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When an amputee using a total-contact 
patel lar- tendon-bearing ( P T B ) pros thes is or one 
of its variat ions perspires excessively his s tump 
becomes immersed in a pool of fluid, a condit ion 
that p roduces not only discomfort but , a lso , a 
potential cause of skin macera t ion and break
d o w n . It is the purpose of this paper to present 
an approach to the solution that permits retention 
of " to t a l c o n t a c t " while allowing for escape of 
the fluid from the s tump-socket interface. 

B A S I C S O C K E T D E S I G N 

The posit ive model of a B K s tump is modified 
by removal of 1/8" of the distal por t ion. A soft 
insert of Co rdo (1,7) with a distal end of nylon 
mesh is fabricated over the model and thus an 
open space is retained in the distal end of the 
socket to act as a fluid t rap . An external lip, 
added to the proximal end of the insert , over laps 
the socket brim and prevents distal d isplacement 
of the insert within the socket as the patient bears 
weight during the s tance phase . As weight is 
borne over the s tump the elastic compress ion 
of the mesh against the s tump aids in express ing 
fluid from the intervening s tump sock into the 
compar tmen t be low. 

The insert with the nylon mesh is shown in 
Fig. 1. The space benea th the mesh has been 
made excessively large in this t ransparen t poly
carbona te socket for demonst ra t ion purposes . 
Laxity of the mesh without weight-bearing and 
total contac t upon weight-bearing, left and right, 
respectively (Fig. 1), can be seen. An accumula-

tion of liquid perspirat ion outs ide of the insert 
and in the t rap after several hours of wear can 
be seen in Figure 2. The nylon mesh should be 
flushed each evening with a solution of soapy 
water and allowed to dry overnight . The t rap 
should be wiped dry . 

C A S E H I S T O R I E S 

Five pat ients have been fitted over the past 
two years ; one ca se , a bilateral was fitted on 
both s ides . 

C A S E N O . 1 
J . K . B . , a 53-year-old par t- t ime grocer with a 

6" left BK amputa t ion s tump, secondary to shell 
fragment wounds sustained in W W I I , was seen 
by the V A P C clinic team on July 15, 1971, when 
he presented with two abras ions over the distal 
s tump . H e had been using an open distal-end 
prosthesis with a thigh corse t . After a period 
of not wearing the pros thes is and soaking the 
s t ump regularly, the lesions cleared u p , only to 
recur short ly after he began using the pros thes is 
again. In view of the recurrent episodes of abra
sions of the distal s tump area associated with 
a t endency to perspire a great deal , the clinic 
team decided to try to achieve total contac t and, 
at the same t ime, minimize the adverse macerat 
ing effect on the skin produced by cons tant 
immersion of the s tump in a pool of perspira t ion. 

On N o v e m b e r 10, 1971, the patient received 
a supracondylar-suprapate l lar pros thes is with an 
open-mesh distal-end soft-socket insert . The 
s tump has remained in good condi t ion and abra
sions have not recurred . At the date of mos t 
recent examinat ion , April 20, 1973, he stated that 
he no longer had a problem with perspira t ion. 
S tump shrinkage had occurred and the pat ient 
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Fig. 1. The porous, flexible (open-mesh) insert for a below-knee prosthesis shown installed in a transparent 
polycarbonate socket. Left, the stump is not bearing weight; right, the stump is bearing weight. 

reques ted a new limb fabricated in a similar 
manner , and this was prescr ibed. 

C A S E N O . 2. 
C . A . R . , a 27-year-old bilateral BK congenital 

a m p u t e e , is a research physiotherapis t . The pa
tient consen ted to part icipate in the program in
volving the open-mesh socket because there was 
a t endency toward excess ive perspirat ion of the 
s tumps . The p ros theses were prescr ibed July 31 , 
1972, and delivered on Oc tober 14, 1972. When 
last examined April 20, 1973, the following note 
was recorded by the clinic t eam: 

" T h e patient was pleased with the open-
mesh distal-end soft socket inserts and 
demons t ra t e s a perspirat ion pool in the t rap 
below the mesh on each side. It was esti
mated that two tablespoonfuls of fluid were 
r emoved from each socket t rap every 
n igh t . " 

C A S E N O . 3. 

J . S . F . , a 32-year-old e levator opera tor was 
ampu ta t ed on the right side below the knee in 
May 1969, following an injury by a land mine . 
His s tump was revised in Sep tember 1969, to 
a 7 1/2" length. An Ertl p rocedure ( 3 , 4 , 5 , 6 ) was car
ried out . When he was seen by the clinic team on 
N o v e m b e r 19, 1970, he complained of pain in 
the distal part of the s tump. Only a limited 
amount of weight-bear ing could be tolerated in 
spite of the Ertl p rocedure . A P T B prosthes is 
with a Plas tazote distal pad was prescr ibed. In 
February 1972, an ulcer appeared on the distal 
end of the s tump. The ulcer healed finally, after 
several socket ad jus tments , by June 1972, but 
the distal end cont inued to cause discomfort . An 
open-mesh distal-end soft-socket insert was pre
scr ibed. The pros thes is was delivered on Sep
t e m b e r s , 1972. 



F i g . 2 . P h o t o g r a p h s h o w i n g a c c u m u l a t i o n o f f luid in 

t h e d i s t a l c o m p a r t m e n t . 

On re-examinat ion December 14, 1972, it was 
recorded by the clinic team that the patient was 
pleased with the open-mesh socke t . He was re
ferred to Internal Medicine for t rea tment of 
general ized edema , asci tes , and a palpably en
larged liver. The s tump was in good condi t ion, 
fitted well in the socket , and was not edema tous . 
After he was placed under medical ca re , his 
generalized e d e m a was control led. 

When examined February 5, 1973, he repor ted 
that , al though he formerly had noted a good deal 

F i g . 3 . M o d i f i e d p o s i t i v e m o d e l o f t h e b e l o w - k n e e 

s t u m p . 

of perspirat ion in his socket , he no longer had 
had this problem with use of the open-mesh in
sert . His s tump sock was d a m p in the evening, 
but not wet . 

At his last examinat ion , April 23, 1973, he in
dicated that he was pleased with the insert , stated 
he had no p rob lems , and reques ted a similar type 
for a spare . The s tump was in good condi t ion. 

C A S E N O . 4. 

M . C . S . is a 50-year-old, unemployed BK 
amputee whose left leg was amputa ted in Sep
t ember 1971 for Buerger ' s d i sease . A once-inch-
wide spli t- thickness skin graft had been used to 
achieve closure along the entire t ransverse length 
of the fishmouth scar. The s tump was in good 
condition o the rwise . In Sep tember 1972, the 
right side was amputa ted , also at the BK level. 
On this side there was tenderness at the distal 
end, and the pat ient could not tolerate total con
tact . A pros thes is with an open-mesh distal-end 
socket insert was delivered to the patient in Sep
tember 1972 for the left leg. In view of the distal 
pain, the right side was provided with an open-
end socket . On January 8, 1973, it was recorded 
by the clinic team that his left s tump was rela
tively free of mois ture . 

On February 28, 1973, the clinic team reported 
that , after the ampu tee used his pros thes is for 
four hour s , about a tablespoonful of fluid was 
accumula ted in the compar tmen t below the mesh 
on the left l imb. The s tump sock felt d a m p , not 
wet . T h e pa t ien t ' s s tump was shrinking progres
sively and a new pros thes is of the same type 
was prescr ibed. 

C A S E N O . 5. 

R . L a C , a 50-year-old clerk sustained a post
t raumat ic amputa t ion below the knee in 1944. 
The s tump was revised in 1949. The patient did 
not have a problem with excess ive perspirat ion, 
but he did have a fitting problem. By February 
9, 1971, two months after he had been conver ted 
from a thigh-corset side-joint limb to a PTB with 
a foamed-in-place distal end he developed an ul
cer over the distal end of the s tump. The patient 
was very coopera t ive , and extremely anxious to 
discard the thigh corset . On February 17, 1971, 
a precursor of the open-mesh distal-end socket 
was fabricated for him. Cordo- impregnated 
nylon mesh was used with a view to simulating 
the air-cushion socket (8), yet with retention 
of the ability to modify the socket or replace 
the insert . This approach failed, although there 
was some improvement in the condit ion of the 
s tump. However , the ulceration did not heal 
completely and he cont inued to have discomfort . 



Fig. 4. Holes are drilled in positive model so that use 
of vacuum pump will avoid bridging of laminate. 

Fig. 5. Making the circumferential line to delineate 
the area of the open mesh. 

H e r e v e r t e d to the t h i g h - c o r s e t l i m b , but pers i s t 
e d in his w i s h to h a v e a P T B . 

On O c t o b e r 2 0 . 1972. a P T B wi th an o p e n - m e s h 
d i s t a l - e n d soft s o c k e t insert w a s d e l i v e r e d to h im. 
H e c o u l d not o b t a i n c o m f o r t with this a n d . w h e n 
last s e e n in Apri l 1973, he had finally a c c e p t e d 
the t h i g h - c o r s e t s ide- jo int p r o s t h e s i s a s the mos t 
c o m f o r t a b l e l imb for h i m . T h i s pat ient is c o n 
s i d e r e d a fai lure a l t h o u g h it is qu i te e v i d e n t that 
the p r o b l e m w a s o n e o f inabi l i ty to obta in c o m f o r t 
w i t h o u t a th igh c o r s e t rather than fai lure o f the 
o p e n - m e s h p r o c e d u r e . 

F A B R I C A T I O N O F T H E O P E N - M E S H 
L I N E R 

F o r the o p e n - m e s h l iner to f u n c t i o n proper ly 
the usual m o d i f i e d m a l e m o d e l o f the s t u m p m u s t 
be m o d i f i e d further by the r e m o v a l o f 1/8" o f p l a s 
ter f r o m the distal end o f the m a l e c a s t ( F i g . 
3) . 

A 1/8" d i a m e t e r h o l e is b o r e d in the patel lar 
t e n d o n area and a n o t h e r in the popl i tea l area 
to t h e i n s i d e o f the c u p to permit m a x i m u m u s e 
o f a v a c u u m p u m p dur ing l a m i n a t i o n ( F i g . 4 ) . 

A c i r c u m f e r e n t i a l l ine is m a d e o n e inch proxi 
mal to the distal e n d o f the c a s t ( F i g . 5) to d e 
l i n e a t e the area for l o c a t i o n o f the o p e n - m e s h . 
O b v i o u s l y this area s h o u l d no t be c o a t e d wi th 
" C o r d o " at a n y s t a g e in the p r o c e d u r e . 

A w o m a n ' s n y l o n h o s e is then p l a c e d o v e r 
the c a s t to p r e v e n t d a m a g e to the la tex b a l l o o n 
that is then i n v a g i n a t e d o v e r it ( F i g . 6 ) . 

T w o c o a t s o f " C o r d o s o l u t i o n plain are a p 
pl ied d i rec t ly to the la tex b a l l o o n , but not e x 
t e n d e d past the mark on the distal e n d o f the 
c a s t . A shr inker s o c k is rol led o n t o the c a s t o v e r 
the b a l l o o n ( F i g . 7 ) . C a r e s h o u l d b e t a k e n not 
to br idge the pop l i t ea l or pate l lar t e n d o n a r e a s 
w i t h the shr inker s o c k . T h e shr inker s o c k is 
c o a t e d t w i c e with " C o r d o s o l u t i o n p l a i n " up to 
the m a r k e d a r e a , l e a v i n g the distal e n d free . A s 
i n d i c a t e d p r e v i o u s l y , the free e n d o f the shr inker 
s o c k wil l c o n s t i t u t e the f l e x i b l e o p e n - m e s h dis ta l 
e n d o f t h e c o m p l e t e d insert . 

A l ength o f t u b e g a u z e , c l o s e d at the distal 
e n d , is pu l l ed o v e r the l iner and c o a t e d with t w o 
a p p l i c a t i o n s o f " C o r d o s o l u t i o n 5 0 " . again l eav 
ing the distal e n d u n c o a t e d ( F i g . 8 ) . 

T h e distal e n d o f t h e g a u z e is cut a l o n g the 
p r e v i o u s l y o u t l i n e d c i r c u m f e r e n t i a l mark and d i s 
c a r d e d ( F i g . 9 ) . 

A s e c o n d layer o f t ube g a u z e is app l i ed and 
c o a t e d in the s a m e m a n n e r . T h i s l a y e r is t r i m m e d 
to a l eve l 1/4" p r o x i m a l to the trim l ine o f the 
p r e v i o u s l a y e r . T w o c o a t s o f " C o r d o s o l u t i o n 
5 0 " are a p p l i e d . T h i s p r o c e d u r e is r e p e a t e d , re-



Fig. 6. Imag ina t ion of the balloon that acts as a s epara t i ng a g e n t , o v e r t h e p o s i t i v e m o d e l . 

Fig. 7. Application of s h i n k e r sock after application 
ot two coats of " C o r d o solution p la in" . 

Fig. 8. Application of "Cordo solution 5 0 " to the lube 
gauze_c that has been applied over the shi inkei sock 
(Fig. 7). 



Fig. y. Cutting of the tube gauze, so'that the distal 
end can be removed to expose the open-mesh area. 

Fig. 10. View of distal end of liner after success ive 
layers of tube gauze have been applied, each about 
1/4" above the other to develop a tapering distal end. 

treat ing p r o x i m a l l y at 1/4" i n c r e m e n t s until a total 
o f s ix l a y e r s o f tube g a u z e h a v e b e e n a p p l i e d , 
e a c h w i t h t w o a p p l i c a t i o n s o f " C o r d o s o l u t i o n 
5 0 " ( F i g . 10). 

F i n a l l y , a p r o s t h e t i c s h e a t h or a w o m a n ' s 
s t o c k i n g is app l i ed and s imi larly c o a t e d w i t h 
" C o r d o . " T h e l iner is a l l o w e d to air c u r e for 
at l eas t f ive h o u r s to insure that the k e t o n e s h a v e 
e v a p o r a t e d fully Cur ing c a n be d o n e in l e s s than 

t w o h o u r s b y u s e o f a c o n v e c t i o n t y p e o f o v e n 
w i t h a h i g h - s p e e d b l o w e r . T h e t e m p e r a t u r e 
s h o u l d not e x c e e d 125 F . 

U p o n c o m p l e t i o n o f the l iner , and prior to 
l a m i n a t i o n o f the s o c k e t , a 1/2 thick c a p is p l a c e d 
o v e r the d is ta l e n d of the l iner, w h i c h , w h e n 
r e m o v e d after l a m i n a t i o n o f the s o c k e t , wil l l e a v e 
an o p e n s p a c e b e n e a t h the distal e n d o f the m e s h 
to p r o v i d e a persp ira t ion trap. T h e c a p m a y be 
m a d e o f e i t h e r p l a s t e r o f Paris or p o l y u r e t h a n e 
f o a m . For e a c h , the fabr icat ion t e c h n i q u e is 
e s s e n t i a l l y the s a m e . A s h e e t o f P V A is s t r e t c h e d 
o v e r the distal e n d of the l iner to pro tec t it f rom 
the f o a m or p las ter of Par is . A p o l y e t h y l e n e bag 
or P V A s h e e t is then w r a p p e d around the distal 
end o f the l iner and p o l y u r e t h a n e rigid f o a m (or 
p las ter ) is p o u r e d into the e x t e n s i o n . T h i s is 
s h a p e d to the c o n t o u r s o f the c a s t to p r o v i d e 
t h e 1/2" e x t e n s i o n required ( F i g . 11). T h e l iner 
and c a s t are l a m i n a t e d in the c o n v e n t i o n a l w a y . 
T h e m a l e c a s t s h o u l d b e k n o c k e d f rom the l iner, 
b e c a u s e w h e n it is pul led d e l a m i n a t i o n o f the 
l iner m a y o c c u r . 

B e c a u s e the r e l a t i o n s h i p o f s t u m p to s o c k e t 
is c r u c i a l , the 1/8" d i f ferent ial built into the distal 
e n d o f the l iner m u s t b e p r o t e c t e d aga ins t any 
s l ight d o w n w a r d d i s p l a c e m e n t o f the ent i re insert 
w i th in the s o c k e t . T h i s c o u l d o c c u r dur ing the 
s t a n c e p h a s e w h e n s t u m p p r e s s u r e is appl i ed 
i n t e r m i t t e n t l y . T o p r e v e n t s u c h d i s p l a c e m e n t a 
s u p p o r t i n g lip that o v e r l a p s the s o c k e t br im is 
built into the brim o f the inser t . T h e l iner is 
t r i m m e d to the s a m e c o n t o u r s a s the s o c k e t but 
a 3/8" e x t e n s i o n a b o v e the s o c k e t brim is left . 
A trac ing o f the p r o x i m a l por t ion o f the s o c k e t 
is m a d e and a p a p e r pattern d e v e l o p e d to be 
u s e d in c u t t i n g a p i e c e o f m o d i n g l ea ther that 
wil l f o l l o w the c o n t o u r s o f the 3/8" e x t e n s i o n ( F i g . 
12). T h e l ea ther and the l iner are c o a t e d wi th 
a c e m e n t s u c h as S u p e r b o n d . After the c e m e n t 
has d r i e d , t h e l ea ther is s o a k e d in w a t e r until 
it is p l iab le , and t h e n it is a t t a c h e d to the l iner 
and s e w n into p o s i t i o n . 

T h e fit o f t h e p r o s t h e s i s m a y be c h e c k e d b y 
X - r a y . T h e l iner wil l s h o w up d i s t inc t ly if the 
e x p o s u r e is not t o o h e a v y , a s in F igure 13 left , 
or it m a y require d e m a r c a t i o n with a c o i n in the 
b o t t o m o f the s o c k e t a s in F i g u r e 13 right. 

S U M M A R Y 

A B K soft s o c k e t wi th an o p e n - m e s h distal 
e n d has b e e n p r e s e n t e d . T h i s insert wil l retain 
total c o n t a c t w h i l e a l l o w i n g the e s c a p e o f per 
sp irat ion fluid b a t h i n g the s t u m p o f the pat ient 
wi th h y p e r h i d r o s i s . T h e insert h a s b e e n s u c c e s s 
fully e m p l o y e d for four p a t i e n t s . O n e pat ient is 
i n c l u d e d as a fa i lure , but the fai lure w a s not d u e 



Fig. 11. Left, cap applied over distal end of liner-mold to provide space below liner in finished pros thes is : 
right. cutaway view of finished socket showing space be tween end of liner and the bot tom of the socket . 

Fig. 12. View of the suppor t ing lip. See . a l so . Fig. 
11. 

to d i s s a t i s f a c t i o n with the o p e n m e s h but rather 
inabi l i ty to adapt to the c h a n g e from a th igh-
c o r s e t s ide - jo in t p r o s t h e s i s to a P T B t y p e . T h e 
liner has a l s o b e e n fabr icated s u c c e s s f u l l y for 
P T S a n d t h i g h - c o r s e t t y p e s o f p r o s t h e s e s a s w e l l 
as the s tandard P T B . 
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