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Kinematics and electrogoniometric analysis of breaststroke
timming of the armstroke and kick.

Toshiaki GOYA, Yoshihiro AMANO and Osamu TSURUMINE

The purpose of this study was to determine the breaststroke timming of the movements of
elbow, knee and forearm joints in the four swimming phases among selected university students.

The subjects of the study were two national top swimmers, four trained and six untrained
swimmers. They were sprinted 25m breaststroke with their maximum effort attached to
water-proof electrogoniometers (elbow, knee and forearm). Swimming form was taken by a
high speed cine camera operating at 48-64 fps, and synchronized by 4ch pen-oscillograph
recorder. The magnitude of the angles for the flexion, extension, pronation and supination of
elbow and forearm movements, and the flexion and extension of knee movements were measured
by means of waterproof electrogoniometers. The angular velocity of elbow extension and
forearm supination among the top and trained swimmers were significantly different from that
of the untrained swimmers in the armstroke during at the pull phase. There was significant
correlation coefficients between the angular velocity of elbow extension, forearm supination and
the swimming velocity respectively. Moreover, the magnitudes of knee joint angle and angular
velocity of knee joint among the top and trained swimmers, were significantly different from
untrained swimmers. The timming of the armstroke and leg kick showed greater overlap among
the untrained swimmers than among the top and trained ones during the P-R phase. The results
indicated that untrained swimmer have already started leg recovery at the beginning of armstroke.
It was suggested that during the recovery phase, the armstroke should be accerelated the
amplitudes of knee joint angle be increased, and the leg kick be more accerelated in order to
supply the propulsive force effectively in breaststroke. In conclusion, at the beginning of the

catch of armstroke the timming of leg kick recovery of swimming beginner should be delayed.
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Table 1 Characteristics of the subjects.
X+ (S.D)

Variable Age Height Weight Best
Subj ~_ (yrs) (cm) (kg) Record

Top S.T. 24 181.0 71.5 1703”8*
Swimmer A.S. 20 174.0 79.0  170672*
Trained 21.4 172.8 58.5 3571
(n=4) (0.5) (6.3) (4.5) 2"1)
Untrained 20.1 162.2 54.3 58”7 47
(n=6) 0.6) (7.2) (8.2) (6”8)
¥ 50m
*100m

Swirnmin,
Swirnmer IF’ogol

r* 16mm Cine Camera (f=13mm,48~64fps)
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Fig. 1 Schematic drawings of this experiment.
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Fig. 2 Four breaststroke swimming phases at the
timming of the armstroke and leg kick.
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Fig. 3 Typical armstroke and leg kick pattern of
the top and untrained swimmer.
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Table 2 Angles, amplitudes and angular velocities of elbow movements during 25m
sprint breaststroke for each 3 groups.

Mean= (S.D)
Variable Maximum Maximum R Angular Velo. Angular Velo.
- Extension Flexion ange of Extension of Flexion
Subj e (deg) (deg) (deg) (deg/sec) (deg/sec)
Top S.T. 173.6 72.6 101.0 354.1 194.2
Swimmer A.S. 179.7 60.8 118.9 411.0 212.2
Trained 172.5 74.4 98.0 201.6 179.9
(n=4) (1.8) (10.4) (10.1) (27.2) (23.3)
Untrained 168.8 78.1 90.6 139.6 208.7
(n=6) (4.8) 9.1) (7.3) (36.6) (64.1)

Table 3 Angles, amplitudes and angular velocities of knee movements during 25m
sprint breaststroke for each 3 groups.

Mean= (S.D)
Variable Maximum Maximum R Angular Velo. Angular Velo.
Extension Flexion ange of Extension of Flexion
Subj (deg) (deg) (deg) (deg/sec) (deg/sec)
Top S.T. 176.3 30.0 146.6 588.9 332.5
Swimmer A.S. 178.9 34.6 144.3 629.4 379.7
Trained 177.0 36.1 140.9 599.3 2713
(n=4) @a.n (38.1) (3.3) (38.2) (33.8)
Untrained 173.4 43.5 129.6 500.1 225.7
(n=6) (4.5) (3.3) (6.7) (25.1) (48.5)

Table 4 Angles, amplitudes and angular velocities of forearm movements during 25m
sprint breaststroke for each 3 groups.

Mean= (S.D)
Variable Maximum Maximum R Angular Velo. Angular Velo.
Pronation Supination ange of Pronation of Supination
Subj (deg) (deg) (deg) (deg/sec) (deg/sec)
Top S.T. —31.2 8.1 39.3 192.2 245.6
Swimmer A.S. —32.1 34.6 66.9 23745 446.0
Trained —32.0 22,1 54.1 206.5 328.4
(n=4) (7.0) (6.6) (5.4) (50.7) (47.9)
Untrained —15.7 20.7 36.5 132.5 194.7
(n=6) (4.8) (5.9) (8.3) (59.8) (53.5)
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(110 sec)

Fig. 4 Synchronization diagram of the four swimming phases and
the changes in angle of elbow, knee and forearm joints.
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Fig. 5 Relationship between changes in angle of elbow

and knee joint and the four swimming phases
of the top, trained and untrained swimmers.
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