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Without a thorough understanding of the principles 
of operat ion and functional benefits eng ineered into 
the sophisticated hydraulic knee mechanisms, the thera
pist will be unable to help the amputee gain m a x i m u m 
benefits and to use the system effectively. It is im
portant that the prosthetist ascertain that the therapist 
knows what adjustability is incorporated into the 
prosthesis . M u c h of the adjustment will be done 
during dynamic al ignment at the prosthetic facility, 
but modifications will need to be m a d e as the patient 
gains confidence and his ambulat ion pattern im
proves . 

A n understanding of the fundamental differences 
between hydraulic control and mechanical friction 
will help in training the amputee to take full advan
tage of the flexibility of hydraulic mechani sms . A m 
putees can walk over a w i d e range of cadences in
stead of being limited as wi th mechanical friction. 
There are two reasons for this. First, hydraul ic fric
tion increases wi th speed to just balance the increase 
in kinetic energy of the prosthesis while mechanical 
friction remains essentially constant . The p r o g r a m m e d 
hydraulic characterist ics give little frictional resistance 
during initial extension and flexion, but build to a 
peak at terminal flexion and extension. This helps to 
provide a natural appearing gait regardless of c a 
dence . The stability of hydraul ic systems permits 
a l ignment nearer the trigger point and thus results in 
less energy expenditure required for walking. If a patient 
has previously used a mechanical knee, he needs to be 
reminded that no exaggerated residual l imb mot ion is 
necessary to gain adequate flexion and extension of his 
hydraulic prosthesis . 

For purposes of brevity I will limit m y discussion to 
gait training with one knee un i t—the M a u c h S-N-S 
(Figure 1) . The M a u c h S-N-S knee unit can be set to 
provide 3 functions: 

1. Swing and Stance phase control . 
2 . Swing phase control only. 
3 . Manual knee lock. 

A stirrup shaped lever near the top of the piston 
rod operates as a selector switch. W h e n the lever is in 
the down posit ion, swing and stance control are both 
operat ive . This would be the adjustment chosen for 
normal walking. The major advantage of stance con
trol is that it offers the patient s tumble recovery. If 

the prosthetic knee buckles, it will give w a y slowly 
enough that the patient should be able to regain his 
balance before falling. W h e n training a pat ient wi th a 
conventional knee unit , he is taught to forcefully 
contract his hip extensors late in swing phase to ac
celerate the shank forward (with resulting terminal 
impact) to ensure extension of the knee at heel strike. 
Amputees wear ing fluid-controlled mechan i sms need 
not do this. The amputee should be instructed to 
swing his thigh forward, decelerate it, and end the 
m o v e m e n t wi th the residual l imb point ing to the 
point on the ground where the heel should strike. 
The shank, aided by the built-in extension bias will 
swing forward smoothly , and at heel strike will be in 

Figure 1. Cutaway diagram of the Mauch Unit 



full extension. Wi th the stance phase control engaged , 
the prosthet ic knee will be stable in the initial port ion 
of stance phase wi thout forceful extension of the hip 
musculature be ing necessary. The feature makes gait 
training markedly easier. 

It is extremely important during the end of stance 
phase on the prosthetic side that the hip be ahead of 
the knee and weight on the ball of the foot. This 
hyperextens ion m o m e n t is necessary to d isengage the 
stance phase control momentar i ly and allow the knee 
to bend freely in swing phase . If the amputee does 
not exert this hyperextension for 1/10th of a second, he 
might experience difficulty in flexing the knee to 
begin swing phase . W h e n walking on soft g r o u n d , it 
is even more important to exert this hyperextens ion 
moment . 

The benefits of s tance control are also used w h e n 
walking down stairs and r a m p s in a s tep-over-step 
manner . This ability to walk d o w n steps in a step-
over-step m a n n e r rather than one step at a t ime or by 
jack-knifing is one of the key advantages of the 
Mauch knee unit. The patient needs to be taught to 
place his prosthetic heel on the lower step with the 
forefoot extending beyond the edge of the step (Fig
ure 2 ) . H e is then told to flex his h ip forward while 
s imultaneously putt ing weight on the prosthetic leg. 
This will cause a controlled bending of the prosthet ic 
knee. As the prosthetic knee yields, the sound leg is 
brought forward and placed on the lower s tep. If the 

patient has to wait for the prosthetic knee to bend , 
then stance phase resistance is too high and should 
be reduced. This activity is probably the most dif
ficult to teach an amputee , expecially if he has used a 
c o n v e n t i o n a l knee un i t in the past . This s a m e 
technique is used for going d o w n r a m p s . W h e n 
walking up steps and ramps the same techniques are 
used as in conventional training. 

W h e n sitting down in a chair , the patient can either 
use the weight bearing resistance of the S-N-S unit to 
control the rate of sitting, or release the stance phase 
control and use the sound leg to control sitting rate in 
the same fashion as wi th a conventional knee unit. 

H o w quickly the knee bends under weight is de
termined by the stance adjustment screw, which is 
turned with a 2 2 m m Allen w r e n c h (Figure 3 ) . The 
adjustment is extremely sensitive with a range of only 
120 degrees . Slowest bending and m a x i m u m stability 
is obtained with a full clockwise adjustment. Most 
patients like to start with a high degree of stability. 

To el iminate stance phase control the patient is told 
to stand wi th his prosthet ic leg behind his sound leg. 
Wi th weight on the toe of his prosthes is , he pulls the 
selector switch lever u p (Figure 4 ) . This m o d e would 
be used for bicycling and other activities needing a 
free swinging leg. Swing resistance is adjusted by 
moving the serrated c a p . The verticle black line under 
the serrated cap is the extension resistance marker. 
W h e n the black line is all the w a y to the right (4 o'clock) 
extension resistance is lowest, and all the w a y to the left 
(8 o'clock) is the m a x i m u m setting. A good resistance for 
beginning walking would be at 5 o'clock (Figure 5 ) . 

The s a m e serrated cap that adjusts extension resis
tance also adjusts flexion resistance. W h e n the " H " in 
the w o r d H Y D R A U L I C is over the line marker (re
gardless of the posit ion of the line marker) , flexion re 
sistance is lowest. " K " over the marker indicates 
m a x i m u m resistance. A good res is tance for beginning 
walking is at the "D" posit ion (as shown in Figure 5 ) . Figure 2. Correct placement of the prosthetic heel 

Figure 3. Allen wrench inserted into the stance adjust
ment screw. 



To engage the knee lock, the selector switch is pulled 
into up posit ion with the knee flexed and bearing 
no weight (Figure 6) . The knee m a y now be extended 
from this flexed posit ion, but increased flexion is not 
possible. 

A right-legged amputee might choose to lock the 
prosthetic knee while driving and press ing the pedal 
by a forward motion of the hip. For standing at work 
for any length of t ime or while s tanding on a bus , the 
amputee could be taught to lock his knee. 

The Mauch S-N-S units have also been successfully 
used by bilateral amputees . The two units are likely 
to be adjusted differently because different residual 
limb lengths call for different resistance settings. 

The patient should be taught that the hydraulic unit 
may require servicing every one to two years . H e 
should also be told that small amounts of air in the 
hydraulic system are no reason for concern. A n au
tomatic selfbleeding feature will el iminate the air after 
he walks a few steps, or if he bends the knees several 
t imes before applying the prosthesis . The leg should 
be stored upright wi th the knee fully extended so that 
air does not enter the hydraulic spaces . 

Figure 4. El iminat ing the stance phase control . Figure 5 . G o o d resistance settings for beginning walk ing . 

Figure 6. Engaging the knee lock. 
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