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Prediction of Muscle Forces for the Knee Joint in Deep Flexion
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ABSTRACT

This study predicts muscle forces acting on the lower extremity when the knee joint is in deep flexion. The
whole bodies were approximated as a link model, and then the moment equilibrium equations at the lower
extremity joints were derived for given reaction forces against the ground. Measurement of deep flexion was
carried out by placing ten markers on the body. This study calculated the moment acting at each joint from the
equations of force and moment, classified the complicated muscles around the knee joint, and then predicted the
muscle forces to balance the joint moment. Two models were proposed in this study: the simpler one that

consists of three groups of muscle and the more detailed one of nine groups of muscle.
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Fig. 1 Simulation model
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Fig. 2 Coordinate systems
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Table | Masses of body segments

2 7| A (kg) dol(m)
EERS 7.766 0.381
318 3.6006 0.384

s 0.776 0.124

Table 2 Geometry of body segments

25 ZeEa] | AHF A 3] A gk 7 u)
(%) (%) (%)
HEE | 11.0 47.5 27.8
g 51 40.6 27.4
ZH 1.1 40.5 17.7

Table 3 Personal data of subject

ABAD | AW | AT (kg)
22 1.731 70.6
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Fig. 5 Elimination of Noise
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Fig. 6 Shoulder Fig. 7 Ankle joint
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Fig. 10 Knee joint
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Fig. 11 Extension

Table 4 Attachments at the groups of muscles in the

pelvic region

dEE Fx3A xZ E (mm) v F (nm)
ol 124.0 393.0
=72 84.0 416.0
=3 46.0 427.0
w4 17.0 337.0

Table 5 Attachments at the groups of muscles in the
femoral region

HEEF 57 xZF E (nm) y& & (m)
T2 50.0 302.0
T3 20.0 327.0
ot 71.0 223.0
16 36.0 186.0
a7 41.0 15.0

Table 6 Attachments at the groups of muscles in the
tibial region

AL FE xZ ¥ () y & & (mm)
o4 ~7.0 -10.0
=6 -27.0 -30.0

Table 7 Attachments at the ligaments in the femoral

region
HEE FEA xF & (mn) vZE (mm)
AHA A d 6.74 -5.38
FAA g 20.20 -23.06
& 55 Aul 24.50 16.50
s 57 A 21.89 17.42

Table 8 Attachments at the ligaments in the tibial

region
AF ZHFA x 2} (mm) v & (mm)
HA A oy 18.28 -1.20
FAA Al -12.40 -7.82
o1& &4 Y -12.80 -14.30
Y& S5 Add 10.24 -27.82
<7 < 31.40 -22.20
Table 9 Properties of the ligaments
_ 7LA—1
deim |27 dolm) | S AT
A=A oo 37.4 30
FAA A 38.4 35
W3 S5 A 68.5 15
9% FH 9 55.6 15
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Fig. 12 Comparison of joint moments
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Fig. 13 Knee joint moments for various flexion
speeds
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