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INTRODUCTION

Joint power calculationsnot only are related to muscleforce, but they
also provideinformation on the changes in muscle length and the type of
load produced (eccentric/concentric) (Andrews, 1983; Winter, 1990). Of
thekineticanalysesof theservingarm intennis(Legnani & Marshall,1993;
Bahamonde, 1994) none have looked at mechanical power produced by
thejoints. Therefore, it wastheaim of thisstudy to computethejoint power
developed at the wrist, elbow, and shoulder joints during the performance
of flat and slice tennis serves.

METHODS

Five male, right-handed collegiate tennis players were filmed using the
DLT method of 3D cinematography. Filmanaysisproceduresand quintic spline
flinctions were usad to calculate and to smooth the 3D coordinates of the
landmarks, respectively. Thefollowing events weredefined: bal toss (BAT);
maximal elbow flexion (MEF); racket lowest point (RLP), start of forward
swing; maximumexterna rotation(MER); and impact (IMP) (Figure1 below).
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The serving arm was modeled as three-link kinetic chain made by the
racket/hand, forearm, and upper arm segments. Rigid body kinematicsand
the inverse dynamics approach were used to cal culatethe resultant torque
and force a each joint (Bahamonde,1994; Feltner & Dapena, 1986). Joint
power (Pj) was cal culated asthe product of thecomponentsof theresultant
joint torque (Tj) and the joint angular velocity (®j) (Winter,1990).

RESULTS

Table 1 showsthe averagejoint power valuesfor each joint during the
periodsaf BAT-MEFand MEF-RLP (backswing phase) and RLP-MER and
MER-IMP (forward swing phase). Tables 2-3 show the mean joint power
values a the specific events. Positive values indicate concentric muscular
contractions(joint tarqueand joint angleacting inthesamedirection) while
negative values indicate eccentric muscular contractians (joint torque or
joint angle acting in oppositedirections).

Table 1.
Average Joipt Power (Watts) Vauesfor thi= Flat and Slice Servty s
Period Willext | Wul/rad | Pro/Sup |E [nilext rod  [Hor ablad |40 dd
BAT/MEF 0x1 1+1 if2 15s | 446 45 37
11 1%l 1£1 15K7 | 5k6 s Y
MEF/RLP 444 -2E 5+5 EE15 | 204186 |63L3IE L2149
<314 4141 44 1115 -164%75 | 18£7T3 3R
RLP/MER 47 4121 2115 | 67449 | 220472 | -l6i6d  [IIEZH2
47 44152 15215 | 41459 | -205%116 |-16457 101453
MERIIMP | 214+150 | 3314293 | 38+351 |388+345 | 1154+1779]-11+£262 | 532331
1214135 | 1604121 | 1784455|317+£187 | 7231931 |-3dn3 |3321T0

Table2
houl dey )
MEF, RLP. MEF IMP.
Event Int/ext rot. Hor ab/ad Ab/add
MEF -62155 -21%112 449
- 21465 -12B8 8127
RLP 447+106 411228 -102187
-388+102 -18%176 104457
MER 125185 4744 BE141
741214 -8£80 -331£132
IMP 6190+9963 271£1359 -411£1047
A4 540002 -119£50] 42061187
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Table 3,
Wrig & Ebow Joint Power (Watts) Vdues for the Hat and Slice Saves a the
Eventsd MEF RLPMEF. IMP.

Event Wil/ext Waul/rad | Pro/Sup Elflex/ext
MEF 5410 i 347 | 21416 10£14
-146 | -1%10 | 3+6 216
RLP | -11£14 | -33337 | 8413 | 6tl4
-11420 {27422 | 8+19 | 4340
MER | 1420 ! 1461165 I 25422 | 148+127
, 745 -62394 | 25f18 | 67485
IMP 114441010 l 845+1207 -354+2338 10101890
I 776£1451 2944435 l 172244978 11254748
DISCUSSION

The joint power valuesfor all joints during the period between BAT-
MEF weresmall and weretheresultof concentriccontractionsof themuscles
to place the arm in MEF. From MEF to RLP, the rotation of the trunk
produced aforced external rotation of the upper arm (Bahamonde, 1994;
Feltner & Dapena, 1986; Chung, 1988). To prevent the forced externa
rotationof the upper arm, the internal rotation musculature produced large
eccentriccontractions(Tables1-2). Theinternal rotation musclescontinued
to contract eccentrically until theevent of MER. During the period of MEEF-
RL Ptheexternal rotationof the upper arm and the upwardthrust developed
by thelegs, which istransmitted through thetrunk and shoulder, horizontal ly
abducted the upper arm (see Figure 1, RLP) (Elliot, 1994). To cancel out
this effect the horizontal adduction muscul ature contracted concentrically
to elevate the upper arm to the elbow high position (Figure 1 MER).
Meanwhile, due to the external rotation of the upper arm, eccentric
contractionof the adductorsmuscles were necessary to prevent thebackward
movement of the upper amin the transverse plane (normally horizontal
adduction).

From RLP-MER the internal rotators continued to produce large
eccentric contractions, while the power generated by the horizontal
abdiadductorschanged directionsdueto the development of small horizontal
abduction torques, probably used to dow down the upward motion of the
upper arm. It isalso during this period that the shouldersrotation was at its
peak. Thisrotation produced an inertial lag of the upper arm, but because
o the excessiveexterna rotation of the upper arm and thetilting of the
trunk ,the adductorsmusclecontracted eccentrically, preventingtheinertial
lag and accelerating the upper arm downward in a hammering type of
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motion. From MER to IMP most of thejoint power was developed by the
shoulder internal rotatorswhich produced large concentric contractions.

Theelbow joint produced concentric contractions throughout theserving
motion. From BAT to M EF thejoint power was used toflex theelbow, then
from RLP-MER the elbow began a slow extensionfollowed by aforceflil
concentric contraction of the elbow extensorsprior to impact (Tables1 &
3). Theforceful pronationof theforearm prior toimpact wasalso achieved
through concentric muscular contractions.

The wrigt joint power values were relatively small until the period of
MER-IMP, when the ulnar deviation and flexor muscle produced large
concentric contractionsto accel erate the racket prior to impact.

CONCLUSIONS

Largeeccentric |oads(pre-stretching)wereplaced on theinternal rotator
muscles during the late portion of the backswing and the early forward
swing, changing into concentricloadsprior to IMP. Elbow |oads (extension
and pronation) were concentric throughout the forward swing. Wrist
concentric (flexion and ulnar deviation) loadsincreased in magnitude near
impact (MER/IMP). In general, the magnitude of the joint power vaues
were larger for the flat serves than for the dlice serves. The joint power
needed to accelerate the racket was the result of shoulder internal rotation
and adduction, elbow extension and pronation, and wrist flexion and ulnar
deviation.

This information would be valuable to coaches and teachersfor the
improvement of the performanceof playersand students. It would also be
useful for athletic trainers and sports medicine professionals in the
assessment and rehabilitation of injuriesrelated to the tennis serve.
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