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Theserviceis probably the most important stroke in tennis. It is however,
aso a difficult stroke to master as not only do the upper limbs prescribe
different movement patterns and rhythms, but they must coordinate with
themovement of thelower limbsand trunk. It isstill logical to assumethat
service technique can best be improved through an understanding and
then practice of theimportant componentsd the action. Whilethis paper
discusses the mechanical basis of the service action, it must be stressed
that the most important consideration in any service technique is
RHYTHM, and as such the INDIVIDUAL FLAIR df the player must al-
ways be the key ingredient.
1. TheGrip

Although it is widely accepted by coachesthat the continental grip is
preferred for an advanced serviceaction, no research data were available
to substantiate this belief. Trial and error have led authors to claim that
thisgrip dlowsmaximum use of wrist flexion and also permitsavariety of
racquet-head positions a impact (Elliott and Kilderry, 1983; Groppel,
1984).

Principle:

The continental grip or aclose approximationshould be used for an ad-
vanced servicetechnique.

2. The Stance
Thepositiond thefeet in the stance phasecan best bedecided through
deliberation between the player and coach. Therole of weight transfer as

part of the preparatory movementsshould be addressed. Most coachesad-
vocate that the weight should start on thefront-foot so that it can betrans-
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ferred backwardsand thenforwardsduring theserve(Ashe, 1975; Trabert,
1975; Segura, 1976). This position was supported by Elliott et al. (1986)
who reported seven of eight Statelevel performers began their serviceac-
tion with their weight on thefront-foot. Smith (1979) reported that thein-
itial weight distribution for five male varsity players was an individua
characteristic with three subjects having their weight distributed in front
of the rear-foot, one was evenly balanced and one had the weight
predominantly placed on thefront-foot. Thisindividual weight pattern was
consistent for the flat and dlice serves. The movement pattern for al ser-
verswas for the weight to move back towards the rear-foot and then for-
ward sothat at contact the perpendicular linethroughthecentred gravity
was 25 cm forward o the front-toein theflat serviceand 41.5 cm forward
of the front-toe in thedlice service (Smith, 1979).

Principle:

Whilesubject to individua variation, it isevident that theinitial weight
forward techniquethat permitsa"rockingaction" to begin thedriveto the
ball, isboth preferred by most playersand supported by research data.

3. Upper Limb Timing (Figures1and 2)

The"down-together" "up-together" synchronisationsequence in racquet
and ball movement have not been researched. Some coaches may prefer
the ball to just lag behind the racquet movement, while others prefer the
reversesituation. A very large"racquet trail" isso often the cause o either
a higher than needed ball toss or acramped hitting position.

Principle:

A synchronised upward movement of the ball-arm and racquet-arm
would appear to be needed for an efficient service action.

4. The Foot-up vs Foot-back Controversy (Figure 2: The foot-up techni-
ue

,g ra)nge o foot placements during the lower limb drive from the foot-
back technique through avariety of intermediate positionsto the foot-up
technigue are used by high performance players. A study by Elliott and
Wood (1983) found that the foot-back technique produced greater
horizontal ground reaction forces and they concluded that this technique
may enable a player to move more quickly toward the net at the comple-
tion of the serve. The foot-up technique generated larger vertical ground
reaction forceswhich resulted in a better UP and OUT hitting action and
a higher impact position than those who used the foot-back technique.
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Principle:

Theindividual flair or preference of the server should be a major deter-
minant in the technique selected, however if the foot-back technique is
used coaches must emphasisethe "leg drive' to produce an up and down
hitting action while those who teach the foot-up technique must emphasis
rapid movement to the net (for aserve-volley game) as part of thecomple-
tion of the serve.

5 Lower Limb (leg) Drive (Figures 2 to 4)

A number of books have related the lower limb drive to the movement
d the racquet. Braden and Bruns (1977) stated that an effective natural
loop of the racquet was achieved by a "shoulder turn" while Elliott and
Kilderry (1983) stated this loop would be enhanced by a correctly timed
lower limb action. A study by Elliott et a. (1986) showed that as kneejoint
extension and foot plantar flexion drove the hip and shoulder upward a
reaction force aided the movement of the racquet in itsloop behind the
back. Mean maximum elbow joint anglesfor eight State level performers
d approximately 60° during this loop showed that while the term. "back
scratch” position may be used as a coaching-cue it is not an accurate
description o the position of the racquet behind the back.

Principle:

A combination of shoulder turn and lower limb drive produces a
dynamic situation where the loop of the racquet behind the back is in-
creased when compared to an action without these characteristics.

6. Sumntation of Body Segments

A flow of energy fromthelower limbsto the trunk and findly to therac-
quet-limbisrequired if an optimal velocity isto beachieved at impact. Van
Gheluweand Hebbelinck (1985) and Elliott et al. (1986) in 3-D cinematog-
raphy studies of skilledserversboth reported that thissummation process
did occur. The maximum resultant linear velocities of segment and end-
pointsrevealed a velocity increase in successive segments from the knee
joint to the head of the racquet as the time of impact appraoched (Table
1). Thistable further showsthat the lower limb drive producing kneeand
hip velocities are synchronised as are the shoulder and elbow velocities
produced by trunk and upper arm actions. These actions are thenfollowed
by elbow extension and finally forearm pronation and wrist flexion. Grop-
pel (1984) stated that elbow extension from the loop behind the back,
forearm pronation and wrist flexion occur almost simultaneously. Jace et
d. (1979), Gowitzke and Waddell (1986) and Van Gheluwe et d. (1987)
in very detailed approaches to the question of the role of forearm prona-
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tion reported that thevelocity of theracquet prior toimpact wasincreased
by both pronation of the forearm and rotation of the upper arm.
Princlple:
Fhythm is such a key ingredient of the service action that a well coor-
dimated action will almost inevitably lead to an effective summation of body
segments, The flow in this action is basically:

o lower limb drive (Figures2 to 4)

o trunk rotation and upper arm flexion (Figures3to 5)

o [orearm extension, forearm pronation, upper asm rotation and hand
fexdon (Figures 5 (0 9)

TABLE1
Resultant Maximum Linear Ve ocitiesof the
Hitting Arm in the Tennis Serve

(Male and Female subjects)
Velooy Time to impact
ms (s)
Knee 08 0.10
Hip 22 0.19
Shoulder 30 .14
Elbow 58 I
Wrist 12.8 s
Centre of Racquet 272 0.04

Modified from Elliott, et a. (1986)

7. Racquet Trajectory for Impact (Figures 8 1o 9)

Besearch has shown that a serve B seldom hit flal at high speeds be-
cause the height of the impact above the court for players of average stat-
are 15 1oo low to allow the ball to clear the net and land in the service courl
(Braden and Bruns, 1977; Elliott, 1983; Brody, 1985}, Braden and Bruns
(1977} stated that to kit the ball hard, on a straight line so that it clears the
net by one 1o six inches and lands one inch inside the service line, the centre
of your racquet must beten feet in the air. Brody (1985) stated that if you
serve the ball hard a little topspin can easily double your chances of hit-
ting a good serve, Gravity, air resistance and forward ball rotation then all
help to ensure that an appropriate trajectory occurs for a successful ser-
vice. As gravity and air resistance are always present, forward ball rotation
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will providethe extramarginfor error at tyhenet. Theflat power servein

fact appearsamisnomerfor many highly skilled players. High performance
achubis it a Fast "Mat” serve wath a near vertical racoguet al impact the tp of
which moves in an upward line of approximately 4" from 0.05 sec., prior to
until impact and then generally continues through along a horizontal line
immediately following impact in an attempt to generate some forward ball
rotation (Elliott, 1983). The highest forward ball rotation from the players
in this study was caused when the racquet was moved with an upward
trajectory of 5% prior toimpact and continued with a2 upwardtrajectory
from impact 1o 005 sec,, following impact {Elliott, 1933).

Principle:

AnUPand OUT hittingtechnique must beemphassed in development
d an efficient service action.

B. Ball Toss

Whileit isimperativethat the ball toss be fitted into a rhythmical rac-
guet action, theheight of thistosshasled to disagreement withinthe coach-
ing literature. The height that the ball should be"pushed in the tass has
proven a problem for both players and coachesas role modd s have used
avariety o ball heights. Plagenhoef (1970) used high speed photography
to show that the great mgjority of International tennis players filmed im-
pacted the ball jugt after it had begun to drop (Newcombe and Trabert, 0
t0 25 em drop; Seixas, 25 to 7.5 an drop; Ashe, 7.5t012.5 an drop; Gon-
zales and Hoad, 15t0 225 am drop). A mean ball drop prior to impact o
53 am (1.7 feet) was recorded for four male and four female State leve
adults (Elliott et a., 1986). Beerman and Sher (1981) calculated that the
bal remains a the peak o its flight when "pushed to the height of the
"sweet spot” o the racquet for eight-fold the timeit would remain at this
point when projected 1.2 m above this point (calculations ignored air resis-
an:r,} They lurther caleulated that with a ball toss 1.2 m al:luv-: the “sweet
gpol®, you have (o hit a ball moving at approximately 5 ms . The servers in
the study by Elliott et al. (1985) were required to hit a ball dropping at 2.2
ais'l, The subject is Figore 9 allowed the ball to drop 23 cm prior to im-
pact and was (herefore required to hit a ball moving at approxmately 2.1
ms

Principle:

The ball should be"pushed to the height o the "sweet spot" or top of
the racquet when in the hitting position to impact a near stationary ball.
Remember (hat this position will be higher than that attained by the out-
siretched racquet while standing on the ground, particulacly if the server
has a good lower limb drive.
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9. Impact Height (Figure9)

Theoptimal hittingheight for any individua should becharacterised by
an extended body with the racquet at 90° to the court. The shoulder joint
should be extended (approximately 140%) while the elbow and wrist joints
should approximate 180°. Elliott et al. (1986) reported mean values of
1387, 156° and 157° respectively for male and femaleadultsat impact. The
Internationally ranked femal ein Figure 9 demonstrated a near ideal situa-
tion with a shoulder joint angle of 1327, and elbow joint of 170° awrist
angle of 171° and a racquet angle of 90°, which produced a hitting posi-
tion of 162 per cent o standingheight.

Brody (1985) using computer simulation, showed a strong correlation
betweenthe height of impact and successin theserve. At 40ms™ (90 mph)
aball hit at 2.7 m above the court has twice the chance o successof one
hit at 22 mfrom the court. The harder the ball is hit the more important
the height of impact is to a successful serve (Brody, 1985). To attain the
higher impact position many players, asshownin Figure9, leavetheground
toimpact the ball (Groppel, 1984).

Principles  ~

An off the ground hitting position created by anatural lower limb drive
and summation of body segmentsisaf benefit asit creates ahigher impact
position; however, if a purposeful upset servicerhythm and be detrimen-
tal to performance.

10. The Follow-Through

An effectivefollow-throughis necessaryif optimal racquet velocityisto
be achieved at impact and the racquet-arm is alowed to dow down
gradually without unduerisk o injury. Pronation of theforearm continues
after impact, athoughtheextent and timingmay vary from player to player
(Figures9 t0 10). Another question that must be addressed duringthefol-
low-through is, which foot should land first after impact? The server in
Figure11 lands on her left foot prior to starting her movementsto the net
by bringing her rear-foot prior to starting her movements to the net by
bringing her rear-foot forward. Noresearch evidenceexiststhat would dic-
tatewhichfoot landing providesmore power in theservice, nor isany data
available to suggest which technique would get the performer to the net
faster (Groppel,1984). The serviceactioniscompleted with aracquet fol-
low-through acrosstheline of the body and total movement into the play-
ing area.
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Principle:

A smooth follow-throughthat incorporates movement towards the net
(if serve-volley game required) is an essential ingredient of good service
technique.

Coaching of the tennisserve, like any skill, should be based on thein-
dividua flair and physical characteristics of the performer and the
knowledge of the coach. Improved performance will occur at all levels
when the mechanical basisdof the skill to be taught are understood and in-
troduced to thelearning sequence at the appropriate time.

Figures1to 5 Sequence of service actionstaken from film
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