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Gait Motion Analysis of Trans-Femoral Amputee with a Prosthetic Limb in the Unrestrained Condition
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Abstract: Trans-femoral amputees must regain moving pattern by refined rehabilitation program using ground reaction
forces, joint angles and joint moments applied on a prosthetic limb. On the other hand, understanding those loads and
kinematic variables is indispensable for gait analysis based on the biomechanical consideration of trans-femoral amputees.
However, conventional prosthetic gait training systems cannot measure long continuous walking motions. In this paper,
ground reaction forces and kinematic parameters applied on trans-femoral prosthesis are measured by the prosthetic gait
motion analysis system using mobile force plate and attitude sensor for the unrestrained gait measurement. As a result of
the experiments, the patterns of antero-posterior axis ground reaction forces and joint moments about the medio-lateral
axis are remarkably different among the five activities. Finally, the effectiveness of the developed prosthetic gait training
system to consider biomechanics and kinematics in trans-femoral prosthesis is validated.
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Table 1  Subject characteristics

Gender (Male/Female) Male
Age (Years) 31
Height [m] 1.70 [m]
Total Mass [kg] 73.0 [kg]
Side of Amputation (Right/Left) Right

Footwear Running Shoes

Prosthetic Foot Vari-Flex

Prosthetic Knee Total Knee 2100
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Fig. 1 Constitution of the developed wearable
gait motion analysis system
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Table 2 Descriptions of the five various activities

Activities Descriptions
Level Walking Level walking along a level, straight-line walkway
Downslope Descending 5 [deg] of a slope
Upslope Ascending 5 [deg] of a slope
Downstairs Descending stairs of 0.175 [m] height X 0.3 [m] deep
Upstairs Ascending stairs of 0.175 [m] height X 0.3 [m] deep




(a) Level (b) Slope

(c) Stairs

Fig. 2 Experimental fields

(a) Front (b) Back  (c) Left side

(d) Right side

Fig. 3 Subject with the wearable gait motion analysis system
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Fig. 4 Forces of sound limb in straight-line level walking
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Fig. 5 Moments of sound limb in straight-line level walking
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Fig. 6 Forces of prosthetic limb in straight-line level walking
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Fig. 7 Moments of prosthetic limb in straight-line level walking
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Fig. 8 Forces of sound limb in walking upstairs
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Fig. 9 Moments of sound limb in walking upstairs
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Fig. 10  Forces of prosthetic limb in walking upstairs
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Fig. 11 Moments of sound limb in walking downstairs
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