
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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