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The purpose of this study was to identify criteria contributing to successful long-
term prosthetic use in patients with an amputation secondary to vascular disease. 
All elderly patients with a unilateral below-knee amputation or an above-knee 
amputation, secondary to vascular disease, seen in our clinic between 1977 and 
1982 were included in this telephone survey. Of those contacted, 37 of 38 below-
knee amputees (BKAs) and 7 of 18 above-knee amputees (AKAs) still wore their 
prostheses at least part of every day (success). We used a two-tailed chi-square 
to compare the success of the BKAs with the success of the AKAs. The BKAs 
were successful more often (x2 = 24.81, df = 1, p < .001). All AKAs also were 
characterized according to age, time from prescription, obesity, ambulatory 
status, strength, range of motion, sex, general compliance, and medical problems 
after prosthetic prescription. Of these criteria, only compliance and medical 
problems after prescription showed a significant difference between successful 
and nonsuccessful long-term AKA prosthetic users (x2 = 5.76, df = 1, p < .05 for 
each criterion). As the demands of quality assurance and diagnostic related 
groupings increase, these results can assist the physical therapy clinician in 
setting realistic goals for the geriatric amputee and help predict if the patient will 
be a successful prosthetic user. 
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Patients with an amputation second
ary to vascular disease often are referred 
to the physical therapist for a variety of 
problems and in many stages of disabil
ity. Most of these individuals (or their 
families) desire to have a prosthesis. In 
a time period of dwindling resources, 
the physical therapist is often faced with 
the difficult decision of determining if a 
patient is a suitable prosthetic candidate. 

In the late 1960s, several published 
studies suggested that geriatric amputees 
were generally not good candidates for 
prosthetic prescription. Davis et al re
ported that only 21 of 41 patients were 

still using the prosthesis two years after 
amputation.1 Mazet reported that 60% 
of geriatric amputees discard the pros
thesis within six months.2 

Although "success" is not consistently 
defined in the literature, recent studies 
report a higher success rate. Reviewing 
a five-year period, Steinberg et al re
ported 68% of patients fitted with a 
prosthesis still wore it at least six hours 
a day (success).3 Anderson et al, in a 
follow-up study, reported 73% of pa
tients "attained some functional level 
with a prosthesis."4 Castronuovo et al 
reported 71% of geriatric patients were 
ambulatory with the prosthesis in a fol
low-up study, which covered a period of 
one to eight years (mean, 3.4).5 Katrak 
and Baggett reported "79 percent were 
able to use a prosthesis successfully" in 
a similar five-year follow-up study.6 

All these authors agreed that below-
knee amputees (BKAs) tended to use 
their prostheses more than above-knee 
amputees (AKAs). Several studies indi
cated that even bilateral BKAs did better 
than unilateral AKAs.7-9 Only Ander
son et al reported that "males tended to 
do better than females with unilateral 
amputation," although his specific data 
appear unclear.4 

Patients with vascular disease severe 
enough to warrant amputation typically 
have many other medical problems. 
Steinberg et al concluded that congestive 
heart failure, angina pectoris, or chronic 
obstructive pulmonary disease (COPD) 
severe enough to impose rigid limita
tions on the patient's effort tolerance is 
a contraindication to prosthetic pre
scription in geriatric amputees.3 Cas
tronuovo et al stated that a cerebral 
vascular accident (CVA) with senility "is 
virtually predictive of failure to use a 
prosthesis."5 

In a study that assessed the functional 
capabilities of lower extremity ampu
tees, Kegel et al reported that as age 
increased, functional independence de
creased.7 Kegel, however, examined pa
tients with congenital and traumatic 
amputations as well as patients with vas
cular disease. Those studies that looked 
only at patients with vascular disease 
agreed that age alone should not be a 
factor in prosthetic prescription.3,6,7 

Time from prescription to time of 
survey was not analyzed as a specific 
criterion in the studies mentioned, but 
the greater the time from prescription, 
the less a person will probably continue 
to wear a prosthesis because of addi
tional complications from the progres-
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sion of vascular disease, habituation to 
a wheelchair, or possible contracture 
formation.10 

From a clinical standpoint, obesity is 
traditionally considered a negative fac
tor for prosthetic prescription. Obesity 
is believed to complicate prosthetic fit
ting and can require a heavy, cumber
some, nonfunctional prosthesis.10 Good 
strength, range of motion (ROM),10 and 
compliance with prosthetic fitting and 
training seem to be positive criteria for 
successful prosthetic use, but no studies 
were found that looked specifically at 
these criteria. As costs of prosthetic fab
rication, hospitalization, and gait train
ing increase, and the awareness of qual
ity assurance and the diagnostic related 
groupings also increase, the need to de
termine which patients can be successful 
prosthetic candidates is growing. From 
the above studies and clinical observa
tions, the following criteria appear most 
important (although not previously sta
tistically analyzed) in considering suc
cessful long-term prosthetic use: level of 
amputation, sex, age, medical problems, 
time from prescription, obesity, 
strength, ROM, and compliance. The 
purpose of this telephone survey was to 
determine specifically which criteria 
were related to successful long-term 
prosthetic use and to give the physical 
therapist objective data on which to base 
a decision regarding prosthetic prescrip
tion. The null hypothesis was that the 
above criteria were not related to suc
cessful long-term use of a lower extrem
ity prosthesis. 

METHOD 

Subjects 
We included all BKAs and AKAs who 

had unilateral amputations secondary to 
vascular disease and who were pre
scribed a prosthesis at our amputee 
clinic between 1977 and 1982. Patients 
with foot amputations (ie, transmetatar-
sal, Chopart's, Syme's), hip disarticula
tions, amputations above the hip joint, 
and bilateral amputations were ex
cluded. Of the 80 amputees who met 
the required criteria, 10 had expired, 
and we were unable to contact 14. Of 
the 56 patients contacted (34 men and 
22 women), mean time from prescrip
tion was 2.22 years (± 1.26 years). The 
ages of the patients ranged from 49 to 
88 years with a mean age of 67.1 years 
(± 9.92 years). Eighteen of the patients 
had AKAs, and 38 had BKAs. The tele

phone survey was part of an amputee 
clinic follow-up. The study was ap
proved by the Washington University 
School of Medicine, Human Studies 
Committee, and patient confidentiality 
was assured by using letter codes instead 
of names for data collection and reduc
tion. 

Procedures 
The primary investigator (M.J.M.) 

telephoned each patient, identified him
self as a member of the Irene Walter 
Johnson Institute of Rehabilitation Am
putee Clinic, and asked the following 
question: "Are you still wearing your 
prosthesis?" If the answer was "yes," he 
asked the patient, "How many times a 
week do you wear your prosthesis?" and 
"How many hours a day do you wear 
your prosthesis?" If the answer to the 
first question was "no," he asked the 
patient, "Why aren't you wearing your 
prosthesis?" Explanations were given to 
those patients who did not understand 
the questions. 

Depending on their responses to the 
telephone survey, all amputees were 
characterized by M.J.M. as successful or 
unsuccessful. Success was defined as 
wearing the prosthesis at least part of 
every day. Nonsuccess meant the pa
tient was not wearing his prosthesis 
every day. We chose these definitions 
because we believed if the patient was 
wearing the prosthesis every day, it must 
be meeting a basic functional or cos
metic need, and prescription, training, 
and cost of the prosthesis were legiti
mate and worthwhile. 

1. Ambulation status before prosthetic 
prescription: 

Yes—Patient was independent in am
bulation with assistive device 
(crutches or walker). 
No—Patient was nonambulatory or 
needed physical assistance from at 
least one other person. 

2. Strength: 
Yes—Patient had hip strength of in
volved side of Good (4/5) or above as 
measured by the manual muscle test. 
No—Patient had hip strength of less 
than Good (4/5). 

3. Range of motion: 
Yes—Patient had 10 degrees or less 
of hip-flexion contracture (as meas-

ured in the Thomas method). 
No—Patient had greater than 10 de
grees of hip-flexion contracture. 

4. Compliance: 
Yes—Patient kept all appointments 
(or notified of cancellation) and fol
lowed recommendations for treat
ment or prosthetic revisions. 
No—Patient did not keep all appoint
ments (or notify of cancellation) or 
follow recommendations. 

5. Obesity: 
Yes—Patient was at least 20% above 
average weight for his height and 
age.11 

No—Patient was within 20% of the 
average weight for his height and age. 

6. Medical problems after prescription: 
Yes—Patient had additional surgery, 
pain, or medical complication not 
present at time of prescription. 
No—Patient had no additional sur
gery, pain, or medical complication 
since time of prescription. 

Data Analysis 

The two-tailed chi-square test was 
used to analyze the nominal data (Tab. 
1). The two-tailed t test was used to 
analyze ratio data (Tab. 2). The level of 
statistical significance chosen was .05. 

RESULTS 

Information regarding success shows 
a significant difference with respect to 
level of amputation. The BKAs were 
classified as successful prosthetic users 
more often than AKAs (x2 = 24.81, df 
= 1, p < .001). In fact, 37 of 38 of the 
BKAs were still wearing the prosthesis 
every day, whereas only 7 of 18 AKAs 
could be considered successful wearers. 

The AKAs showed a significant dif
ference between successful and nonsuc-
cessful long-term prosthetic use (x2 = 
5.76, df= 1, p < .05 for each criterion) 
when considering compliance and med
ical problems after prosthetic prescrip
tion. We found no significant difference 
between successful and nonsuccessful 
prosthetic use for AKAs when we con
sidered age, time from prescription, 
obesity, strength, range of motion, or 
sex. Tables 1 and 2 show complete data. 

DISCUSSION 

The above results support the belief 
that level of amputation is the primary 
criterion that determines the prescrip-
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M.J.M. also characterized all AKAs 
according to the following defined cri
teria. The data were taken from avail
able medical records, but two charts 
were not available (n = 16). 
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tion of a prosthesis and that affects long-
term use of a prosthesis by the patient. 
This result may not come as a surprise 
to the practicing physical therapist, but 
what did surprise us is the degree of 
success the BKAs showed. Of the 38 
amputees who were prescribed a below-
knee prosthesis, only 1 patient could not 
meet the success criterion of wearing his 
prosthesis every day, despite clinically 
observed medical complications of 
CVA, COPD, angina, blindness, or le
sions on the contralateral extremity. 
Possible reasons for the higher success 
rate of BKAs may include the following: 
1. A greater amount of energy is needed 

to lift and control the above-knee 
prosthesis because of the loss of the 
knee joint and supporting muscula
ture and the increased weight of an 
above-knee prosthesis.12 

2. The conventional suspension of an 
above-knee prosthesis is more cum
bersome and makes the prosthesis 
more difficult to don and doff inde
pendently than a below-knee pros
thesis. The below-knee prosthesis 
often is suspended with only a supra
condylar cuff, whereas the above-
knee prosthesis often requires a pel
vic band and hip joint for the geria
tric patient. 

3. The extent of vascular disease is often 
greater in the AKA and requires a 
higher amputation. A greater disease 
involvement would naturally show 
greater systemic involvement and the 
side effects commonly seen in dia
betes and peripheral vascular disease. 

4. An above-knee prosthesis usually in
terferes more than aids in basic trans
fers with the more debilitated patient. 
In comparison, a below-knee pros
thesis usually aids in balance and 
some weight bearing during transfer 
activities. 

Because the BKAs were successful 
prosthetic users, despite the other noted 
medical complications, only the AKAs 
were further subdivided and analyzed. 
We concluded that age and sex should 
not be factors in prosthetic prescription 
for above-knee prostheses. The mean 
age of those successful prosthetic users 
was higher than the nonsuccessful users 
(although not significantly so), and we 
had successful above-knee prosthetic 
users who were 78 years old. 

Although the number of subjects was 
limited, obesity, ambulation before pre
scription, strength, and ROM did not 

TABLE 1 
Results of Relationship Between Criteria and Successful Long-Term Prosthetic Use in 
Above-Knee Amputees (n = 16) 

Criteria 

Sex 
Male 
Female 

Medical problems after prescription 
Yes 
No 

Obesity 
Yes 
No 

Ambulation before prescription 
Yes 
No 

Strength 
Yes 
No 

Range of motion 
Yes 
No 

Compliance 
Yes 
No 

Success 

No 

5 
5 

6 
4 

0 
10 

10 
0 

5 
5 

5 
5 

4 
6 

Yes 

3 
3 

0 
6 

2 
4 

5 
1 

4 
2 

4 
2 

6 
0 

Statistical 
Analysis 

x2 

0.00 

5.76 

3.81 

1.78 

0.42 

0.42 

5.76 

P 

NS 

.05 

NS 

NS 

NS 

NS 

.05 

TABLE 2 
Results of Relationship Between Age, Time From Prescription, and Successful Long-
Term Prosthetic Use in Above-Knee Amputees 

Criteria 

Age 
(mean years) 

Time from prescription 
(mean years) 

Success 

Noa 

62.3 
±10.06 

2.5 
±1.41 

Yesb 

68.0 
±6.48 

1.9 
±.71 

Statistical 
Analysis 

t 

1.33 

.97 

Pc 

NS 

NS 

show a significant difference between 
successful and nonsuccessful prosthetic 
users. These results may come as a sur
prise but should not be taken to imply 
that these criteria are not important in 
prosthetic prescription. The reader 
should understand that the pool of sub
jects was biased in that a prosthesis was 
initially prescribed to all subjects and all 
subjects were believed to be realistic 
prosthetic candidates. Further research 
should investigate the level of deficit in 
each criterion where a prosthesis may 
be contraindicated. 

The two criteria that did show a sig
nificant difference were compliance and 
medical problems after prosthetic pre
scription. Many factors make up the 
area of compliance, which we have de

fined as "keeping all appointments and 
following recommendations for treat
ment or prosthetic revisions." One fac
tor would seem to be the patient's mo
tivation to have a prosthesis or the de
gree to which the patient is willing to 
sacrifice to obtain a prosthesis. Patient 
motivation is a very abstract and ill-
defined area but one that most clinicians 
agree plays a vital role not only in the 
amputee's rehabilitation but in any 
given individual's rehabilitation. This 
factor was evident in one compliant 
above-knee prosthetic user, who, despite 
obesity, rather severe degenerative joint 
disease, hip and knee flexion contrac
tures of 20 degrees and 10 degrees, re
spectively, and hip muscle strength of 
Good minus, continued to ambulate 

a n = 11. 
b n = 7. 
cp ≤.05,oY=16. 
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with her prosthesis on a daily basis after 
2.5 years. 

Other authors have acknowledged the 
functional difference between BKAs 
and AKAs but often have used similar 
criteria for both to determine if an am
putee should be prescribed a prosthesis. 
Based on the results of our study and 
others3-7,9 with similar patterns of long-
term prosthetic use, we believe the pre
scription of prostheses to AKAs by 
many rehabilitation facilities may be too 
liberal. With more stringent criteria to 
receive an above-knee prosthesis, the 
long-term prosthetic use by these pa
tients should improve. We believe 
prostheses for AKAs with additional 
medical complications such as CVA, 
COPD, angina, or lesions on the contra
lateral extremity should be prescribed 
with great caution, but the BKAs may 
do well with prostheses despite these 
problems. We believe also that for the 
AKA who appears to be a marginal pros
thetic candidate, the physical therapist 
should try to determine if the patient 
will be compliant with the prosthetic 
fitting and training. This criterion may 
be assessed, in part, by the patient's 
compliance with preprosthetic exercises, 
stump wrapping, or scheduled appoint
ments. Further research should explore 
more systematic ways to define, assess, 
and measure the level of compliance or 

motivation before prosthetic prescrip
tion. 

Certain problems are inherent to any 
follow-up telephone survey or retrospec
tive chart review. In a telephone survey, 
patients may exaggerate or deny the use 
of the prosthesis; in a chart review, the 
records of all patients are not kept by 
the same therapist and different thera
pists may vary in measuring techniques. 
An attempt was made to keep these 
factors to a minimum by having one 
person do all telephoning and chart re
view. In addition, all criteria were given 
specific, objective standards so that each 
criterion was mutually exhaustive and 
exclusive. No subjective decision mak
ing was required to grade a criterion. 

CONCLUSION 

These results showed a higher success 
rate of long-term prosthetic use in ger
iatric BKAs in comparison with geriatric 
AKAs. The results also indicated that 
compliance and medical status are im
portant criteria for considering pros
thetic prescription in AKAs. As the de
mands of quality assurance and diag
nostic related groupings increase, these 
results can assist the physical therapist 
in setting realistic goals for the geriatric 
amputee and help predict if the patient 
will be a successful prosthetic user. 
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