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ABSTRACT

The purpose of this study was to examine differences between players who bend the left elbow and those who stretch it during
the forward swing from BST to BC in a 2-handed backhand stroke among outstanding high school tennis players, and to assess the
detailed 3D rotational kinematic characteristics of the shoulder and the hip. Statistically significant differences were observed between
groups in the longitudinal axis rotation angle of the shoulder and the angle between the shoulder and the arm at BST, and in the
side to side movement of the shoulder, the up and down movement of the hip, the side tilt angular velocity of the shoulder, the
side tilt angular velocity of the hip, and the front tilt angular velocity of the hip at BC. The difference in the longitudinal axis
rotation angle of the shoulder between the 2 groups suggests a difference in the flexibility of the joint in the shoulder arm racquet
system. The longitudinal axis rotation angular velocity of the shoulder reached its peak at 75 % of the duration of the analyzed
segment and then decreased little by little until BC. This time is considered the stage for increasing the angular velocity of the upper
arm, the forearm, the hand and then the racquet, which are more distal segments than the shoulder.
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Table 1. Physical characteristics of the subjects

Group Height(cm)  Weight(kg)  Age(year)
M 178 67 172
A SD 543 10.53 82
B M 177 65 168
SD 1.30 5.19 73

Base line ,_’:

Figure 1. Definition of shoulder-hip(shoulder-arm, shoulder-foot, shoulder-racquet) separation angles. All marker locations are
presented for the shoulder and hip segments, and the local coordinates system(LCS).
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Table 2. Descriptive statics of A group and B group

BST BC
A group B group t A group B group t
Ball velocity(nys) 33294316  31.85+59 19777
Shoulder thrust(cm) 401781 0.04+7.95 1677
Shoulder sway(cm) 1523819 14924504 153%%
Shoulder Tift(cm) 6.27+4.94 7.80+4.03 -1216
Hip thrust(cm) 5524695  -5.53%625 1.380
Hip sway(cm) 1007470  899:4.12 823
Hip lift(cm) 488572 7.33+3.50 -1762"
Shoulder a/p tilt angle(°) 6724393 9.1146.80 -1395" 17006877  19.16:8.64 -826
Shoulder lateral tilt angle(®) 8.074.70 8.99+4.12 1426 205+12.77 754734 652
Shoulder axial rotation(®) 6694+14.14  -5602t1495  -17437  3275+1537 35972023 -584
Hip a/p tilt angle(®) 1615£10.14 1412899 715 2090938  19.649.54 447
Hip lateral tilt angle(®) 7.68+9.28 2.19£9.07 1.991 365t1353 6804855 955
Hip axial rotation(®) 10634520  12.79+35.82 -183 51682224 5037423.68 184
Shoulder a/p tilt angular velocity(deg/s) 58.85:1338  77.32£1041 -516 20261103 -11.8617.87 -293
Shoulder lateral tilt angular velocity(deg/s) 552762090 239542350 463 44001443 49551921 156
Shoulder axial rotation angular velocity(degs) ~ -115.5354.11  -90.96+42.85 -1.745 757.69+22.82  T77.03+22.61 -283
Hip a/p tilt angular velocity(deg/s) 734451453 804411645 -143 -59.61£1200  -41.39+6.14 646"
Hip lateral tilt angular velocity(deg/s) 12581964 -23.06+19.73 601 35341228 -33.09+9.90 -062
Hip axial rotation angular velocity(deg/s) 223.02+54.26  201.73+61.95 124 330.77+43.92  349.04+47.78 -.138
Shoulder-hip separation angle(®) 41.00£2368  36.55:19.84 752 17231164 -21.3419.02 1.034
Shoulder-foots separation angle(®) 98512423  70+19.58 1.403" 86931569  -85.6313.22 -308
Shoulder-arms separation angle(®) 40311892 46.00£1825 1223 791651761 7339+12.73 1.905
Shoulder-racket separation angle(®) 26512081 2.08+1192 -293 18784598 2229639 -1873

Note: Statical significance is indicated by bold font. Values are MeantSD “p<.05, ~p<.01, ™ p<.001
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Figure 2. Ensemble averages for shoulder and hip displacement int x-(thrust), y-(sway) and z-direction(lift) for both A group and B group. All
displacements are expressed relative to the BST. Shaded areas represent one standard deviation of the mean.
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Figure 3. Averages for shoulder angles and velocities for both A group and B group. Shaded areas represent one standard deviation of the mean

)

| Hip a/p tilt angle(deg)
| mip lateral tilt angle(de

0
Tine (%)

50
Tine (%)

city (deg/s)

1
velol

veloci:

angular

Hip(y)

Hip(z) angular

-1200..
50 100 0

Time (%)

50 100
Tine (%)

-1200.0°

Figure 4. Averages for hip angles and velocities for both A group and B group. Shaded areas represent one standard deviation of the mean
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Figure 5. Averages for shoulder-hip(shoulder-foot, shoulder-arm, shoulder-racquet) separation angle for
both A group and B group. Shaded areas represent one standard deviation of the mean
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