
THE CONNECTION 1 

A . B E N N E T T W I L S O N , J R . 

The functions provided by the connec­
tion between an amputee and his ar­

tificial leg a re pr imari ly: transfer of 
weight-bearing loads to the ground 
through the distal port ion of the pros­
thesis; the transmission of power from 
the body to the prosthesis for actuation 
and control of the prosthesis; and the 
provision of suspension of the prosthesis 
when it is not in contact wi th the floor or 
ground. 

T h e only successful way of providing 
these functions to date is by means of a 
tubular , cup-like receptacle, known as 
" t h e socket", that encases the ampu ta ­
tion s tump. Sometimes all or par t of the 
suspension function is provided by straps 
over other parts of the body. 

N o single factor is more impor tant in 
lower-l imb prosthetics than the relation­
ship between the amputa t ion s tump and 
the socket. Proper fit has yet to be de­
fined quanti tat ively. But the most so­
phisticated mechanical components are of 
little use when the artificial leg is at­
tached to the pat ient so loosley that 
control is inefficient. Conversely, when, 
in an effort to provide stability, the 
socket fits so tightly as to restrict blood 
flow in the s tump, the prosthesis must 
soon be abandoned. 

T h e most significant contributions of 
the American and Canad ian research 
programs in l imb prosthetics (Wilson 
1970) a re considered by many to be 
socket designs, methods of socket fitting 
and fabrication, and principles of pros-

thesis a l ignment . T h e outstanding ex­
amples a re Canadian- type Plastic 
Syme's prosthesis (Fig. 1) and its vari­
ants , the patel lar- tendon-bear ing ( P T B ) 

Fig. 1. Cross-section of plastic Canadian-type 
prosthesis for Syme's amputation. 



Fig. 2. Cross-section of standard patellar-tendon-
bearing (PTB) prosthesis developed at the Univer­
sity of California, Berkeley and San Francisco. 

Fig. 3. Total-contact, quadrilateral socket for 
above-knee amputations developed at the Univer­
sity of California, Berkeley and San Francisco. 

below-knee prosthesis (Fig. 2) and its 
var iants , the quadr i la tera l sockets (Fig. 
3) wi th and without suction, wi th and 
wi thout total contact for above-knee am­
putees, and the Canadian- type hip-dis-
art iculat ion (Fig. 4) and hemipelvectomy 
prostheses (Wilson 1968, 1969, 1970). 

T h e instructions set forth in manua l s 
used in educational p rograms , when fol­
lowed closely by skilled prosthetists, re­
sult in adequa te prostheses for pat ients 



Fig. 4 Schematic of the Canadian-type hip-
disarticulation prosthesis. 

without other complicating factors. H o w ­
ever, complicating factors which tax even 
the most competent prosthetists are often 
present, and if, for no other reasons, 
methods for providing sockets that meet 
more adequately the demands of all 
amputees are needed. 

Socket D e s i g n 

T o provide better criteria for socket 
designs, it seems obvious that we need to 
know a good deal more about the mech­
anisms of edema and the circulation of 
body fluids t han we do at present . O n e 
reason we lack knowledge in these areas 
is that we do not have the means to 
measure efficiently the pressures between 
the s tump and the socket, or the methods 
of measur ing effectively the results of the 
applicat ion of pressure . 

These problems have been recognized 
for many years, and some efforts, though 
wi th little useful results , have been made 
in determining the distr ibution of forces 
over the amputa t ion s tump (Appoldt 
1969, 1970). Pressure t ransducers that 
have been used to date have been either 
unrel iable or used improper ly , and up 
to this point few ideas have been set 
forth in reference to practical ways to 
measure the effects of pressure on the 
soft tissues of an amputa t ion s tump 
( C P R D 1972). 

Several independent developments 
have taken place th rough the years that , 
if combined, might lead to relatively in­
expensive studies tha t might in t u rn 
lead to improved connections between 
patient and prosthesis. 

O n e of the deterrents to studying the 
effect of changes in socket shape on the 
amputa t ion s tump has been the cost of 
making individually tailored sockets, and 
fitting and aligning them with other com­
ponents to provide prostheses suitable 
for experimental purposes. 

T h e dilatancy technique for taking im­
pressions of amputa t ion s tumps has been 
refined in recent years, especially by 
G e r m a n s et al. at the Medical Physics 
Insti tute in Hol land , and Hagg lund in 
Sweden. Th i s technique offers a very in­
expensive way of obtaining casts and 
models of s tumps, for the product ion of 
exper imental sockets (CAL 1947, Koster 
1972), Hagg lund 197) (Fig. 5). 

T h e work of Snelson & Mooney 
(1972) has shown that for practical pu r ­
poses not only can the t ime required for 
laminat ion be el iminated, but a t rans­
parent socket as well can be had quite 
inexpensively by vacuum-forming tech­
niques (Fig. 6). A t ransparen t socket 
clearly offers the oppor tuni ty not only 
for visual observation, but also an oppor­
tunity for the investigators to ensure that 
the pressure t ransducers are always in 
the same location and that the socket is 



Fig. 5. Steps in dilatency casting of stump and production of a positive model. 



Fig. 6. Vacuum forming a transparent socket for 
a below-knee prosthesis. 

Fig. 7. Transparent sockets fitted to a bilateral 
below-knee amputee for extensive checkout. 

in the same relat ionship wi th the s tump 
dur ing each trial (Fig. 7). 

Lightweight , inexpensive, endoskeletal 
components for lower-l imb prostheses 
that permit all adjustments required for 
proper al ignment are now available com­
mercially (Wilson 1968, 1969), so that , 
coupled with dilatancy-casting and vac­
uum-forming of sockets, a feasible means 
of providing many experimental socket 
shapes for the same group of subjects is 
readily available. 

A few years ago the pressure t rans­
ducers considered useful for measur ing 
pressure between the s tump and the 
socket cost more than $300 per unit, and 
the area covered was less than 1.28 cm 2 . 
T h e r e is some question about the size of 
the area that will provide a useful mea­
sure, but certainly 1.28 c m 2 is too small 
to be practical or desirable, even when 
the pain threshold is not exceeded. 

An approach not yet tried scientifically 
is the measurement of forces over com­
ponents of a segmented socket. It would 
seem that this is a more logical approach 
than measur ing pressures over pinpoint-
size areas. 

Visual observation through a t rans­
parent wall of a socket will of course help 
in observing the ou tward effects of pres­
sure on the soft tissues of the s tump, but 
it would seem that one of the most logi­
cal methods available to measure and 
record these effects is the T h e r m o g r a p h 



camera (Brand 1969, 1970). A complete 
record of skin tempera tures can be made 
very rapidly by use of thermography 
without danger or discomfort to the 
patient . Brand, in working wi th leprosy 
patients, has pointed the way for use of 
this technique. 

Another development that has been 
suggested over the years, and one that is 
gradually being learned about , is the 
use of inflated pads on the inner surface 
of the socket to provide an adjustable 
range of pressure. Newer materials and 
more awarness of the way inflated units 
work, coupled with the suggestions given 
above, should make this approach more 
attractive as t ime goes on. 

New sheet plastics that have better 
propert ies seem to be introduced ra ther 
constantly. Yet polypropylene, polyethy­
lene, and other materials have not been 
tried thoroughly, al though they are used 
in orthoses routinely in some institu­
tions. The i r combination of flexibility 
and tensile strength seems to have much 
to offer when studying the advantages 
that might be provided by socket walls 
that have a stiffness gradient—one that 
becomes more flexible in the proximal 
direction ( M u r p h y 1960). 

S u r g e r y 

It has been stated many times that 
surgical procedures have a great effect on 
the s tump and the consequent fitting of 
the socket. Th i s of course is t rue especi­
ally in reference to invaginated scars and 
obviously poorly placed incisions. Not so 
clear are the advantages of myoplasty, 
myodesis, and osteoplasty (Burgess 1969, 
Dederich 1970, Loon 1962, Swanson 
1966, Weiss 1971). W e all have our clini­
cal impressions, but to date no one has 
carried out a scientific evaluation of 
these techniques. Th i s is most unfor­
tunate because the means of doing this 
are available. 

Not so easy to assess is the idea of 
"skeletal a t t achment" , or the connection 
of the prosthesis directly to the long bone 
of the amputa t ion s tump. Th i s idea is 
not new, but if it would be made pract i­
cal, the connection problem for the ma­
jor i ty of amputees would be solved, and 
the engineers could devote more time to 
the design of other mechanisms and com­
ponents . 

T h e problem can be divided into two 
par t s : a t tachment to the bone, and the 
exit th rough the skin and the superficial 
soft tissues. 

T h e first reference to skeletal at tach­
ment came from G e r m a n y (Cutler 1945, 
M u r p h y 1960) in 1945 but little work 
seems to have been carried out since then 
in any place but the Uni ted States. Ess-
linger (1970), influenced by Stone's work 
wi th the h u m a n eye, showed that certain 
Silicone compounds were compatible 
with both osseous and soft tissues, and 
he had some success with percutaneous 
plastic strips staying in place along the 
backs of dogs, but did not collect suffi­
cient data to make follow-up studies of 
his techniques attractive. Ha l l* used 
Dacron velour in t reat ing a horse with 
some success. Mooney (1971) has been 
experiment ing with ceramic structures 
and vitreous carbon as the percutaneous 
mater ia ls . 

In all of the exper iments , encouraging 
results have been obtained. It is, of 
course, difficult to find h u m a n subjects 
for these kinds of experiments , and 
animal studies leave much to be desired. 
Nevertheless, research in skletal at tach­
ment of external prostheses is encourag­
ing and should be supported. 

S u m m a r y 

T h e need for improved designs for 
sockets for artificial legs is stated, and 
suggestions for research that will lead 



to more functional connections between 
the pat ient and the prosthesis a re set 
forth. 

References 

(1) Appoldt, F . A . , Bennett, L. & Contini, R. 
(1969) Socket pressure as a function of pressure 
transducer protrusion. Bull. Pros. Res. 10, 236-
249. 

(2) Appoldt, F . A . , Bennett, L. & Contini, R. 
(1970) Tangential pressure measurements in 
above-knee suction sockets. Bull. Pros. Res. 10, 
70-86. 

(3) Brand, P . W . & Ebner, J. D. (1969) A 
pain substitute pressure assessment in the insensi­
tive limb. Amer. J. occup. Ther. 23,479-486. 

(4) Brand, P . W . , Sabin, T . D . & Burke, J. F. 
(1966-70) Sensory denervation—a study of its 
causes and its prevention in leprosy and of the 
management of insensitive limbs. Final Report 
SRS Project No. RC-40-M, U.S. Public Health 
Service Hospital, Carville, La. 

(5) Burgess, E . M . , Romano, R . L . & Zettl, 
J . H . (1969) The management of lower-extremity 
amputations. U.S. Veterans Administration TR 
10-6. 

(6) Committee on Artificial Limbs (1947) Ter­
minal research reports on artificial limbs Na­
tional Research Council (USA). 

(7) Committee on Prosthetics Research and 
Development (1972) The effect of pressure on soft 
tissues—a report of a workshop. National Acade­
my of Sciences. 

(8) Cutler, E. & Blodgett, J . B . (1945) Skeletal 
attachment of prosthesis for the leg. [Final Report 
of Harvard on] Contract OEM cmr-214. Commit­
tee on Medical Research of the Office of Scientific 
Research and Development, Washington, D.C. 

(9) Dederich, R. (1970) Amputationen der 
unteren extremitat. Georg Thieme Verlag, Stutt­
gart. 

(10) Esslinger, J . O . (1970) A basic study in 
semi-implants and osseous attachments for appli­

cation to amputation prosthetic fitting. Bull. Pros. 
Res. 10, 219-225. 

(11) Koster, M. W. (1972) Equipment for 
evacuated grain impressing. Institute of Medical 
Physics TNO, Utrecht, The Netherlands. 

(12) Hagglund, Lars. The vacuum-sand-form­
ing method for casting below-knee sockets, ISPO 
Bulletin. 

(13) Loon, H. E. (1962) Below-knee amputa­
tion surgery. Artif. Limbs 6, 86-99. 

(14) Mooney, V., Predecki, P . K . , Renning, J. 
& Gray, J. (1971) Skeletal extension of limb pros­
thetic attachment—problem of tissue reaction. J. 
Biomed. Mat. Res. Symp. 2, 142-59. 

(15) Mooney, V. & Snelson, R. (1972) Fabrica­
tion and application of transparent polycarbonate 
sockets. Orth. and Pros. 26, 1-13. 

(16) Murphy, E. F. (1960) Lower-extremity 
components. Orthopaedic appliances atlas, Vol. 2, 
Chapt. 5. J . W . Edwards, Ann Arbor 

(17) Swanson, A. B. (1966) Improving the end-
bearing characteristics of lower-extremity amputa­
tion stumps—a preliminary report. Inter-Clin. 
Inform. Bull. 5, 1-7. 

(18) Weiss, M. et al. (1971) Myoplastic ampu­
tation, immediate prosthesis and early amputa­
tion. U.S. Govt. Printing Office, Washington, 
D.C. 

(19) Wilson, A . B . , Jr. (1968) Recent advances 
in above-knee prosthetics. Artif. Limbs 12,1-27. 

(20) Wilson, A . B . , Jr. (1969) Recent advances 
in below-knee prosthetics. Artif. Limbs 13, 1-12, 

(21) Wilson, A . B . , Jr. (1970) The prosthetics 
and orthotics program. Artif. Limbs 14, 1-18. 

*Southwest Research Institute, San Antonio, 
Texas. 

1This is a slightly revised version of an article 
that appeared originally in Acta Orthopaedica 
Scandinavia Vol. 44, 1973. Reprinted here with 
permission. 

2Director of Rehabilitation Engineering, Divi­
sion of Orthopedic Surgery, University of Texas 
Health Science Center at Dallas. 


