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Abstract : In this study, ground reaction force(GRF) and energy consumption of fixed. single-axis and multi-axis prosthetic
ankle assemblies were investigated to show the biomechanical evaluation for trans-tibial amputees. In the experiments, two
male and two female trans-tibial amputees were tested with fixed, single-axis and multi-axis prosthetic ankle assembly. A
three-dimensional gait analysis was carried out to derive the ratio of GRF to weight as the percentage of total stance phase
for nine points. Energy consumption of each prosthetic ankle assembly was measured while subjects walked at 2km/h, 3km/h
and the most comfortable walking speed on the treadmill. The results showed that multi-axis ankle was superior to the other
two ankle assemblies for the characteristic of forwarding and breaking forces. Fixed ankle was relatively superior to the other
two ankle assemblies for gait balancing and movement of the center for mass. Compared to the other ankle assembly,
single-axis type showed lower energy consumption over 2.3km/h walking speed.

Key words : Gait analysis, Ground reaction force, Energy consumption
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Table 1. Comparison of Anteroposterior GRF According to Types of Ankle-Foot Assembly
ME= X|Hutg 2 (Force/Body weight)
Fixed Type Multi-axis Type Single-axis Type Normal
Peak breaking force 0.16(%0.08) 0.15(£0.07) 0.16(£0.09) 0.17
Peak propulsive force -0.16(+0.06) -0.15(+0.07) -0.16(+0.06) -0.20
Time of peak breaking force 18.77(%1. 65) 14.92(£6.29) 17.74(+3.34) 14.51
Time of zero cross 53.24(+3.54) 52.73(£8. 64) 55.57(£5.59) 53.54
Time of peak propulsive force 82.28(+1.63) 82.42(£1.13) 83.25(+£1.41) 87.68
E 2. % XY 3eEF X|Hutes AEHH[olH
Table 2. Comparison of Mediolateral GRF According to Types of Ankle-Foot Assembly
HRE x|HutE (Force/Body weight)
Fixed Type Multi-axis Type Single-axis Type Normal
First valley peak force -0.03(£0.01) -0.02(+0.008) -0.04(+0.01) -0.03
First vertical peak force 0.05(+£0.02) 0.05(£0.02) 0.05(£0.02) 0.04

Second valley peak force 0.03(£0.02) 0.03(£0.01) 0.03(£0.02) 0.03

Second vertical peak force 0.06(£0.04) 0.05(£0.03) 0.05(£0.03) 0.05

Time of first valley peak force 8.82(£1.63) 8.38(£4.09) 6.81(£2.58) 5.71

Time of first vertical peak force 35.59(*+10.78 33.568(+8.70) 41.88(+4.10) 24.45
Time of second valley peak force 54.01(+8.72) 58.57(+8.28) 59.19(+7.65) 46.33
Time of second vertical peak force 78.93(£3.90) 82.36(+8.88) 79.59(£2.12) 74.72
3.2 XY $EF X|Hgte MHHolH
Table 3. Comparison of Vertical GRF According to Types of Ankle-Foot Assembly
£ E X HU (Force/Body weight)
Fixed Type Multi-axis Tvpe Single-axis Type Normal
First vertical peak force 1.14(£0.55) 1.10(£0.53) 1.12(£0.53) 1.07
Valley peak force 0.82(+0.32) 0.80(£0.32) 0.85(£0.38) 0.76
Second vertical peak force 1.05(£0.46) 1.06(£0.46) 1.05(£0.47) 1.12
Time of first vertical peak force 26.48(+3.37) 29.75(=1.41) 32.40(£10.71) 22.57
Time of valley peak force 50.75(+4.74) 53.11(£4.67) 51.97(£6.52) 45.52
Time of second vertical peak force 75.95(+4.40) 74.13(£2.74) 73.93(+4.62) 75.84
4. 7} Ste[e|X]of Cfst MaaEl X AMFAn
Table 4. Comparison of Energy Consumption According to Types of Ankle-Foot Assembly
Fixed Tvpe Multi-axis Type Single-axis Type
Gait Speed 2.00 3.00 3.42 2.00 3.00 3.49 2.00 3.00 3.47
(Km/h)
V02 6.61 7.70 8.33 5.97 7.12 8.25 6.18 6.74 7.55
(ml/kg/min (£0.66) (+£0.89) (+1.76)  (£0.57) (£0.71) (£1.08) (£0.35) (£0.51) (+0.28)
vO2 0.20 0.15 0.15 0.18 0.14 0.14 0.19 0.14 0.13
(ml/kg/m (+£0.02) (£0.0M (£0.01)  (£0.01)  (£0.01) (£0.01)  (£0.01)  (£0.01)  (£0.02)
VO2 0.39 0.42 0.44 0.33 0.40 0.42 0.35 0.36 0.36
(/m) (£0.086) (£0.09) (£0.17)  (£0.08) (%0.09) (£0.16) (£0.08) (£0.11)  (£0.04)
VE/NO2 29.16 26.88 28.87 32.77 30.14 30.18 30.98 27.52 31.10
(£2.32) (£1.43) (£7.67) (£2.84) (£3.21) (£3.99) (£0.85) (£1.72) (£3.13)
Heart rate 107.0 114.9 109.7 100.9 107.3 105.7 104.3 120.3 106.6
(beats/min) (£16.33) (£17.61) (£13.69) (*£12.89) (£1556) (£9.02) (£10.68) (+2.82) (+18.64)
J. Biomed. Eng. Res: Vol. 22, No. 6, 2001
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Table 5. Estimated 2'nd Order Equation According to Oxygen Uptake and Gait Speed
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