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““The The biggestbiggest achievmentachievment ofof
hh tt l tl tmymy coachcoach was was toto letlet

meme playplay thethe wayway I was I was 
playingplaying.“ .“ 

(BJÖRN BORG )(BJÖRN BORG )

KnudsonKnudson 19971997
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BeforeBefore wewe cancan prescribeprescribe
thethe rightright medicinemedicine wewethethe rightright medicinemedicine, , wewe

havehave toto knowknow thethe illnessillness
firstfirst!!

Today‘sToday‘s gamegame
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“The“The player‘splayer‘s abilityability toto consistentlyconsistently hithit

Today‘sToday‘s gamegame

The The player splayer s abilityability toto consistentlyconsistently hithit
thethe ball ball withwith immense power immense power isis a a 

distinguishingdistinguishing featurefeature ofof thethe modern modern 
gamegame…“…“

CrespoCrespo//HiguerasHigueras 20012001pp // gg

Success in tennis requires a mix of

SuccessSuccess in Tennis?in Tennis?

Success in tennis requires a mix of
player talent, good coaching, 
appropriate equipment, and an 
understanding of those aspects of
sport science pertinent to thesport science pertinent to the
game.

(ELLIOT, Biomechanics and Tennis. Bjsm,2006)
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RotationStretch-
shortening cycle

Coordination of body segments

Racquet speedBall speed &
“Precision” ???

Muscle Strength 
(Power)

legs/trunk/arm

Equipment, leg 
drive, …Backswing

WhatWhat distinguishesdistinguishes thethe professional professional playerplayer
fromfrom thethe competitivecompetitive playerplayer??

QuestionsQuestions

fromfrom thethe competitivecompetitive playerplayer?  ?  
Speed + Precision  Speed + Precision  –– decisivedecisive //keykey factorsfactors??
–– Do Do prof.playersprof.players hithit harderharder andand//oror moremore

preciseprecise??
WhatWhat areare decisivedecisive technicaltechnical oror kinematickinematic
aspectsaspects thatthat makemake thethe differencedifference??pp
PPerformance erformance modelsmodels forfor coachescoaches ? (? (strokestroke
improvementimprovement in in theorytheory andand practicepractice))
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Can a kinematic 3D analysis,Can a kinematic 3D analysis, 
where speed and precision

stand in the foreground, 
unveil further secrets

regarding modern 
groundstrokes ???  g

MethodsMethods

Subjects: 17 (8 active/former professional 
players and 9 competitive youth/high
performance players )
Age: 16-27Age: 16-27 

Test designTest design
TestTest--Task:Task: FH/BH FH/BH crosscourtcrosscourt/down /down thethe lineline ((asas
fast & fast & preciseprecise asas possiblepossible toto targettarget areaarea);         );         
4 4 sserieseries a 2a 20 0 ballsballs
Data Data capturecapture:: ViconVicon motionmotion analysisanalysis systemsystem, 8 , 8 pp yy yy ,,
infraredinfrared camerascameras, 400Hz; , 400Hz; ((recordingrecording 43 43 retroretro--
reflectivereflective markermarker trajectoriestrajectories))
Basler High Speed Kamera: Basler High Speed Kamera: ((impactimpact))
Radar: ball Radar: ball speedspeed
Sony Sony DV DV CameraCamera: : PrecisionPrecision
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Target box: 
cross

Target 
box: dl

TESTING ENVIRONMENTTESTING ENVIRONMENT

Radar Overhead
Cameras:
Height:
~4m
Width:
~12m

Basler High 
Speed 
Camera

Basler High 
Speed 
Camera

Traverse for
Overhead 
Cameras
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Two target boxes

Delivery – ball machine

Two target boxes

Delivery ball machine

IN ACTION
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TESTINGTESTING

WhatWhat was was analysedanalysed??
STEP 1STEP 1

VmaxVmax ofof top8top8 shotsshots: FH/BH: FH/BH crcr /dl/dlVmaxVmax ofof top8 top8 shotsshots: FH/BH : FH/BH crcr./dl./dl
MeanMean VmaxVmax ofof all top8 all top8 shotsshots
The 8 The 8 mostmost preciseprecise shotsshots: FH/BH : FH/BH crcr./dl./dl
MeanMean Precision Precision ofof all all thethe mostmost preciseprecise shotsshots
VmaxVmax ofof thethe 88 mostmost preciseprecise shotsshots::VmaxVmax ofof thethe 8 8 mostmost preciseprecise shotsshots: : 
FH/BH FH/BH crcr./dl./dl
MeanMean VmaxVmax ofof all all thethe mostmost preciseprecise shotsshots
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First First resultsresults ?!?!

Ball Speed Ball Speed vs. vs. PrecisionPrecision

Did prof.players hit harder and/or more precise?

Speed differences Top 8 shots: Speed differences Top 8 shots: 
competitive competitive vsvs professional playersprofessional players

130 Competitive Professional

120,3
117,8

112,4

115,3 116,4

126,7

123,3 123,1 121,6 123,7

115

120

125

kmh +10,9kmh
9,7%

112,4

105

110

FHcr/vmax FHdl/vmax BHcr/vmax BHdl/vmax Mean-vmax-
all sh.Shots

p=0,015*
p=0,056p=0,066p=0,220p=0,168

+7,3kmh
6,2%

+6,36kmh
5,5%

+5,14kmh
5,0%

+6,6kmh
5,5%
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1,46
1 311,40

1,60
Distance 
to target

Comp. Prof.

Differences of the 8 most precise shots: Differences of the 8 most precise shots: 
competitive competitive vsvs professional playersprofessional players

1,01
1,13

1,31
1,23

1,01 1,05 1,18 1,18 1,10

0,60

0,80

1,00

1,20

1,40 to target 
(metres)

p=0,135p=0,978 p=0,627 p=0,452 p=0,218m

0,00

0,20

0,40

FHcr/prec FHdl/prec BHcr/prec BHdl/prec all sh./prec
Shots

0,00m
0,3%

-0,08m
7,6%

-0,12m
11,1%

-0,13m
11,1%

-0,28m
23,5%

123,4

125,0 Comp. Prof.

Speed differences of the 8 most precise shots: Speed differences of the 8 most precise shots: 
competitive competitive vsvs professional playersprofessional players

116,5
114,7

109,8

112,5
113,4

120,4
120,4

118,0

120,5

110,0

115,0

120,0

kmh

100,0

105,0

FHcr FHdl BHcr BHdl all shots

p=0,194
10,6kmh

9,6%

p=0,158 p=0,122 p=0,055
p=0,008**

7,2kmh
6,3%

5,5kmh
4,9%

5,7kmh
0,3%

6,9kmh
5,9%
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WhatWhat parameterparameter actuallyactually
setssets thethe pe fo mancepe fo mance ofof aasetssets thethe performanceperformance ofof a a 

playerplayer ??????

RANKING !!!RANKING !!!RANKING !!!RANKING !!!

CorrelationsCorrelations withwith rankingranking
vmax =max. velocity; prec. = precision; all sh. = all shots
FH/BH-cr./ll =forehand /backhand cross-court/longline
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Correlation: Correlation: vmaxvmax of the 8 most of the 8 most 
precise BHprecise BH--cross shots & Rankingcross shots & Ranking

150

160

rs= -0,846**

110

120

130

140

150

kmh

p=0,000
N=17
R² = 0,6392

80

90

100

0 2 4 6 8 10 12 14 16 18
Group Ranking

CorrelationCorrelation: : vmaxvmax ofof all all thethe
mostmost preciseprecise shotsshots & & rankingranking
160

rs= -0,642**

110

120

130

140

150

Kmh

s 0,6
p=0,005
N=17
R² = 0,4638

80

90

100

0 2 4 6 8 10 12 14 16 18

Group Ranking
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Analysis: Quo Analysis: Quo vadisvadis ??????

StepStep 11: Speed & Precision: Speed & Precision analysedanalysedStepStep 11: Speed & Precision : Speed & Precision analysedanalysed
–– WhyWhy areare somesome shotsshots fasterfaster//moremore preciseprecise??
–– ““BeforeBefore youyou cancan correctcorrect//improveimprove a a 

movementmovement, , youyou havehave toto analyseanalyse itit firstfirst!“!“

StepStep 22: : FromFrom macroscopicmacroscopic toto microscopicmicroscopic
analysisanalysis!!
–– RightRight nownow: : datadata treamenttreament; ; analysisanalysis andand

comparisoncomparison ofof kinematickinematic featuresfeatures

GettingGetting an an overviewoverview……

HowHow isis thisthis donedone??

ATP Ranking 214 ITF Ranking: 81



24.10.2008

15

DATA TREATMENT/DATA TREATMENT/
ANALYSIS in ANALYSIS in ViconVicon NexusNexus

OutlookOutlook

StepStep 33: : workingworking withwith kinematickinematic resultsresults
possiblepossible variationsvariations inin bodybody kinematicskinematics inin forhandforhand–– possiblepossible variationsvariations in in bodybody kinematicskinematics in in forhandforhand
oror backhandbackhand strokesstrokes ((separationseparation angle, angle, 
accelerationsaccelerations, , peakpeak velocitiesvelocities oror anglesangles ofof jointsjoints, , 
trajectoriestrajectories, …), …)

StepStep 44: : creatingcreating biomechanicalbiomechanical modelsmodels andand
ti lti l t ft f ff hhpracticalpractical transferstransfers forfor coachescoaches

–– New “open“ model New “open“ model forfor FH/FH/BHtechniqueBHtechnique??
–– Support Support forfor modelsmodels thatthat alreadyalready existexist? ? 
–– PracticalPractical hintshints//exercsisesexercsises forfor shotshot improvementimprovement??
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ApproximateApproximate contributioncontribution toto impactimpact
racquetracquet velocityvelocity (%)(%)

Topspin forehand
(forward direction)(forward direction)

Shoulder 15
Upper arm

Horizontal flexion 25
Internal rotation 40

Forearm???o ea
Extension negliglible
Pronation negligible

Hand
Flexion (palmar/radial) 20

Elliot, 2006

???

WhyWhy couldcould all all thisthis bebe usefuluseful
forfor CoachesCoaches ??

O lO l li htli ht ll i ti t ii litlitOnlyOnly slightslight yearlyyearly improvementsimprovements in in eliteelite
sportssports
AmountAmount ofof practicepractice time time hashas comecome toto a a limitlimit
“Quality “Quality coachingcoaching forfor thethe futurefuture““

Example for a successful transfer
from theory into practice?
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TheoreticalTheoretical backgroundbackground
““HypothesisHypothesis““

“Players with a faster arm are able “Players with a faster arm are able 
to generate higher racquet speedto generate higher racquet speed””

Evaluation Evaluation ofof arm arm speedspeed
trainingtraining programmeprogramme

Pre-test Intervention period

1 day 4 weeks 1 day

Post-test

Training-group (6 subjects): 3 sessions a week á ~30min

Control-group   (6 subjects): completed regular training 
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SpeedSpeed--Training programmeTraining programme

Medicine Ball exercisesMedicine Ball exercises

Out Out ofof balancebalance conceptsconcepts
Medicine Ball exercisesMedicine Ball exercises
Speedminton Speedminton (www.speedminton.de)(www.speedminton.de)
Exercises on court using various racquets Exercises on court using various racquets 
–– lighter/heavier racquets lighter/heavier racquets 

Training of single body segments Training of single body segments 
(upper/lower arm, wrist)(upper/lower arm, wrist)

“repetition without repeating“ “repetition without repeating“ 
(Bernstein)(Bernstein)
“learning from differences“ “learning from differences“ 
((SchoellhornSchoellhorn))
“concept of coordinative“concept of coordinative( pp / , )( pp / , )

“Pressure Conditions”

concept of coordinative concept of coordinative 
demands“ (demands“ (NeumaierNeumaier))

ComparisonCG/TGFH

Training Training studystudy: : ResultsResults ForehandForehand

Comparison CG/TG FH

76,8
79,8

75,3

80,8
80

85

90

mph
p=0,095

p=0,008**

65

70

75

mean pv-FH

+3,9% +7,3%

Control-group Training-group
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Speed improvement -  forhand 
(b t l )

What‘s possible?What‘s possible?

(best player) 

84

93

86

88

90

92

94

96

mph
84

80

82

84

86

pv-FH

+11%

WhyWhy thethe hellhell areare weweFOR LOVE OF THE GAMEFOR LOVE OF THE GAME
Tennis is a science…

WhyWhy thethe hell hell areare wewe
doingdoing all all thisthis??????

FOR LOVE OF THE GAME FOR LOVE OF THE GAME 
!!!!!!but in the end,

“it‘s still a game“!!!


