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The Balance Ability of Elite Synchronized Swimmers in
an Analysis of the Postural Sway
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Noriyuki Yamamoto **, Yukinori Shintaku*®°, Takaaki Matsumoto *¢

Abstract: Synchronized swimmers must perform the technical and free routines program while keeping
balance underwater. A synchronized swimmer needs highly balance ability. In sports activity, it is
important that muscular strength is coordinated as well. In particular, muscle coordination during
aquatic sports (swimming, water polo, synchronized swimming) were most important factor to
improve human performance. The purpose of this study was to examine the balance ability in elite
synchronized swimmers. Twenty-three female synchronized swimmers (international elite level and
junior international level) participated in this study. Postural sway was measured by a piezo-electric
force platform (9281E, KISTLER, Swiss). To measure the balance ability, the center of pressure (COP)
displacement of the ground reaction force was recorded at a frequency of 20 Hz while the subjects were
taking static standing position with opened eyes or closed eyes on the force platform for 30 seconds.
The total length of COP displacements (LNG) and total movement area of COP (Environmental
area : ENV. area, Rectangle area : REC. area) were calculated as an indicator of the balance ability.
The synchronized swimmers were more superior in the total length of COP displacements (elite : Open
eye LNG : 26.15 = 796 cm, Closed eye LNG : 36.32 = 11.36 cm, junior : Open eye LNG : 3048 = 743 cm,
Closed eye LNG : 36.04 = 10.35 cm). The total area of COP displacements (ENV. area) showed 0.91
+0.60 cm? (elite) and 1.39 = 0.77 cm? (junior) in open eyes static standing position. The total area of
COP displacements (REC. area) showed 2.29 + 1.48 cm? (elite) and 3.83 = 256 cm? (junior) in open
eyes static standing position. Average values and SD of percentage of center of gravity (anatomical
posture) and percentage of center of gravity (both hand-up posture) were 53.3 = 0.8% and 57.0 = 0.7%,
respectively. The synchronized swimmer had a short LNG in comparison with the normal student. In
addition, the LNG in open eyes standing position was significantly shorter in the elite synchronized
swimmer than in the junior synchronized swimmer. On the other hand, there was no significantly
difference in the LNG during closed eyes. It is clear that the elite synchronized swimmers had high
balance ability during the static standing position.
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Group Elite Junior
Mean (SD) Mean (SD)
Age (years) 18.0 (1.7) 15.4 (1.5)
Height (cm) 162.1 (3.0) 159.4 (5.4)
Weight (kg) 52.8 (2.4) 46.2 (6.2)
BMI (kg/m?) 20.0 (1.8) 18.2 (2.4)
Y%fat (%) 17.3 (3.8) 15.1 (5.2)
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Group Elite Junior 18 years 15 years
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Stepping (Standing) (times) 95.0 (7.7) 90.5 (8.4)
Stepping (Sitting) (times) 113.4 (8.8 101.0 (8.2) 107.0 (10.0) 103.0 (11.1)
Jumping reaction time (sec) 0.380 (0.073) 0.333 (0.033) 0.367 (0.040) 0.361 (0.040)
Side step jump (times) 52.9 (4.2) 49.0 (5.3) 39.3 (4.5) 38.0 (5.0)
Standing-broad-jump (cm) 183.9 (14.8) 182.2 (7.3) 176.0 (26.0) 187.0 (22.0)
Vertical jump (cm) 38.6 (3.0) 40.4 (4.0) 42.9 (6.1) 42.9 (6.5)
Sitting trunk flexion (cm) 63.3 (6.4) 56.6 (6.9)
Grip strength (Right) (kg) 27.8 (2.8) 25.6 (3.4) 27.7 (4.9) 26.5 (5.0)
Grip strength (left) (kg) 26.0 (3.1) 24.6 (3.9) 27.7 (4.9) 26.5 (5.0)
Back strength (kg) 75.7 (8.3) 60.3 (14.1) 80.9 (19.1) 76.9 (19.3)
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