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Abstract

The paper represented the lower exiremity muscle model as four rigid-body segments: frunk,
shank, and foot. We transformed their tibiol data inte our shank data by rotating their fibial
X and Y axes by 5.483 degrees, so the revised coordinate daota used to translating the origin
of their fibial reference frame to our shank reference frame. According to weigth of subjedt,
physiological cross-setional area(PCSA) of each lower extremity muscle was calculated by scaling
those date by Brand.

The obijectives of this paper are to investigate the variafions of the recruitment patierns of
the Jower extremity muscles, and to analyze the changes of the role assigned to each muscle
during the seated foot operafion. For exertion levels, the transition point of type F motor wnit
of each muscle is inferred by anolyzing the eleciromyogrom at the seated postures. Also, for
predetermined seated foot aperations exertion levels, the recruitment poftern and the changes
of the role assigned are identified in the continuous exertion, by analyzing the electromyogram
changes due fo the accumuloted muscle fotigue. This study can be used to design and to assess
the peduals and foot-related equipments design.
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Figure 1. la} Anafomically based pelvic (Xe,Y?,Ze}, femoral(Xe,Ye, Z¢) and tbial{XsYe ZF) reference fromes.
{b} Reference fromes used in the model of the lower extremity.
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Toble 1. Anthropometric scaling faciors.

Reference Cata Sealing factor
coord.frame {cm)
Pelvis |
X 518 AP distance from pelvic frontal plance to the top of the sciatic netch
¥ 16.68 Vertical height of ilica crest {iliaccrest-ischial uberosity y coordinate difference)
+Z 223 ASIS-hip cenfer z-coordinate difference '
-z 1.82 Ischial tubsrosity-hip center z-coordinate difference
Femur
% 6.68 Famoral epicondyiar width
¥ 42.28 Femoral head center y coordinate
+Z 6.68 Femoral epiconylar width {used only for the gastrocnemius)
-z 5.07 Lateral gistance from the femaral head center to the top of the greater trochanter {used
for ali cther muscles)
Tibia
X 7.95 Tiial plateau width
y 3313 Tibial tubercle y-coordinate
z 7.95 Tibial plateav width
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Table 2. Physiclogic cross sectional areas of the lower
exiremity muscles.

Muscle PCEA !‘ Muscle PCSA |
PSO 15.90 SMM 3.9 |
cus | 1687 SN 8631
GMA 4754 GRA 228
GME | 4940 . SAR 280
GMi 2571 VAS 140.25
PIR 15.47 BFS | 660
ADD 16.95 GAM 35.66
ADM 44.33 GAL 11.76
TFL 5.53 SOL 129.26
RFM 27.93 ™0 | 2208
BFL | 19.23 PER 17.06
TN 134 | EDL 594 |

o] BAL AurlE Z&0Z aPSO: iliopsoas),
AZ2(CUS: iliacus), t)TGMA: glutens maximus),
SEGME: ghieus medivs), AFGML  gluteus
minimus), ThE]Z2AZ(TFL: tensor fasciae latae}o]r.
2PPL LA)E 2820 F o] APIR: piriformis),
U] AZ(ADD: adductor longus), TH A Z{ADM: adductor
magnus), ¥HHGRA: gracilislo] o). tj¥le] dRIHLE
BR(SAR: sartorius), @) B Z(RFM: rectus femoris),
FZ(VAS vase|th e EHIZ LR AT
= 2(BFL: biceps femoris longus), ™ 5 @ F0] F=Z{BFS;
biceps femoris short), ¥Fz3%FZ(STN: semitendinosus),
ek ok Z(SMM: semimembranosus)e] ok, 38 AHZF
o® AAFZ(TAN: tibialis anterior), % =] 4Z(EDL:
extensor digitorum longus)e|t}. &8 FHZLSE LHZ'
Bl EZ(GAM: gastrocnemins medialis) ¥} 8 EHIE
(GAL: pastrocnemius lateralis), 7HAI7] 2(SOL: so eus).
FAZZ(TPO: tibialis posterior), Z¥lZZ(PER: pero-

neus lengus)o] o
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Figure 2. Schematic sepresentation of the lower extremify model with major muscles and muscle equivalents. These represent
the PSO (1}; the CUS (2); the GMA (3); the GME {4); the GMI {5); the PIR {8); the ADD (7); the ADM {8); the
TFL {9); the SFM (10); the BFL [17); the SMM (12); the STN (13); the GRA (14); the SAR (15); the VAS (16); the
BFS (17); the GAM (18]; the GAL (19); the SOL (20}; the TPO {21); the PER (22); the TAN {23); the EDL (24);

and the patellor fendon (25},
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Figure 3. Diogram of the seated posture in the experiment.
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Figure 6. Photgrapy of the data acquisition.
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Table 3. Andlysis of variance of muscles for subjects and postures,

i il

Degree of Sum of Mean of
Muscle Factor freadom squares square F-value P-value
Subject{A) 2 1883.40 941.70 9.06 0.000
; Posture{B} 23 17062.50 741.80 7.14 0.000
; Glutus
L maximus AxB 46 254260 55.30 0.53 0.988
Error 144 7482.70 51.960
Total 215 28671.90
Subject{A) 2 123006.56 §150.23 108.65 0.000
Posture(B} 23 1084.73 47.16 0.83 0680
Sartorius AxB 46 1333.31 28.98 0.51 0.992
Errar 144 4075.85 29.30 :
Totat 215 18794.15 ;
Subject{A) 2 91.07 4554 0.96 0.389
Fectus Posture(B) 23 j 2B65.14 115.88 C 244 0.002
femors AxB 46 ! 1258.24 27.37 0.58 0977
Error 144 3424 69 23.78
Total 25 7440.14
Subject(A) 2 61.14 30.57 119 0.311
Biceps Posture{B) 23 B4B.71 377 1.47 0.112 !
femaris AxB 46 988.73 21.49 0.83 0742 -
Error 144 1853.68 12.87
Total 215 3772.26
Subject{A} 2 13890.90 6795.40 36.84 0000
) Posture{B) 23 12872.10 559.70 3.03 0.000
Semiten-
dinosus AxB 46 B636.50 145.40 0.72 0.805 |
Error 1dd 13282.20 9224 ;
Total 215 45431.80 :
Subject{A) 2 9223.40 46117 3578 0.000
Vastus Posture(B) 23 17241.80 749.6 282 0.000
iaterior AxB 46 §227.40 135.4 1.05 0.419
Error 144 9278.90 B4.44
Total 215 41971.70 !
Subject{A} 2 24740.30 12370.10 40.83 o000 |
Tivial Posture(B} 23 12046.00 523.70 1.73 0.041
nterior AxB 46 17956.90 390.40 129 0.165
Error 144 21813.80 151.49
Total 215 AN
Subject{A} 2 192.89 96.45 1.48 0.233
Gastroc. Posture(B) 23 3325.19 14457 2.23 0.005
emius AXB 46 3574.56 77,71 1.20 0.245
Error 144 4678.00 32.49
Total 215 11770.63 _
Subject{A) 2 1674.86 837.43 24.86 0.000
Posture(B) 23 4306.94 187.26 556 0.000
Soleus AxB 46 931.06 20.24 0.60 0.967
Error 144 2425 62 16.85
Total 215 9338.50
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Figure 7. EMG amplitude variafion for muscle contraction forces.
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Figure 8. Load distribution of recruited muscles for contraction forces and postures at plantar flexion of ankle joint.

Figure 9. Load distribution of recruited muscles for contraction forces and postures at flexion of knee joint.
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