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In the late 1940 ' s the suct ion socket pros
thesis for above-knee amputees was introduced 
into clinical pract ice in the Uni ted States 
through the combined efforts of the Amer ican 
Orthot ic and Prosthet ic Associa t ion , the Na
tional A c a d e m y of Sc iences , and the Veterans 
Adminis t ra t ion . For nearly ten years the ac
cepted pract ice was use of the so-cal led quad
rilateral shaped cross-sect ion, p roposed by the 
B iomechan ics Labora tory , Universi ty of 
California, Berke ly , and a suction socket va lve , 
but with a space distal to the s tump. Further 
studies at the Univers i ty of California indicated 
that if p roper contact over the entire s tump 
could be obta ined the circulat ion in the s tump of 
the above-knee amputee would be improved 
and thus many of the p rob lems then beset t ing 
prosthetists and pat ients would be al leviated. 

Initial exper iments were with wooden sock
ets , but it was soon shown that it was easier to 
obtain the same or better results by laminat ing 
Dacron stockinet with polyester resins over a 
modif ied posi t ive mode l of the amputa t ion 
s tump . T o d a y , the total contact socket , with or 
wi thout suct ion, is a lmost universally pre
scribed for the above-knee patient. 

The a rmamen ta r ium of devices for the 

above-knee amputee also includes sophist icated 
knee mechan i sms that p rov ide excel lent control 
of the leg dur ing the swing and stance phases of 
locomot ion , ankle units that permit mot ion in 
three p lanes , and devices that reduce the shear 
stress about the s tump dur ing the s tance phase . 

Yet , there is one type of patient for which 
nearly every one of the recent advances in 
prosthet ics offers no advantage — the geriatr ic , 
dysvascular amputee . Exper ience has shown 
that this type of patient with his l imited energy , 
emot ional labili ty, poor j u d g m e n t , and s tump 
with unstable vo lume often does poorly with 
modern prosthetic devices for the fol lowing 
reasons: 

— W e i g h t — C r u s t a c e a n prostheses with pel
vic belt suspension are normally heavy and 
therefore the prosthesis is difficult to con
trol and the patients tire more readi ly . 

—Instabi l i ty — Knee uni ts , even braking 
knees , are difficult for the patient to adjust 
to , and therefore much training is needed . 
Patients will often reject the prosthesis 
because they feel unstable . T h e manual 
locking knee is an except ion. 

— D o n n i n g — Suction sockets , as we k n o w 
them, require more energy and skill to don 
than most geriatric amputees have . Even 
the standard pelvic belt suspension can 
cause p rob lems due to the rigidity of the 
sys tem. 

— S o c k e t Fit — E d e m a problems and weight 
changes are a lways present . These pat ients 
often cannot adjust for vo lume differences 
because they do not understand how to add 
or subtract prosthetic socks . Discomfort 
leads to ei ther constant visits to the pros-
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thetist for ad jus tments , or rejection of the 
pros thes is . 

A new sys tem of m a n a g e m e n t for the geriat
ric pat ient has been deve loped at R a n c h o Los 
A m i g o s Hospi ta l us ing a po lypropylene adjust
able socket , an endoskele ta l s t ructure , and a 
manua l ly locked knee (F ig . 1). This des ign 
incorporates the fol lowing advances over previ
ous des igns: 

— L i g h t w e i g h t — Polypropylene socket and 
endoskele ta l s tructural m e m b e r s permit the 
fabricat ion of a pros thes is that we ighs 
about 50 percent less than the crustacean 
type des igns c o m m o n l y used . (The pros
thesis is des igned for l ight du ty , and is not 
in tended for use on ext remely active pa
t ients . ) 

—Stabi l i ty — A manua l locking knee is used 
to prov ide knee stability a l though the 
pa t ien t ' s gai t is less cosmet ic than with an 
act ive k n e e . H o w e v e r , e l iminat ion of the 
possibil i ty of the knee buckl ing ou twe ighs 
this d i sadvan tage . 

—Adjus tab i l i ty — T h e socket can b e tight
ened or loosened to al low for vo lume 
changes , p rox imal weight -bear ing toler
ance , and suspens ion . Only one prosthet ic 
sock is needed because the socket can b e 
adjusted for volumetr ic changes , resul t ing 
in m o r e comfor t , m o r e total contac t , less 
donn ing t ra ining, and fewer adjus tments . 

— C o m f o r t — T h e prox imal br im can be 
m a d e more flexible than is the case with 
thermoset t ing p las t ics , and is therefore 
more comfor table . 

— E a r l y Pat ient Tra in ing — Pat ients m a y be 
fitted with a prosthesis before vo lume 
changes are comple t e , therefore a l lowing 
earlier pat ient activity and training and a 
reduct ion in overal l rehabil i ta t ion t ime . 

H I S T O R Y A N D D E V E L O P M E N T 

Al though adjustable AK sockets have not 
been in c o m m o n use s ince the leather socket 
went out of vogue , a number of notable at
tempts have been m a d e to develpp adjustable 
sockets . T h e most widely k n o w n unit is on the 
" C o s m e v o " pros thes is , invented by C o s m o 
Invidiato of Pa terson , N e w Jersey, which is an 
" o f f - t h e - s h e l f type of A K prosthesis that in
corporates length and a l ignment adjustments as 
well as having air b ladders in the socket to 
provide for a snug fit. The " C o s m e v o " pros
thesis has been used for both definitive and 
temporary u s e . 

Three different types of adjustable A K sock
ets have been used on temporary , or t ra ining, 
pros theses . In 1964, Foort ( 2 ) reported on an 
" I n s t a n t Prosthesis for Thigh A m p u t e e s " that 
merged his work at the Universi ty of California 
Biomechan ics Laboratory with that at Mani toba 
Rehabil i ta t ion Hospi ta l , and resulted in three 
socket sizes that could be at tached quickly to an 

Fig. 1. Patient donning the prosthesis Note the adjustment 
straps that compress the anterior and posterior socket 
panels. 



adjustable pylon for t empora ry use as a pros
thet ics training and evaluat ion dev ice . In 1965 , 
M a g a t o and Rosenbe rg (4) repor ted on an 
adjustable t raining leg that had been used on 23 
pat ients . A polyes ter laminated quadri lateral 
socket with screw adjustments and an Ot to 
Bock Safety knee with a S A C H foot were used. 
Tra in ing t ime was decreased from five to three 
w e e k s . The prosthesis was not used defin
itively. Brownsey and Fi l lauer (1) used a poly
ester socket with an adjustable anterior wall on 
a pylon structure with an offset knee jo in t and a 
metal-and-t i re- t read foot. All but two of the 21 
pat ients in the study p lanned to progress to a 
convent ional pros thes is . 

It was apparent that adjustabili ty in the socket 
was a key e lement contr ibut ing to the success of 
the three types of adjustable training pros theses . 

Silastic b ladders have also been tried in A K 
sockets by Sinclair (6) and Hor iuchi (3) in order 
to p rov ide vo lume adjus tments , but fabrication 
and leakage p rob lems eventual ly caused dis
favor with this technique . 

Both the air b ladder and the Silastic tech
niques were tried at R a n c h o L o s Amigos Hos
pital in the late 1960 ' s . Four air b ladders were 
placed in the proximal br im of the socket , one 
on each wall . T w o serious p rob lems existed; the 
pressure from the b ladders eventual ly deformed 
the pa t ien t ' s residual l imb into a square cross-
sect ion, and there were leakage p rob lems al
mos t constant ly . The laminated Silastic air 
cushion A K socket was meant to apply constant 
total contact and partial weightbear ing forces. 
Unfor tunate ly , upon use the patient was 
" p u m p e d o u t " of the socket . 

The advent of thermoplast ic materials and 
vacuum forming techniques in the early 1970 ' s 
(5, 8) provided new possibili t ies for adjustable 
A K socket des igns . In early 1975 , the present 
design of the adjustable socket was deve loped . 
W h e n used in conjunction with an endoskeletal 
structure and a manual locking knee , the pros
thesis has proven to be useful to a great number 
of geriatric pat ients w h o could never master the 
more convent ional types of pros theses . 

To da te , over 70 definitive l ightweight AK 

pros theses have been fitted at R a n c h o Los 
A m i g o s Hospi ta l , and over 100 more have been 
fitted by private pract i t ioners in Southern 
California. In many cases , prosthet is ts have 
called in geriatric pat ients w h o had previously 
been functioning at a marginal level with a 
convent ional pros thes is , and expla ined the new 
design. Very often the patient decided to 
change over to the l ightweight A K prosthesis 
with an adjustable socket . 

P R E S C R I P T I O N C R I T E R I O N 

Potent ial pat ients for the above-knee pros
thesis are evaluated by all m e m b e r s of the 
rehabil i tat ion team to de termine their functional 
goals and potential for prosthet ic use . 

The pa t ien t ' s prior and present functional 
levels are assessed by the physical therapist to 
de termine his potential for ambula t ion with a 
pros thes is . If a patient cannot stand, ba lance , or 
walk with a walker wi thout a pros thes is , it is 
most likely that he will not be able to ba lance or 
walk with a pros thes is . If a patient has remained 
in a wheelcha i r and not walked for the past six 
mon ths , he is usually cons idered to be a ques
t ionable candidate for a prosthesis . 

Range of mot ion is assessed to de termine if 
any significant contractures are present . For 
example , if a patient has a hip flexion contrac
ture of 30 deg . his potential for functioning 
successfully in a prosthesis is considered to be 
l imited. Strength of all l imbs is tested man
ually. The strength of the upper l imbs must be 
functional to enable the patient to don the 
prosthesis and use crutches or a walker . The 
residual l imb must also have adequate s trength, 
especial ly in the hip extensors and abductors , in 
order to control the prosthesis during ambula
tion, particularly if the prosthesis is to include a 
safety knee rather than a manual ly locked knee . 
The sound l imb must also have adequate 
strength and tolerance for weightbear ing . 

Sensation of the upper and lower l imbs is 
evaluated in order to identify any impairment 
which may interfere with the wear ing or control 
of a prosthesis . 



Decreased ability to feel in the f ingers and 
hands can affect a pat ients ability to don the 
pros thes is . Hypersensi t iv i ty to touch on a re
sidual l imb can affect a pa t ien t ' s to lerance to 
socket p ressures , and impaired propr iocept ion 
in the sound foot can result in gait deviat ions 
(Fig. 2 ) . 

Each pa t i en t ' s heart rate and b lood pressure 
are moni to red whi le wa lk ing wi thout a pros
thesis to de te rmine his physiological response 
to exerc ise . This a l lows the therapist to deter
mine if the pat ient has sufficient cardiovascular 
reserve to al low h im to tolerate the addit ional 
d e m a n d s of pros thes is u se . 

T h e pa t i en t ' s cogni t ion and mot iva t ion are 
assessed to de te rmine if he has sufficient under
s tanding and j u d g m e n t to handle a prosthesis 
safely and if he will be coopera t ive and in
terested in par t ic ipat ing in an active rehabil i ta
tion p r o g r a m . 

T h e pa t i en t ' s social history is also rev iewed. 
If the pat ient has a history of social p rob lems 
such as a lcohol i sm or has no one at h o m e to 
look after h i m , it is l ikely that his rehabil i tat ion 
with the prosthesis will be that much more 
difficult. 

Fo l lowing evaluat ion by all m e m b e r s of the 
t e am, a decis ion is m a d e as to whether or not 
the pat ient is a candidate for a prosthesis ; wha t 
his long te rm functional goals will be ; and if a 
cand ida te , the type of prosthesis that would best 
suit his needs . 

F A B R I C A T I O N 

It is necessary to have a vacuum-forming 
table in order to fabricate the adjustable socket . 
A n oven that is capable of produc ing 4 0 0 deg . 
F . of evenly dis t r ibuted heat is also required. 
The fol lowing mater ia ls are necessary: 

1 ea . 13-in. x 13-in. piece of 1/4-in. thick 
po lypropy lene , 

1 ea . 13-in. x 13-in. p iece of 3/8-in. thick 
po lypropy lene , 

1 ea . 3-in. x 3-in. p iece of 1/2-in. thick Lexan , 
po lypropy lene , or other s trong plast ic , 

2 ea . ny lon s tockings , 
3 ea. co t ton-webbing-backed Velcro straps 

with " D " r ings , 
1 ea . 4-in. x 4-in. p iece of 1 1/4in. thick 

T-foam or R T V Sil icone foam, 
A cast of the patient is taken in the cus tomary 

manner . W h e n filling the cast , a removable 
pipe or mandre l is used. Dur ing the cast modifi
ca t ions , the desired flexion and adduct ion an
gles and proximal cast contours are establ ished. 
The length of the cast is checked and reliefs are 
added where necessary . The c i rcumferences are 
checked and the cast is modif ied to m a k e the 
c i rcumferences the same as that of the pat ients . 
" T e n s i o n " should not be added to the cast . 

A 1 1/4-in. plaster bui ldup is added to the 
distal end of the cas t . T h e size of the bui ldup 
should correspond to the size and shape of the 
a t tachment plate on the endoskeletal knee unit. 
The surface of the bu i ldup must be parallel to 
the ischial seat in the frontal plane and parallel 

Fig. 2 Evaluation of the sound limb and foot to determine 
sensitivity, proprioception vascularity, and strength is of 
utmost importance with dysvascular patients. 



to the media l wall in the sagittal p lane (Fig. 3 & 
4 ) . Straight edges should be used on the bu i ldup 
and the socket br im to help make the two areas 
parallel . T h e edges of the bui ldup should be 
contoured to blend in with the mold . 

The mandre l is r e m o v e d and the mold is 
placed on the vacuum table . Suction holes are 
drilled through the mold to the hol low interior 
of the mold at the Sca rpa ' s Tr iangle , media l , 
and poster ior wal ls . 

To m a k e the flexible anterior por t ion of the 
socket , a 1/2-in. thick p iece of plast ic is p laced 
on the distal bui ldup and a nylon stocking is 
pul led over the mold (Fig . 5) to al low the 

vacuum to pull under the entire length of the 
mold. The 13-in. x 13-in. piece of 1/4-in. thick 
polypropylene is locked in place in a 12-in. 
square metal frame and placed on a stand in a 
400 deg . F . oven in a manner that a l lows the 
plastic to sag without contact ing any other 
mater ial . When the plastic sags to a point about 
two-thirds of the length of the mold it is 

Fig. 3. Aligning the surface of the distal buildup to be 
parallel with the ischial seat and medial wall. This will 
ensure that the socket will be level when attached to the 
knee unit See Fig. 4 also. 

Fig. 4. Aligning the surface of the distal buildup to be 
parallel with the ischial seat and medial wall. This will 
ensure that the socket will be level when attached to the 
knee unit. 

Fig. 5. After vacuum holes are drilled, 1/2-in. thick plastic 
piece is placed on the distal buildup and a nylon hose is 
pulled over the mold. 



r e m o v e d from the oven , turned 180 deg . so that 
the sag is above the mold , and then pul led 
carefully over the mold (Fig . 6 ) , all in one fluid 
mot ion . V a c u u m is appl ied s lowly after the 
plast ic has m a d e contact with the plinth on all 
sides and until the plastic is in contact with the 
mold in all a reas . W h e n the plastic has cooled , 
the excess is cut away at the base of the mold. 

To m a k e the more rigid poster ior and medial 
wal ls it is necessary that a piece of 3/8-in. thick 
po lypropylene be molded over the 1/4-in. thick 
piece . 

T h e mold with the 1/4-in. thick po lypropylene 
is left on the v a c u u m stand and holes are drilled 
through the plastic to open up the original vent 
ho les . Ano the r piece of nylon should be pul led 
over the mold and plastic and the vacuum 
forming procedure repea ted , this t ime using the 
3/8-in. thick po lypropy lene . 

The tr im lines are des igned to al low adjust
ability at both the prox imal and the distal ends 
of the socket , a l though the distal end is less 
f lexible. The 1/4-in. thick po lypropylene covers 

the entire anter ior wal l of the socket and ex
tends 2 1/2-in. over the media l and lateral wal ls . 
The 3/8-in. po lypropy lene covers the entire pos
terior wal l and ex tends to the media l wall 1-in. 
from the adductor longus channe l . Latera l ly , 
the 3/8-in. thick po lypropylene ex tends around 
to the anter ior wall (Fig. 7 ) . 

The trim lines mus t be de termined before 
removing the plastic from the cast (Fig. 8) . The 
trim line is laid out for the %-in . thick poly
propylene as follows: 

1. A line is d rawn from the medial wall from 
a point 1-in. poster ior to the adductor 
longus channel down to a point two-thirds 
of the length of the cast . 

2 . A line is d rawn on the anterior wall 1-in. 
medial to the lateral wall and extended 
down to a point two-thirds of the length of 
the cast . 

Fig. 6. After the 1/4-in piece of polypropylene turns clear 
and sags, remove it from the oven, invert it and pull it over 
the mold. 

Fig. 7. The anterior trim line. 



3 . The tr im line is m o v e d posteriorly about 
1-in. at the distal one-third of the mo ld , in 
order to p rov ide more flexibility in this 
area. A flowing line should be m a d e when 
extending this l ine. Dista l ly , the tr im line 
is 1/2-in. proximal to the plastic a t tachment 
p la te . 

A cut is m a d e carefully along the establ ished 
trim l ine, the poster ior wall is r emoved , the trim 
line is smoothed , and the socket is replaced on 
the mold . The poster ior wal l is r emoved again, 
a grease pencil is used to trace the trim line on 
the 1/4-in. thick po lypropylene . T h e trim line is 
1 Vi-in. poster ior to the traced l ined, and is 
flared to the distal end. Along the 1 1/2-in. 
mark , a cut is m a d e , but the distal end is left 
a t tached anteriorly. The Vi-in. thick poly
propylene is p laced on the anterior wall over the 
3/8-in. thick polypropylene posterior wall and 
the t r im lines are rechecked. 

T h e k n e e , shin, and foot are set up to the 
correct height and a l ignment , and the attach
ment plate is leveled on the knee unit . In the 

case of a short socket , an extension tube is used 
to connec t it to the knee unit . Often, however , a 
space of from 1-in. to 3-in. is needed be tween 
the socket and the knee unit in order to p rov ide 
the correct length of the prosthesis and the 
proper knee-center height . In these ins tances , 
the plaster mold is built up before forming the 
socket so that it will be that much longer . The 
addi tonal space in the socket is filled with 
foam. H o w e v e r , it is r e c o m m e n d e d that an 
extension tube be used whenever possible be
cause the lengthened sockets may fatigue 
easier. 

Endoskele ta l componen t s are used with the 
adjustable socket . For geriatric pat ients that are 
marginal candidates for a pros thes is , a light
weight foot and manua l ly locked knee is rec
o m m e n d e d . O the r knee mechan i sms can be 
used at a later date when a pa t ien t ' s functional 
potential indicates the need. 

The socket is p laced on the knee unit at tach
ment p la te , the line of progress ion , flexion, 
adduct ion and M - L posit ion are checked , and 
the border of the a t tachment plate on the bo t tom 
of the socket is t raced. The bolt holes are 
marked , and holes are drilled through both 
sect ions of the socket and the Vi-in. thick p iece 
of plastic (Fig . 9 ) . 

T h e co t ton-webbing-backed Velcro straps are 
r iveted or screwed to the lateral wall of the 
poster ior section of the socket , and the " D " 
rings are at tached to the medial wall of the 
posterior section of the socket . One strap is 
placed at the ischial level , one at the distal third 
of the socket , and one midway be tween these 
two (Fig. 10). 

The socket is bolted to the knee unit and the 
cable for the knee lock is taped to the lateral 
wall of the socket . T h e prosthesis is now ready 
for fit t ing. 

F I T T I N G 

T h e patient is instructed how to don the 
prosthesis proper ly , and when it is donned 
correctly it is checked for proper fit. Fitting the 
prosthesis is essentially the same as for any 

Fig. 8. The trim line shows the overlap between the two 
panels. Note that both panels overlap at the distal end. 



other A K pros thes is . T h e ischial tuberosi ty is 
checked to see if it is rest ing on the ischial seat . 
T h e length of the prosthesis is checked . W h e n a 
manua l locking knee unit is used, the prosthesis 
should be 1/2-in. shorter than the sound l imb in 
order to provide toe c learance dur ing swing 
phase . W h e n a safety knee unit is used , the l imb 
lengths should be equal . 

T h e patient should be able to dist inguish 
when he is on the ischial seat , and he is 
instructed in the use of the adjustment straps to 
mainta in ischial weightbear ing . He should also 
be taught to use the manual ly locked knee 
proper ly , and to test the knee each t ime he 
s tands to be sure it is locked (Fig. 12). 

Fig. 9. The socket is aligned on the knee unit attachment 
plate. 

Fig. 10. The completed socket. Note the trim line at the 
distal one third of the socket. 

Fig. 12. Lateral view of the prosthesis with the cover pulled 
down. Note position of the knee lock cable. 



Genera l ly , no a l ignment changes are neces
sary. If sl ight a l ignment changes are needed , a 
w e d g e be tween the socket and the a t tachment 
plate can be used. 

Sitt ing comfor t is of great impor tance . Check 
the trim lines and ischial seat whi le the patient 
is s i t t ing, and m a k e any necessary modifica
t ions . 

F I N I S H I N G 

T h e prosthesis is f inished with a cosmet ic 
foam cover , which is shaped to match the 
pa t ien t ' s sound leg and extends to the distal 
third of the socket . W h e n a manual ly locked 
knee unit is used adequate space mus t b e left in 
the cosmet ic cover for operat ion of the locking 
lever , because if it c o m e s in contact with the 
cosmet ic cover it m a y stick in an unlocked 
posi t ion. The cable and control knobs for the 
manua l lock knee should be at tached to the 
anter ior lateral aspect of the socket in order to 
provide easy access to this control for the 
pat ient . The entire prosthesis is then covered 
with cosmet ic hosiery (Fig. 11). 

P H Y S I C A L A N D F U N C T I O N A L T R A I N I N G 

O n c e a patient receives his above-knee pros
thesis , he is admit ted to the hospi tal and is 
placed on an intensive physical therapy pro
gram consis t ing of physical and functional 
training based on the pa t ien t ' s specific needs . 
For e x a m p l e , if the patient needs s t rengthening 
of the upper l imbs for ambula t ion with 
c ru tches , the depressor muscles may be 
s t rengthened by progress ive resistive exerc ises . 
All pat ients part icipate in a daily mat class to 
strengthen the muscles of the residual l imb 
including the adductors , abduc tors , and hip 
extensors (Fig. 13). Lying prone on the mat for 

a short period is also included to maintain 
extension range in the hips . 

Patients are also trained in transfers and 
ambula t ion with a walker or crutches without 
their prosthesis in order to enable them to go to 
the ba th room at night without putt ing on the 
prosthesis . Most patients will need to use a 
wheelchai r for some activit ies, so training in 

Fig. 11. The completed prosthesis with a foam prosthetic 
cover. 

Fig. 13. Daily mat classes are held to strengthen hip 
muscles. Proning and resistive exercises are also used. 



whee lcha i r handl ing and transfers is p rovided 
(F ig . 14) . 

As part of the pat ient educat ion p rog ram, the 
pat ient is instructed in care of his res idual l imb 
and remain ing foot. H e is told to inspect his 
skin carefully and is instructed to have red or 
open areas cared for immedia te ly . T h e use of 
p rope r defensive foot wea r is s tressed and 
appropr ia te shoes are ordered for pat ients with 
potent ia l foot p r o b l e m s . Shoes with f irm bu t 
f lexible soles and soft leather uppers are often 
used . T h e pat ient is also instructed in the care of 

his p ros thes i s . H e is taught to clean the socket 
of the pros thes is daily with a d a m p cloth and to 
return to the prosthet is t for any necessary ad
j u s t m e n t s . 

A l though the initial ins t ruct ions about don
ning the pros thes is are g iven by the prosthet is t , 
the phys ica l therapis t con t inues the donn ing 
training and prac t ice until the pat ient fully 
unders tands h o w to don and doff the pros thes is 
co r recdy (Fig . 15) . C lose coordina t ion be tween 
the therapist and prosthet is t is essential for 
successful fi t t ings. 

Fig. 14. Most patients who are candidates for the prosthesis 
must also be able to use a wheelchair, and therefore transfer 
techniques need to be taught. 

Fig. 15. Patients are trained proper donning procedures and 
strap adjustments. 



The patient is instructed to don one 5-ply 
prosthet ic sock first. The patient then dons the 
prosthesis in a sitting posi t ion with the Velcro 
straps loose and the plastic hip jo in t out of the 
way . H e fastens the waist bel t , s tands and locks 
the prosthet ic knee and adjusts the sock prop
erly by pull ing it d o w n snugly . The Velcro 
straps then are pul led snug and fastened. W h e n 
the cosmet ic cover is added to the pros thes is , 
the patient is g iven addit ional instruct ions in the 
managemen t of the cover and s tockings . A 
major advantage of the adjustable socket is that 
only one 5-ply sock is needed . W h e n vo lume 
changes occur , the pat ient s imply adjusts the 
Velcro straps. 

Once donning is unders tood , preambula t ion 
activities begin with the pat ient s tanding in the 
parallel bars . Emphas i s is p laced on s tanding 
ba lance , shifting weight from one leg to the 
other , m i n i m u m use of hands for support , and 
use of hip abductor and extensor musc les during 
weightbear ing . 

The patient progresses from preambula t ion 
activities to gait training in the parallel bars . 
Short frequent t raining sessions are used be
cause the amoun t of concentrat ion required by 
the patient during training makes the activity 
very fat iguing. Dur ing gait t ra ining, emphas i s 
on the use of hip abductor and extensor musc les 
is cont inued, especial ly when the pat ient has a 
safety knee on his prosthesis . Less training t ime 
is required for pat ients with manual ly locked 
knees because the pat ients do not need to learn 
the same degree of hip control . 

W h e n the patient has b e c o m e independent in 
ambula t ion , he is trained to do all necessary 
functional activities wear ing the prosthesis , in
c luding transfers, and negotiat ion of stairs, 
curbs , r amps , and uneven surfaces. Each pa
tient also part icipates in an occupat ional therapy 
p rogram for training in functional activit ies, 
such as self-care, h o m e m a k i n g , and communi ty 
skills with the prosthesis in order to increase the 
pa t ien t ' s functional abilities in a home-and-
communi ty envi ronment . If p roblems in the 
h o m e envi ronment are anticipated a h o m e visit 
is m a d e by all team member s to ensure safety 
and carry- through of function after d ischarge. 

The average training t ime required for a 
pat ient with a locked knee unit is from two to 
two and one-half w e e k s . W h e n a safety knee 
unit is used, four w e e k s are general ly required. 
Pat ients usually do not need further training as 
an out-pat ient , but are fol lowed at regular 
intervals in the out-pat ient cl inic. 

F O L L O W - U P D A T A ( T A B L E 1) 

The first fourty-four pat ients w h o were fitted 
with the adjustable A K sockets were inter
v iewed by a physical therapist either in the 
out-pat ient clinic or by te lephone two to twelve 
months after the d ischarge from the hospi tal . 
The purpose of the fol low-up interviews was to 
de termine the long term use of the prosthesis by 
pat ients , because our past exper ience with 
geriatric pat ients using a convent ional above-
knee prosthesis with a safety knee has been 
poor . The majority of dysvascular geriatr ic 
pat ients w h o were fitted with a convent ional 
AK prosthesis with a safety knee discont inued 
using the prosthesis because of the weight and 
difficulty with control l ing the knee unit . 
Energy-cos t studies carried out in the Kinesiol
ogy Labora tory at Rancho Los Amigos Hospital 
on vascular above-knee amputees using conven
tional A K prostheses (7) have shown that it 
takes more energy for a patient to walk with 
crutches and a prosthesis than it does for h im to 
walk wi thout the prosthesis using only crutches . 
W e were therefore interested to learn the patient 
utilization of the l ightweight adjustable pros
thesis . 

The average age of the 44 pat ients inter
viewed was 61 years . Ten of the pat ients were 
given a safety knee; 34 patients were given a 
manual ly locked knee . Of the 34 patients w h o 
received the manual ly locked knee , seven of 
them might have been considered for another 
design of prosthetic socket , but 27 of them by 
our criteria would not have been a candidate for 
any other type of prosthesis . The patients 
seemed to fall into two groups: those receiving 
safety knee units (ten patients) which al lowed 
the knee to swing freely; and those receiving 



manual ly locked knee units (34 pat ients) . Pa
tients that received the manual ly locked knee 
units were further divided into two categor ies ; 
those w h o would have been a candidate for any 
other pros thes is ; and those w h o were a candi
date for a l ightweight pros thes is on ly . 

P A T I E N T S W I T H S A F E T Y K N E E U N I T S 

The average age of the ten pat ients in this 
category was 53 years , or eight years less than 
the average for the total g roups . These pat ients 
wou ld have been a candidate for any pros thes is . 
Of the ten pat ients , two reached the level of 
virtually unl imited dis tance walk ing in a com
muni ty using c ru tches , and eventual ly received 
s tandard crus tacean pros theses . F ive patients 
b e c a m e able to walk a l imited dis tance in the 
commun i ty with c ru tches or a walker but re
quired a wheelcha i r for long dis tances . One 
pat ient used the prosthesis for walk ing in his 
h o m e on ly , and used a wheelcha i r ou t of doors . 
T w o pat ients d iscarded the prosthesis because 
of medica l p rob lems not associated with 
prosthet ic wear . 

P A T I E N T S R E C E I V I N G M A N U A L L Y 
L O C K E D K N E E P R O S T H E S I S 

Seven pat ients w h o would have been con
sidered for a convent ional prosthesis received 
the l ightweight prosthesis with the adjustable 
socket because of o ther compl ica t ing orthoped
ic p rob lems . The average age for this g roup was 
57 years . O n e of the pat ients became a com
muni ty ambula tor , and eventual ly was fitted 
with a crustacean type of pros thes is . The other 
six pat ients b e c a m e l imited communi ty am
bula tors . 

T h e average age for the remain ing 27 pat ients 
w h o received a prosthesis with a manual ly 
locked knee was 66 yea r s . By the evaluat ion 
criteria used at this hospital it was determined 
that these pat ients would not have been candi
dates for any type of convent ional prosthesis . 
The fol low-up data from these pat ients indi
cated that none of them became communi ty 

ambula tors ; that is, having the potential for 
unl imited walk ing in the commun i ty . Ten of the 
pat ients became l imited communi ty am
bula tors , wi th crutches or a walker , ten pat ients 
b e c a m e household ambula to r s , one patient 
d ied , and six s topped us ing the pros thes is . Of 
the six that s topped using the pros thes is , other 
unrelated medica l compl ica t ions were the 
reasons in four cases , the remain ing two pa
tients were s imply dissatisfied with the pros
thesis . 

S U M M A R Y 

T h e first 4 4 pat ients fitted with an adjustable 
l ightweight A K prosthes is were in terviewed 
two to twelve mon ths fol lowing d ischarge from 
R a n c h o Los Amigos Hospi ta l . 

It was found that the adjustable prosthesis 
was used for three g roups of pat ients . One 
g roup of modera te ly act ive geriatric pat ients 
with good musc l e control were able to walk in 
the communi ty when g iven a l ightweight pros
thesis with a safety k n e e . The adjustable socket 
prosthesis with a manua l ly locked knee was 
also of benefit as an early training device for 
pat ients with mul t ip le or thopedic involvement 
w h o had inadequate strength to use a heavier 
pros thes is . 

The largest g roup of pat ients fitted with the 
adjustable prosthesis with a manual ly locked 
knee were those geriatric pat ients w h o by our 
criteria would not have been fitted with a 
convent ional pros thes is . The decreased weight , 
ease of adjustabili ty, and manual ly locked knee 
contr ibuted to the successful fitting of those 
pat ients w h o would not have otherwise walked . 

C O N C L U S I O N 

Al though the durabi l i ty , long term functional 
u se , and energy cost of the use of this type of 
prosthesis must still be de termined , our experi
ence has shown that the prosthesis has adequate 
strength and durabil i ty to withstand the rela
tively light stresses that geriatric and other 
marginal prosthet ics pat ients place upon it. 



T A B L E 1 
FOLLOW-UP D A T A 
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