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INFORMATION on 8,698 amputations was 
collected during a period of approximately 
two years, ending June 30, 1967. This in
formation was extracted from case-record 
forms provided by 44 prosthetics facilities 
in 30 states. The case-record form used 
was initially developed and standardized 
by the Conference of Prosthetists of the 
American Orthotic and Prosthetic Associ
ation. Its purpose was to encourage pros
thetists in the accurate recording of perti
nent information relating to the amputee 
and his prosthesis. Duplicate copies of the 
case-record forms were submitted to the 
Committee on Prosthetic-Orthotic Educa
tion (CPOE)5, National Research Council, 
in order that significant data could be 
identified and reported. 

"The Facility Case Record Study: A 
Preliminary Report" (3) and "Children 
with Amputations" (2), both reporting 
findings emerging from this study, have 
been published previously. 

Data analyzed in the study included 
those related to age, sex, level and cause 
of amputations, reamputations, stump 

length and contractures, work status of 
amputees, referrals, months to delivery of 
prosthesis, age of replaced prosthesis and 
reason for replacement, components most 
frequently prescribed for upper- and 
lower-extremity prostheses, and source of 
payment for prostheses. 

METHODS 

Each of the 44 facilities submitted case 
record forms on amputees as they were 
seen. Three forms were utilized, one for 
the amputee's medical history, one for the 
lower-extremity prosthesis, and one for 
the upper-extremity prosthesis. In cases 
where the meaning of the data was un
certain, follow-up forms were sent to the 
prosthetics facilities to clarify or add to 
the information provided. 

A coding system was devised, and infor
mation was transferred from the case-rec
ord forms to coding sheets and then to IBM 
cards and magnetic tape. Selection of per
tinent data for retrieval was determined 
by an ad hoc group and the staff of CPOE. 

In order to make comparisons between 
different areas of the country, the states 
represented in the study were arbitrarily 
grouped into five geographical regions 
(Fig. 1). 

SUBJECTS 

The study included 8,323 amputees with 
a total of 8,698 amputations. Statistics in 
this study refer only to patients fitted with 
a prosthesis; amputees not fitted are not 
included. Table 1 indicates the types of 
cases included in the study. 

Amputees or amputations being fitted 
for the first time were considered "new" 
cases. Amputees or amputations being 
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fitted with replacement prostheses were 
considered to be "old" cases. There was 
a total of 4,034 "new" amputations and 
4,664 "old" amputations (Table 2). Am
putations in males accounted for 6,848 
amputations, and amputations in females, 
1,850—a ratio of 3.7:1. 

Fig. 1 

FINDINGS 

AGE OF AMPUTEES 

Table 3 shows the age of amputees fit
ted in prosthetics facilities during the two 
years covered by this study. The incidence 
of amputations for males peaked in the 
fifth decade; for females, the peak was 
reached in the seventh decade. Forty-eight 
per cent of the amputees were 51 years 
of age or older, 30 per cent were over 61 
years, and 12 per cent were over 71 years. 
The fact that 23 per cent of the amputees 
were fitted with either a new or a replace
ment prosthesis after 65 years of age has 
Medicare implications. (It should be noted 
that Medicare was in effect during only 
the second year of data collection.) 

LEVEL OF AMPUTATIONS 

Amputations of the lower extremity ac
counted for 86 per cent of the total num
ber of amputations (Table 4). Of these, 53 
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per cent were at the below-knee level. In 
the upper extremity, 57 per cent of the 
amputations were at the below-elbow 
level. 

There was no significant difference in 
the incidence of left- and right- side am
putation in either the upper or lower 
extremities. A total of 4,386 left-limb 
and 4,312 right-limb amputations was re
ported. The right upper extremity was in
volved slightly more than the left, 605 to 
573, and the left lower extremity fraction
ally more than the right, 3,813 to 3,707. 

CAUSE OF AMPUTATION 

Causes of amputation were considered 
in four categories: congenital, tumor, 
trauma, and disease. Cases of infection, 

gangrene, or osteomyelitis resulting from 
trauma were classified under "trauma." 
Cases of trauma associated with vascular 
disease were classified under "disease." 

Causes of amputation were analyzed by 
age group and level. Of the 8,698 amputa
tions reported in this study, the cause was 
known for 8,487 cases; both cause and age 
were known for 8,394 cases. Fifty per cent 
of all amputations were caused by trauma, 
37.3 per cent by disease, 8.4 per cent were 
of congenital origin, and 4.3 per cent were 
due to tumor. Table 5 shows the relative 
incidence of amputation by cause and 
level. 

In Figure 2 the total number of amputa
tions by cause of amputation and age is in
dicated. Amputees most frequently fitted 
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Fig. 2 

DAVIES, FRIZ, AND CLIPPINGER 22 



or returning for replacement in the first 
ten years of life were those with congenital 
limb deficiencies. Amputations for trauma 
led all other categories fitted or returning 
for replacement between the ages of 11 
through 50. In the third, fourth, and fifth 
decades, this group accounted for 76 per 
cent, 82 per cent, and 72 per cent, respec
tively, of all cases fitted or returning. Of 
those fitted in the sixth decade of life, the 
incidence was almost equally distributed 
between traumatic amputations and am
putations due to disease. After age 60, the 
latter group led all other categories by a 
ratio of more than 2 : 1 . 

Fig. 3 

"New" Cases by Cause 
Analysis of all amputations entered in 

the study gives an overview of the type of 
amputee being seen and fitted in prosthet
ics facilities, as reported above. Analysis 
of those being fitted for the first time, 

however, provides a picture of persons 
amputated during the two-year period of 
data collection and gives a better current 
indication of cause related to age, sex, and 
level of amputation. 

It is probable that the statistics on age 
are slightly distorted, since age was re
ported as of the time of fitting. Age at the 
time of amputation, therefore, would be 
less, and to a variable degree. 

In the group of "new" amputees, cause 
was reported for 3,963 cases, and both 
cause and age for 3,920. Figure 3 indicates 
the incidence of amputation by age. Of 
the "new" cases, 60.2 per cent of amputa
tions were caused by disease, 29.1 per cent 
by trauma, 5.9 per cent by tumor, and 4.8 
per cent were of congenital origin. 

The predominance of trauma as the 
cause of amputation in the overall ampu
tee population of the study (Fig. 2) is in 
striking contrast to the predominance of 
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disease as a cause of amputation when 
only new patients are considered (Fig. 3). 
In the overall picture, the ratio of trauma 
to disease is 1.3:1, whereas in new pa
tients the ratio is reversed, and disease as 
a cause of amputation outnumbers trauma 
2:1 . 

Thus, the total sample data obviously 
includes a considerable number of trau
matic amputees who lost their limbs at 
an earlier age and survived to require re
placement prostheses. However, the note
worthy finding is that, in the period sur
veyed, disease-caused amputations were 
occurring at double the rate of those at
tributable to trauma. 

Congenital. In the 191 reported "new" 
amputations of congenital origin, 105 were 
in males, 86 in females (Table 6). Of this 

number, 137 did not require amputation 
surgery, while 54 did. This surgery 
presumably involved the conversion of 
anomalous limbs to stumps that were more 
suitable for the fitting of a prosthesis. 
Eighty-three amputations occurred in the 
lower extremity, of which 44 were at the 
below-knee level. Of 108 upper-extremity 
amputations, 78 were at the below-elbow 
level. Thirty-two per cent of congenital 
amputations were not fitted until after 11 
years of age. 

Tumor. Of 235 " n e w " amputa t ions 
caused by tumor, 206 (88 per cent) were 
of the lower extremity (Table 7). There 
were 120 amputations at the above-knee 
level, accounting for 58 per cent of the 
lower-extremity amputations. An addi
tional 27 per cent were at a level higher 
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than above-knee, i.e., hip-disarticulation 
or hemipelvectomy. Males outnumbered 
females 130 to 105. 

The highest incidence of tumor (66 cases 
or 29 per cent) occurred in the second de
cade of life. Within this decade, no partic
ular pattern of incidence is discernible 
(Table 8). These data are somewhat at 
variance with those reported by Taft and 
Fishman (7) from a study conducted by 
the staff of New York University Child 
Prosthetic Studies. This study, which 
involved a larger sampling (278 children 
whose amputations were caused by tu
mor), showed a gradual increase in inci
dence beginning about the 6-8 year period 
and peaking in the 14-16 year group. Un
fortunately, the age groupings are slightly 

different from those of our study, so an ex
act comparison cannot be made. However, 
both studies agree that tumor occurs most 
frequently in the second decade by a wide 
margin. 

Trauma. Of the 1,156 new cases of am
putations resulting from trauma, ampu
tations in males accounted for a total of 
1,050, and those in females for 106, a ratio 
of approximately 10:1 (Table 9). The 
highest incidence of trauma-related ampu
tations occurred in the third decade (250 
cases), followed closely by that in the 
fourth decade (216 cases). The number of 
amputees in these two decades accounted 
for 41 per cent of all new cases where age 
was known. The incidence of amputations 
in females varied only slightly in each de
cade between the ages of 11 and 60. The in
cidence of amputations in males exhibited 
a sharp rise through the second and third 
decades, and then receded gradually. 

In every decade the involvement of the 
lower extremity exceeded that of the up
per. Actually, the lower extremity was in
volved 1.9 times as often as the upper, 
753 times as opposed to 403. 

Disease. Sixty per cent (2,381 cases) of 
all new amputations were caused by dis
ease (Table 10). Although males outnum
bered females by more than 2:1 in this 
category, the relative percentages of males 
and females in each age group were closely 
parallel, e.g., 980 or 61 per cent of males 
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were over the age of 61 years, while 464 
or 62 per cent of females were also over 
the age of 61. After 40 years of age, a sharp 
rise in the incidence of amputations caused 
by disease was noticeable. Approximately 
one-third of the amputations occurred in 
the seventh decade. Eighty-five per cent 
of all new amputees in the disease cate
gory were over the age of 51 years, and 49 
per cent were in the Medicare age group. 

In disease-caused "new" amputations, 
involvement of the lower extremity greatly 
exceeded that of the upper, the ratio be
ing 73:1. 

COMPARISON WITH AMPUTEE CENSUS 

The Glattly study (4), reported in 1964 
and commonly referred to as the "Ampu
tee Census," included only "new" ampu
tees. It is of interest to compare the find
ings of that study with the present one. 
Findings of our study relating to the sex 
and age of new amputees and the cause, 
side, and level of amputations closely par
allel the findings of the Glattly study. 
Comparative data of the two studies are 
depicted in Figures 4, 5, 6, and 7, and Ta
ble 11. 

In our study, newly fitted amputees 51 
years of age and older accounted for 60.2 
per cent of the total, as compared with 
58.8 per cent in the Amputee Census (Fig. 
4). In both studies, the highest incidence 
of amputation was in the seventh decade. 
Because many geriatric amputees are not 
fitted with prostheses, the incidence of 

amputation in the older age groups would 
presumably be even higher if statistics on 
nonfitted amputees were included. 

In both studies, male amputees exceeded 
female amputees by approximately three 
to one (Fig. 5). 

The distribution of right- and left-side 
amputations was almost equal in both 
studies, and lower-extremity amputations 
still accounted for about 85 per cent of 
all new fittings (Table 11). In Figure 6 a 
higher incidence of below-knee amputa
tions and a lower incidence of above-knee 
amputations were evident in the more re
cent study. Among new patients in this 
study, there was a total of 3,254 above-
and below-knee amputations. Of these, 
50.9 per cent were above-knee. 

The relative incidence of truama as a 
cause of amputation decreased by four 
per cent from the Glattly to the present 
study, and the incidence by cause in other 
categories increased, but by relatively 
small amounts (Fig. 7). 

ORIGINAL LEVEL OF AMPUTATION FOR DIS
EASE CORRELATED WITH GEOGRAPHICAL 
AREA AND AGE 

The original level of amputation for 
disease was examined for 2,242 new cases 
whose amputations were at either the 
above- or below-knee level. Comparisons 
were made between below- and above-
knee as the choice of amputation level in 
each of the five geographical areas (Table 
12). Below-knee appeared to be the site 
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Fig. 4 

Fig. 5 
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Fig. 6 

Fig. 7 
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of choice in less than half the total num
ber of cases. The South led the other ge
ographical areas in percentage of amputa
tions at the below-knee level (54 per cent), 
followed in order by the Midwest (51 per 
cent), New England (48 per cent), East 
Central (46 per cent), and the West (45 per 
cent). 

A look at the site of the original disease-
related amputation for new patients 41 
years of age and above revealed some in
teresting statistics (Table 13). In the fifth 
decade, below-knee was selected in prefer
ence to above-knee in 58 per cent of the 
cases. This percentage gradually decreased 
over the next two decades to a low of 43 
per cent in the seventh decade. After the 
seventh decade, there was an increase to 
47 per cent in the eighth decade and to 50 
per cent after the eighth decade. For all 
new amputations for disease in patients 
41 years of age and above, above-knee was 
selected in 52 per cent of the cases, below-
knee in 48 per cent. 

The lack of a consistent pattern in these 
data is intriguing. A progressive decrease 
in the proportion of below-knee amputa
tions with increase in age might logically 

be anticipated. Surgeons, for example, 
might wish to be more sure of obtaining 
healing in older patients and elect to am
putate at the above-knee level. However, 
other factors than age of patient obviously 
enter into the selection of amputation 
level. 

SPECIFIC CAUSES OF TRAUMATIC 
AMPUTATIONS 

Trauma was listed as the primary or 
precipitating cause of 4,306 amputations 
("old" and "new" cases). As noted earlier, 
some of this number were classified in cat
egories other than trauma, since trauma 
was not considered the primary cause of 
amputation; hence, the number 4,306 ex
ceeds the number of cases actually coded 
in the trauma category. Of these 4,306 
instances where trauma was mentioned, 
there were 392 cases where the type of 
trauma was unknown, so, for purposes of 
this analysis, reference will be to the 3,914 
cases where type was known. 

Figure 8 summarizes the causes of trau
matic amputations. In this category, men 
were affected ten times as frequently as 
women: 3,561 to 353. In males, cars, indus
trial accidents, and war each accounted 
for approximately 20 per cent of the cases. 
On the other hand, automobiles were by 
far the outstanding cause of traumatic am
putations in women (49 per cent), with no 
other cause approaching this in frequency. 
It is noteworthy that the ratio of male to 
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female automobile-caused amputations 
was in the order of 4 :1 , in contrast to the 
10:1 overall ratio. Since it is not known 
whether these female victims were pre
dominantly drivers or riders, the full sig
nificance of these data is not clear. 

Fig. 8 

Table 14 relates cause of trauma to sex, 
side, and level of amputation. Involve
ment of the right upper extremity in males 
was greater than the left. This preponder
ance was especially evident in farm and 
industrial accidents and is doubtless re-
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lated to handedness. In car accidents, the 
left upper extremity was involved signifi
cantly more than the right for both males 
and females, 62 per cent as compared with 
38 per cent. One can speculate that this 
incidence might be attributable to the 
fact that many motorists ride with the 
left elbow extending beyond an open win
dow. In the small sample of train acci
dents, the involvement of the left upper 
extremity in males was also considerably 
greater than the right but, because of the 
small number, this probably was without 
significance. 

The left lower limb was involved 
slightly more than the right in males, and 
the right and left limbs almost equally in 
females. 

Table 15 compares causes cited for 
"new" traumatic amputations in males 
with those given for "old" traumatic am
putations. Twenty-six per cent of the am
putations of "old" cases were due to war 
injuries, whereas only 2 per cent of the 
new cases were due to this cause. At the 
time of this study, the Vietnam War had 
not yet exerted its full impact. The great
est increase in trauma-caused amputations 
was seen in the industrial-accident cate
gory. Industrial accidents caused 29 per 
cent of the "new" traumatic amputations, 
but only 15 per cent of the "old" ampu
tations. Elimination of war cases from the 
total number avoids distortion of the data 
due to the preponderance of old war in

juries, and thus presents a somewhat truer 
comparative picture of other traumatic 
causes. With war injuries eliminated, in
dustrial accidents accounted for 29 per 
cent of the "new" amputations and 20 
per cent of the "old" amputations, which 
still reflects an increased incidence of am
putations caused by industrial accidents. 
Industrial accidents exceeded all other 
categories as the cause of amputation in 
new patients. 

REAMPUTATIONS OF THE LOWER EXTREMITY 

Reamputations were studied in relation 
to cause, original level of amputation, 
and present level. Level was reported for 
396 reamputations of the lower extremity. 
Some members of this group had second 
reamputations, but for the purposes of 
this study, only the original and present 
level of amputation were considered. An 
attempt was made to exclude simple re
visions that involved no shortening of 
bone. 

In reviewing the figures presented here, 
it should be remembered, again, that 
only those patients fitted with prostheses 
at the time of the study are considered. 
Despite this limitation, analysis of the 
available data is thought-provoking. Of 
396 reamputations reported, 189 were in 
the disease-related category involving a 
total of 3,122 cases (Table 16), and 182 
were in the trauma-caused group with 
3,387 total cases (Table 17). Thus, ream-
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putations in the first group ran a shade 
over 6 per cent, those in the second group 
a shade under 6 per cent. Stated in re
verse, approximately 94 per cent of the 
cases in both groups did not require re-
amputation. The statistics for specific 
levels are also quite fascinating. In dis
ease-related below-knee amputations, ap
proximately 6 per cent required reampu-
tation versus approximately 5 per cent 
in the like trauma group. In the above-
knee group, the comparative proportions 
are 1 per cent versus 0.6 per cent. At the 
Syme's level, comparative figures are 25 
per cent versus 28 per cent, and for partial 
feet 96 per cent versus 25 per cent. The 
reasons for the sharp increase in reampu-
tations at the last two levels are worthy 
of further study. It would also be of inter
est to know whether partial foot amputa
tions, for example, were or were not suc
cessfully performed on many patients who 
were never fitted with prostheses. 

For the 189 (48 per cent) reamputations 
due to disease, Table 16 gives the final as 
compared to the original level. Of 93 
below-knee amputations requiring ream-
putation, 22 (24 per cent) remained in the 
same segment, 67 (72 per cent) were con
verted to an above-knee level, 3 to a knee-
disarticulation, and 1 to a hip-disarticula-
tion level. Of the 15 original above-knee 
amputations, 9 were reamputated in the 
same segment and 6 became hip 
disarticulations. 

Of the 11 Syme's reamputations re
ported, 2 were reamputated to an above-
knee level and 9 to a below-knee level. 
Of the 67 reamputations at the partial 
foot level, 22 were converted to an above-
knee, 41 to below-knee, and 4 to a Syme's 
level. 

Causes of reamputation for patients in 
the disease category were indicated for 181 
of the 189 reamputations. In some in
stances, two causes of reamputation were 
cited. In each instance where a cause was 
mentioned, it was counted as contributing 
to the reamputation. The total number of 
contributing causes to reamputation in 
the disease category therefore was 192 
(Table 18). "Recurrence of the original 
cause of amputation" accounted for almost 
half (48 per cent) of the reasons cited for 
reamputations. This generalized response 
is interpreted as meaning a continuance of 
the original vascular problem responsible 
for the initial amputation. Specific causes 
cited were a nonhealing wound (18 per 
cent), gangrene (12 per cent), infection 
(5 per cent) stump breakdown (3 per cent), 
and "other" (14 per cent). 
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Most reamputations in the disease cate
gory occurred very shortly after the origi
nal surgery, 49 per cent occurring in less 
than 1 1/2 months, and 60 per cent occur
ring in less than 2 1/2 months. Eighty-two 
per cent occurred in the first year follow
ing the amputation. 

In the category of traumatic amputa
tions, levels for 182 reamputations of the 
lower extremity were reported. Of the 114 
amputations at the below-knee level re
quiring reamputation, 57 per cent (65 am
putations) remained at the below-knee 
level, a percentage considerably higher 
than was the case for reamputations due 
to disease. Forty-five amputations were 
converted to above-knee levels and 4 were 
converted to knee disarticulations. There 
were 29 Syme's reamputations, of which 
23 were converted to below-knee, 3 to 
above-knee, and 3 remained at the Syme's 
level. Of the 22 partial foot reamputa
tions, 14 were converted to below-knee 
levels, 7 to Syme's and 1 to above-knee. 

Causes of reamputation were known for 
157 of the trauma cases. As with reampu
tations in the disease category, every in
stance where a cause was mentioned was 
counted. There were 165 contributing 
causes to reamputations (Table 19). In 71 
instances (43 per cent), "other" was coded 
as the cause of reamputation. Included 
in the "other" category were causes that 
could not be readily classified, such as 
"stump not satisfactory for prosthesis," 
"shorten bone and remove neuroma," 
"painful stump." The median number of 

months between amputation and reampu
tation was six. 

There were 16 reamputations for con
genital amputees and 6 for patients whose 
amputations were caused by tumor. Three 
of the latter were reamputated because of 
recurrence of the tumor. Reported reasons 
for reamputations in congenital amputees 
were too diverse for classification, except 
that 4 reamputations were because of 
bony overgrowth. 

Table 20 summarizes the total number 
of reamputations for each level and in
cludes the percentage of reamputations 
converted to a higher segment or remain
ing in the same segment. 

Bony overgrowth was cited eight times 
as a reason for reamputation: four tibial 
overgrowths, two fibular overgrowths, and 

AMPUTEES AND THEIR PROSTHESES 33 



two not specified. All of these reamputa-
tions were performed on children, with 
the exception of one on a 27-year-old am
putee. While not implicit in the data, it 
is conceivable that this 27-year-old had 
had bony overgrowth for a long time prior 
to reamputation (his first amputation oc
curred at age 10). 

STUMP LENGTH AND CONTRACTURES 

There were 2,602 above-knee amputa
tions for which the presence or absence of 
contractures of the hip was reported. Of 
this group, 1,345 had either no flexion 
contracture or a contracture of less than 
5 deg, and are not included in this anal
ysis, other than the notation that they 
comprised over half of the group reported. 
Stumps with 5+ deg of contracture ranged 
in length from 2 - 2 1/2 inches to 14 - 15 1/2 
inches. Three stumps had flexion con
tractures of more than 60 deg. Hip-flexion 

contractures were greatest in the very 
short stump. The average contracture at 
the above-knee level fell in the 5-9 deg 
range. 

There were 3,781 below-knee amputa
tions for which the presence or absence of 
knee contractures was reported. Of this 
number, only 12 per cent were reported as 
having contractures of 5 deg or more. In 
general, the shorter the stump, the more 
severe the contracture. Considering only 
those cases reporting contractures of 5 deg 
or more, stumps averaging more than 7 1/2 
in. in length had average contractures of 
between 5 and 9 deg; for stumps between 
4 and 7 1/2 in. long, contractures averaged 
between 10 and 14 deg; and for stumps 
3 1/2 in. and less in length, contractures 
averaged 15 to 19 deg. The average con
tracture, excluding those of less than 5 
deg, was 10-14 deg. Three stumps had 
contractures of 60 deg or more. 
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Fig. 10 

WORK STATUS 

The work status of "old" male am
putees between the ages of 21 and 64, 
with 2,694 amputations, was reported. 
"New" amputees were not studied, since 
the majority of the group had not yet had 
time to return to employment. Eighty-
four per cent of the "old" amputees in the 
cited age group were employed, the 
highest employment rate (89 per cent) 
occurring in the 41- to 50-year-old age 
group (Fig. 9). In each of the age groups 
studied, a higher rate of employment was 
reported for upper-extremity than for 
lower-extremity amputees. It should be 
noted here that only 6.4 per cent of am
putees between the ages of 21 and 64 were 
reported as not being gainfully employed. 
The remainder of the group (9.3 per cent) 
were students, retired, or fell into some 
other category. This percentage of unem
ployment is a little higher than that re

ported for the national average for the 
years 1965, 1966, and 1967 (4.5, 3.8, and 
3.8 per cent respectively). 

The rate of employment in relation to 
each upper- and lower-extremity amputa
tion level appears in Figures 10 and 11. 

Work status was reported for 383 female 
amputees between the ages of 21 and 64. 
Of this number, 200 were housewives, 148 
were gainfully employed, and only 18 
were not gainfully employed. Seventeen 
had either retired or reported their work 
status in some other category. 

REFERRALS 

The majority (58 per cent) of cases 
fitted at prosthetics facilities were re
ferred by amputee clinics; 26 per cent 
were referred by physicians; 16 per cent 
were not referred. Of the "new" cases, 5 
per cent were not referred to prosthetics 
facilities by either a clinic or physician, 
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as contrasted to the 26 per cent of the 
"old" cases not so referred. 

Fig. 11 

MONTHS TO DELIVERY OF PROSTHESES 

For "new" amputations, the time from 
amputation (or from birth for congenital 
amputees not requiring surgery) to date 
of delivery of the prosthesis was analyzed 
by level and cause for the five geographi
cal regions (Table 21). The median pe
riod to delivery for all prostheses was 6 
months. Comparing geographical areas, 
the median was 5 months for New Eng
land, the Midwest and West, 6 months for 
the South, and 7 months for the East 
Central region. Of the 3,588 prostheses 
with times to delivery reported, 71 were 
delivered in 1 month or less, 67 were not 
delivered for 99 months or longer. Thirty-
seven of the latter were for congenital 
amputations not requiring surgery, i.e., 
37 children were not fitted with their first 

prosthesis until after the age of eight 
years, three months. A comparison of time 
to delivery by levels indicated that the 
median time lapse was 5 months for the 
below-knee prosthesis and 6 months for all 
other levels. Time to delivery of prosthe
ses ranged from a median of 4 months for 
below-knee prostheses in the New Eng
land area and the West to a median of 10 
months for below-elbow prostheses in the 
East Central region. These data will pro
vide a basis for later comparisons in areas 
where programs of immediate and early 
prosthetic fitting have been instituted. 

Data on months to delivery were ana
lyzed by cause of amputation and related 
to geographical regions (Table 22). The 
shortest median length of time for de
livery was 3 months for congenital ampu
tees who had had surgery. The longest 
time was for congenital amputations with
out surgery, where the median was 31 to 
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36 months; however, it should be recog
nized here that this median also repre
sents the median age of congenital ampu
tees not requiring surgery who were being 
fitted for the first time. Median time to 
delivery for amputations caused by tumor 
was 4 months; by trauma, 5 months; and 
by disease, 6 months. 

AGE OF REPLACED PROSTHESES AND REASONS 

FOR REPLACEMENT 

The average age of replaced prostheses 
for all patients was 6.1 years. For children 
up to 21 years of age, it was 2.5 years, and 
for adults, 6.7 years. 

Comparisons of the ages of replaced 
prostheses for above- and below-elbow 
and above- and below-knee amputees in 
relation to the age of the patient (by dec
ade) are shown in Table 23. In almost 
every instance, the "life" of the prosthe
sis increased with the age of the patient. 
The average life of above-elbow prosthe
ses for 124 amputations was 9.2 years. The 
range was from 2.5 years for the child 
through the age of 10 years to 16.7 years 
for amputees over the age of 61. The 

average age of below-elbow prostheses for 
349 amputations was 6.5 years, ranging 
from 2.5 years for the child through age 
10, to 10.3 years for amputees over age 51. 
The average age of above-knee prosthe
ses for 1,269 amputations was 6.2 years, 
with a range from 2.2 years for the child in 
the first decade, to 8.1 years for amputees 
over age 71. The below-knee prosthesis 
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had the shortest life, averaging 5.8 years 
for 2,201 amputations, and ranging from 
an average of 1.7 years for the child 
through age 10, to 8.6 years for amputees 
over 71 years of age. 

In comparing ages of replaced prosthe
ses by cause of amputation and the sex of 
the amputee, it is found that prostheses 
for congenital amputees had the shortest 
life, averaging 3.5 years, and prostheses 
for traumatic amputees had the longest 
life, averaging 6.8 years (Table 24). The 
growth rate of children in the congeni
tal group undoubtedly accounts for the 
more frequent replacements of prostheses 
evident here. Replacement of prostheses 
for patients in the disease category oc
curred, on average, every 5 years, and 
there was very little difference between 
replacements for males and females. The 
life of prostheses for tumor patients also 
averaged 5 years; however, prostheses for 
males in this category needed more fre
quent replacement, lasting 4.5 years as 
compared with an average 5.6 years for 
females. 

It is interesting to note that the age of 
replaced prostheses for males averaged 6.2 
years, and that of females 5.4 years. The 
large number of males in the trauma cate
gory may account for this difference, in
asmuch as the average life of prostheses 
in this category is longer than in others. 

Table 25 indicates the reason for re
placement of prostheses. The majority 
of prostheses were replaced because they 
were worn out. "Worn out" was listed as 
the sole or contributing cause of replacing 

a prosthesis in 58 per cent of the cases. 
It was the leading reason for replacing 
prostheses of persons whose amputations 
were caused by tumor (50 per cent), 
trauma (67 per cent), and disease (44 per 
cent). As would be expected, the primary 
reason for replacing prostheses of con
genital amputees was that the prosthe
sis was "outgrown." In 52 per cent of re
placements for congenital amputees, the 
prosthesis was outgrown; in 33 per cent of 
the cases it was worn out. 

"Unsatisfactory" was cited as the reason 
for replacement in four per cent of the 
cases. However, it should be noted that 
although the "unsatisfactory" category 
was meant to include only those cases in 
which problems arose relating to fabri
cation or patient tolerance, it was often 
cited for other reasons which rendered the 
prosthesis unsatisfactory. Had this item 
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been interpreted correctly, the percentage 
undoubtedly would have been lower. 

The average age of all "worn out" pros
theses that were replaced was 7.6 years 
(Table 26). This exceeds the average age 
of prostheses replaced for any reason (6.1 
years) by a year and a half. This higher 
age undoubtedly reflects the longer life of 
the prostheses of traumatic amputees re
ported above, since "worn out" was the 
sole or contributing factor for 67 per cent 
of the replacements in the trauma cate
gory. Additionally, the lower average age 
of all the replaced prostheses was affected 
by the inclusion of children's prostheses, 
which had shorter lives. 

COMPONENTS FOR UPPER-EXTREMITY 

PROSTHESES 

The components most frequently used 
for upper-extremity prostheses at the 
above- and below-elbow levels are de
picted in Figure 12. The voluntary-open
ing hook was used with 87 per cent (201 
instances) of the above-elbow prostheses 
and 90 per cent (517 instances) of be
low-elbow prostheses. The preference for 
this type of hook was reflected in all areas 
except the West, which showed a prefer
ence for the voluntary-closing hook with 
below-elbow prostheses. New England 
was the only area that did not prescribe 
the voluntary-closing hook at all. 

The hand-type terminal device was 
utilized to a limited extent, being pre
scribed 309 times as opposed to the hook-
type device which was prescribed 806 
times. Many amputees for whom hooks 
were prescribed were also equipped with 

hands. Where hand-type devices were re
ported, the voluntary opening hand was 
prescribed for above-elbow prostheses 
40 per cent of the time (36 cases) and for 
below-elbow prostheses 36 per cent of the 
time (79 cases). Both the East Central 
and Midwest areas preferred voluntary-
closing hands for use with above-elbow 
prostheses. The East Central and Western 
areas preferred voluntary-closing hands 
for below-elbow prostheses. New England 
showed a preference for the passive hand 
with the below-elbow prosthesis. 

The simple friction wrist unit was over
whelmingly preferred to quick-change 
types in all geographical areas, being used 
with 83 per cent of above-elbow and 85 
per cent of below-elbow prostheses. 

Although the triceps pad was used with 
56 per cent of the below-elbow prosthe
ses, its use ranged from 35 per cent in the 
South to 94 per cent in the New England 
area. The South preferred the half cuff. 
Plastic laminate was the cuff material of 
choice in 61 per cent of the total cases, 
although the East Central and Western 
areas preferred leather to the extent of 
54 per cent and 55 per cent respectively. 

The double-wall socket was used in 89 
per cent of the above-elbow and 77 per 
cent of the below-elbow prostheses. Pre-
flexed sockets, some of which also had 
double walls, were used in 11 per cent of 
the below-elbow prostheses. Sixty-one 
per cent of the preflexed sockets were uti
lized by children. 

In 98 per cent of the upper-extremity 
prostheses, the sockets were made of 
plastic. 

The elbow unit with internal lock was 
the item of choice for above-elbow pros
theses in all geographical areas, being 
used in 78 per cent of all fittings. Seven
teen per cent of all elbow units had 
spring-flexion assists. Sixty-four per cent 
of the elbow hinges used in below-elbow 
prostheses were flexible, the range be
ing from 44 per cent in the West to 92 
per cent in New England. The Midwest 
showed almost equal preference for the 
single-pivot (47 per cent) and the flexible 
hinge (50 per cent). 
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Fig. 12a. Most frequently used components for above-elbow prostheses. 

Dual-control systems were used in 80 
per cent of above-elbow and single con
trol in 96 per cent of the below-elbow 
prostheses. 

Eighty-three per cent of the harnesses 
for above-elbow prostheses were of the 
figure-eight type, the majority of this 
group (55 per cent) being equipped with 
the Northwestern University harness ring. 
The East Central area and the West 
showed a preference for the figure-eight 
harness without the ring. Of the 14 cases 
with reported type of harness in the West, 
none used the ring with the figure-eight. 
The South used the ring to the great
est extent for above-elbow prostheses. 

Ninety-two per cent of the below-elbow 
harness were of the figure-eight type, 59 
per cent of these being equipped with 
rings. The East Central, South, and Mid
west areas showed greatest preference for 
the ring figure-eight harness; the New 
England and Western areas used the fig
ure-eight harness without the ring almost 
as often as with it. 

COMPONENTS FOR LOWER-EXTREMITY 

PROSTHESES 

Components most frequently used for 
above- and below-knee prostheses appear 
in Figure 13. The various geographical 
areas showed more consistency in pre-
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scription of lower-extremity than upper-
extremity components. In most instances, 
only the percentage varied, not the type 
of component. 

The SACH foot was prescribed for 55 
per cent of the above-knee and 73 per 
cent of the below-knee prostheses. In area 
comparisons, the South showed the great
est usage of the SACH foot, and the Mid
west the lowest. For the above-knee pros
thesis, prescription of the SACH foot rose 
from 76 per cent in the first to 83 per cent 
in the second decade, and then gradually 
declined with advancing amputee age. In 
the below-knee group, the SACH foot was 
prescribed 96 per cent of the time for 
children under 10 years of age; the per
centage declined steadily to a low of 56 
per cent in the eighth decade, then rose 
to 63 per cent for the group of amputees 
81 years of age and over. 

Fig. 12b. Most frequently used components for below-elbow prostheses. 

Wood was used as the shank material 
in 95 per cent of the above-knee and in 
90 per cent of the below-knee prostheses. 

The most frequently used knee com
ponent for above-knee prostheses was the 
single axis, with friction being used in 74 
per cent of the fittings. Twelve per cent 
of the knees were single axis with manual 
locks. Eight per cent of the knees were 
hydraulic, with the West showing the 
greatest preference (17 per cent) and the 
Midwest the least (4 per cent). In in
stances where metal joints were reported 
for below-knee prostheses, the lap joint 
was specified in 48 per cent of the cases 
and the clevis joint in 22 per cent. The 
type of joint was not specified in 30 per 
cent of the cases. 

For above-knee amputees, the quadri
lateral socket was used in 85 per cent of 
the prostheses. It was the overwhelming 
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choice in each of the geographical areas. 
The socket of choice for below-knee am
putations was the patellar-tendon-bearing. 
Preference for this socket averaged 58 per 
cent, the South and West showing great
est utilization, 79 per cent and 82 per cent 
respectively, and the New England and 
Midwest areas the least utilization, 44 
per cent and 47 per cent respectively. 

Wood was used most often for above-
knee sockets, averaging 57 per cent, al
though the South showed a preference 
for plastic, using it for 55 per cent of all 
sockets. Below-knee sockets were most of
ten (55 per cent) fabricated in plastic. 
New England showed a preference for 
leather sockets, and the Midwest pre
ferred wood (41 per cent) to either plastic 
or leather. 

The pelvic belt was the preferred 
method of suspension (56 per cent) for 

above-knee prostheses. Only in the West 
did the use of suction, either alone or in 
combination with other suspension, ex
ceed the use of the pelvic belt. In corre
lating methods of suspension with age, it 
was noteworthy that during the second, 
third, and fourth decades, suction alone 
was preferred to all other types of suspen
sion. In all other decades, the pelvic belt 
was preferred. 

Fig. 13a. Most frequently used components for above-knee prostheses. 

In considering types of suspension re
ported for all below-knee prostheses, the 
knee cuff alone was the choice of suspen
sion in 36 per cent of the cases. It was 
least used in the Midwest (22 per cent). 
The South and West utilized the knee 
cuff alone most frequently (55 per cent). 
When type of suspension for the patellar-
tendon-bearing prosthesis is analyzed by 
age group, it is found that, while the knee 
cuff alone was used for 62 per cent of all 
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the prostheses, greatest usage occurred in 
the second decade (73 per cent) and next 
greatest in the third decade (71 per cent). 
Least use of the knee cuff alone occurred 
in the very young child (48 per cent), but 
the inclusion of cases where a waist belt 
was used in conjunction with the knee 
cuff raised this percentage to 68. 

SOURCES OF PAYMENT 

Fig. 13b. Most frequently used components for below-knee prostheses. 

Tables 27, 28, and 29 indicate the 
sources of payment for prostheses. More 
than one source was sometimes listed, 
in which case they are reported under 
"combinations of the above "or" "other". 
Medicare had been in operation only one 
year prior to the conclusion of this study 
and presumably would rank considerably 
higher as a source of payment at the pres
ent time. As mentioned earlier, over 23 
per cent of the amputees in this study 
were in the Medicare age bracket. 

Source of payment was given for 8,631 
prostheses (Table 27). The greatest con

tributors to defraying the costs of pros
theses were State Bureaus of Vocational 
Rehabilitation (22.5 per cent) and the pa
tient himself (22.8 per cent). Next in order 
were the Veterans Administration (14.3 
per cent), welfare (10.8 per cent) and in
surance (9.9 per cent). 

The Children's Bureau paid for 46.5 
per cent of the prostheses for children up 
to the age of 21. Through the wage-earn
ing years, 21 to 64, State Bureaus of Vo
cational Rehabilitation paid for 31.9 per 
cent of the prostheses, the amputee for 
24.3 per cent, and the Veterans Adminis
tration for 19.3 per cent. During the re
tirement years, 65 and over, the amputee 
alone paid for 29.9 per cent of the pros
theses, Social Security and Medicare for 
19.5 per cent, and welfare for 15.3 per 
cent. 

A further analysis of sources of payment 
relating to the wage-earning years yields 
some interesting facts (Table 28). The 
Veterans Administration paid for 30 per 
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cent of replacement prostheses, but only 
10 per cent of new prostheses. This statis
tic doubtless reflects the continuing sup
ply of prostheses to veterans of World War 
II and the Korean War and a decreased 
number of fresh cases. More "new" male 
amputees were supported by insurance or 
compensation than "old" male amputees, 
24 per cent as opposed to 8 per cent. This 
may reflect the policy of some insurance 
companies to pay for the first prosthesis 
only. On the other hand, it may indicate 
an increase in opportunity for insuring 
oneself against disability and a greater 
awareness of the values of health insur
ance. In comparing source of payment for 
males and females in this age group, one 
notices the higher level of support by the 
amputees themselves and the Bureaus of 
Vocational Rehabilitation for the female 
group, and also the very low percentage 
of females supported by insurance or 
compensation. 

In correlating source of support with 
occupation, only "old" amputees were 
considered, since in most instances "new" 
amputees had not yet returned to work at 
the time the data forms were submitted. 
Amputees were studied in three cate
gories: those gainfully employed, those 
not gainfully employed, and those who 
were students, housewives, or retired (Ta
ble 29). 

Of the 3,055 "old" cases included above, 
only 187, or 6 per cent, were reported as 
not being gainfully employed. The Bu
reaus of Vocational Rehabilitation paid 
for 35 per cent of the prostheses for the 
gainfully employed group, the Veterans 
Administration for 28 per cent, and the 
amputee for 25 per cent. For the group of 
amputees not gainfully employed, the 
Bureaus of Vocational Rehabilitation 
were the source of payment for 28 per cent 
of the prostheses, the Veterans Adminis
tration for 27 per cent, and welfare for 
24 per cent. In the 468 amputations of 
students, housewives, or retired ampu
tees, 31 per cent of the prostheses were 
paid for by the amputee, 28 per cent by 

the Bureaus of Vocational Rehabilita
tion, and 17 per cent by the Veterans 
Administration. 

DISCUSSION 

In recent years, there has been increas
ing interest in defining the characteristics 
of the amputee population, and also 
in providing amputees with functional 
stumps and prostheses. Much progress 
has been made in understanding the am
putee and his problems, and in the fabri
cation of improved prosthetic components. 
This study has sought to document some 
of the characteristics of the amputee and 
his prosthesis during a particular period 
in time—the approximately two years 
ending June 30, 1967. 

Certain characteristics of amputees, 
namely sex and age, and the cause, side, 
and site of amputation, were well estab
lished in Glattly's study of 12,000 new 
amputees for whom data were collected 
over a two-year period, ending in 1963. 
In the present study of over 8,000 ampu
tees, 4,034 of whom were new, data were 
likewise collected over a two-year period 
which ended in 1967, four years later. Un
less some catastrophic event had occurred 
immediately before or during either of the 
two periods, it would be expected that in 
large samples such as these, the sex and 
age of the amputee and side and cause of 
the amputation would be relatively con
stant. Such was indeed the case, indicat
ing that the sample in the latest study 
was a valid cross-section of the amputee 
population. As noted before, neither the 
Medicare Act nor the conflict in Vietnam 
had exerted a significant impact on this 
study. Although medical advances over 
a number of years have been largely re
sponsible for the increasing age of the 
amputee, with a resulting shift from 
trauma to disease as a predominant cause 
of amputation, such changes would not be 
expected to exert a significant difference 
in as short a period as four years. 

In amputations caused by disease, the 
site of amputation can be influenced by 
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medical judgment at a particular time. In 
the vast majority of cases where amputa
tion is categorized as disease, the ampu
tees had vascular insufficiency. For this 
condition, amputation at a level above 
the knee had been widely advocated for 
many years because it was felt that this 
procedure facilitated healing. It has been 
found, however, that amputation may be 
performed at a below-knee level, with 
primary healing occurring in the majority 
of cases (6). By preserving the knee joint, 
amputation at this level greatly enhances 
the rehabilitation potential of the patient. 

Burgess has reported that most below-
knee amputations for ischemia heal pri
marily, and with proper prosthetic care 
do not break down (7). Lim reports that 
92 per cent of below-knee amputations 
were successful when a popliteal pulse 
was present, and 75 per cent were success
ful when pulse was absent (5). He also 
reports a lower mortality rate for below-
knee amputees, 16 per cent as opposed 
to 35 per cent for above-knee amputa
tions. Tracy cites a 90 per cent successful 
healing rate for below-knee amputations 
for ischemic gangrene (8). 

Although the increase in the percentage 
of below-knee amputations in our study, 
as compared with the Glattly study, is 
relatively small in view of the potential 
increase, it is nevertheless an encouraging 
trend, and it is to be hoped that a dra
matic increase will be reflected in future 
surveys as the results of ongoing educa
tional programs take effect. 

Although the incidence of amputations 
due to trauma appears to have declined, 
as far as percentage of the total amputee 
population is concerned, this does not 
necessarily imply a decrease in the overall 
incidence of traumatic amputations. Ac
tually, the increasing age of amputees, 
with its corollary of increasing incidence 
of amputations due to disease, is certainly 
partly responsible for the decline in per
centage of trauma cases. In the younger 
age groups, trauma continues as the major 
cause of amputations. The Public Health 
Service report (9) published in 1964 shows 

that "absence of major extremity," classi
fied as an accident "while at work," oc
curred almost three times as often as 
amputation caused by "moving motor 
vehicles." In the present study, the ratio 
was closer to 1:1 than 3:1 , i.e., moving 
vehicles as a cause of traumatic amputa
tions was almost equal to that of indus
trial accident. A higher percentage of auto 
accidents than industrial accidents oc
curred in the female group, a pattern 
which is typical of other reported find
ings. These results may indicate improved 
safety controls in industry, or may under
score the soaring rate of automobile acci
dents, or both. The large number of am
putations resulting from trauma continues 
to have strong implication for improved 
accident-prevention programs and more 
effective human-factors engineering. The 
need for greater safety of design, particu
larly in cars and industry, continues to be 
great. 

It is of interest to note that prosthetic 
prescription varied among the geographi
cal areas, some areas having a greater 
tendency than others to incorporate newer 
prosthetic techniques. It might be ex
pected that the latest prosthetic develop
ments would be incorporated into pros
thetic practice in those areas which were 
near the prosthetic—orthotic educational 
centers (New York, Chicago, and Los An
geles) or in areas of greatest concentration 
of prosthetic facilities (California, Penn
sylvania, New York, and Illinois), or am
putee clinics (New York, Pennsylvania, 
California, and Texas). With the excep
tion of the West, where newer develop
ments were used in a high percentage of 
cases, there appeared to be no relation
ship between the nature of prosthetic 
services provided and the factors cited 
above. Both the South and the West 
showed a more consistent use of newer 
techniques than did the other areas. 

The provision of prosthetic services re
ported in the study indicates that much 
improvement is to be desired as far as 
length of time for delivery of the pros
thesis is concerned. The time between 
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the date of amputation (or reamputation) 
and delivery of the prosthesis was inor
dinately long, ranging from a median of 
four months for patients whose amputa
tions were caused by tumor to six months 
for patients with vascular disease. The 
provision of temporary prostheses and 
immediate postsurgical fitting of prosthe
ses would help shorten this time lag. 

The finding that a relatively high per
centage of congenital amputees (32 per 
cent) were not fitted until after their elev
enth birthday is distressing. Since current 
philosophy is to fit congenital amputees 
at a very early age, it would be interest
ing to know the reason for this reported 
delay. Whether the fault lies with ampu
tee clinics, or with parents who are either 
reluctant to take their children to clinics 
or are ignorant of the prosthetic oppor
tunities available to them, is not evident 
from the present analysis. The implica
tion is that more needs to be done at the 
educational level. The growth and im
plementation of dynamic treatment pro
grams would surely result in a much more 
optimistic picture. 

A composite picture of amputees re
ported in this study would present the 
following profile: 

1. The congenital amputee seen in pros
thetic facilities was a male under 10 years 
of age with involvement at the below-
knee level. 

2. The amputee whose amputation was 
caused by tumor was a male between 11 
and 20 years of age whose amputation was 
at the above-knee level. 

3. The traumatic amputee was a male 
now between the ages of 41 and 50 years 
who had received his amputation between 
the ages of 21 and 30 years. His amputa
tion was at the below-knee level and was 
most likely received as a result of a car 
accident, industrial accident, or war in
jury. 

4. The amputee whose amputation was 
caused by disease was also a male, be
tween the ages of 61 and 70 years, who 
was amputated during these same years. 
His amputation was as likely to be at the 

above-knee level as at the below-knee 
level. 

SUMMARY 

1. This study, which extended over a 
two-year period ending in June 1967, 
presents data on 8,323 amputees with 
8,698 amputations, all of whom were fit
ted with prostheses. 

2. Of the "new" amputations seen in 
prosthetic facilities, 60 per cent were 
caused by disease, 29 per cent by trauma, 
6 per cent by tumor, and 5 per cent were 
of congenital origin. 

3. Of all amputations, "new" and "old," 
being fitted in prosthetic facilities, 50 per 
cent were caused by trauma, 37.3 per cent 
were caused by disease, 8.4 per cent were 
of congenital origin, and 4.3 per cent were 
caused by tumor. 

4. The greatest incidence of disease-
caused amputations occurred in the sev
enth decade, those of trauma in the third 
decade, and those of tumor in the second 
decade. 

5. Males outnumbered females in every 
category, the ratio for "new" amputations 
of males to females being approximately 
2:1 for disease, 10:1 for trauma, and 1.2:1 
for both congenital causes and tumor. 

6. Eighty-six per cent of the total num
ber of amputations were of the lower ex
tremity, with 53 per cent of this group 
being at the below-knee level. 

7. Although automobile accidents were 
cited as the single greatest cause of all 
traumatic amputations, war injuries, in
dustrial accidents, and automobile ac
cidents were cited almost equally for male 
amputees. 

8. Forty-eight per cent of all reampu-
tations were in the disease category, 60 
per cent of these occurring within two 
and one-half months of the original am
putation. The reamputation rate for be
low-knee amputations caused by disease 
was not significantly higher than that 
for trauma-caused amputations—approxi
mately 6 per cent in both instances. 

9. Degree of contracture reported at 
both hip and knee varied inversely with 

AMPUTEES AND THEIR PROSTHESES 47 



the length of the stump. Excluding con
tractures of less than 5 deg, the average 
hip flexion contracture for above-knee 
amputations was in the 5-9 deg range; the 
average knee flexion contracture for be-
low-knee amputations fell in the 10-14 
deg range. Fifty-two per cent of those 
cases reporting presence or absence of 
contractures had either no contracture or 
one of less than 5 deg. 

10. Unemployment rate for "old" male 
amputees between the ages of 21 and 64 
was 6.4 per cent, slightly higher than the 
national average for the years covered by 
the report. 

11. Fifty-eight per cent of patients were 
referred to prosthetic facilities by am
putee clinics, 26 per cent by physicians, 
and 16 per cent were not referred. 

12. The median time from amputation 
to delivery of a prosthesis was six months, 
the below-knee prosthesis being delivered 
in the shortest length of time. Congenital 
amputees who required surgery received 
prostheses in a median time of three 
months postsurgery. Patients in the dis
ease category waited the longest time— 
six months. 

13. Prostheses had an average life of 
6.1 years, with the life of the prosthesis 
increasing with the age of the patient. 
Below-knee prostheses generally and pros
theses for congenital amputees had the 
shortest life. Prostheses for males lasted 
longer than those for females. "Worn out" 
was the primary reason given for replacing 
a prosthesis. 

14. Prosthetic prescription varied in 
the geographical areas, some regions dem
onstrating a greater tendency than others 
to incorporate newer prosthetic tech
niques. Generally, as the age of the am
putee advanced, there was a tendency 
to use the older types of components, e.g., 
pelvic hands, articulated ankles. 

15. The Children's Bureau was the larg
est single source of financial support for 
the purchase of prostheses for children, 
and the State Bureaus of Vocational Re
habilitation provided the greatest finan
cial support for amputees during the 
wage-earning years. The Veterans Ad
ministration paid for a high percentage of 
prostheses for males who were in the 
"old" category. In all, the federal govern
ment paid entirely for 48 per cent of all 
prostheses and provided partial support 
for another 3 per cent. 
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1 HE origin of therapeutic procedures 
can generally be traced to local efforts 
directed toward resolving continuing dis
ability of the patient. In the treatment 
of low back pain, this approach often in
cluded designing special supports by in
dividual physicians and orthotists. Such 
independent activity in numerous locales 
resulted in a long list of brace designs, 
many of which carry impressive eponyms 
that tend to stress differences rather than 
elements of commonality. 

To compile the available information 
concerning bracing, the American Acad
emy of Orthopaedic Surgeons published 
the Orthopaedic Appliances Atlas (1) in 
1953. Of the 30 types of spinal support 
described in that volume, 17 were spe
cifically designed for the sacroiliac or 
lumbosacral areas. Ten years later, in 
1962, a survey of orthopedic services in 
the United States by Nattress and Litt (2) 
identified 30 braces, of which 22 corre
sponded to the design customarily consid
ered effective at the lumbosacral region. 
These two reports, along with the present 
study, described a total of 40 different 
devices designed for low back problems. 

Details of designs are readily available, 
but objective criteria to weigh the rela
tive merits of the different devices are 
almost nonexistent. As a consequence, 
physicians generally make their selection 
either by adopting the customs observed 
during their training, or by accepting the 
preference of the local orthotist. Un
doubtedly, some braces have withstood 

the test of time, while others have be
come items only of historical interest. 
Superimposed on this background, the 
more recent introduction of prefabricated 
parts for brace construction has probably 
influenced the frequency with which cer
tain types of braces are prescribed. 

The extent to which these influences 
have altered the availability and pre
scription of brace designs today has not 
been reported. Also unknown is the nature 
of the relationship between the etiology 
of the low back pain and the type of sup
port that clinicians have found to be 
effective. Identification of this type of 
information is pertinent because the sub
ject of orthotics is now being presented in 
formally organized courses on a nation
wide basis. 

This paper records the results of a 
three-phase study conducted in 1968-69 
by the Subcommittee on Orthotics, Com
mittee on Prosthetic-Orthotic Education 
(CPOE) of the National Research Council. 
Approval of the Executive Committee of 
the American Academy of Orthopaedic 
Surgeons was obtained. The purpose of 
the survey was to identify the current 
practices of orthopedic surgeons with re
spect to external supports for the manage
ment of low back pain. 

METHOD 

PILOT STUDY 

An unstructured pilot questionnaire was 
sent to 150 orthopedic surgeons selected 
because of their considerable experience 
in the management of low back pain. 
They were asked to list the types of sup
port they prescribed, and to indicate the 
clinical conditions for which each support 
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was chosen. The results of this pilot study 
formed the basis for the next phase of the 
investigation. 

The 90 physicians (60%) who responded 
were explicit in their choice of a device 
and the clinical indication for its use. 
Eighty-three reported frequent prescrip
tion of external support as part of their 
therapeutic program. (Two said they 
never used external supports, and five 
indicated they rarely prescribed such 
aids.) 

Within each class of support (brace, 
corset, cast), a similar pattern of practice 
was evident. Numerous designs were 
listed, but most were mentioned only oc
casionally. The majority of the respon
dents preferred one or two types of sup
port. Within a total of 12 different braces 
reported, three-fourths of the physicians 
listed the Chairback (Knight) and Wil
liams braces (Figs. 1, 2, and 3). Six other 
designs were mentioned only once. Iden
tification of corset preference was a bit 
clouded by the indiscriminate use of both 
generic and trade names. The generic 
term "lumbosacral" was specified by half 
of those responding. An additional one-
fourth of the pilot-study participants used 
trade names such as Camp, Spencer, and 
Winchester. The next most frequently 

mentioned device was the sacroiliac belt 
(8%). Of the six casts identified, the flex
ion jacket was preferred by more than 
half of the pilot-study orthopedists; the 
second choice was the body jacket (19%). 

In designating the clinical conditions 
warranting external support, two response 
patterns developed in the pilot survey. 
Seven types of disability were mentioned 
frequently and in explicit terms, viz., 
postoperative fusion, spondylolisthesis, 
chronic backache, acute strain, disc syn
drome, degenerative joint disease, and 
the postoperative disc. Several other con
ditions, identified by a wide variety of 
terminology, were mentioned with mod
erate to rare frequency. 

Fig. 1. The Knight dorsolumbar brace. 

NATIONAL SURVEY OF AAOS 

The findings of the pilot survey were 
used to construct a questionnaire applica
ble for a comprehensive national study. 
This questionnaire was sent to the mem
bership of the American Academy of Or
thopaedic Surgeons (AAOS). The form 
(presented at the end of this article) was 
a check sheet on which physicians were 
asked to match the types of support they 
prescribed with the clinical conditions 
they treated in this manner. 
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Fig. 2. A typical modification of the Knight brace. 

Fig. 3. The Williams lumbosacral brace. (Illustrations from Orthotics for Physicians and Therapists, 
Prosthetic-Orthotic Education, Northwestern University Medical School, Chicago, HI.) 

The following supports, all of which 
were more than rarely mentioned in the 
pilot study, were included. (The restric
tion on corset choice was the result of a 
decision to use generic rather than trade 
names in order to avoid repeating the con
fusion produced in the pilot study.) 

Braces 
1. Chairback (Knight) 
2. Williams 
3. Norton-Brown 

4. Goldthwaite 
5. Bennett 
Corsets 

1. Lumbosacral 
2. Sacroiliac 
Casts 

1. Flexion 
2. Body jacket 
3. Cast with one leg 

Eleven clinical conditions were selected 
for the national inquiry, based upon the 
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returns of the pilot study and upon the 
clinical experience of the NRC committee. 
Provision was made throughout for physi
cians to indicate devices or clinical prob
lems other than those listed on the form. 
The questionnaire was also designed to 
indicate the relative frequency ("usually" 
or "rarely") of the prescriptions. 

SURVEY OF THE FUNCTIONS OF SUPPORT 

Late in 1968, a second national survey 
was conducted among the AAOS mem
bership to determine prevailing opinions 
about the functions of the various types 
of support. The purpose of this phase of 
the study was to attempt to relate the an
ticipated function of the external support 
to the different preferences in prescrip
tion. 

Profiting from the findings of part one 
of the national survey, the list of sup
ports was again shortened. This time, the 
orthopedists were queried about two 
braces (Williams and Chairback [Knight]); 
"corset" was listed as a single category, as 
were the flexion casts. A miscellaneous 
category was added for other comments. 
(The questionnaire appears on page 57.) 

Six probable functions were selected for 
study. These included: immobilization of 
the spine, restriction of lumbosacral mo
tion, unloading of the intervertebral disc, 
support of the abdomen, correction of 
posture, and psychological effect. As al
ways, there was a provision for other 
choices. 

RESULTS 

On the first national survey, 5,215 ques
tionnaires were mailed. With the aid of 
one follow-up, 3,140 (60%) were returned 
completed. An additional 1% of the re
turns were incomplete because the physi
cians had retired or their practices did not 
include patients with low-back problems. 

In the second phase of the study, the 
same number of forms were sent out, with 
2,192 (42%) being filled in and returned. 
No follow-up mailing was conducted, 

Annotated responses or explanatory 
letters accompanied 1,034 (33%) of the 

questionnaires. These consisted of: (a) 
identification of the type of device they 
preferred if it was not specifically men
tioned on the form; (b) comments re
garding precise fitting or construction 
characteristics considered to be important; 
(c) reasons for not prescribing external 
support; and (d) other modes of treatment 
which should accompany use of a support. 

USE OF SUPPORTS FOR LOW-BACK PROBLEMS 

Most of the orthopedic surgeons in
dicated use of a judicious selection of 
braces, casts, and corsets; the average 
physician reported that he used three 
different devices in his practice. A small 
group stated that they used only one 
type of device: a brace (4%), a corset (4%), 
or a cast (1%). Only 14 respondents stated 
that they "never used support" for the 
patient with a low-back problem. 

Among the clinical indications, the in
clusion of the term "fracture" caused con
siderable confusion in the information 
collected. Either all types of braces are 
used for fractures in the "low back," or 
the orthopedist's attention was directed to 
fractures of the spine in general. The lat
ter seemed highly probable, as most in
dicated that a brace other than those 
listed was used. Typically, these were the 
Jewett, Taylor, and Baker types, com
monly used for lesions in the thoracic and 
thoracolumbar areas. As the extent of this 
confusion could not be identified, all data 
referring to "fracture" were omitted from 
the analysis. 

Certain characteristics in the prescrip
tion of external support became evident. 
A majority of the profession used the 
same groups of devices. The nature of the 
disability dictated the frequency of pre
scription as well as the type of support 
preferred. 

SUPPORT PREFERENCE 

The lumbosacral corset is the most 
popularly used low-back support, fol
lowed by the Chairback (Knight) spinal 
brace. Utilization of the other types of 
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support fell far behind these two leaders 
(Table 1). 

The degree of dominance by the lum
bosacral corset varied with the method of 
comparison; 28.5% of the physicians in
dicated use of the lumbosacral corset for 
at least one condition. When all clinical 
indications were considered, preference 
for the lumbosacral corset was 44.2%. The 
Chairback brace was used by 21% of the 
physicians for 22% of the clinical condi
tions listed. All other types of support 
were used less than 9% of the time. The 
Williams brace was third in popularity. A 
variety of casts preceded any other choice 
of brace or corset (Table 1). 

As "lumbosacral corset" is a generic 
term that overlooks design differences be
tween the Camp, Winchester, Spencer, 
and other specific corset styles, a compari
son was made with the designated prefer
ences for the total group of "low-back 
braces." The relative preference between 
the corset and the low-back brace again 
depended on the method of comparison. 
The use of a brace at some time was indi
cated by 40.2% of the physicians, in com
parison to 32.4% for corsets. However, 
when all the clinical indications were 
totaled, the preference reversed, with the 
corsets dominating (46.7% in contrast to 
39.0% for braces). 

Some geographic patterns for brace 
preference were found, especially for 

those used less frequently (Table 2). The 
middle and southeastern sections of the 
United States were the only areas where 
the Williams brace was used widely; it 
was fourth in preference on the West 
coast. With the exception of New York, 
no mention of it was made in the eastern 
or New England states. The Bennett brace 
was second in popularity in Maryland 
and third in Ohio. Predominance of the 
Norton-Brown (3) brace was restricted to 
Massachusetts and Maine, a note con
sistent with the fact that the originators 
are from Boston. 

CLINICAL INDICATIONS 

The survey form asked the physician 
to check whether he rarely or usually 
used some type of support for each of ten 
clinical conditions listed (Table 3). Three 
patterns of use were apparent. The 
responding physicians seldom used ex
ternal support in the treatment of an 
acute strain (17%), for an obese person 
with pain (19%), or during the postopera
tive period following disc surgery (28%). 
When support was used for these con
ditions, it was generally a corset. 

At the other extreme, most physicians 
used support following spine fusion (84%), 
for treatment of spondylolisthesis (70%), 
and for pseudoarthrosis (66%). In these in-
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stances, the most common type of support 
was a brace. 

The orthopedists were evenly divided as 
to the advisability of prescribing any type 
of support in treating the degenerative 
back, the disc syndrome of chronic back
ache, or as a preoperative trial. A similar 
lack of agreement was indicated concern
ing the type of support preferred. As a 
preoperative trial, there was equal prefer
ence for a brace or cast. For the other 
disabilities, the preferred support was 
the lumbosacral corset. 

Comparison between the specific brace 
design and the clinical condition (Table 
4) showed that the Chairback was the 

most frequently used brace in each situa
tion, and the Williams brace ranked sec
ond in preference. Spondylolisthesis and 
the disc syndrome were the most com
mon indications for the Williams brace. 
Spondylolisthesis was also the primary 
reason for using the Bennett brace. Other
wise, preference for the Norton-Brown, 
Goldthwaite, and Bennett braces paral
leled the use of back support in general. 

FUNCTION OF EXTERNAL SUPPORTS 

Three approaches to the data collected 
on functions of supports seemed perti
nent: the general expectation for external 
supports, the types of support chosen for 
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each of these functions, and the functions 
expected of each of the support designs. 

The function most commonly ascribed 
for external support was restriction of 
lumbosacral motion (30%); abdominal 
support was second (19%), followed by 
postural correction (15%) and immobiliza
tion of the spine (12%). 

To restrict lumbosacral motion, the 
Chairback (Knight) brace or a corset were 
equally preferred. The Williams brace 
was the third specific device indicated for 
this purpose, although a larger number of 
physicians indicated that they used some 
type of cast to restrict motion. 

Abdominal support was most often as
signed to the corset. This dominated its 
next competitor, the Chairback (Knight) 
brace, by a ratio of two to one. Again, the 
Williams brace ranked third for the func
tion of supporting abdominal muscles. 

Postural correction was almost equally 
divided between the corset and a Williams 
brace, although the use of casts was not 
uncommon. 

An interesting situation developed in 
the category of spinal immobilization. 
It was the only function identified for the 
flexion cast, yet this device was fourth in 
preference. The support most often in
dicated for spinal immobilization was the 
Chairback (Knight) brace, a finding which 
probably reflects its national popularity. 

While external supports are seldom 
used for psychological reasons, when the 
practice is followed the corset is the most 
popular device, followed by the Chair
back brace. 

The concept of unloading the disc has 
obviously not been accepted by the ma
jority of orthopedic surgeons, since only 
8% indicated this as a function of external 
support. However, those who did think in 
these terms showed a strong preference 
for the Williams brace, with a cast as an 
alternate. 

Focus on the individual types of sup
port showed that the prime functions of 
the corset were considered to be abdomi
nal support and restriction of lumbosacral 
motion. The Chairback (Knight) brace 

was assigned the same functions, but with 
greater emphasis on restriction of motion. 
This function was also considered the 
main purpose of the Williams brace, with 
correction of posture as its second indica
tion. Casts were generally used to restrict 
lumbosacral motion, although a surpris
ingly larger number were also assigned 
the function of correcting posture. Con
sistent with the belief that immobiliza
tion, as opposed to restriction of lumbo
sacral motion, is seldom accomplished 
with external support, even casts were 
assigned this as a third function. 

In addition to completing the survey 
form, a third of the respondents (1,034) 
added notes to further explain their pref
erences. These varied from a single listing 
of a specific brace to lengthy letters ex
plaining their philosophies of low-back 
management. A majority of these replies 
were focused on either the fitting or con
struction characteristics of their support 
preferences. 

Sixty respondents emphasized the ad
vantages of using exercise early in the 
treatment of low back pain. Two purposes 
were expressed: to avoid external support 
and to overcome the muscle weakening 
and contracture development that accom
panies prolonged immobilization. One 
respondent summarized this philosophy 
very succinctly by stating he "never pre
scribed support without a plan to elimi
nate it." A smaller group (30) felt that 
the disadvantages were sufficient to pre
clude any prescription of external support. 
All who said they "never" or "rarely" 
used support emphasized instead their 
reliance on an organized program of ex
ercise. Specific application of this phi
losophy was frequently mentioned in 
relationship to postoperative management 
of spine fusions. Many respondents also 
brought out the fact that the treatment of 
low back pain must be individualized to 
fit the particular patient's need. This fact 
must never be forgotten, of course, and 
the purpose of the survey was not to con
tradict the concept of individualized pa
tient care, but merely to identify the 
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spectrum of external support which phy
sicians have found adequate to meet their 
multiple goals. 

DISCUSSION 

The potential list of 40 external-sup
port designs for low back pain has been 
severely pruned by the influences of 
prolonged clinical experience, greater 
intermingling of orthopedists through pro
fessional meetings, and the use of pre
fabricated parts. Notes by some of the 
respondents indicated that cost, emphasis 
on exercise, and early surgery are other 
important influences. 

The clinical indications for use or non-
use of external support were rather 
sharply defined, but there is no com
parable distinction between the accepted 
styles of support. The latter was indicated 
by the overlap between clinical entity 
and support design, as well as by the 
identification of the functions of the dif
ferent devices. The mechanical charac
teristics and the limitations of these 
various designs which lead to such am
biguity have yet to be objectively 
identified. 

Investigators (3) have found that, un
less the support is carefully designed, 
motion at the lumbosacral joint could be 
increased with the support rather than 

restricted. Personal experience indicates 
that this might also lead to increasing the 
patient's pain. 

A problem still not studied is identifi
cation of the characteristics of the pa
tients which govern the choice of support. 

SUMMARY 

The lumbosacral corset is the most com
monly prescribed external support for 
low back pain. The Chairback (Knight) 
and Williams braces are next in prefer
ence, with a cast being used least fre
quently. There is a definite relationship 
between the etiology of the low back pain 
and the type of support chosen. The 
major indication for support prescription 
is to restrict lumbosacral motion. 
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