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INCIDENCE AND CAUSE OF 
AMPUTATION 

T h e exact n u m b e r of n e w ampu tees is 
u n k n o w n . W i t h cer ta in excep t ions it has 
no t b e e n poss ib l e to track n e w ampu tee s i n 
the U n i t e d S ta tes . T h e Nat iona l C e n t e r for 
Heal th Sta t i s t ics repor ted 311 ,000 am
pu tees in 1970. B y 1977, th i s n u m b e r h a d 
r i sen to 3 5 8 , 0 0 0 . O f these a m p u t e e s , 
1 0 1 , 0 0 0 invo lved an uppe r ext remi ty , and 
2 1 0 , 0 0 0 involved a lower ext remity . T h e r e 
are 4 3 , 0 0 0 ampu ta t i ons each y e a r . 7 

In 1 9 7 3 - 1 9 7 4 the C o m m i t t e e s on Pros
the t ics Resea r ch and D e v e l o p m e n t and 
Pros the t i c -Or tho t i c Educa t ion of the Na
tional A c a d e m y conduc ted a s tudy o f the 
ampu tee s k n o w n to the A m e r i c a n Or tho t i c 
and Pros thet ic Assoc i a t i on (AOPA) , in 
c luding 143 pros the t i cs faci l i t ies located in 
39 s t a t e s . 1 3 The propor t ion of lower ex
t remi ty to uppe r ex t remi ty w a s 11 :1 for 
b o t h males and females . T h e r e w a s a s ignif
icant increase in lower ex t remi ty amputa 
t ion w h e n c o m p a r e d wi th a 1 9 6 1 - 1 9 6 3 
s tudy (Gla t t ly 8 ) o f ampu tee s k n o w n to 
AOPA. The re w a s also a s igni f icant in
crease from Glat t ly 's s tudy in the percen
tage of pe r sons w i t h b e l o w - k n e e amputa 
t ions , from 36 .8 pe rcen t to 53 .8 percen t , 
and a s ignif icant decrease in a b o v e - k n e e 
ampu ta t ions , from 4 4 . 1 pe rcen t to 32 .6 per
cen t . 

The propor t ion of males to females in all 
ampu tees w a s a lmost 3:1 (72 to 28 per

cen t ) , p r o b a b l y due to a greater in jury rate 
a m o n g ma le s . W h e n l imi ted to d i sease , the 
sex ratio d ropped to 2 . 1 : 1 , and w h e n l im
i ted to tumor , it d ropped to 1 .3 :1 . T h e 
propor t ion of males to females a m o n g 
lower ex t remi ty ampu tee s is 70 :30 percen t . 

T h e d i s t r ibu t ion of b e l o w - k n e e am
pu tees to a b o v e - k n e e ampu tee s va r ies b y 
cause . A b o v e the age of 40 , a b o v e - k n e e 
ampu tee s account for abou t one out of 
eve ry three ampu ta t ions . M o s t amputa 
t ions for vascular d i sease in pe r sons a b o v e 
the age o f 60 had b e e n per formed a b o v e -
knee prior to 1945. H o w e v e r , as medica l 
and surgical t e c h n i q u e s have i m p r o v e d , 
the dec i s ion to opera te b e l o w - k n e e for vas 
cular d isease has i nc rea sed . In the Nat iona l 
A c a d e m y S tudy of 1 9 7 3 - 1 9 7 4 , b e l o w - k n e e 
ampu ta t ions accoun ted for 6 2 . 4 pe rcen t of 
all lower ex t remi ty ampu ta t i ons . T h e per
cen tage for each decade in a b o v e - k n e e and 
b e l o w - k n e e w a s s imi la r ; there w a s n o s ig
ni f icant difference accord ing to age . 

The c a u s e s o f n e w a m p u t a t i o n are 
b road ly desc r ibed as t rauma, d i sease , 
tumor , or congen i t a l . Congen i t a l amputa 
t ion occurs as the cause in near ly all pa
t ients u n d e r five years , a n d it accounts for 
2 .8 pe rcen t of all a m p u t a t i o n s . 8 T u m o r s 
that are ma l ignan t and b e n i g n tumors 
w h e r e funct ion is r educed m a y requi re 
amputa t ion . T h i s accoun t s for approxi
mate ly five pe rcen t o f all ampu ta t ions . M a 
l ignant tumors m a y occur in chi ldren in the 
s econd decade . A m p u t a t i o n s due to vas -



cular d i seases and infec t ions increased 
from 58 percen t in a previous s tudy to 70 .3 
percent in the Nat iona l A c a d e m y S tudy of 
1974. A m p u t a t i o n s due to t rauma account 
for 22 .4 pe rcen t of all amputa t ions . T h i s is a 
s l ight decrease of 11 percen t from a previ
ous study. T h e largest pe rcen tage of cases 
due to t rauma occur in ages 41 and 5 0 , 
w h e r e a s the largest percen tage of cases due 
to d i sease occur in ages 61 to 70 . Al though 
the Kay and N e w m a n s t u d y 1 3 repor ted 
mul t ip le ampu ta t ions , these accounted for 
only 3.3 pe rcen t of the cases , and wil l not 
be d i scussed in detail in th is art icle. D i s 
ease w a s the cause of reamputa t ion in 41 
percent of the cases . 

REHABILITATION OF THE 
LEG AMPUTEE 

T h e rehabi l i t a t ion of the leg amputee re
qu i r e s a mul t id i sc ip l ina ry t eam that treats 
the med ica l , psycholog ica l , socia l , and v o 
cat ional aspec ts of amputa t ion . F r i e d m a n n 
states that " t h e p r imary de te rminan t s of 
success in the t r ea tment of the l imb les s are 
the genera l i ty of care an ampu tee receives 
and the ampu tee ' s i nna te c h a r a c t e r i s t i c s . " 7 

Care b e g i n s at the preopera t ive s tage and 
con t inues unti l the ampu tee is he lped to 
readjust to social and vocat ional roles in the 
c o m m u n i t y . 

Before amputa t ion the person mus t b e 
p repared to confront the reali ty of surgery, 
bu t not all its potential consequences . The 
results of surgery shou ld no t be presented 
all at once to the pat ient . After amputa t ion , 
the pa t ien t m a y be g iven a few facts at a 
t ime until he or she has a chance to ac
k n o w l e d g e the ex tent of the physical 
c h a n g e s . 

In o lder tex tbooks on the sub jec t , the 
goal w a s to he lp the pa t ien t "accep t h i s 
l o s s . " 2 5 S t ages of ad jus tment to amputa 
t ion p roceeded from denial to depress ion 
to accep tance of loss . In recent years , the 
s tage theory has b e e n ques t i oned as a uni 
form analogue for all amputees . S o m e m a y 
no t p roceed th rough the s a m e s tages of 
ad jus tment . O t h e r s m a y never reach the 
final s tage: accep tance of loss . For s o m e 
pat ients , hea l thy denial is an adapt ive m e 

c h a n i s m that e n a b l e s t h e m to cope wi th the 
mul t ip le losses resu l t ing from amputa t ion . 
T h e y m a y d e n y the i r d isabi l i ty for the rest 
of the i r l ives . The re is no th ing w r o n g wi th 
th i s m e t h o d o f c o p i n g — i t works for s o m e 
people . Rehab i l i t a t i on profess ionals must 
learn to respect the indiv idual i ty of each 
ampu tee and to he lp each ampu tee to ga in 
op t imal accep tance of the disabi l i ty . 

Early pos topera t ive care r equ i res brea
th ing exerc i ses a long wi th exerc i ses in a 
p rone pos i t i on in b e d for the r e m a i n i n g 
l i m b s , on parallel ba r s , on a frame, and 
finally on c ru tches . 1 1 Immedia te fitting of a 
p n e u m a t i c pylon ( temporary pros thes is ) 
m a y permi t the pa t ien t to walk w i t h i n a 
few days after amputa t ion . It also enab l e s 
the physical therapis t and rehabi l i ta t ion 
m e d i c i n e spec ia l i s t to j u d g e w h e t h e r the 
pa t ien t can tolerate an artificial p ros thes i s . 

S o m e pa t i en t s have difficulty in adjust
ing to the pylon e i the r because of the poor 
hea l ing cond i t i on of the s tump or because 
of a c o m b i n a t i o n of phys ica l and psycho
logical p rob l ems . Pa t ien ts w i th heart con 
di t ions and elderly pa t ien ts in poor genera l 
heal th m a y not tolerate the physical de 
m a n d s of wa lk ing wi th a pylon. F rom a 
psycholog ica l v i e w p o i n t , i m m e d i a t e fit
t ing w i t h a pylon m a y provide equ ivoca l 
resul ts . O n the o n e h a n d , it m a y inspi re 
conf idence in the pa t ien t that he or she can 
eventual ly learn to walk w i th a p e r m a n e n t 
artificial p ros thes i s . O n the o the r hand , i t 
m a y no t pe rmi t e n o u g h t ime for adjust
m e n t to loss of a l i m b . S o m e pa t i en t s m a y 
requi re a pe r iod o f m o u r n i n g for the i r lost 
bod i ly part before f i t t ing of a pylon. T h i s 
per iod m a y go on for m a n y w e e k s after 
amputa t ion ; it is a normal react ion to am
pu ta t i on . 4 Too early fi t t ing o f a p ros thes i s 
cuts short the m o u r n i n g per iod and m a y 
prevent the pa t ien t from in tegra t ing the 
loss w i t h b o d y image . Moreove r , some pa
t ien ts w h o m a y tolerate a l igh tweigh t py
lon cannot tolerate a pe rmanen t pros
thes i s . 

T h e p h e n o m e n o n desc r ibed as phantom 
pain m a y occur w h e t h e r or no t there is i m 
media te pros the t ic f i t t ing. M a n y previous 
s tudies purpor ted to s h o w that p h a n t o m 
pa in really d id no t ex is t in a mater ial s ense . 
It w a s h y p o t h e s i z e d that the ampu tee re -



cons t ruc ted a menta l image of h i s ampu
tated l i m b . The i m a g e s t imula ted the sen
sa t ion of pa in w h i c h , in turn, re inforced 
the awareness of a lost bod i ly part . Cur ren t 
thought is that p h a n t o m pa in m a y be at
t r ibu ted to electr ical ne rvous impu l ses 
t ransmi t ted from the ne rves in the s tump . 
W h e n an immed ia t e pos topera t ive pros
thes i s is f i t ted, p h a n t o m pa in is l e s sened 
and the pa t ien t is be t te r mot iva ted to c o m 
plete h i s pros the t ic t ra in ing p r o g r a m . 2 1 

AMPUTATION PROGRAMS 
Rehab i l i t a t i on of the ampu tee is opt i 

mal ly ach ieved by referr ing the pat ient to 
an amputa t ion cen te r . In the U n i t e d S ta tes , 
several cen te rs are assoc ia ted wi th re
hab i l i t a t ion depa r tmen t s , Ve te rans Ad
min i s t r a t ion hosp i ta l s , and or thoped ic de
pa r tmen t s in genera l hospi ta l s . In the 
U n i t e d K i n g d o m , pa t ien t s m a y b e referred 
to a c o m m u n i t y and artificial l i m b and ap
p l iance cen te r . T h e r e is a clear advantage to 
cent ra l iz ing the profess ional se rv ices for 
the t rea tment of a m p u t e e s , as d e m o n 
strated in the fol lowing evaluat ive s tudies . 

M a l o n e and o t h e r s 1 6 evaluated the re
sults of two groups of lower ex t remi ty am
pu tees w h o u n d e r w e n t a rehabi l i t a t ion 
p rogram at the T u c s o n Veterans A d m i n i s 
trat ion Medica l C e n t e r and the Un ive r s i t y 
of Ar izona Heal th S c i e n c e s Cen te r . F r o m 
July , 1975, to July, 1979 , 119 pa t i en t s un
de rwen t 143 lower ex t remi ty amputa t ions . 
For s tudy purposes , these pa t i en t s were 
d iv ided in to two groups : a group w i t h a m 
puta t ions b e t w e e n July, 1975 , and J u n e , 
1977; and a group w i t h amputa t ions b e 
tween July, 1977, and J u n e , 1979. T h e first 
g roup unde rwen t rehab i l i t a t ion pr ior to 
t he e s t a b l i s h m e n t o f t he a m p u t a t i o n 
center . T h e s econd group unde rwen t am
puta t ion in the amputa t ion center . The re 
w e r e no s igni f icant differences in age or 
sex b e t w e e n the two groups . The differ
ence b e t w e e n pos topera t ive mor ta l i t ies 
w a s not s ignif icant (one died in group o n e , 
four in group two) . A m p u t a t i o n level w a s 
de t e rmined pr ior to ampu ta t ion b y X e n o n 
sk in b lood flow tests . The use of X e n o n 
c learance is a m e a s u r e of capi l lary sk in 
b l o o d flow for pu rposes of amputa t ion 

level se lec t ion and pred ic t ions of w o u n d 
hea l ing . 

The re w a s a s igni f icant difference in 
p r i m a r y a m p u t a t i o n h e a l i n g b e t w e e n 
groups one and two : 63 pe rcen t and 97 per
cent . T h e overall r ehab i l i t a t ion t ime w a s 
s igni f icant ly r educed in group two c o m 
pared to g roup o n e : 30 .8 days c o m p a r e d to 
128.4 days. The rehabi l i ta t ion t ime for 
be low-knee amputa t ion w a s signif icantly 
improved in group two c o m p a r e d w i t h 
g roup o n e : 32 .5 days c o m p a r e d to 132 days . 
T h e r e w a s a rehabi l i t a t ion rate of 100 per
cen t in g roup two for pa t ien t s w h o could 
walk before amputa t ion . All of t h e m used 
their p ros theses successful ly for one to 18 
m o n t h s fo l lowing d i scharge . Leng th of 
hosp i ta l iza t ion w a s s ignif icant ly less for 
group two than for group one (38 .1 days 
c o m p a r e d to 65 .8 days) . T h e s e compar i 
sons ind ica te the greater p rogram effec
t iveness o f an amputa t ion cen te r in treat
m e n t o f pos topera t ive ampu tee s w i t h i n the 
s a m e ins t i tu t ion . 

In a c l inical s tudy o f amputa t ions o f the 
lower l i m b at the rehabi l i t a t ion and artifi
cial l i m b cen te r , K . G . ' s Med ica l col lege in 
Lucknow, Ind ia , Agarwal and o t h e r s 1 

found that p roper pos topera t ive care and 
rehab i l i t a t ion were conduc ive to greater 
ga ins . A re t rospec t ive s tudy of 525 cases of 
lower l i m b amputa t ions s h o w e d that the 
major i ty of ampu ta t ions (65 .3 percent ) 
were due to t rauma (train acc iden t s ) , 20 
pe rcen t w e r e due to vascular d i sease ; and 
seven to e igh t pe rcen t were due to n e o 
plast ic l e s ions . F i f ty -seven percent of the 
cases were b e l o w - k n e e , and 34 pe rcen t 
w e r e a b o v e - k n e e . S t u m p s o f sat isfactory 
length were found in 40 percen t of b e l o w -
knee and 6 8 . 2 pe rcen t o f a b o v e - k n e e cases . 
Proper pos topera t ive care h a d b e e n lacking 
in pe r sons amputa t ed at o the r cen te r s . T h e 
amputa t ion cen te r p rov ided a m o r e effi
c ien t , cost-effect ive w a y of t rea t ing pa
t ien ts . 

Few s tudies e x a m i n e the e c o n o m i c im
pact of an amputa t ion p rogram. A n am
b i t i ous s tudy b y M a l o n e and o t h e r s 1 7 ana
lyzed the t r ea tment records of the 172 hos 
pital sy s t ems of the Ve te rans Admin i s t r a 
t ion to de t e rmine the cos t impac t of alter
na t ive m e t h o d s of theory . T h e cumula t ive 



cos t for pa t ien ts unde rgo ing 1,933 be low-
k n e e ampu ta t i ons in 1976 w a s near ly 25 
mi l l ion dollars. T h e authors extrapolated 
from the i r expe r i ence w i t h 142 b e l o w - k n e e 
amputa t ions for vascular occ lus ive d isease 
and/or d i abe te s mel l i tus in 133 pa t ien ts . 
T h e i r p rog ram e m p l o y e d i m m e d i a t e post
opera t ive p ros thes i s w i th accelera ted re
hab i l i t a t ion for pos topera t ive manage 
men t . T h e i r results s h o w e d no pos topera
tive mortali ty, 89 percent amputa t ion heal
ing , a n d 100 pe rcen t p ros thes i s rehab i l i 
ta t ion of all uni la teral b e l o w - k n e e am
pu tees , w i t h 9 3 pe rcen t rehabi l i ta t ion of all 
bi lateral b e l o w - k n e e ampu tee s . 

Based u p o n their p rogram resul ts , the 
V A sys t em could save 18 mi l l ion dollars by 
reduc ing the average hospi ta l stay to 32 
days. In the centers at the V A Hospi ta l s , in 
T u c s o n a n d S a n Franc i sco , the average 
t ime from surgery to rehab i l i t a t ion had 
b e e n reduced from 125 to 32 days . U s i n g 
the per d i e m cos t of $116 per day for 125 
days , the m i n i m u m cost for the V A sec t ion 
as a who le w a s $ 2 4 , 8 9 9 , 9 8 0 . U s i n g the 
m i n i m u m cos t of $116 per day for 32 days, 
the average cos t w o u l d b e $7 ,175 ,296 . 

T h e authors po in t out , of course , that the 
deve lopmen t and m a i n t e n a n c e costs of a 
m o d e r n amputa t ion center wi l l b e sub 
s t a n t i a l . 1 7 T h e n e e d for nuclear m e d i c i n e to 
do X e n o n flow s tud ies , the n e e d for rapid 
fabr ica t ion of p ros theses for phys ica l ther
apy, and an act ive rehab i l i t a t ion program 
m o u n t up in cos t s . T h e total cost to the V A 
s y s t e m , w h e n p ro jec ted over five years , 
w o u l d b e $44 mi l l ion . Never the le s s , even 
th is f igure w o u l d b e less than the current 
figure of $124 mi l l ion (at $25 mi l l ion per 
year ) . There fore , the ini t ial i nves tmen t is 
wel l wor th the total cost . Moreove r , the 
ul t imate benef i t s to the pa t ients in te rms of 
accelera ted rehab i l i t a t ion mus t be ba l 
anced aga ins t cos t s . T h e savings to the VA 
sys t em over five years w a s pro jec ted to be 
80 mi l l ion dollars. 

ABOVE-KNEE 
AMPUTATION 

In a p rospec t ive , r andomized trial of the 
abi l i ty of phys ica l therapis t s to m a n a g e the 

i m m e d i a t e pos t -opera t ive d ress ing of pa
t ients w i t h sa rcoma rece iv ing a b o v e - k n e e 
ampu ta t ions , T h o r p e and o t h e r s 2 3 eva lu
ated the charac te r i s t ics of w o u n d hea l ing , 
pos t -ope ra t ive gai t , dura t ion of p a i n , 
course of r ehab i l i t a t ion , and psycholog ica l 
ad jus tment . In add i t ion , the authors eval
ua ted the effect of i m m e d i a t e ambu la t ion 
c o m p a r e d w i t h de layed ambu la t ion on re 
hab i l i t a t ion . All pa t i en t s w i th a d i agnos i s 
of lower ex t remi ty sa rcoma were e l ig ib le 
for the s tudy. T rea tmen t w a s g iven b y the 
Surg ica l B r a n c h of the Nat iona l Cance r In
s t i tute , B e t h e s d a , Mary land . In a 2 x 2 fac
torial des ign , one factor w a s type of a m b u 
la t ion ( i m m e d i a t e versus de layed) , the 
o ther factor w a s type of t rea tment agent 
(physica l therapis t ve r sus cer t i f ied pros
the t i s t ) . 

The resul ts of the s tudy ind ica ted that 
there w e r e no s igni f icant differences w i t h 
respect to age , sex , average s tump length , 
pre- and pos t -opera t ive gait charac ter i s 
t ics , and average n u m b e r of days to hea l 
ing . P h a n t o m l i m b sensa t ion , p h a n t o m 
pa in , and w o u n d pa in w e r e eva lua ted in 
the four g roups . Les s ana lges ia w a s u sed in 
pa t ients t reated by therapis t s c o m p a r e d 
w i t h pa t i en t s t reated b y pros the t i s t s . N o n -
p h a n t o m pa in w a s s ignif icant ly less in pa
t ients w i t h delayed ambu la t ion treated b y 
a pros the t i s t t han in pa t ien t s w i t h de layed 
ambu la t i on t reated b y a therapis t . N o psy
chologica l d i f ferences were found a m o n g 
the four g roups . Pa t i en t s w i th cas ts appl ied 
b y therapis t s used thei r p ros theses more 
than pa t ien t s w i t h cas ts appl ied b y pros
the t i s t s . T i m e to p resc r ip t ion of final pros
thes i s w a s not s ta t is t ical ly s ign i f i can t 
a m o n g the four g roups . M o s t pa t ien ts were 
ready for final p ros thes i s 70 days after the 
opera t ion , a 46 -day i m p r o v e m e n t over 
h is tor ica l N I H cont ro ls not fitted wi th r ig id 
d ress ing . T h e au thors conc luded that the 
reason for success b y phys ica l therapis ts 
c o m p a r e d to cer t i f ied pros the t i s t s w a s that 
therapists remained continually in the hos
pital wh i l e the pat ient w a s unde rgo ing rehabiltation. T h e i n - h o u s e therapis t is more 
en thus ias t i c , more access ib le , and more 
c o m m u n i c a t i v e w i t h the surgeon . T h e au
thors also sugges ted that ambu la t ion shall 
beg in at the t ime of su ture r e m o v a l , 2 3 al-



t hough there is n o con t ra ind ica t ion to im
m e d i a t e a m b u l a t i o n to py lon . 

In a s tudy of 59 a b o v e - k n e e amputa t ions , 
s tump hea l i ng w a s corre la ted w i t h the local 
sk in perfus ion p r e s s u r e . 1 0 " S P P is m e a 
sure preopera t ive ly as the external pres
sure r equ i red to s top i so tope w a s h o u t 
u s i n g 1 3 1 I - or 1 2 5 I - an t i -pyr ine m i x e d wi th 
h i s t a m i n e . " It ha s b e e n s h o w n that w o u n d 
compl i ca t i ons in b e l o w - k n e e ampu ta t ions 
can b e p red ic ted b y preopera t ive m e a 
su remen t of local SPP. T h i s s tudy w a s un
der taken to predic t w o u n d compl i ca t ions 
in a b o v e - k n e e amputa t ions and to a id in 
the se lec t ion of s t u m p leng th . S ix ty - two 
a b o v e - k n e e amputa t ions for gangrene or 
in to le rab le pa in at res t we re s tud ied over a 
two-yea r pe r iod . Forty-f ive pe r sons d id 
no t have d i abe te s mel l i tus ; 17 pe r sons d id 
have d iabe tes mel l i tus . N i n e pa t ien t s h a d a 
p rev ious contralateral major amputa t ion ; 
in 15 pa t i en t s a major amputa t ion at a more 
distal level h a d fa i led, 14 of t h e m b e l o w the 
k n e e , one th rough the knee . For ty -n ine 
pa t ien t s w e r e w a l k i n g prior to the above -
knee amputa t ion . 

Four t een pa t i en t s (24 percen t ) d ied dur
ing hosp i ta l i za t ion fol lowing amputa t ion ; 
s ix pa t ien t s d ied w i t h severe w o u n d infec
t ions of the s t u m p . S ix pa t ien t s d ied wi th 
wel l hea l ed s tumps and two d ied w i t h su
tures no t ye t r e m o v e d from s tumps . S k i n 
perfusion pressure b e l o w 30 m m H g was 
predic t ive of 82 pe rcen t of cases w i th s e 
vere w o u n d compl i ca t ions . In 48 cases w i t h 
S P P a b o v e 3 0 m m H g , only four cases 
(eight percent) suffered severe w o u n d com
pl icat ions. Pat ients returned to their o w n 
h o m e s in 58 percent o f the cases . For ty -one 
percen t o f 49 pa t ien ts w h o could walk pr ior 
to amputa t ion could walk w i t h a p ros thes i s 
fo l lowing a b o v e - k n e e amputa t ion . T h e av
erage leng th of t ime from amputa t ion to 
rehab i l i t a t ion w a s 15 .8 w e e k s . T w e n t y pa
t ients w h o were d i scharged as wa lk ing 
spen t an average of 15 .3 w e e k s in the hos 
pital. E i g h t pa t ients w h o failed at an at
t empt to walk spent 2 4 . 1 w e e k s in the hos 
pital . T h e authors conc luded that w o u n d 
hea l ing correla ted s ignif icant ly wi th the 
pre- and pos t -opera t ive skin perfusion 
pressure . T h e f ind ings w i th respect to an 
S P P b e l o w 30 m m H g presen ted to the 

se lec t ion o f a shor t s t ump in cases of in
adequa te b lood supply i n a w e a k pa t ien t . 
" O n l y i f the b l o o d supply is i nadequa t e 
should a long s t u m p , w h i c h is more c o m 
fortable dur ing s i t t ing and w h e n m o v i n g 
in b e d , b e c h o s e n . " 1 0 

BELOW-KNEE 
AMPUTATION 

Desp i t e the a t tempt to preserve c i rcula
t ion to the lower ex t remi t i e s , each year 
there are approx imate ly 30 ,000 amputa 
t ions in the U n i t e d Sta tes . The major i ty of 
lower ex t remi ty a m p u t e e s are b e l o w - k n e e 
a m p u t e e s in w h i c h an effort is m a d e to 
preserve the k n e e j o i n t even in pa t ien t s 
w i th marg ina l c i rcula t ion due to arterial 
occ lus ive d i sease . Preserva t ion o f the knee 
j o in t in o lder pa t i en t s m a y m a k e the differ
e n c e in ab i l i ty to walk great d i s t ances . 

T h e records of 50 pa t ien t s w i t h b e l o w -
k n e e amputa t ion for arterial d isease per
fo rmed at the N e w E n g l a n d Medica l Cen te r 
from 1971 to 1979 w e r e e x a m i n e d to deter
m i n e h o w m a n y w e n t on to successful re
hab i l i t a t i on and i n d e p e n d e n t a m b u l a 
t i o n . 3 T h e pa t ien ts r anged in age from 49 to 
8 9 , w i t h a m e a n of 67 years ; 43 pa t i en t s (86 
pe rcen t ) h a d ulcera t ion or nec ros i s in 
vo lv ing the foot or toes , a n d seven pa t ien t s 
h a d rest pa in wi thou t t i ssue loss . T w e n t y -
seven pa t i en t s (54 percen t ) h a d d iabe tes 
mel l i tus . O t h e r i l lnesses inc luded ang ina , 
conges t i ve hear t fai lure, chron ic obs t ruc 
t ive lung d i sease , h e m i p a r e s i s , and seni le 
d e m e n t i a . T h e c lass i f ica t ion of pa t ien t s 
in to five funct ional ca tegor ies for r ehab i l i 
tat ion w a s made . These categories were : 1) 
comple t e i n d e p e n d e n c e , 2) pa t ien t re
qu i res a cane , 3) pa t ien t r equ i res a c ru tch or 
walker , 4) pa t ien t w a s i n d e p e n d e n t in a 
whee l cha i r and in t ransfer , and 5) comple te 
d e p e n d e n c e . A g e , opera t ive m e t h o d , and 
preopera t ive funct ional l imi ta t ions were 
c o m p a r e d w i t h hea l ing a n d rehab i l i t a t ion 
o u t c o m e . 

The results indicated no operative deaths. 
Major complications occurred in 14 pa
tients (28 percent). There was a cumula
t ive f ive-year survival rate of 60 percen t . 
Overa l l rate of hea l ing w a s 86 pe rcen t , p r i -



mary hea l ing was 66 percen t . Early s tump 
compl i ca t ions occur red in 17 pa t ien t s ; late 
s tump compl ica t ions occurred in seven 
pat ients . T h e average length of stay in a 
shor t - te rm care facil i ty w a s 43 .5 days. 
Thi r ty- f ive pe rcen t r equ i red amputa t ion of 
the o the r l i m b w i t h i n three-and-a-ha l f 
years . Fo l low-up of 43 pa t i en t s , w h o s e 
s tumps u l t imate ly hea l ed , was m a i n t a i n e d 
for e igh t yea rs w i t h an average of 3.4 years . 
Twen ty - f ive uni la teral ampu tees (71 per
cent ) were ambula to ry w i th a p ros thes i s at 
t ime o f fo l low-up. Ten uni lateral ampu tee s 
w h o w e r e wa lk ing pr ior to amputa t ion 
w e r e no t ambula tory . F o u r pa t ien t s at first 
u s e d a p ros thes i s bu t later d i scarded it for a 
whee lcha i r . O f e igh t bi lateral ampu tees , 
two b e l o w - k n e e ampu tee s were ambula t 
ory w i t h p ros thes i s , and two were no t am
bulatory. O n e b e l o w - k n e e and above -knee 
ampu tee w a s ambula to ry w i th p ros thes i s , 
bu t ano the r three w h o c o m b i n e d b e l o w -
knee and a b o v e - k n e e were no t ambula tory . 
Factors a s soc ia t ed w i t h successful re
hab i l i t a t ion were the cond i t ion of the op -
posit ive l imb , coexistent disease, postop
erative complicat ions, and healing failure. 

Pat ients shou ld b e evaluated preoperatively b y functional a s se s smen t scales in 
order to assess the impac t of amputa t ion on 
self-care , mobi l i ty , ene rgy r e q u i r e m e n t s , 
and family adjus tment . T h i s may b e espe
cially helpful in cases in w h i c h the chance 
of a n o n h e a l i n g b e l o w - k n e e amputa t ion is 
h igh . In th is paper , a more formal func
t ional a s s e s s m e n t w a s not comple ted . A 
classif icat ion of pa t ien t s by five ca tegor ies 
o f ambu la t i on w a s comple t ed . 

F leurant and A l e x a n d e r 5 eva lua ted the 
o u t c o m e s of 353 b e l o w - k n e e ampu tees re
sul t ing from d iabe t ic or i s chemic gan
g rene , t rauma, o s t eomye l i t i s , ma l ignancy , 
Buerger ' s d i sease , or congeni ta l malfor
ma t ions . E i g h t y - s e v e n percent resul ted 
from d iabe t i c or i s c h e m i c gangrene . S i x 
ty-five pe rcen t h a d d i abe te s ; 20 .7 percent 
ar ter iosc leros is ; and 10.3 pe rcen t exper i 
e n c e d t rauma. Fi f ty-e ight of the 353 pa
t ien ts w e r e t reated at one ins t i tu t ion and 
were ana lyzed separa te ly—32 m e n and 26 
w o m e n . A total of 63 amputa t ions w a s 
per formed; seven doub le ampu tees , five 
doub le b e l o w - k n e e and one pat ient w i th 

a b o v e - and b e l o w - k n e e amputa t ion . A n 
i m m e d i a t e pos topera t ive p ros thes i s w a s 
appl ied in a lmost all cases . 

T h e hea l ing rate w a s 82 .8 percent ; pr i
mary hea l ing rate w a s 73 .3 percent . T h e s e 
f igures c o m p a r e favorably w i th s tudies by 
M a l o n e 1 7 and C a s t r o n u o v o . 3 Mor ta l i ty w a s 
five percent . A p e r m a n e n t p ros thes i s w a s 
fitted o n 288 pa t ien t s ; 253 of t h e m were 
fitted w i t h i n 31 days . Successful rehab i l i 
tat ion w a s m e a s u r e d in t e rms of the abi l i ty 
to lower the level o f amputa t ion and to 
ach ieve p r imary hea l ing . The abi l i ty to 
p reserve the knee j o in t con t r ibu tes to sur
vival after ampu ta t ion a n d to greater re
hab i l i t a t ion . If a pa t ien t ha s gangrene at 
the knee or severe f ixed cont rac t ion at the 
knee jo in t , he shou ld no t b e g iven a b e 
low-knee ampu ta t ion , s ince vascular iza
t ion canno t b e accompl i shed after surgery. 
O t h e r factors mi l i t a t ing agains t b e l o w -
knee amputa t ion are t h r o m b o s i s o f the 
popl i teal artery, p o o r b l e e d i n g after sk in 
i nc i s ion , and s e g m e n t e d systol ic arterial 
pressure b e l o w 70 mi l l imeters of mercury . 
If a pa t ien t has d i abe te s mel l i tus , it is im
por tant to educate h i m or he r bo th pre- and 
pos t -opera t ive ly on the impor tance of care 
for the o the r foot. 

O n e of the major p rob l ems of lower ex
t remi ty amputa t ion is to p rov ide sufficient 
c i rcula t ion to the leg pr ior to amputa t ion . 
B y inc reas ing c i rcula t ion to the leg, a sur
geon can perform an amputa t ion more 
dis tant ly, hea l ing after amputa t ion is in
c reased , and ambu la t i on and funct ional 
i n d e p e n d e n c e are e n h a n c e d . 

In a s tudy of 150 arterial recons t ruc tures 
per formed for per iphera l i s c h e m i a at the 
Ha rbo rv i ew Medica l Cen te r , Un ive r s i ty of 
W a h i n g t o n School of M e d i c i n e , J o h a n s e n 
and o t h e r s 1 2 found that successful arterial 
recons t ruc t ion can lower the amputa t ion 
level and improve rehab i l i t a t ion potent ia l . 
Ten of 36 pa t ien t s w h o h a d gangrene o f the 
lower ex t remi ty unde rwen t arterial recon
st ruct ion pr ior to amputa t ion . N i n e of the 
10 pa t ien ts were long- te rm surv ivors , and 
e igh t of these n ine were rehab i l i t a ted to 
i n d e p e n d e n t gai t . S ix had procedures 
w h i c h permi t ted l imi t ed amputa t ion at the 
level of the foot. O n e d ied of a compl ica t ion 
resul t ing from chron ic hemod ia ly s i s ; pr ior 



to dea th , he unde rwen t l imi ted amputa 
t ion of the foot. O n the w h o l e , amputa t ion 
level w a s per formed at least o n e level lower 
than or ig inal ly r e c o m m e n d e d b y cl inical 
tests before arterial recons t ruc t ion . T h e 
au thors conc luded that arterial reconst ruc
t ion p rese rved l i m b length and inc reased 
i n d e p e n d e n t gait b y p ros thes i s . 

Sk in perfus ion pressure (SPP) can pre
dict w o u n d hea l ing in b e l o w - k n e e a m p u 
ta t ions . A s w i t h pred ic t ion of a b o v e - k n e e 
w o u n d hea l ing , S P P can predic t w o u n d 
compl i ca t ions and can b e used to select 
be t te r cand ida tes for amputa t ion at a lower 
level . 

AMPUTATION FOR 
CANCER COMPARED TO 
VASCULAR AND 
TRAUMATIC AMPUTATION 

Unt i l recent ly , rehab i l i t a t ion of the per
son w i t h lower ex t remi ty cancer w a s no t a 
c o m m o n procedure . Acco rd ing to Gla t t ly 8 

and R e i n s t e i n , 1 9 c ance r and b e n i g n tumors 
m a y accoun t for on ly five pe rcen t of all 
ampu ta t ions . Never the le s s , w i t h i n the age 
range 1 0 - 1 9 , cancer is the m o s t f requent 
cause of a m p u t a t i o n . 1 9 W i t h the advent of 
the latest surgical p rocedures , more per
sons are su rv iv ing cancer and c o n s e 
quen t ly greater a t ten t ion needs to be g iven 
the m a n a g e m e n t of the cancer pat ient after 
amputa t ion . 

Fo l lowing amputa t ion , the pa t ien t i s 
g iven exerc i ses to s t reng then the uppe r 
ex t remi t i es and the o ther , un invo lved 
lower ext remi ty . W h e n there is n o inc i 
dence o f cance r h a v i n g spread to o ther 
sys t ems a n d o rgans , the pa t ien t wi l l b e 
fi t ted for a Canad ian h i p disar t icula t ion 
p ros thes i s . W h e n cancer has already m e 
tas tas ized or w h e n there is a ques t ion of 
spread , t h e n a p e r m a n e n t p ros thes i s m a y 
or m a y no t b e p rov ided , d e p e n d i n g upon 
life expec tancy , genera l hea l th s ta tus , 
ene rgy r e q u i r e m e n t s for gai t wa lk ing , the 
psychologica l ou t look o f the pa t ien t , and 
the f inancial r e s o u r c e s — b o t h pub l ic and 
p r iva te—ava i lab le to the pat ient . A pa t ien t 
m a y b e p rov ided w i t h a temporary pros
thes i s for the avai lable life expec tancy 
pe r iod , or m a y b e g iven a whee lcha i r . 

R e i n s t e i n 1 9 c o m p a r e d the psychosoc ia l 
ad jus tment o f the cance r pa t ien t w i t h the 
pa t ien t w i t h per iphera l vascular d i sease 
and w i t h ampu ta t ion after t rauma. In cases 
invo lv ing t rauma, the pa t ien t awakens 
after surgery and is conf ronted w i t h sud
den loss of an ex t remi ty . N o prepara t ion 
has b e e n g iven . T h e pa t ien t m a y p roceed 
th rough the classic s tages of shock , denia l , 
and depress ion , as or ig inal ly ou t l ined b y 
D e m b o , Lev i ton , and W r i g h t . 4 T h e pa
t ient m a y b e expec t ed to " m o u r n " the am
pu ta t ed l i m b as s o m e t h i n g v a l u a b l e , 
s o m e t h i n g w h i c h up to a few hour s before 
surgery w a s func t ion ing wel l , an ob jec t to 
b e pr ized b y the ou t s ide obse rve r . It m a y 
take m a n y m o n t h s , e v e n years , for the pa
t ien t to adapt to the amputa t ed l i m b ; it m a y 
neve r h a p p e n . 

The pa t i en t w i t h per iphera l vascular d is 
ease , on the o ther h a n d , expec t s the am
puta t ion , m a y b e prepared for it , and is 
r e s igned to it as a m e a n s of saving h i s l ife. 
T h e pa t ien t wi l l feel depressed , of course , 
b u t wil l adapt m o r e qu ick ly to the loss . 

The pa t ien t w i t h ampu ta t ion due to 
cancer is in a u n i q u e pos i t ion , because he 
o r she m a y b e uncer ta in abou t the i m m e d i 
ate future. C a n c e r m a y spread or m a y ho ld 
the potent ia l o f t h r ea t en ing life in the nea r 
future. E v e n w h e n surgery has b e e n suc
cessful , the pa t ien t m a y feel the D a m o c l e s ' 
sword a b o v e h i m at all t imes . A p p r e h e n 
s ion abou t the future causes anxie ty , h o s 
til i ty, and d e p r e s s i o n . 9 O f the three causes , 
cancer p resen ts the m o s t difficult course for 
ad jus tment . 

i n a re t rospec t ive s tudy of 199 amputa 
t ions for m a l i g n a n c y per formed at the 
M a y o Cl in ic b e t w e e n 1965 and 1969, Subbarao a n d M c P h e e 2 2 r ev i ewed thei r case 
h i s to r i e s to de t e rmine d iagnos i s , level of 
amputa t ion , dura t ion of hospi ta l stay, 
c o m p l i c a t i o n s d u r i n g h o s p i t a l s t a y , 
w h e t h e r immed ia t e pros the t ic f i t t ing was 
done , w h e t h e r or no t pa t ien ts r ece ived a 
p e r m a n e n t p ros thes i s , a n d the interval 
b e t w e e n ampu ta t ion and pros the t ic fit
t ing . Pa t i en t s were a sked w h e t h e r they 
were w e a r i n g thei r p ros thes i s , w h e t h e r 
t hey c h a n g e d occupa t ions or re turned to 
the s a m e j o b , and w h e t h e r they a t t ended 
school . 



T h e resul ts s h o w e d that 51 percen t (102 
pa t ien ts ) d i ed w i t h i n the five yea r s ' inter
val. O f the 115 dead at fo l low-up, 93 were 
due to cancer re la ted causes : four to hear t 
a t tack, one to ano the r cause , and 17 un
k n o w n causes . T h e p robab i l i ty of surviv
ing o n e year w i t h a p ros thes i s w a s .886, 
compared to .586 wi thout a prosthesis. This 
is no t a causal r e l a t ionsh ip ; it only indi
cates an assoc ia t ion b e t w e e n survival and 
prescr ip t ion of a p ros thes i s . T h e r e were 77 
survivors . O f the 77, 66 had a p ros thes i s . 
Th i r ty -e igh t of t h e m w e r e able to return to 
ful l- t ime normal ac t iv i t ies ; 17 were able to 
re turn to 75 pe rcen t of normal act ivi ty; 
three to 50 pe rcen t ; one to 25 percent ; and 
one h a d no normal act ivi ty. Th i r t y -n ine 
used their prosthesis all waking hours; four 
for m o s t of the day; o n e for less than four 
hour s per day ; two for only an h o u r or two; 
and 16 neve r w o r e the i r p ros thes i s . Th i r 
ty - seven used the i r p ros thes i s to the bes t 
advan tage ; 16 felt the i r p ros thes i s w a s 
use less . 

In the pas t , ampu ta t ion for m a l i g n a n c y 
w a s no t encou raged , s ince it w a s felt that 
the life expec tancy of the pat ient did no t 
jus t i fy the e x p e n s e . A l so , h ighe r level am
puta t ions w e r e per formed on pa t ien t s w i th 
cance r and they w e r e often no t fitted wi th a 
p ros thes i s . T h e s tudy b y S u b b a r a o and 
M c P h e e s h o w s that cancer c l ients can b e 
fi t ted w i t h a p ros thes i s and that w i t h i n five 
years 49 percen t h a v e s u r v i v e d . 2 2 C o m 
pared to the mor ta l i ty in vascular am
pu tees , w h i c h ranges from 19 percent 
w i t h i n 30 d a y s 2 to 50 pe rcen t in five 
y e a r s , 2 4 c ance r pa t i en t s survive favorably 
for comparab l e pe r iods . Moreover , pa
t ients w h o lose a lower ex t remi ty due to 
vascular d i sease have a 33 percen t chance 
of los ing the ex t remi ty on the o ther s ide 
w i t h i n five years . T h e rehabi l i t a t ion of 
vascular ampu tees , as measu red by good 
funct ional o u t c o m e s in i n d e p e n d e n t l ife
s tyle , i s no t s igni f icant ly bet ter than cancer 
a m p u t e e s , a n d in some s tud ies , less suc
c e s s f u l . 1 4 

FUNCTIONAL 
ASSESSMENT OF 
AMPUTEES 

T h e funct ional c h a n g e s of ampu tees fol
l o w i n g surgery have b e e n recent ly evalu
ated b y K e g e l , 1 4 K e g e l , W e b s t e r , a n d B u r 
g e s s 1 5 and O 'Too le , G o l d b e r g , and R y a n . 1 8 

Kege l , Carpen te r , a n d B u r g e s s 1 4 s h o w e d 
that b e l o w - k n e e a m p u t e e s w e r e s igni f i 
cant ly more i n d e p e n d e n t than a b o v e - k n e e 
and bi la teral ampu tee s . The authors m e a 
su red the act iv i t ies of dai ly l iv ing (ADL) in 
ampu tee s b y m e a n s of a q u e s t i o n n a i r e 
ma i l ed to 350 pa t i en t s (at least three 
m o n t h s after d i scharge to a m a x i m u m of 12 
years) w h o had unde rgone a var ie ty of 
lower ex t remi ty ampu ta t ions at several 
Seat t le hosp i ta l s . T h e level of funct ional 
a c h i e v e m e n t w a s re la ted to the si te o f am
pu ta t ion , age , a n d cause of amputa t ion . 
A D L act iv i t ies w e r e ca tegor ized b y per
cen tages o f r e sponse s to i t ems o n the 
q u e s t i o n n a i r e . 

As age inc reased , funct ional level of in 
d e p e n d e n c e decreased . B e l o w - k n e e am
p u t e e s w e r e m o r e i n d e p e n d e n t t h a n 
a b o v e - k n e e and bi la tera l ampu tees , bu t 
a b o v e - k n e e ampu tees were no t more inde 
p e n d e n t than bi lateral ampu tees . The re 
w a s a s ign i f ican t in te rac t ion b e t w e e n age 
and level of amputa t ion , ind ica t ing that the 
a b o v e - k n e e ampu tee ' s funct ional i nde 
p e n d e n c e decreased more rapidly w i th 
age , w h e n c o m p a r e d to the b e l o w - k n e e 
ampu tee . W i t h respect to cause , pa t i en t s 
w i th amputa t ion for t umor were funct ion
ally more i n d e p e n d e n t than pa t ien ts w i th 
amputa t ion due to congeni ta l d i s ea se , 
t rauma, and per iphera l vascular d i sease . 

Kege l ' s s t u d y , 1 4 w a s very wel l d o n e . T h e 
major l imi ta t ions w e r e that data w e r e co l 
lec ted re t rospect ive ly after a m i n i m u m of 
three m o n t h s ' d i scharge , and that there 
w a s n o w a y of c o m p a r i n g the i r funct ional 
i n d e p e n d e n c e from admis s ion to dis
charge . A l so , pa t ien t s w e r e asked to report 
their o w n level of i n d e p e n d e n c e , w i thou t 
cor robora t ive e v i d e n c e b y a hea l th profes
s ional . 

In a s tudy of the recreat ional act ivi t ies of 
lower ex t remi ty a m p u t e e s , K e g e l , W e b s t e r , 



Table 1. 

Table 2. 

and B u r g e s s 1 5 r epor ted the par t ic ipa t ion of 
100 a m p u t e e pa t ien t s in recreat ional ac
t iv i t ies . Cor robora t ive data were supp l ied 
b y 10 phys ica l therapis t s and s ix prosthetists. S ix ty ampu tee s w e r e act ive in s o m e 
form of recreat ional act ivi ty. For ty of t h e m 
w o r e a p ros thes i s w h i l e par t ic ipa t ing in 
spor ts . T h e i r ac t iv i t ies inc luded s n o w ski 
ing , s w i m m i n g , f i sh ing , b o w l i n g , hun t 
ing , golf, ho r seback r id ing , and j o g g i n g . 
Level of amputa t ion a n d sex d id no t make a 
s igni f icant impac t u p o n thei r abi l i ty to 
par t ic ipate in recrea t ion . T h e m o s t act ive 
pa t ien t s were y o u n g e r and h a d u n d e r g o n e 
amputa t ion for t r auma. T h e s tudy presen ts 
n e w stat is t ical ana lyses of a m p u t e e s ' rec
reat ional ac t iv i t ies . 

In order to evaluate the changes made b y 
60 per iphera l vascular ampu tees from ad
m i s s i o n to six m o n t h s ' fol low-up after at
t end ing a rehabi l i t a t ion hosp i ta l , O ' T o o l e , 
Go ldbe rg , and R y a n 1 8 d e s i g n e d a p rospec
tive study of functional outcomes measured 
at one month prior to admiss ion, discharge, 
and six m o n t h s after d i scharge . A second
ary purpose of the s tudy w a s to test the 
di f ferences b e t w e e n above -knee and b e 
l o w - k n e e a m p u t e e s in the i r phys ica l , 
e m o t i o n a l , and p s y c h o s o c i a l i n d e p e n 
dence . Th ree s tandard ized ins t rumen t s 
were u sed for funct ional a s sessmen t : the 
Barthel I n d e x — c o n s i s t i n g of 15 measu res 
o f self-care and mobi l i ty , r ang ing i n score 
from 0 to 100 , a n d y ie ld ing two subtota ls of 
self-care and mob i l i t y and a c o m b i n e d 

score ; the P U L S E S Pro f i l e—cons i s t ing of 
phys ica l , sensory , in te l lectual , and e m o 
t ional c o m p o n e n t s , a n d r ang ing in score 
from 6 = the h ighes t score , to 24 = the 
lowes t score ; and E S C R O W — c o n s i s t i n g o f 
s ix ca tegor ies that m e a s u r e the degree to 
w h i c h the pa t ien t m a y requ i re social sup
por t s , r ang ing from 6 = the h ighes t score , 
to 24 = the lowes t score . T h e sample w a s 
further d iv ided in to a pa i red group of 15 
pa t ien ts w h o w e r e admi t t ed twice for re
hab i l i t a t ion and an unpa i r ed g roup of 45 
i n d e p e n d e n t sub jec t s . All data w e r e s u b 
j ec t ed to t- tests for unre la ted and re la ted 
pairs in order to test the differences in 
funct ional i n d e p e n d e n c e over success ive 
in tervals . A two-way analys is of var iance 
w a s u s e d to test the in te rac t ion of a b o v e -
k n e e ve r sus b e l o w - k n e e amputa t ion w i t h 
the four test per iods . 

Tab le 1 shows the m e a n s and s tandard 
dev ia t ions o n the funct ional a s s e s s m e n t 
measu re s for the 45 i n d e p e n d e n t sub jec t s . 
Table 2 shows the s igni f icant di f ferences 
o n the three measu re s from o n e m o n t h b e 
fore a d m i s s i o n to fo l low-up. 



Table 3. 

S i g n i f i c a n t d i f f e r e n c e s o c c u r r e d o n 
P U L S E S from p re -admis s ion to six m o n t h s 
fo l low-up, and o n Bar the l from admiss ion 
to d i scharge . The re w a s n o s igni f icant dif
ference o n E S C R O W from a d m i s s i o n to 
fo l low-up, though there w a s a s igni f icant 
difference b e t w e e n d ischarge and fol
l ow-up . T h e di f ferences on the Bar the l 
w e r e in favor o f an inc rease in i n d e p e n d e n t 
funct ion. T h i s f ind ing ind ica tes change in 
funct ion as a result of the rehabi l i t a t ion 
in te rven t ion . P U L S E S s h o w e d a decrease 
in i n d e p e n d e n c e from p re -admis s ion to 
d i scharge , bu t then a s u b s e q u e n t inc rease 
in i n d e p e n d e n c e from d ischarge to fol
low-up at s ix m o n t h s . Howeve r , pat ients 
d id no t re turn to the i r p re -amputa t ion level 
before a d m i s s i o n . T h i s f inding indica tes 
that more social se rv ices could be offered 
t h e m in the c o m m u n i t y . P U L S E S g ives a 
profi le of s t rengths and w e a k n e s s e s ; as a 
s u m m a r y score for i n d e p e n d e n t funct ion it 
is no t as useful as Bar the l . The pre -admis 
s ion scores were taken prior to amputa t ion ; 
the decrease shows the drop in funct ion 
from the p r e - m o r b i d level to pos t -amputa 
t ion . C h a n g e s in E S C R O W , especia l ly the i r 
abi l i ty to m a k e dec i s ions (0), s h o w e d that 
the i r n e e d for suppor t decreased wh i l e in 
the hospi ta l bu t after they m o v e d in to the 
c o m m u n i t y they dec l ined to thei r or iginal 
level. 

The re w e r e no s igni f icant di f ferences at
t r ibu ted to amputa t ion level on any func
t ional measu re at any tes t ing per iod . H o w 
ever , a b o v e - k n e e a m p u t e e s had a greater 
p ropor t ion of ang ina , w h e r e a s b e l o w - k n e e 
ampu tees h a d a greater p ropor t ion o f de
p res s ion , as m e a s u r e d b y ch i square tests 
of assoc ia t ion . 

T h e resul ts for the pa i red sub jec t s were 
approximate ly the s a m e , as s h o w n in 
Tab le 3. 

T h e on ly s igni f icant di f ferences occur red 
w i t h respec t to Bar thel ( admiss ion to d is 
charge) and P U L S E S (p re -admiss ion to 
d i scharge) . O n Bar the l , pa t i en t s inc reased 
thei r scores ; on P U L S E S Profile t hey de
creased their scores. The authors concluded 
that pa t ien t s w i th vascular d i sease w h o 
u n d e r w e n t amputa t ion m a d e modera te 
ga ins in the i r funct ional o u t c o m e s from 
admis s ion to d i scharge and from d i scharge 
to six m o n t h s fo l low-up. S o m e ga ins w e r e 
m a d e in psychosoc ia l func t ion ing , al
though s o m e pa t ien t s adap ted poor ly as 
the i r phys ica l cond i t i on w o r s e n e d six 
m o n t h s after d i scharge . T h e i r n e e d for so 
cial and e c o n o m i c suppor t s inc reased s ig
nif icant ly after they w e r e l iv ing in the 
c o m m u n i t y for at least s ix m o n t h s . T h i s 
f ind ing is unders t andab le ; once they left 
the protect ive se t t ing of the rehabi l i ta t ion 
hospi ta l , t hey r equ i r ed he lp w i t h h o u s i n g , 
t ranspor ta t ion , a n d h o m e m a k i n g . A n un
expec ted f ind ing w a s that the level of am
puta t ion h a d n o impact on functional out
c o m e s and rehab i l i t a t ion progress . W e can 
only specula te that pa t i en t s m a y adapt to 
the i r d i sab i l i ty o n the b a s i s of p sycho log
ical m e c h a n i s m s , i r respec t ive of the level of 
amputa t ion . Addi t iona l s tudies n e e d to b e 
conduc ted to test th is obse rva t ion . 

Pa t i en t s w i th less funct ional l imi ta 
t i o n s — f o r e x a m p l e , b e l o w - k n e e amutees—may have more difficulty in adapt
ing to thei r d i sab i l i ty than pa t ien ts w i t h 
m o r e f u n c t i o n a l l i m i t a t i o n s , s u c h as 
a b o v e - k n e e or bi lateral ampu tees . T h e 
closer o n e app roaches normal i ty , the more 
difficult it is to accept dev ia t ion from the 
n o r m . A n y n e w s tudy m u s t ex tend b e y o n d 
funct ional a s s e s s m e n t measu re s o f phys i 
ca l , sensory , self-care, a n d mob i l i t y i n d e 
p e n d e n c e . 



SEXUAL ADJUSTMENT 
In ou r cul ture the w o r s h i p of the beau t i 

ful y o u n g b o d y resul ts in defamat ion of 
a ny dev ia t ion from the normal . A m p u t a 
t ion poses an addi t ional threat: loss o f a 
b o d y part is s y m b o l i c of cas t ra t ion , a n d 
ul t imate ly o f death . Litt le empi r ica l ev i 
dence is ava i lab le on the sexual ad jus tment 
of the l ower ex t remi ty amputee . Re ins t e in , 
Ash ley , a n d M i l l e r 2 0 i n t e rv i ewed 60 am
pu tees (39 m e n , 21 w o m e n ) after they b e 
c a m e i n d e p e n d e n t in a m b u l a t i o n b y 
p ros thes i s . T h e pa t ien t ' s med ica l h is tory , 
social s i tua t ion , a n d pas t and p resen t sex
ual b e h a v i o r w e r e r ev iewed . F r e q u e n c y of 
sexual in te rcourse before and after ampu
ta t ion w a s o b t a i n e d in in te rv iews as re
por ted b y the pa t ien t to the in te rv iewer . 

Th i r ty m e n (77 percent ) repor ted de 
c reased sexual in te rcourse fo l lowing am
puta t ion , i nc lud ing 17 w h o h a d no t re 
s u m e d in te rcourse after amputa t ion . O f 
the 28 m e n w h o h a d repor ted h a v i n g inter
course at least once a w e e k before ampu ta 
t ion , n ine repor ted no change after a m p u 
tat ion. E igh t w o m e n (38 percent ) repor ted 
dec reased sexual in tercourse fo l lowing 
amputa t ion , i nc lud ing seven w h o h a d no t 
r e sumed sexual re la t ions . Decrease in sex
ual re la t ions w a s s igni f icant ly greater for 
a b o v e - k n e e ma le ampu tee s . Cause of am
pu ta t ion a n d difficulty in pos i t i on ing w e r e 
no t s igni f icant factors i n decreased sexual 
activity. Regula r i ty o f sexual act ivi ty in 
mar r i age w a s a s ign i f ican t de te rminan t in 
the r e s u m p t i o n of sexual re la t ions ; m o r e 
u n m a r r i e d pa t ien t s were affected than 
mar r i ed p a t i e n t s . 2 0 T h e results o f th is 
s tudy ra ise the ques t i on w h e t h e r p sycho
logical factors , s u c h as loss of se l f -es teem, 
i m p a i r e d b o d y i m a g e , and l o w e r e d sense 
o f mascu l in i ty or f emin in i ty m a y be m o r e 
closely related to decreased sexual relat ions 
than are the phys ica l factors involved in 
dec reased mobi l i ty , difficulty in pos i t ion
ing , a n d impa i r ed sexual func t ion ing . 

VOCATIONAL 
REHABILITATION 

Vocat iona l ad jus tment after amputa t ion 
has d e p e n d e d o n the p rev ious voca t iona l 

deve lopmen t o f the ampu tee . Pe r sons w i t h 
real is t ic voca t iona l p lans ; profess ional , 
manager i a l , or clerical ski l l s ; s table work 
h i s to ry ; and voca t iona l in te res t s al l ied 
w i t h ap t i tudes and a real is t ic accep tance o f 
d i sab i l i ty tend to adjust be t t e r fo l lowing 
amputa t ion . P e r s o n s w h o re l ied o n thei r 
phys ica l ab i l i ty m a y b e r e q u i r e d to m a k e 
an ad jus tment to seden ta ry work . L o w e r 
ex t remi ty a m p u t e e s are less impa i r ed than 
upper ex t remi ty a m p u t e e s . W i t h p roper 
f i t t ing of a p ros thes i s and wi th gai t t ra in
ing , a lower ex t remi ty a m p u t e e can b e 
taught to ambula te sufficiently wel l to re
turn to h i s former j o b w i t h s o m e modi f ica 
t ions . A j o b sample eva lua t ion a r ranged b y 
the state voca t iona l r ehab i l i t a t ion a g e n c y 
m a y b e u s e d to de t e rmine w h e t h e r the am
pu tee can re turn to former e m p l o y m e n t . 6 

P e r s o n s r equ i r ing a j o b c h a n g e shou ld b e 
referred to the i r local state rehab i l i t a t ion 
agency . 

E v e n w h e n ampu ta t ion does not affect a 
pe r son ' s ab i l i ty to conduc t h i s or h e r j o b or 
to e n g a g e in social and recreat ional ac
t iv i t ies or to l ive independen t ly , i t still has 
an e n o r m o u s impact on a pe r son ' s self-es
t e em. Fee l ings abou t b o d y i m a g e , sex
ual i ty , a n d in te rpersona l c o m p e t e n c e that 
m a y have b e e n b u r i e d for years sudden ly 
r eawaken . T h e profess ional worker , the 
b u s i n e s s execu t ive , the secre tary w h o s e 
voca t iona l skil ls are u n i m p a i r e d m a y focus 
thei r a t t en t ion on the loss of normal p h y s i 
cal appearance . W h a t before w a s taken for 
gran ted n o w mus t b e c o m p e n s a t e d for b y 
camouf lag ing thei r d i s f igurement . T h e y 
requi re psycho log ica l c o u n s e l i n g to adapt 
to the i r w o r k e n v i r o n m e n t . 

SUMMARY AND 
CONCLUSIONS 

T h e rehab i l i t a t ion o f a lower ex t remi ty 
ampu tee r equ i r e s a mul t id i sc ip l inary ap
proach that is op t imal ly ach i eved b y refer
r ing the pa t i en t to an amputa t ion cen te r or 
a rehab i l i t a t ion depa r tmen t in a genera l 
hospi ta l or in a rehab i l i t a t ion facility. Al 
though several measu re s have b e e n u s e d to 
predic t for successful rehab i l i t a t ion out
c o m e after ampu ta t ion , inc lud ing X e n o n 



c learance , local sk in perfus ion pressure , 
a b o v e - k n e e ve r sus b e l o w - k n e e amputa 
t ion , age , d i abe te s mel l i tus , a n g i n a , depre
s s ion , obesi ty , a n d l e s ion on the o the r foot, 
n o n e of these m e a s u r e s has b e e n c o m 
pletely successful w i t h ampu tee s w i th 
var ious e t io log ies . Leve l of amputa t ion is 
no t an impor t an t predic tor w i t h vascular 
ampu tee s w h o s e genera l phys ica l cond i 
t ion and advanced age (mean of 70 and 
above) are be t t e r ind ica tors o f rehabi l i t a 
t ion o u t c o m e . A m p u t e e s due to t umor 
(mal ignant or b e n i g n ) are funct ional ly 
more i n d e p e n d e n t than ampu tee s due to 
congen i ta l d i sease , t r auma, and per iphera l 
vascular d i sease . 

Func t iona l a s se s smen t scales are used to 
evaluate the c h a n g e s after amputa t ion in 
self-care, mobi l i ty , social suppor t s , phys i 
cal cond i t i on , a n d intel lectual adaptabi l i ty . 
Neve r the l e s s , w e conc luded that current 
measu re s do no t inc lude m a n y psycholog
ical aspec ts o f d isabi l i ty , such as measu re s 
o f b o d y i m a g e , se l f -es teem, control of one ' s 
e n v i r o n m e n t , a n d c h a n g e s in values . N e w 
a s s e s s m e n t scales mus t include the psy
chologica l , sexual , and vocat ional aspects 
of ad jus tment to amputa t ion . A m p u t a t i o n 
h a s an e n o r m o u s impac t on social adjust
m e n t , eve rn w h e n funct ional changes on 
current a s s e s s m e n t scales canno t b e d e m 
ons t ra ted . 
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