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3D KINEMATIC ANALYSIS OF THE THREE MAIN STROKES
IN PADDLE TENNIS MOTOR PATTERNS
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Paddle tennis coaches are lacking of scientific support in order to devise the most
effective individual training program of stroke technique. Therefore, 3D kinematics
and the temporal structure of the movements of three paddle tennis strokes have
been analysed. Specifically, they have been calculated spatial-temporal variables
of two successful trials of three main strokes (Tray-smash, Hook-smash and Exit-
wall drive) performed by a world class player.
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INTRODUCTION: It is well known that during the last decades many studies were
driven focused on the biomechanics of tennis technique (Elliot & Reid, 2002;
Bahamonde, 2002). However, up to now, there is lack of relevant scientific information
concerning kinematics and dynamic of paddle tennis, despite of its evolution and
potential development. Besides, there is an augmented demand from coaches and
athletes to know the biomechanical characteristics of the stroke technique in paddle
tennis. In this sense, the purpose of the present study was to evaluate the individual
technique of an elite world class player (world champion of open category in 2008) in
the three main strokes of paddle tennis by characterizing the spatiotemporal and
temporal variables.

METHODS: Two S-VHS video-cameras (Panasonic AG-DP800H, AG-DP200E) were
used to record at sampling rate of 50 Hz the player during two executions of the three
main strokes: A) an exit-wall drive, B) a tray-smash, and C) a hook-smash (Fig. 1). The
recorded videos were processed by the Kinescan/IBV 3D video photogrammetry
system and the 3D coordinates of the markers were calculated using DLT. The
mechanical model is defined by 25 markers namely vertex, nose, occipital, 7™" cervical,
xiphoid, left and right joint centers: glenohumeral, elbow, wrist, hip, knee, ankle, and
left and right: 3" metacarpal, heel, tip-of-foot, plus 5 markers on the racket (Fig. 1).
Data "smoothing" and interpolation was carried out with Quintic Splines according to
the “True Predicted Mean-squared Error" criterion. In this sense, a standardized errors
analysis process took place calculating the “splines” parameters of the 3D coordinates
of the markers (variance of 3D coordinates). Namely, the mentioned calculated

al: angle of racket - a2: angle of elbow. a3: angle of shoulder - a4: angle of knee - a5: angle of ankle -
a6 projected angle of the shoulder and hips axes - a7: angle of hip.
Figure 1: Experimental set up and model (strokes: A = exit-wall, B = tray-smash, C =
hook-smash).



variance was better than 0.009 m. Finally, all spatiotemporal variables were
calculated. The definition of the phases and sub-phases of every stroke was done as

follows:
. Preparation phase, which is defined between the instant of first support of the left foot (fari) and
the instant of second support of the left foot (fazi):
a. Sub-phase A: Support of the left foot (fa1i) - Take off the right foot (taa)
b. Sub-phase B: Take off the right foot (faa) - Support of the right foot (taa)
c. Sub-phase C: Support of the right foot (fad) - Take off the left foot (fa)
d. Sub-phase D: Take off the left foot (fa) — Second support of the left foot (tazi)

1. Stroke phase, which is defined between the instant of the second support of the left foot (faz;) and
the stroke instant ().
e. Sub-phase E: Support of the left foot (faz) - Take off the right foot (fuzd)
f.  Sub-phase F: Take off the right foot (t42q) - Take off the left foot (fazi) (only in hook-smash)
g. Sub-phase G: Take off the right foot (fa2d) or (tazi) — stroke (ti)

1. Follow-through phase, which is defined between the stroke instant (i) and the finish of the
movement.

Thus, during the preparation-phase four sub-phases have been established and during
the stroke-phase three ones.

RESULTS: Data allowed for obtaining the temporal structure of sport technique (Table
1). Furthermore, in every characteristic instant of the stroke phase, the angles of the
main joints and of the racket and the joint angular velocities have been calculated (Fig.
2; Tables 2 and 3).

Table 1: Duration time (ms) of the phases and sub-phases of the three strokes expressed
also as percentage of its respective total duration.

Stroke Phase

PHASES Preparation Phase

STROKE 1: Tray-smash
1t trial

2 trial

660 ms (72%)
560 ms (52%)

STROKE 2: Exit-wall Drive

260 ms (28%)
340 ms (38%)

1%t trial 560 ms (58%) 400 ms (42%)

2 trial 500 ms (56%) 400 ms (44%)

STROKE 3: Hook-smash

1%t trial 640 ms (59%) 440 ms (41%)

2" trial 620 ms (57%) 460 ms (43%)

SUBPHASES A B c D E F G

STROKE 1: Tray-smash

1%t trial 160ms 180ms 40ms 280 ms 240 ms - 20 ms
(17%) (19%) (4%) (30%) (26%) (2%)

2nd trial - 180 ms 40 ms 340 ms 200 ms - 140 ms

(20%) (4%) (38%) (22%) (15%)

STROKE 2: Exit-wall Drive

15t trial 120ms 120ms 100ms 220 ms 280 ms ) 180 ms
(13%) (13%) (10%) (23%) (29%) (13%)

ond trial 120ms 140ms 20ms  220ms 200 ms ) 200 ms
(13%) (16%) (2%) (24%) (22%) (22%)

STROKE 3: Hook-smash

1% trial 140ms 120ms 80ms 300 ms 220 ms 180 ms 40 ms
(13%) (11%) (7%) (28%) (20%) (17%) (4%)

ond trial 200ms 200ms 100ms 120 ms 340 ms 20 ms 100 ms
(19%) (19%)  (9%) (11%) (31%) (2%) (9%)
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DISCUSSION: The definition of temporal phases and sub-phases into which a paddle
tennis stroke can be divided is considered as the first step of the analysis of its
technique. The phase analysis allowed to establish the temporal relationship between
the phases and sub-phases, herein of three different strokes, and thus to study the
consistency in performance of an individual technique. It is clear that there is
consistency between the temporal structure of the trials at each stroke and between
angular kinematics especially for the tray-smash and the exit-wall drive. This is
because the instant of the hook-smash stroke when the ball is hit () commonly is
performed with the feet of the player off the ground.
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Figure 2: Definition of the phases and characteristic instants during representation of the
angular velocity of the right hip (__), right knee (__) and right ankle () in the "tray-
smash". Positive values indicate extension and negative flexion of the joint.

Table 2: Angles (°) at the defined characteristic instants for the three different strokes.

Tray-smash Hook-smash Exit-wall Drive

Joints trial  tofta  tazd ti tazi tazd tazi t ta2i ta2d ti
Racket 1st 1119 1262 1389 1341 1014 1182 1808 103.9 1154 1473
2 1052 106.7 1551 1353 964 828 1852 1004 1344 1314
Elbow R. 1st 1332 156.0 1561 93.0 801 14223 1625 1115 168.7 164.4
2 1141 1561 1637 110.2 91.5 968 1586 1277 16825 166.1
Shoulder R. 1st 164.4 2317 2349 1579 1561 167.2 1626 1388 2014 2130
2 1565 1717 1299 1487 1669 1726 2018 1661 1761 1404
Hip R. st 1549 1902 1871 1418 1713 2035 2119 1474 1722 1892
2 1549 1589 1797 1404 1896 1951 2161 1498 1705 1878
Hip L. st 1437 119.8 1224 1581 1569 1298 1212 1494 1377 1293
2 136.9 1387 1249 1654 1568 150¢ 1211 1490 1394 1335
Knee R. 1st 1355 1497 1495 -133 -4.2 43 455 1285 1479 1517
2m 1408 1569 1489 1103 1504 1748 1695 1434 1612 1577
Knee L. st 1285 1458 1495 999 1482 1568 177.9 1312 1311 158.2
2ord 1304 1236 1464 1189 1466 1762 1702 13986 1284 1500
Should-hips* 1% -27.2 77 161 217 267 23¢ 383 -337 -886 322
2nd -36.7 229 168 -209 -204 -18.1 299 -380 -229 408

*Positive values indicate that the line H1-H2 is forward the C1-C2 (Fig. 1)



Table 3: Joint angular velocities of main joints (°/sec) at the defined characteristic
instants for the three different strokes.

Tray-smash Hook-smash Exit-wall Drive

Joints trial o/t te ti tazi tazd tazi t tazi ta2q t

Elbow R. 1% 220.0 - - -250.7 1119 7979 4419 1122 177.3 -2429
2@ 1908 1716 -132 -21.7 1177 189.0 4791 170.7 1515 2025

Should R. 1¢ 243 -4735 3873 1478 132 -161.0 -171.8 1516 -53.4 -347.7
2nd 92.8 247 -3382 33.5 86.8 448 -3250 211 641 -166.7

Hip R. st 447 57.9 39.5 -1.3 2268 2634 1600 -12.0 186.0 12.2
2nd 14.5 78.5 56.0 -81.8 2759 2676 1322 -12.0 186.0 12.2
Hip L. st -48.6 2.7 15.1 73.2 1627 -2443 -1808 -116 -75.3 -27.3

2nd 268 470 -424 1547 -2832 -307.7 -2245 93 -968 -128
Knee R. 1st 564 -115.7 -128.0 168.9 2491 596 456 561 199.9 -2136
2 101.8 56.1 -1556.5 684 2850 3015 937 648 243 -530
Knee L. 1st 394 1292 1187 -830 3299 -661 -1382 -121 2560 -242
2nd -75.1 84.2 92.3 2.1 2844 2321 655 1.1 -389 88.2
Shou-hip 1% -59.0 3871 4016 -852 2826 3405 2502 -1563 1243 3143
ond -142 1834 4507 238 1296 1558 2652 799 1120 3465

CONLCUSION: According to the authors’ knowledge this is the first study regarding
the 3D kinematic analysis of paddle tennis stroke technique. In this study we examined
the joint movements of three main strokes and it is analyzed their temporal phase
structure in order to provide useful information to coaches for training technique.
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