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Effects of muscle structure and function on swimming performance
In human lower limb.
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ABSTRACT

The purpose of this study was to clarify the effects of muscle structure and function on
swimming performance. Subjects were 10 male university swimmers and 10 male university
non-swimmers. The muscle function of the lower limbs was measured by Ballistic Master; the
peak velocity of the up-swing (KPU) and down-swing (KPD) of the thigh was obtained.
Moreover, the joint torque at the maximum exertion of isokinetic muscle contraction in
extension and flexion of the knee joint was measured by Biodex System II. At the same time,
tissue cross-sectional thickness of subcutaneous fat, and muscle composting the lower limbs
was measured by ultrasonography. The subjects were instructed to swim 25 m distance with
tull kicking exercise. In the tissue cross-sectional thickness of the muscle, the femoral anterior
part of the swimmer group (S) was larger than that of the non-swimmer group (N), whereas, the
femoral posterior part and lower leg posterior part of the S group were smaller than that of the
N group. The flexion / extension torque ratio of the knee joint at 120 deg/sec showed lower
values in S group than that of N group. In ballistic free local movement, the KPU and KPD of
the right lower limb were faster in the S group than in the N group.

From these results, it was considered that the development of the muscle groups of the

femoral anterior part was important factor for kick force in swimming.

Key wards; isokinetic force, cross sectional muscle thickness, swimming record
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Table 1. Physical Characteristics of Subjects.
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Height (cm) Weight (kg) %Fat (%) Girth
Thigh (cm) Lower leg (cm)
S-group 175.313.9 68.71+5.3 11.7+14 53.4*%2.1 36.2t1.6
N-group 174.0£3.9 65.414.3 11.7+1.5 53.7%2.7 37.212.0
Swimmers,N-group:Non-swimmers,Values are means = SD.
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Fig 1. The muscle thickness was measured by using B-mode ultrasonic method.
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Table 2. Muscle thickness of the lower limb. (mm)
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Fig 3. Isokinetic peak Torque for knee extension and flexion.
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Fig 4. Relationship between muscle thickness of the thigh and kicking velocity.



ANEVVEBNZH - 7=,

4. KRIEBOGRE L F v 7 kEE & ORI KR
gial (CKBEPUBEAR) DBAEIZK D KX IKFT S
ThAHZEMNEEINT-,

AR IE,. ELERERTER T BETEIE
AT D 19994 BEFZEEIRIZ & - THERM L 7-.

5|H - 25K

1) Adrian,M J.et.: Energy cost of leg kick, arm stroke, and
whole crawl stroke, J.Appl.Physiol.,21:1763-1766,1996.

2) Costill, D.L.et al.: Swimming, First edition,Blackwell
Scientific,London,1992.

3) Craig,A.B. Jr.and D.R Pendergast: Relationships of stroke
rate,distance per stroke,and velocity in competitive
swimming, Med.Sci.Sports,11:278-283,1979.

4) Craig,A.B.Jr .et.al: Velocity, stroke rate,and distance per
stroke during elite swimming competition,Med.Sci.
Sports Exerc.,17:625-634,1985.

5) Elftman,H.:The work done by muscles in running.Am.J.
Physiol,129:672-684,1940.

6) Fujiwara,H.et al: Relationships among swimming
velocity, stroke rate,and distance per stroke whole
stroke, arm stroke, and leg kick in sprint front crawl with
a maximal effort, ] trainning science.8(1):33-38,1996.

7) Hay,].G.: The Biomechanics of Sports Techniques,
Fourth edition, Prentice Hall, Englewood Cliffs,:345-
395.1993

8) Holander,A.P.et al,: Contribution of the legs to propulsion
in front crawl swimming ,Swimming Science V,First
edition,Ungerechts,B.E.et al., Human Kinetics,

A - A & - BR

Champaign,:39-43,1988.

9) Holmer,l,: Energy ost of arm stroke, leg kick, and the
whole stroke in compeitive swimming styles, Eur.J.Appl.
Physiol.,33:105-118,1974.

10) Inman,V.T: Human locomotion. Canad.Med.Ass.].
94:1047-1054,1966.

11) Karpovich,P.V.: Analysis of the propelling force in the
crawl stroke, Res.Quart.,6:49-58,1935.

12) Kennedy,P.et al.: Analysis of male and female Olympic
swimmers in the 100-meter events,Int.J.Sport
Biomech.,6:187-197,1990.

13) Keskinen,K.L.and P.V.Komi.; Effect of leg action on
stroke performance in swimming, Biomehanics and
Medicine in Swimming,First edition,MacLaren,D.et
al., E&FN Spon,London,:251-256,1992.

14) Kondo,S.: Anthropological Study on Human Posture and
Locomotion Mainly from the View Point of
Electromyography.].of the Faculty of Science,Univ.of
Tok, sec.5,:189-260.1960.

15) Pai,Y-C.et al.: Stroking techniques of elite swimmers,
J.Sports Sci.,2:225239,1984.

16) Smith,L.: Anthropometric measurements, and arm and
leg speed performance of male and female swimmers as
predictors of swim speed, J.Sports Med.,18:153-168,1978.

17) Sudo, A. : Underwater exercise I , Bunkashobo,
hakubunshiya,Tokyo,1998.

18) Tsunoda,N.et al.: Velocity characteristics for the pull up
and pull down movement of the upper and lower
extremities in male athletes. The Annual Reports of
Health,Physical Education and Sports Science,15,:47-
51,1996.

19) Watkins,J.and A.T.Gordon.: The effects of leg action on
performance in the sprint front crawl stroke,
Biomechanics and Medicine in Swimming,First
edition,Hollander,A.P.et al., Human Kinetics,Champaign,
310-314,1983



	角田直也ら著_p21
	p22
	p23
	p24
	p25
	p26



