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EMG-ANGLE RELATIONSHIP DURING MAXIMUM VOLUNTARY MOVEMENT

Hipeaki Onishi, Ryo Yaci, MINeo Ovama, Koupi IHasHI and YasunoBu HANDA

Abstract

The purpose of this study is to investigate the relationship between joint angle and EMG activ-
ity concerning the human knee joint and hamstring muscles. Ten healthy males participated in this
study. They performed maximum voluntary isokinetic knee flexion in the flexion angle range of 0° to
120° in a prone position on a table. The EMG activities of the semitendinosus, semimembranosus,
long and short heads of the biceps femoris muscles were detected by bipolar fine wire electrode, and
were integrated at knee flexion range intervals of 15° from 0° to 120°. After three months, the same
examination was performed with the same subjects to confirm the reliability of this study. Results
showed the mean peak isokinetic torque was attained from a 15° to 45° knee flexion angle. The EMG
activities of the hamstring muscles varied with changes in the knee flexion angle. The integrated
EMG of the semitendinosus, semimembranosus and short head of the biceps femoris muscles in-
creased gradually as the knee [lexion angle was increased from 0° to 105°. The peak integrated EMG
of these three muscles was attained between 90° and 105° knee flexion in both trials. On the other
hand, the peak integrated EMG of the long head of the biceps femoris muscle was largest at a knee
angle ranging from 15° to 30°. Peak integrated EMG decreased when the knee flexion angle increased
in both trials. These results show that the electromyographic activity of agonist muscles during max-
imum voluntary movement varied with the change of muscle length or joint angle. Therefore, it was
considered that the relationship between joint torque and joint angle is influenced not only by the
sarcomere length and the moment arm but also muscle activities of agonist muscles, even if the
movement is performed with maximum effort.

(Jpn. J. Phys. Fitness Sports Med. 1999, 48 ; 485~492)
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Fig. 1. Wire electrode placement in the individual
hamstring muscles.
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Fig, 2. Torque-Angle relationship during maximum

isokinetic knee flexion in the prone position.
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Table 1. The differences in torque and NIEMG
values between the knee angles. Statistical verifica-
tion was done with a repeated measures design
two-way ANOVA and Tukey's HSD post-hoc test.
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Fig. 3. EMG-angle relationships during maximum isokinetic knee flexion.

a) Semitendinosus, b) Semimembranosus, ¢c) Long head of biceps femoris, d) Short head of

biceps femoris
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Table 2. Morphology of hamstring muscles.

S.T. S.M. B.F. long B.F. short
bi/mono-articular Bi- Bi- Bi- Mono-
knee rotator internal internal external external
nerve supply tibial N. tibial N. tibial N. peroneal N.
muscle weight(g)* 76.9 107.5 128.4 —
muscle volume(cm?)** 260.1 291.9 241.4 118.1
PCSAftf(cm2)** 16.2 44.0 29.8 7.9
pinnation angle(")* 5 15 0 23.3
fiber length(mm)*-*** 155.6 63.3 80.2 130.3
% type I fibers! - - 66.9
sarcomere length - - - -
moment arm (cm) 0—7 2.5—1 1.5—- 3

during flexion 't

* . Wickiewicz TL, et al. (1983), ** : AKima H, et al. (1995), **™ : Friederich JA, et al. (1990),  : John-
son, et al. (1973), 1t : Herzog W, et al, (1993), Tt : Physiological crass sectional area : PCSA, S. T. : Semi-
tendinosus, S. M. : Semimembranosus, B. F. long : Long head of biceps femoris, B. F. short : Short head of

biceps femoris.
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