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ABSTRACT

In order to quantify the preferred direction of the individual heads of quadriceps
femoris muscle, we focused on the interaction between exerted force fluctuations
and muscle activity. Six subjects performed seven force-matching tasks for 30-s in 7
different directions on the horizontal plane. Surface electromyograms were recorded
from 5 muscles: rectus femoris (RF), vastus intermedius (VI), vastus lateralis (VL),
vastus medialis obliquus (VMO), and vastus medialis longus (VML). The preferred
direction in each muscle was calculated by electromyogram-weighted averaging
(EWA) method, which is based on the cross-correlation function between filtered
force fluctuations and rectified EMG. The EWA revealed that the preferred direction
of RF, VL, VML, and VI corresponded to 93.6°, 54.7°, 94.8°, and 68.4°, respectively.
However, VMO had no preferred direction. These results indicate that the individual
muscles composing quadriceps femoris muscle have different preferred directions on
the horizontal plane although they have a common role of knee extension. Therefore, it
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is suggested that preferred direction on the horizontal plane is determined by integrated

results from the anatomical, biomechanical, physiological and neurophysiological

features of the muscles.
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1 A.Experimental setup for measurement of anterior-posterior (Fx), and medial-lateral (Fy) forces of
the right leg. B. Seven target directions uniformly distributed over the horizontal plane at 30° increments.
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2 Representative example of electromyogram-weighted averaging (EWA) method for calculating preferred direction of
the muscle. A. Data for forces in anterior-posterior and medial-lateral directions and rectified electromyogram (EMG) recorded
from vastus medialis longus. B. EWA waveforms peaking (filled symbols) obtained from cross-correlation of rectified EMG and
forces in each direction. C. The preferred direction ( ) was represented by plotting individual correlation values at the EWA
time-to-peak.
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E3 Polar plots of EMG activity for rectus femoris (RF) , vastus intermedius (VI) , vastus lateralis (VL) , vastus medialis
obliquus (VMO) , and vastus medialis longus (VML) for all trials in all subjects. Each plot represents EMG data normalized by
the maximal value across all directions for each subject. The solid grey lines indicate EMG activity averaged across all subjects.
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4 Polar histograms of EWA direction calculated between nonstationary force fluctuations and EMG activity for RF, VI, VL,
VMO, and VML. The radius represents trail counts and the solid grey line indicates the value averaged across all subjects in

each direction.
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5 Polar histograms of EWA direction calculated between periodic (5-30 Hz) force fluctuations and EMG activity for RF, VI,
VL, VMO, and VML. The radius represents trail counts and the solid grey line indicates the value averaged across all subjects in

each direction.
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6 Preferred direction of individual heads of quadriceps
femoris muscle calculated by the averaged value of polar
histograms of EWA direction. With respect to VMO,
specific direction cannot be calculated because polar
histograms are distributed in a wide angle range.
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