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Identification of Muscle Forces and Activation of Quadriceps Femoris Muscles of
Healthy Adults Considering Knee Damping Effects during Patellar Tendon Reflex
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Abstract: Most analytical models of the human body have focused on conscious responses. A patellar tendon reflex, a
representative example of spinal reflexes, occurs without a neural command. Muscle forces and activation of the
quadriceps femoris muscles in healthy adults during patellar tendon reflex are identified in this study. The model is
assumed to move in the sagittal plane, and the thigh and the trunk are assumed to be fixed in a sitting position so that
the shank can move similar to a pendulum. The knee joint is modeled as a revolute joint, and the ankle joint is modeled
as a fixed joint so that the shank and the foot can be regarded as one rigid body. Muscle forces are calculated following
the inverse dynamic approach. Kinematic data obtained from an experiment (Mamizuka, 2007) are used as input data.
Muscle activations are identified using a Hill-type muscle model. The obtained simulation results are compared with
experimental results for validating the model and the underlying assumptions.
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Table 1 Anthropometric data

Subject | Age | H(ecm) | M (kg) | 1"° (kgmz) L, (m)
HI 21 | 177.0 5.81 0.36 0.39
H2 36 | 172.2 5.46 0.32 0.37

RF :Rectus femoris
VAS: Vastus muscles
PT : Patellar tendon

Fig. 1 Musculoskeletal model

= WA &7 WA} 28l mA
ok @tk aeu AR FAR S
of e e LA WAL ekl A7l

197

>
=

A 29ss Bael dd A9 A4S
& T2 WAE dZo] @gse] Ak web
B ATAME S WA A% gEre] 29
3250 BHE WRE AR oS5 A
% Ao BHow sy

%
91 E(revolute joint)® F =1 3} th(Fig. 1). o] uj
ob Al A A, 2wkt WA= g A7] AL
FTotglet He she] AAR HFske WA %
o] NVeate® kol FolElel e AFn A
o] 5o BEAAE V& ATAREY ngoz 3
Aol AHgE v AlAlzdel Sl B st
o] AR-&-8}3 th(Table 1).



1738 Al &/l WAL A] & A aNE uydh dEAETY 48 2 28T oS 59
70
Bone
B0}
@
9 sof
z
T 40f
3
o 30+
S
[-
S 20|
[=2]
< 10+
sl rdle AlAE Fo T EHEHS
THIRY. FAEH 252 S/ HALE BE 00 50 100 150 200 250 300 350
7] 913 dgdror ZH-EshA| Tt a7t v Time (ms)

1
sttka 7hgste] giEAREERE Skl ol E Fi
AFFES OEFERF)I FEH(VAS)S 2 o] FH A
Ko, EhAC AR wo| Z¥& At
ool 7bd B y&S ugoR
TEWANE FEIUTE o A
A

. 3 Initial angular velocity (Mamizuka, 2007)
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Fig. 5 Modified kinematic data for analysis
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Table 2 Muscle parameters for Hill-type muscle model

Actuator | pCsA(%) | F,(N) | Iy (m) | ¢(deg) | 1(m)

RF 23.63 779 0.0840 5 0.3460

VAS 76.37 4530 0.0857 438 0.1407
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Fig. 6 Results of muscle forces and activation
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