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Introduction and aims 

 

In order to prove the efficacy of a prosthetic technology, the concept of ‘patient benefit’ ought to be 

constrained to improvements in the user’s short or long-term health. The ‘Four Pillars’ of amputee 

rehabilitation define these health benefits to those affecting the risk of falls (ROF), osteoarthritis 

(OA), lower back pain (LBP) and residual limb tissue injuries (LTI). This review examines the 

evidence for hydraulic ankles (HYD) and microprocessor-controlled hydraulic ankles with variable 

resistances (MPF), compared to rigidly-attached or elastic feet (FIX), in the context of the Four 

Pillars. 

 

Methods 

 

At initial contact, the viscoelastic design of HYD ‘cushions’ the impact, so less energy is 

transmitted to the vulnerable residuum soft tissues. HYD and MPF finish stance phase with the 

‘ankle’ in a dorsiflexed position, which is maintained during swing phase. This intends to improve 

toe clearance compared to FIX and reduce the risk of trips. Adaptation of the ankle to slopes when 

walking downhill is designed to provide secure kinematics and reduce gait compensations, while 

MPF adjust resistance to apply a ‘brake’ effect, controlling adverse momentum build up. When 

standing, the ankle adaptation of HYD and MPF allow ‘self-alignment’, especially when on sloped 

or uneven ground. 

 

Results 

 

In terms of ROF, an 18% increase in prosthetic minimum toe clearance during swing with HYD 

compared to FIX1 is likely to reduce trip-based falls, and ground compliance adaptation improves 

static balance on non-level surfaces2. The ‘braking’ effect of MPF has been shown to increase 

negative work done by the prosthetic ankle and reduce the angular velocity of the shank by up to 

9%, compared to passive HYD when walking downhill, indicating improved control of 

momentum3. 

 

OA and LBP are linked with excessive reliance on the sound limb and kinetic asymmetries. The 

ground compliance provided by HYD and MPF during standing2 and walking4 has shown a 

decrease in the load on the sound limb and improved symmetry between the two limbs. These 



improved biomechanics reduce the metabolic cost of movement, when using HYD, by 

approximately 12% on level ground and 20% on slopes5. Symmetry also improves for K2 amputees 

when using HYD6-7. MPF further reduce the load on the sound limb by 7-8%, when walking up or 

downhill8. 

 

The damping provided by HYD at initial contact reduces the peak pressures on the residual limb by 

up to 81% and the loading rate by up to 87%, on various walking surfaces, compared to FIX9. 

 

Conclusion 

 

There is an abundance of scientific evidence to show that hydraulic ankles provide short and long-

term health benefits. When discussing the efficacy of a prosthetic technology, the conversation 

should be in the context of quantifiable user health benefits. 
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