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Effect of muscle force and contractile properties on squat jump performance
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Kazuya HIRATSUKA and Naoya TSUNODA

ABSTRACT

The purpose of this study was to clarify the effect of muscle force and contractile
properties on squat jump (S]) performance.

The subjects were 142 male collegiate students. The experiment involved the
subjects performing a SJ test. Their jump height of S] were measured using mat
switch. The subjects were extracted according to their jump height of SJ by
following criteria: Excellent group (HSJ; n=21, M+1SD) and Poor group (LSJ; n=21
M-1SD). The peak torque of knee extension and flexion under the condition of
isokinetic on angular velocity of 180deg/sec were measured using dynamometer
(BIODEX system II). The contractile properties of rectus femoris (RF), vastus
medialis (VM), vastus lateralis (VL) and biceps femoris (BF) in thigh were
assessed by tensiomyography (TMG method). Contractile properties of contraction
time (Tc) and maximal displacement of the muscle belly (Dm) were analyzed in
each groups.

Jump height in HS] was significant higher than LS]. The peak torque of knee
extension in HS] was significantly higher value than LSJ. And also, same tendency
was observed for knee flexion. Tc of RF in LS] was significantly longer contraction
time than HS]J. And also, same tendency was observed for BF.

In this study, peak torque for knee extension and flexion in HS] were significantly
differed compare to the LS]. And contraction time for rectus femoris and biceps
femoris in HSJ] were significantly lower compared to the LH]. From these results, it
was considered that contraction time and muscle force may affect to squat jump

performance.
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Fig.1

Principle of the TMG method (a), displacement-time curves with stimulation amplitude (b) and definitions of

contractile properties (c). (a) : Electrical twitch evokes muscle contraction resulting also in thickening of the
muscle belly that is measured by the displacement sensor. Displacement sensor is positioned perpendicularly
to the skin surface above the muscle belly and the tip of the sensor is pressed to the muscle, slightly
deforming the muscle belly. (b) : The increase in curve magnitude is induced by an increase in stimulation
amplitude (typically up to 40-110 mA). Peak displacement is identified by a plateau in displacement curves,
despite increased stimulation amplitude. (c) : Dm corresponds to the maximal radial movement of the muscle
belly. Tc corresponds to the time lapse from 10% to 90% of Dm. Vc can be calculated as the rate of Dm
between 10 and 90% relative to Tc. Dm : maximal displacement, Tc : contraction time.
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Fig.2 Comparison between HSJ and LSJ groups in
squat jump height (cm). *Significant difference
between HSJ vs LSJ groups at p<0.01.
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Fig.3 Comparison of isokinetic knee extension and
flexion between HSJ and LSJ groups in 180
deg/sec. *Significant difference between HSJ
vs LSJ groups at p<0.01.
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Fig.4 Comparison of XTc in HSJ and LSJ groups.
*Significant difference between HSJ vs LSJ
groups at p<0.01.

Table 1 Comparison of Tc in HSJ and LSJ groups.
Muscles HSJ (n=21) LSJ (n=21) t (40) p ES Rating
RF 22,60 (2.97) 2739 (3.88)  -4.494 0.00 * 1.39 Large
T VM 21,52 (2.33) 2289 (2.44)  -1.849 0.07 0.57 Medium
C
(ms) .
VL 2195 (2.50) 2354  (3.14)  -1.809 0.08 0.56 Medium
BF 19.58 (5.14) 3821  (9.75) -7.750 0.00 " 2.39 Large

Values are mean (standard deviation). ES: effect size; RF: rectus femoris; VM : vastus medialis; VL : vastus lateralis;
BF : biceps femoris; Tc: contraction time. *Significant difference between HSJ vs LSJ groups at p<0.05.
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