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Biomechanical Consideration on the Unrestrained Trans-Femoral Amputee Gait with a Prosthetic Limb
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Abstract: Trans-femoral amputees are needed to regain moving pattern by refined rehabilitation program using load
conditions on a prosthetic limb with the artificial knee joint. On the other hand, understanding loads applied on a prosthetic
limb is important for biomechanical consideration of trans-femoral amputees. However, conventional prosthetic gait
training systems cannot measure long continuous walking motions under an outdoor environment. In this paper, loads
applied on the intermediate part of trans-femoral prosthesis are measured by the prosthetic gait training system for the
unrestrained gait measurement. As a result of the experiments, the patterns of moments about the medio-lateral axis along a
gait cycle are remarkably different among the six activities. Finally, the effectiveness of the developed prosthetic gait
training system is validated and the understanding of biomechanics in trans-femoral prosthesis during gait is increased.
Loading data will be useful to refine the rehabilitation protocol for trans-femoral amputees with a prosthetic limb.
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Table 1 Subject characteristics

Gender (Male/Female) Male
Age (Years) 30
Height [m] 1.70 [m]
Total Mass [kg] 75.7 [ka]
Side of Amputation (Right/Left) Right

Footwear Running Shoes

Vari-Flex
Total Knee 2100

Prosthetic Foot

Prosthetic Knee

Fig. 1 Artificial knee joint of the trans-femoral prosthesis
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Table 2 Standard of a six-axis force/moment sensor

F,. F,, F,=1000[N]

Rating Capacity M,, M, =100 [N*m]
M, =50 [N-m]
Material AT075/A2024
Accuracy 0.01 [%] (Force) 0.1 [%] (Moment)

Temperature Range 0~ 150 [°C]

Low-Pass Filter | 1,000 [Hz] (Max Cut-off Frequency)
100 ~ 10,000 [Hz]
Micro SD Card (Max : 2 [GB])
DC3[V]

Weight 300 [g]

Sampling Frequency

Logging Facility

Power Source

50[mm] 65[mm]

50[mm]

Artificial
Knee Joint

Six-Axis
Force/Moment
Sensor

Force/
Moment
Sensor

Fig. 4 Each coordinate axis direction of the developed sensor
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Table 3 Descriptions of each activity in the experiments

Activities Descriptions

Level Walking Level walking along a level, straight-line walkway

Uneven Ground Walking| Level walking along an uneven ground, straight-line walkway

Downslope Descending 10 [deg] of a slope
Upslope Ascending 10 [deg] of a slope
Downstairs Descending stairs of 0.18 [m] height X 0.32 [m] deep
Upstairs Ascending stairs of 0.18 [m] height x 0.32 [m] deep
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Fig. 5 Patterns of forces in straight-line level walking
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Fig. 6 Patterns of moments in straight-line level walking
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Fig. 7 Patterns of moments in walking upslope
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Fig. 8 Patterns of moments in walking downslope
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Fig. 9 Patterns of forces in walking upstairs
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Fig. 11 Patterns of forces in walking downstairs
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Fig. 12 Patterns of moments in walking downstairs
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