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ABSTRACT

A biomechanical model of lower extremity in seated postures was developed to
assess muscular activities of lower extremity involved in a variety of foot pedal
operations. The model incorporated four rigid body segments with the
twenty-four muscles to represent lower extremity. This study deals with
quasi-static movement to investigate dynamic movement effect in seated foot
operation. It is found that optimization method which has been used for modeling
the articulated body segments does not predict the forces generated from
biarticular muscles and antagonistic muscles reasonably. So, the revised
nonlinear optimization scheme was employed to consider the synergistic effects
of biarticular muscles and the antagonistic muscle effects from the stabilization
of the joint. For the model validation, three male subjects performed the
experiments in which EMG activities of the nine lower extremity muscles were
measured. Predicted muscle forces were compared with the corresponding EMG
amplitudes and it showed no statistical difference. For the selection of optimal
seated posture, a physiological meaningful criterion for muscular load sharing
developed.
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Fig. 1. Schematic representation of the

lower extremity model with
major muscies and muscle
equivalents. These represent
the PSO(1); the CUS(2); the
GMA(3): the GMEM4); the
GMI(5): the PIR(6); the
ADD(7): the ADM(8); the
TFL(9): the SFM(10): the

BFL(11); the
STN(13): the
SAR(15); the
BFS(17). the
GAL(19); the
TPO(21); the PER(22): the
TAN(23); the EDL(24); and the
patellar tendon(25).

SMM(12): the

GRA(14); the
VAS(16); the
GAM(18); the
SOL(20): the

2 o)A (PIR:piriformis), WA Z(ADD:
adductor longus), @A Z(ADM: adductor
magnus), 9(GRA:gracilis)e|t}, & =

WIS o2 BZZ(SAR'sartorius), HEAZ

(RFM:rectus femoris), 3Z(VAS:vasti)o]t}.
He  FRIZELZ AT FZ(BFL:
bices femoris longus), o= %+5°]FZ(BFS:
bices femoris  short), ®WFAYZ(STN:
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lateralis),”} | ¥] Z(SOL:soleus), ¥ 73 ZZ(TP
Ottibialis  posterior), %8| &(PER:peroneus
longus) °jt}.
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Fig. 2. Diagram of the seated posture in the experiment.
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Table 1. T-test result of EMG amplitude and muscle contraction force by

biomechanical model

I
tems P-value Remarks
Factors
Subject (A) all postures P>0.05 no significant
For each ) .
Subject (B) all postures P>0.05 no significant
posture
Subject (C) all postures P>0.05 no significant
GMA P<0.05 ** (significant)
SAR P>0.05 no significant
RFM P>0.05 no significant
BFL P>0.05 no significant
Muscles STM P>0.05 no significant
VAS P>0.05 no significant
TAN P>0.05 no significant
GAL P>0.05 no significant
SOL P<0.05 ** (significant)
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Table 2. Evaluation postures by coefficient of variation

Factors Coefficient of variation
Postures Method 1 Method 11
1 66.870 79.354
I 2 82.315 94.584
3 94.399 101.908
4 45917 52.478
il 5 61.207 62.323
6 101.522 103.442
7 63.488 77617
m 8 67.578 80.667
9 122718 128.874
10 71.726 78.060
I\ 11 68.330 73.158
12 90.531 94.100
13 80.748 87.598
\Y 14 105.292 108.071
15 107.887 109.614
16 96.039 99.464
VI 17 94.475 97987
18 125.168 127.472
19 82.561 90.719
VI 20 93.285 99.445
21 114.420 114.645
22 74.455 79.908
VIl 23 90.859 94.502
24 111.251 111.296
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