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Some of the highlights in the history of the use of 
hydraulic systems in artificial legs might be useful in 
understanding the present status and influencing the 
future application of hydraulic principles in lower-l imb 
prosthetics . 

O n e of the pr ime objectives of the designers of artifi
cial legs for above-knee amputees is control of the knee 
joint, and , thus , the shank to provide the amputee with 
the means to stand and walk safely, efficiently, and 
gracefully. Sporadically since 1918, and possibly before, 
hydraulic principles were proposed as a m e a n s for lock
ing or braking the knee to enhance safety, but none of 
these ideas seem to have reached a practical stage until 
after World W a r II. 

W h e n the National A c a d e m y of Sciences (NAS) in
itiated a research prog ra m in l imb prosthetics in 1945 at 
the request of the Surgeon General of the A r m y , surveys 
of amputees indicated that the above-knee amputees felt 
that their greatest need w a s a knee lock that would pre
vent stumbling. This "finding" prompted a n u m b e r of 
designs in the United States that used hydraulic systems 
to provide knee locking or braking o n d e m a n d . C o n c u r 
rently, a team in Germany , Ulrich Henschke , a physi 
c ian, and Hans M a u c h , an engineer , developed a leg 
prototype that used a hydraul ic lock activated by mot ion 
of the abdominal wall. After Dr. Henschke and Mr. 
Mauch m o v e d to the United States at the invitation of the 
United States Air Force , they w e r e encouraged by their 
host to cont inue development of their design, and they 
became active in the NAS Artificial L i m b Progr am. 

During the 1940's , Mr. Jack Stewart , an A K amputee 
and inventor, devised, to meet his o w n needs , an above 
knee leg which used a hydraulic system to not only 
provide knee locking, but also to provide shock absorp
tion at the heel , co-ordinated mot ion between knee and 
ankle joints, and adjustability of the height of the heel. 
Swing phase control w a s provided by hydraul ic fluid 
being forced through a single orifice, a serendipitous 
sort of c ircumstance . 

About 1951, leaders in the research p ro gram c a m e to 
the conclusion, based on data developed at the Univer
sity of California, that perhaps , more important than 
control in the stance phase , is control during the swing 
phase . Mr. Mauch w a s requested to give h igh priori
ty to the design of a mechan i sm that would provide 
control of the knee during swing phase so that the a m 
putee could vary cadence wi thout changing the friction 
control setting. At about the same t ime it w a s recognized 
that the characterist ics of a fluid flowing through an 
orifice had the possibility of providing automatical ly the 
change in resistance to knee flexion and extension 
needed to compensate for changes in the walking ca
dence. 

Us ing m a n y of the same parts designed for the 
stance-control system as well as data provided by the 
University of California Biomechanics Laboratory con
cerning knee movements during swing phase , Mr. 

Mauch produced a unit with a n u m b e r of orifices ar
ranged to provide changes in resistance to rotation at the 
knee corresponding to the "normal ." This design, 
known as the Model " B , " after some years of testing and 
field use , w a s combined with the stance-control sys
tem to produce the Model " A , " which w h e n modified 
was marketed as the Henschke-Mauch S'n'S (Swing and 
Stance) knee unit. During the development of the 
Henchke-Mauch units several less complex hydraulic 
and pneumat ic units w e r e also developed by others and 
marketed commercial ly with some degree of success. 

During the early 1950's 18 units of the Stewart design 
known as the Stewart-Vickers Hydraul ic Leg were 
evaluated by a team at N e w York Universi ty , w h o found 
good amputee acceptance , and r e c o m m e n d e d that the 
locking feature be el iminated since the cost could be 
reduced appreciably and the test subjects didn't seem to 
make use of that feature. This recommendat ion w a s fol
lowed by Mr. Stewart, w h o a short while later sold all 
rights to U .S . Manufacturing C o . , w h o manufactured 
and marketed it as the H y d r a - C a d e n c e Leg. The Hy
dra-Cadence Leg has been a commercia l success , but 
in spite of a great deal of experience no one can be sure of 
the relative importance of its m a n y features. 

The development of hydraulic mechan i sms for artifi
cial legs has been plagued by leakage and breakage , 
which is only natural in an effort that tries to arrive at the 
o p t i m u m compromise between cost, weight , and func
tion. W h e t h e r or not this o p t i m u m has been achieved 
is not yet known. W e do know, however , that active 
above -knee and h ip-d i sart icu la t ion a m p u t e e s a p 
preciate the swing-phase control function afforded by 
hydraulic mechan i sms and that the present day costs are 
not prohibit ive for a substantial n u m b e r of amputees . 
No definitive studies have been m a d e that would de
lineate the efforts of the various factors and features 
involved, singly or in combinat ion . W i t h the availability 
of 4-channel 2 4 - h o u r physiological surveillance systems 
and other sophist icated instrumentat ion, such studies 
seem to be quite feasible now and certainly should be 
cons idered. 

For at least thirty years the need for voluntary control 
of the knee joint has been recognized, but until the 
advent of the microcomputer it w a s difficult to conceive 
of a practical method to accomplish this. W h e n micro
computers b e c a m e available, the first reaction of some 
designers w a s simply to add the microcomputer to pre
sent hydraulic systems, but these efforts failed most 
probably because the systems available were not de
s igned for control by computer . At any rate , it would 



seem that the weight alone of present systems would 
make voluntary control impract ical , and thus any project 
in this area should begin anew. 

At present , very little work seems to be going on in the 
area of voluntary control systems. Some work at the 
Massachusetts Institute of Technology has been reported 
for nearly a decade . More recently, the R E C at Moss 
Rehabilitation Hospital started a project w h e r e pattern 
recognit ion techniques are used to obtain subconscious 

control of a knee mechan i sm by E M G signals about the 
hip joint, which shows a good deal of promise . 

Perhaps what w e need most at this point is more 
information concerning the contribut ion of each vari
able, such as swing-phase control , s tance-phase control , 
ankle act ion, weight , and weight distribution, singly 
and in combinat ion , for designers of the next generat ion 
of above-knee legs. W i t h the technology n o w available 
to us , this appears to be possible as well as practical . 


