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Abstract: Biomechanical models are often used to predict muscle and joint forces in the human body. For estimation of
muscle forces, the body and muscle properties have to be known. However, these properties are difficult to measure and
differ from person to person. Therefore, it is necessary to predict the change in muscle forces depending on the body
and muscle properties. The objective of the present study is to develop a numerical procedure for estimating the muscle
forces in the human lower extremity under uncertainty of body and muscle properties during rising motion from a
seated position. The human lower extremity is idealized as a multibody system in which eight Hill-type muscle force
models are employed. Each model has four degrees of freedom and is constrained in the sagittal plane. The eight
muscle forces are determined by minimizing the metabolic energy consumption during the rising motion. Uncertainty
analysis is performed using a first-order reliability method. The one-standard-deviation range of agonistic muscle forces
is calculated to be about 150-300 N.
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BIF : Biceps femoris caput brevis
GAS  : Gastrocnemius

GMAX : Gluteus maximus
HAMS : Hamstrings

RF : Rectus femoris

SOL  : Soleus

VAS  : Vastus

TA : Tibialis anterior
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Fig. 1 Hill-type musculotendon model
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Table 1 Properties of muscles (Menegaldo, 2003)

E'N) | I'm) | 4, ) | [(m)
BIF 402 0.173 | 230 | 0.100
GAS 1601 | 0.051 143 | 0401
GMAX | 2290 | 0.145 3.0 0.133
HAMS | 2350 | 0.111 75 0.336
RF 779 0.084 5.0 0.346
SOL | 4109 | 0.030 | 236 | 0.269
TA 1052 | 0.100 6.0 0.264
VAS 4530 | 0.087 3.0 0.136
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Table 2 Length, Mass, CG position of the segments

Length(m) | Mass(kg) po(s:igon
Shank 0.394 4.036 0.595
Thigh 0.440 7.125 0.533
Pelvis 0.110 4.354 0.441
Trunk 0.369 20.882 1
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Fig. 3 Lower extremity musculoskeletal model
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