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Viscous properties of human muscle during contraction

scribed by the general law: Â¹ "B d dt. "B Q ,. (8) where B is the damping coe$cient and t the time. Considering that Q is negative in plantar#exion, the combination ... 
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Abstract The purpose of this study was to determine viscous properties of human muscle during plantar#exion e!orts. Experiments were performed on 17 subjects with an ankle ergometer allowing sinusoidal oscillations during isometric contractions and isokinetic movements. Sinusoidal oscillations led to the expression of (i) Bode diagrams of the musculo-articular system allowing the determination of a damping coe$cient (B ); and (ii) a viscous coe$cient (B ) using an adaptation of Hill's equation to sinusoidal    oscillations. Isokinetic movements led to torque}velocity relationships. They showed a fall in torque associated to an increase in angular velocity what was quanti"ed by calculating a damping coe$cient (B ). Both experiments gave consistent results indicating  that B was the lowest viscous parameter. This di!erence is discussed in terms of (i) &&analog'' viscosity originating from muscle  cross-bridges; and (ii) real mechanical damping of passive structures.  1999 Elsevier Science Ltd. All rights reserved. Keywords: Ankle ergometer; Isokinetic; Sinusoidal perturbations; Viscosity; Human muscle



1. Introduction Since a resting skeletal muscle exhibits quite ordinary viscoelastic properties (Fung, 1993), the most interesting studies on muscle mechanics concern the contraction. When fully activated and allowed to shorten, muscle is unable to develop the same force as it can under isometric contraction (P ): contractile force (P) decreases as  shortening velocity ( 
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