic experience neces­
sary to meet these 
standards was gained. 

The relatively greater 
frequency with which 
above-elbow and shoul-
der-disarticulation am­
putees failed to pass 
initial checkout on the 
first appearance, as 
compared to below-
elbow amputees, was 
for the most part due 
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to difficulties in har­
nessing. In addition, 
the relatively small 
number of shoulder 
disarticulations seen 
meant that it took 
correspondingly longer 
to obtain substantial 
experience in their fit­
ting and harnessing. 

While a majority of 
prostheses passed ini­
tial checkout on the 
first presentation, this 
does not mean that no 
deficiencies were found 
at initial checkout in 
these cases. More often 
than not, a number of 
minor deficiencies were 
found, which resulted 
in a "provisional pass" 
rather than a "pass." 
When a provisional 
pass was given, recom­
mendations were made 
for correction of 
the minor deficiencies 
found. When the amputee reported for his first 
training period, a check was made to see that 
the recommended changes had been effected. 

Among the below-elbow subjects, the most 
frequent deficiencies found at initial checkout 
were in connection with sockets. With above-
elbow amputees, the deficiencies found most 
frequently were in connection with harnessing. 
The fewest deficiencies were encountered with 
wrist units. The charts show the order in 
which the various components ranked accord­
ing to the number of deficiencies found. 

The amputees taking part in the study were 
asked: Do you think it was worth while that the 
new arm was checked for fit, comfort, and func­
tion before it was delivered to you? Ninety-four 
percent of the replies were yes. The most 
common reasons given for these replies were: 

". . . to correct and prevent problems." 
". . . provides a check on fit." 
" . . provides a check on comfort." 
". . provides a check on prescription." 

Some of the comments of those few who did 
not think it was a good procedure were: 

" . . made no necessary changes to arm." 
". . . am intelligent enough to decide for myself if 

it is comfortable." 
". . . could be checked out at limbshop." 
" . . had to wear it first to see if anything was 

wrong." 

TRAINING 

The data pertaining to previous training 
showed that 42 percent of the amputees had 
received prosthetic training sometime prior to 
the beginning of the study. Eighty-nine per­
cent of this group expressed the opinion that 
this training was helpful. Three fourths of the 
amputees who received no previous training 
said they thought training would have been 
helpful, while the remaining fourth thought 
it would have been of no use. 

Data obtained from the clinical studies 
showed that 81 percent of the subjects received 
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training, that 14 per­
cent received no train­
ing, and that owing to 
incomplete records the 
training status was in­
definite for the remain­
ing 5 percent. Among 
the amputees who re­
ceived no training, 
the most common 
reasons offered were: 
the amputee had worn 
a prosthesis before 
and previous training 
was considered ade­
quate; the amputee 
passed the prosthetic-
use test without train­
ing; the amputee de­
clined training. 

In response to a 
query concerning the 
value of prosthetic 
training, four out of five 
amputees replied in the affirmative. Among 
the most frequent reasons given for the af­
firmative answer were: 

" . . . training gives an idea of what can be done 
with the prosthesis." 

". . . learned mechanical operation of components." 
". , . expedited use of arm." 

Of the group who did not believe that train­
ing was valuable, there were proportionately 
twice as many below-elbow as above-elbow 
amputees. They offered such comments as: 

". . . using an arm is easy." 
". . training was not well organized." 
" . . . I would rather learn my own way." 
" . . . amputee was left on his own too much." 
". . . training helped very little." 
". . training was not long enough " 

In response to the question, Do you believe 
the training you were given in the use of your 
new prosthesis could be improved?, 41 percent 
answered in the affirmative. About one fourth 
of those who answered in the affirmative ex­
pressed the opinion that there should be more 
training in activities of daily living. An equal 
number thought that more time was needed. 
Among the group that expressed the opinion 

that more time was needed there were more 
than three times as many above-elbow ampu­
tees as there were below-elbow amputees. 

Other suggestions for improvement of train­
ing were: 

". . . there should be more enforced training." 
". . . provide a training manual which would allow 

the amputee to practice at home." 
". . . adapt training to occupational needs." 
". . . there is not enough supervision of training." 

The total training time for an individual 
amputee ranged from half an hour to 99 hours, 
but more than nine out of every ten amputees 
received less than 20 hours of training. Except 
for bilateral amputees, more than eight out 
of every ten amputees received 10 hours or 
less of training. The average number of hours 
of training for each amputee type is based on 
the great majority of amputees (94 percent) 
who required less than 20 hours of training. Of 
the small remaining group of amputees (6 per­
cent), one half received from 21 to 30 hours 
of training; the other half received from 30 to 
99 hours. It must, however, be emphasized 
again that the larger part of this group had 
had previous prosthetic experience. 
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The average length of individual training 
sessions for the amputees in the clinical studies 
was one hour and forty minutes. There was no 
significant difference in the figures for below-
elbow, above-elbow, shoulder-disarticulation, 
and bilateral amputees. For almost 50 percent 
of the amputees, the length of the individual 
sessions was one hour. 

In reply to the question, Did any difficulties 
arise in connection with the operation or comfort 
of your new prosthesis during training or the 
initial period of use?, 54 percent of the ampu­
tees replied in the affirmative. Among the 
below-elbow subjects, the socket was the most 
frequent source of difficulties relating to fit 
and comfort, while among the above-elbow 
group the harness constituted the major source 
of trouble. With respect to function, operation 
of terminal devices and the control system 
were the most troublesome. The control system 
was the most common source of difficulty with 
respect to maintenance. 

FINAL CHECKOUT 

Prior to participation in the Field Studies, 
less than 30 percent of the amputees had had 
their prostheses rechecked for fit, comfort, and 
function after the period of initial wear or 
training. In accordance with the procedures 

described in Section I, all prostheses in the 
Field Studies were subjected to final checkout 
after the completion of training or the initial 
period of wear. At this time not only was the 
prosthesis given a systematic and thorough 
inspection and evaluation but, in addition, an 
appraisal was made of the patient's ability to 
use the prosthesis, and a careful examination 
was made to see if there were any medical or 
surgical problems that might interfere with 
successful wear and use. Clinics considered that 
an amputee had "passed" final checkout only 
when there were no further surgical, medical, 
or prosthetic problems of any kind that re­
quired attention. 

Sixty percent of the prostheses passed final 
checkout on first presentation, 26 percent 
passed on second presentation, and 14 percent 
required more than two appearances to pass 
final checkout. This compares with 69 percent, 
24 percent, and 7 percent, respectively, for 
initial checkout. 

The decrease in the number of prostheses 
that passed final checkout on first presentation, 
as compared with initial checkout, was due 
chiefly to the results of wear of the prosthesis, 
the emphasis on the amputee's ability to use 
the prosthesis, the apparent need for additional 
training, and the need for modifications which 
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had been overlooked at the initial checkout or 
on which judgment had been withheld until 
the effect of wear could be determined. The 
actual number of deficiencies found at final 
checkout was, however, smaller by far than 
the number at initial checkout. Among the 
below-elbow amputees, the total number of 
deficiencies recorded at final checkout was 
only 339 as compared with 801 at initial check­
out. The corresponding figures for above-elbow 
amputees were 358 at final checkout and 970 
at initial checkout. These figures show clearly 
that the prostheses were far better at final 
checkout than they were at initial checkout, 
even though it took a little longer to get 
through the checkout procedure. 

As was the case at initial checkout, the 
difficulties found most frequently at final 
checkout were related to socket fit for the 
below-elbow amputee and to harnessing for 
the above-elbow amputee. The fewest difficul­
ties were encountered in relation to wrist 
units. The order in which various components 
ranked according to the number of deficiencies 
found is to be seen in the combined data for 
initial and final checkout. 

The effects of wear and use were to be seen 
in the continued difficulties with fit and com­
fort of the below-elbow socket at final checkout 

and also in the relative 
increase in deficiencies 
encountered with ter­
minal devices. The 
more common deficien­
cies in the latter case 
were related to mal­
functions of hand or 
hook, staining of or 
damage to the cosmetic 
glove, and excessive 
backlash with volun­
tary-closing devices. 

At both checkouts, 
deficiencies of the el­
bow unit rank fairly 
high on the list. Analy­
sis indicates, however, 
that most of these 
difficulties were not 
with the internal 
mechanism but rather 

with other factors such as adjustment of the 
harness and control attachments that activate 
the elbow lock. 

In response to the question, Do you think it 
was worth while that your arm was rechecked for 
fit, comfort, and function after training and 
initial period of wear?, 90 percent of the replies 
were in the affirmative. The most frequent 
reason for this reply was that the recheck 
permitted problems to be corrected. Typical 
comments were: 

". . . gives an opportunity to correct problems 
after wear." 

". . . experts can see difficulties better." 
". . . it is important to find out if arm still functions 

properly." 
" . . . it provides a general check." 

SUMMARY 

The amputees' experience in the field-
studies program differed quite markedly from 
their previous prosthetic experience with 
respect to prescription and final checkout. 
Prior to their participation in the study, less 
than one out of five had ever had a prosthesis 
that was prescribed by a clinic team, and less 
than one third had had their previous pros­
theses subjected to a final comprehensive 
checkout. 
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The differences with respect to preprosthetic 
treatment, initial checkout, and training were 
less marked. Relatively fewer amputees re­
ceived preprosthetic treatment in connection 
with the new prostheses than was the case in 
connection with the prostheses that were 
being worn at the beginning of the study. This, 
of course, can be accounted for by the lessened 
need for these services with increased pros­
thetic wear. 

Although a substantial majority of the 
amputees said that their previous prostheses 
had been subjected to some form of initial 
checkout or evaluation, these had not been 
done on any formal or systematic basis and 
had in general not involved the application of 
standards of acceptance. 

Forty-two percent of the amputees who had 
worn a prosthesis prior to the beginning of 
the study had received training in its use, 
although the nature or extent of this training 
is not clear from the data. More than eight 
out of ten subjects received training with the 
prostheses obtained in the research program. 

Amputee opinion pertaining to the treat­
ment process, as indicated by the data gath­
ered, was for the most part strongly in favor 

of the new procedures. Ninety-four percent 
of the amputees approved of the team method 
of prescription. Eighty-eight percent of those 
who received preprosthetic treatment said 
the treatments were helpful. Ninety-four per­
cent were of the opinion that initial checkout 
was worth while. 

Four out of five amputees were of the opinion 
that the training they received in the use of 
their prostheses was valuable. But 41 percent 
of the group thought that training could be 
improved. The most frequent suggestions for 
improvement were to increase the amount of 
training time and the amount of training in 
meaningful activities of daily living. 

The final checkout to which all of the pros­
theses in the research studies were subjected 
was particularly comprehensive and designed 
to uncover any medicosurgical, prosthetic, 
training, or other factors that might interfere 
with successful wear and use. Nine out of ten 
amputees were of the opinion that this pro­
cedure was worth while. 

All in all, the treatment process inaugurated 
as part of the studies was considered valuable 
and achieved a high degree of amputee accept­
ance. 
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Studies of the Upper-Extremity Amputee 
IV. Educative Implications 

SIDNEY FISHMAN, Ph.D.1 

FROM the foregoing discussions, it will be 
apparent that one of the major purposes of 
the Upper-Extremity Field Studies was to 
introduce certain influences into the profes­
sional activities of the several groups (physi­
cians, therapists, prosthetists) concerned with 
the care of the amputee and his reintegration 
into society. It was anticipated that changes 
in methods of patient care arising from these 
influences would in turn affect the welfare of 
the amputee group. In this sense, therefore, a 
major aspect of the Field Studies was the 
educative process involved in the attempt to 
change the operational patterns of those 
responsible for amputee care by strengthening 
the philosophies, attitudes, and skills which 
had been taught during the short-term courses 
of instruction. Continued encouragement, 
assistance, and guidance were required to 
habituate these groups to the procedures pro­
posed during the instructional courses. 

The second phase of the Field Studies, the 
results of which will be discussed in the next 
issue of ARTIFICIAL LIMBS (Autumn 1958, 

Vol. 5, No. 2), is most properly considered a 
research activity. The purpose in this phase of 
the program was to attempt to evaluate the 
effects of these efforts on the over-all status of 
the amputee through the use of objective and 
subjective measurements. To accomplish this 
second phase, detailed studies were made of the 

status of the group of amputees prior to their 
treatment by the prosthetic clinic and again 
at a time after the completion of treatment. 

In approaching the task of estimating the 
effectiveness, or lack of effectiveness, of a 
two-pronged (research and education) program 
of this type, a number of problems arise. In 
this particular case, fortunately, we have the 
opportunity of deferring evaluation of the 
second phase, the research activities, until 
after those results are presented in a second 
installment. 

The results of the educative effort are per­
haps best considered in terms of Jesus' parable 
of the sower, as set forth in The Gospel Accord­
ing to St. Matthew (Chapter 13): 

3 . . . Behold, a sower went forth to sow; 
4 And when he sowed, some seeds fell by the way 

side, and the fowls came and devoured them up: 
5 Some fell upon stony places, where they had 

not much earth: and forthwith they sprung up, be­
cause they had no deepness of earth: 

6 And when the sun was up, they were scorched; 
and because they had no root, they withered away. 

7 And some fell among thorns; and the thorns 
sprung up, and choked them: 

8 But other fell into good ground, and brought 
forth fruit, some an hundredfold, some sixtyfold, some 
thirty fold. 

9 Who hath ears to hear, let him hear. 

In some few places and among some persons, 
no effects are to be noted. Among others minor 
temporary changes evolved, and in still other 
instances important permanent improvements 
were brought about. We may consider these 
effects under three broad categories—impact 
on the medical management of the amputee, 
impact on public and private rehabilitation 
agencies, and impact on social attitudes. 
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IMPACT ON THE MEDICAL MANAGEMENT of 

THE AMPUTEE 

It has been emphasized consistently through­
out the foregoing sections that a "prosthetic-
clinic approach" to the problem of the amputee 
was a basic tenet of the field-studies program. 
In this approach, the fundamental decisions 
relating to the rehabilitation of the patient 
were made in concert by a group consisting 
minimally of a physician or surgeon, a physical 
and/or occupational therapist, and a prosthe-
tist. Whenever possible, vocational counselors 
and other personnel trained in the psychosocial 
aspects of rehabilitation also were included. 

The second aspect of the prosthetic-clinic 
approach involved an attempt at considerable 
standardization of the process of patient care 
and usually included eight more or less formal 
treatment steps—preprescription examination, 
prescription, preprosthetic therapy, prosthetic 
fabrication, initial checkout, prosthetic train­
ing, final checkout, and follow-up. As a con­
sequence of these efforts, three major changes 
occurred in the medical care of amputees— 
introduction of prosthetic-clinic procedures, 
staff and patient education, and upgrading of 
existing services. 

INTRODUCTION OF PROSTHETIC-CLINIC PRO­

CEDURES 

Although similar clinical procedures have 
been developed and practiced in the treatment 
of other disabilities, and even occasionally 
in prosthetics, the attempt at systematic 
introduction of such procedures on a broad 
basis was a novel one. In addition, experi­
mental exploration and validation of the 
essential adequacy of such procedures is 
hardly ever available. As a major outcome of 
the Field Studies, however, the basic validity 
of the clinical procedures in the field of upper-
extremity prosthetics has been established. In 
addition to these accomplishments, certain 
other changes occurred with respect to the 
patient-care activities of each of the specific 
professions—the physician and surgeon, the 
physical and occupational therapist, and the 
prosthetist—concerned with the handling of 
the upper-extremity amputee. 

The Physician and Surgeon 

As a result of the principles and procedures 
instituted under the program, the period dur­
ing which the amputee is considered a patient 
under medical management was extended 
significantly. Formerly an amputee was a 
patient during surgery and through a limited 
period of postoperative care. Today, the period 
of medical supervision continues through the 
entire process of limb prescription, fabrication, 
training, and evaluation. 

As an additional outgrowth, a subspecialty 
within the fields of orthopedic surgery and 
physical medicine has been developed. A 
limited number of physicians have become 
expert in the field of limb prosthetics. Since 
the amputee represents a relatively small 
portion of the total population requiring 
medical service, it is not feasible for large 
numbers of physicians to specialize in this 
field. But in order to provide competent service 
for amputees it was essential that a few physi­
cians in each major population center be thor­
oughly equipped to provide the care required. 
Physician specialization in the very restricted 
field of prosthetic restoration has come about 
as a direct result of the program. 

Through the program the physician has 
learned much concerning the technical specifics 
of prosthetic restoration. As a result of this 
education, his respect for the contributions 
made by the skill and experience of the ther­
apist and prosthetist in the process of amputee 
rehabilitation has increased. The interdisci­
plinary approach to the problem of amputation 
and prosthesis has become accepted and appre­
ciated as a significant forward step in the 
medical management of the amputee. As a 
general consequence, the physician has been 
able to acquaint himself with, adapt, and then 
apply modern—and gradually higher—stand­
ards of prosthetic care for his patients. Know­
ing, perhaps for the first time, what constitutes 
and what is involved in providing a good pros­
thesis, the physician is now able to require a 
standard of service not previously possible. 

The Physical and Occupational Therapist 

For the therapist, the short-term courses in 
upper-extremity prosthetics filled a gap left 
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by the usual curricula in schools of occupa­
tional and physical therapy. Perhaps for the 
first time, a systematic approach to the 
amputee problem was taught and practiced. 
As a result, the therapist has been able to 
carry out the major responsibility of amputee 
training with a background of general technical 
knowledge directly relating to artificial limbs. 
In addition, closer professional liaison devel­
oped between the therapist, the physician, and 
the prosthetist with regard to the amputee. 
As a result, in most instances upper-extremity 
amputees are now routinely referred to the 
therapist for instruction in the use of the arti­
ficial limb, whereas in the preprogram days 
the number of therapists qualified to give this 
service and the number of amputees availing 
themselves of it were both insignificant. 

The Prosthetist 

The program sought and helped to provide 
a proper professional role for the prosthetist. 
As a group, prosthetists were for the first time 
exposed to formal university instruction and to 
closer relations with medical, paramedical, 
and psychosocial disciplines. Thus the pros­
thetist has been helped toward a redefinition of 
his status on a higher professional level. 

This progress in the direction of a more 
professional role was aided in no small measure 
by the acquisition of a new technology involv­
ing the use of biomechanical principles, plastics 
fabrication, and principles of harnessing and 
controlling artificial limbs. This improved 
knowledge has resulted in improved service, 
increased status, and greater interprofessional 
satisfactions. 

One cannot say at this early stage in the 
evolution of this field just what the ultimate 
or proper interrelations may be between the 
professions concerned. Certainly the appropri­
ate relationships will tend to vary from loca­
tion to location, depending upon personnel and 
situational considerations. There can, however, 
be no gainsaying the facts that a period of 
growth has been stimulated, that the ade­
quacy of the present treatment situation far 
surpasses that of the old, and that there has 
been developed a climate which gives every 
indication of providing additional professional 
status for the prosthetist. 

STAFF AND PATIENT EDUCATION 

A second value provided by the studies 
relates to the matter of staff and patient educa­
tion. It is as true in limb prosthetics as in the 
other healing arts that there are no standard 
procedures which will apply with equal effec­
tiveness to every patient. Moreover, limb 
prosthetics is still a field in which the contribu­
tions of each of the specialists are but partially 
understood by the others. Consequently, there 
is an important need for a cross-fertilization 
of ideas and a distillation of the best thinking 
for a given patient by the process of group 
activity. In this sense, an important achieve­
ment of the prosthetic clinic may be considered 
the intraclinic education of the team members. 

Equally important is the role that the clinic 
must play in the education of the patient. 
Most amputees, when arriving for prosthetic 
care, are subject to wide and varied mis­
understandings and misinterpretations as to 
the procurement and ultimate use and value 
of a prosthetic device. Clinic personnel have 
become more effective in educating the patient 
concerning realistic goals and anticipations, in 
addition to providing him with the best type 
of prosthesis for his particular needs. 

UPGRADING OF EXISTING SERVICES 

In the process of applying and studying 
clinic procedures experimentally, the last 
important result evolved—that of an upgrad­
ing of existing services, as well as the establish­
ment of services where none had existed 
previously. In this respect, the major contribu­
tion apparently has grown out of the introduc­
tion of a coordinated pattern of treatment. 

Previously, it had not been uncommon for a 
prosthetist, physician, and vocational counse­
lor, for example, to proceed with the care of an 
amputee independently of one another. This 
procedure was often adopted in spite of the 
fact that in any situation where an individual 
is receiving treatment from more than one 
specialist, and where the anxieties are such as 
to provoke some degree of patient discontent, 
there is a noticeable tendency for some patients 
to distort the intentions and contributions of 
each profession in relation to the others. Such 
problems are further aggravated in those in­
stances where the patient himself is called 
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upon to act as the means of communication 
between the professions involved, since we 
may be sure that there will always be a certain 
degree of distortion of the patient's perceptions 
of the treatment processes. The clinic pro­
cedures were especially effective in reducing 
this troublesome method of communication 
between the specialists. 

We may also anticipate that the behavior 
and demeanor of the patient toward the pros-
thetist will differ from that he exhibits toward 
the physician, therapist, or counselor. These 
differences in overt behavior patterns may 
easily and logically suggest different patterns 
of treatment to each of the individual profes­
sions. Yet it should be clear that these varying 
behaviors on the part of the patient are transi­
tory and that the real solution lies in a uniform 
treatment plan rather than in a number of 
discrete ones. It therefore becomes clear that, 
in order to provide amputees with the best 
available medical and prosthetic service, the 
contribution of each of the professional special­
ties is best coordinated and amalgamated with 
that of each of the others. The prosthetic-
clinic procedures, introduced through the 
studies, permitted a more uniform evaluation 
of the patient and assisted in circumventing 
the problems inherent in uncoordinated care. 

IMPACT ON PUBLIC AND PRIVATE 

REHABILITATION AGENCIES 

Many groups who have as their adopted or 
assigned mission the reintegration of the handi­
capped individual as a productive member of 
society have long been aware of the significance 
of the process of prosthetic restoration as a 
link in the over-all process of rehabilitation. 
As a direct consequence of this awareness, and 
as a necessary outgrowth of their over-all 
responsibilities in the rehabilitation field, 
federal agencies such as the Veterans Adminis­
tration, the Armed Forces, and the Depart­
ment of Health, Education, and Welfare, the 
state divisions of vocational rehabilitation, 
workmen's compensation, and health and 
public welfare, and such nongovernmental 
agencies as the state societies for crippled 
children and adults, rehabilitation centers, 
insurance companies, and a number of other 

private agencies have become the largest pur­
chasers of prosthetic services in the United 
States. 

Through the NYU Field Studies these 
groups have been made increasingly aware of 
the potentialities of prosthetic restoration and 
have responded by raising their standards in 
the field of upper-extremity prosthetics. Hav­
ing been provided with professionally com­
petent avenues for the processing of their 
beneficiaries through prosthetic prescription, 
fabrication, training, and evaluation, these 
agencies have begun to insist that their clients 
be treated by special amputation teams headed 
by physicians who are experts in the field. 
Since these agencies may be considered "con­
sumers" in the sense that they most fre­
quently pay for the prosthetic services pro­
vided, they have been instrumental in raising 
the standards by rejecting prostheses and 
services that do not meet the minimum stand­
ards first set up through the program. 

A by-product is that the groups mentioned 
tend more and more to order prostheses from 
those prosthetists who have fully qualified 
themselves by virtue of training and experi­
ence. In a good many instances, these agencies 
have shown themselves willing to spend the 
additional monies required to obtain services 
of the highest quality. In some instances the 
program has been instrumental in stimulating 
the inauguration of local services to avoid 
the necessity for these rehabilitation agencies 
to contract for prosthetic services from distant 
sources. The widespread introduction of the 
clinic-team concept to the field of limb pros­
thetics provided the means for greater liaison 
between rehabilitation agencies and those 
persons medically responsible for the process 
of prosthetic restoration. Since the clinic-team 
meetings ordinarily involve a conference of all 
of the participants in a given case, the agency 
itself is frequently represented at such con­
ferences by a professional staff member. This, 
of course, makes for considerable improve­
ment in the continuity of the rehabilitation 
process. 

IMPACT ON SOCIAL ATTITUDES 

Beyond their influence on the medical and 
rehabilitation agencies, the effects of the 
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Upper-Extremity Field Studies also permeated 
through other facets of our social structure, 
although as one departs further and further 
from the professional groups directly respon­
sible for the care of the amputee the impact of 
the effort becomes more diffused and less 
specific. Nonetheless, a number of significant 
effects remain to be noted. They may be 
viewed as influencing the attitudes and think­
ing of sponsoring agencies, scientists concerned 
with physical disability, other groups of dis­
abled, and society at large. 

SPONSORING AGENCIES 

Perhaps one of the most important contri­
butions was the demonstration that within a 
relatively brief period of time research and 
development can be accomplished and the 
benefits therefrom made available to the 
average patient with a disability. It should be 
recalled that the entire upper-extremity re­
search program did not get under way until 
several years after the close of World War II 
and that the major prosthetic design improve­
ments depended upon several years of funda­
mental biomechanical research. Thus the 
entire concept and technology of the care of 
the upper-extremity amputee has been revolu­
tionized within a remarkably brief period of 
six or seven years. 

Such demonstrable progress is of inestimable 
value to those whose prerogatives require that 
they decide where substantial private or public 
monies should be spent in medical or rehabili­
tation research. Although it is always impor­
tant to verify or evaluate the results of a 
broad program of research, this is not always 
possible. Yet this is precisely what the Upper-
Extremity Field Studies have done. 

In the first instance, scientific evidence has 
been provided concerning the over-all value 
and contribution of the six or seven years of 
research and development. Secondly, and from 
a more technical point of view, information 
was brought forth concerning those aspects of 
the care of the upper-extremity amputee which 
had progressed most satisfactorily and those 
phases which require continuous improvement 
and attention. 

SCIENTISTS CONCERNED WITH PHYSICAL DIS­

ABILITY 

The program of research and education also 
assisted in the general growth of scientific 
thinking on problems of human disability. 
Some detailed discussion of these research 
considerations will be included in the next issue 
of ARTIFICIAL LIMBS (Autumn 1958, Vol. 5, 
No. 2), which will deal with the research as­
pects of the studies. The discussion of the 
educative aspects of the Upper-Extremity 
Field Studies would be incomplete without 
note being taken of the progress that has oc­
curred in the attitudes and thinking of re­
searchers in the field of physical disabilities. 
These advances have been summarized at the 
recent conference on the Contributions of the 
Physical, Biological, and Psychological Sciences 
in Human Disability sponsored by the New 
York Academy of Sciences (page 125). 

OTHER GROUPS OF DISABLED 

It is clear that a special service was per­
formed for those individuals who have incurred 
disabilities related to, but not identical with, 
amputation. These groups are perhaps best 
typified by those disabilities which require 
functional restoration by use of braces or other 
orthopedic appliances. 

Until the time of these studies, there was 
very little overt expression of the need for 
progress in the field of bracing. The prevailing 
situation was one that had remained static 
for decades. With limited exceptions, personal 
unvalidated opinion, professional and other­
wise, pervaded and still characterizes the en­
tire field. 

Partially as a consequence of the broad 
educative aspects of the Upper-Extremity 
Field Studies, a spontaneous development of 
interest and desire for systematic progress 
arose in this related field, which is often served 
by the same doctors, therapists, and pros-
thetists-orthotists. People who were suffering 
from these types of disabilities and those who 
cared for them generated a new feeling of 
hope and enterprise. The results of these 
changes in attitudes are just now being trans­
lated into planning for active research and 
education. 
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SOCIETY AT LARGE 

Further evidence was provided that the 
systematic treatment of the disabled is a 
fundamentally effective and socially desirable 
process. The "collective concern" which society 
experiences concerning the physically handi­
capped tends to be reduced with the knowledge 

that constructive things can be done, and have 
been done, for this group in an orderly, scien­
tific manner. Associated with this growth in 
knowledge is a reduction in anxiety and prej­
udice concerning the physically handicapped 
and a corresponding increase in their accept­
ance by society. 
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