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would create an in-socket torque that 
could compromise the integrity of the 
suspension or may give the user the 
sensation of the socket being twisted off 
the residual limb.5 

Along with an increase in walking 
speed, minimum toe clearance during 
swing has been shown to increase on 
both limbs when those with unilateral 
transtibial amputations switch to using 
hydraulic ankle-foot devices.6 The 
increase in minimum toe clearance 
for the intact limb coincided with an 
increase in swing-limb hip flexion 
as a result of the faster walking 
speed. Previously, such speed-related 
increases in minimum toe clearance 
have been observed in able-bodied 
individuals and at the intact limb 
of those with unilateral transtibial 
amputations.20,21 These speed-related 
increases are, however, typically absent 
on the prosthetic limb.21 The increase 
in prosthetic-limb minimum toe 

clearance is therefore a consequence 
of the device being “dorsiflexed” at 
toe off, which would have the effect 
of elevating the leading edge of the 
(shod) prosthetic foot throughout 
swing. An increase in swing-phase 
hip flexion on the prosthetic side was 
also observed at the higher speeds, 
however the accompanying residual-
knee flexion was reduced, countering 
any increase in minimum toe clearance 
as a result of the speed-related 
increase in hip flexion.6 This highlights 
that the increases in minimum toe 
clearance were driven by the foot being 
dorsiflexed during prosthetic-limb 
swing rather than being at the neutral 
position, as a rigidly or elastically 
attached foot would be. Those with 
lower-limb amputations are known to 
have a higher risk of tripping and falling 
than able-bodied individuals, and the 
risk of tripping is highest at the instant 
of minimum toe clearance.22,23 As 

such, the aforementioned observations 
suggest that use of hydraulic ankle-foot 
devices may potentially reduce the risk 
of trips and falls in individuals with 
lower-limb amputations.

Conclusion
The findings discussed in this article 
suggest that passive, hydraulically 
controlled articulation between the 
prosthetic foot and shank pylon 
provides biomechanical advantages, 
metabolic benefits, and improved gait 
safety to individuals with lower-limb 
amputations. It must be highlighted, 
however, that all of the participants in 
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