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Exploring tennis environment
(racket size, court and net height) 

to improve serve biomechanics
in young players
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on serve 
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• Dynamic theory of motor learning (Farrow et Reid, 2010; Buszard et al., 2014)

• Scaling environment (courts) and equipment (racket and balls)
• Successive tennis courts according to players’ age and level

Tennis training programs for kids

2007



Adapting the environment
(balls, rackets, 

court size, net height)

Posi;ve effects
Ø Motor performance (↗speed, accuracy, number of consecu;ves groundstrokes)
Ø Tac;cal paAerns (↗ winners,↘ unforced errors, ↗ net strokes)
Ø ↗ Fun & mo;va;on

Gimenez-Erido et al., (2020); Kachel et al., (2015); Larson et Guggenheimer (2013); 
Timmerman et al., (2015); Buszard et al. (2014; 2020)

Specific effects of these training programs on kids’ groundstrokes
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Schmidhofer et al. (2014)

U14

U10

U9

U8

The green stage for U10 is the least efficient one:
Ø Less aces & more double faults, lowest success rate for the 1st serve
Ø Performance far removed from junior / « adult » / « professional » serves

Age & Stage

Specific effects of these adaptations on kids’ serve

Fitzpatrick et al. (2017)
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How was your
serve during last 

match?

Good! My serve worked
extremely well. I won a lot 

of easy points on 1st 
serves, I hit a lot of aces 

and winning serves…
Good! I only hit 
4 double faults.

Perception of serve self-efficacy

How was your serve 
during last match?

≠
Serve = weapon

Serve = start of point
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Serve = weaponServe = start of point

U12 serve ATP serve
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≠





LET’S EXPERIMENT!



Percep:on of serve self-efficacy

Green Tournament Modified Tournament

20 young tennis players: 
Ø competing at regional level
Ø 9.5 ± 0.7 years
Ø 3.7 ± 1.5 years of practice

Ø 4 matches in each tournament
Ø 15 – 20 min after the match : Tennis 

specific self-efficacy questionnaire
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Results of serve efficacy

By scaling net height and court size, 
the serve-in percentage improved, so
playing in scaled condibons provided

a more sabsfactory
serving experience in U10. 
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Percep:on of self-efficacy

U10 tennis players perceive a greater serving efficacy
when net height and court size are reduced probably because

they achieved higher serve performance
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Immature flexion of the 
back leg 

=> limit ground reac8on
forces, propulsion and 

impact height

Evolu:on of serve biomechanics

Kids (U8 – U12) Juniors 
(U14 
U18)

Pros

↗ in maximal knee flexion angles (especially back knee)
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1) Leg drive (Fadier et al., 2021; Whiteside et al., 2013; Fleisig et al., 2003; Fett et al., 2021)



Kids (U8 – U12) Juniors (U14 - U18) Pros

↗ in maximal knee and ankle extension velocibes (especially back ones) = ↗ in impact height

Deficit in knee and 
ankle extension 

veloci8es
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Evolu:on of serve biomechanics

1) Leg drive (Fadier et al., 2021; Whiteside et al., 2013; Fleisig et al., 2003; Fe? et al., 2021)



Kids (U8 – U12) Juniors (U14 - U18) Pros

Kids favor longitudinal 
trunk rota8on to 

create speed 

Pros favor
shoulder over 

shoulder rotation to 
create speed

Juniors favor trunk
longitudinal rota8on 
and flexion to create

speed

↗ in trunk flexion & shoulder over shoulder velocibes = ↗ ball speed
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Evolution of serve biomechanics

2) Trunk rota:ons (Fadier et al., 2021; Whiteside et al., 2013; Fleisig et al., 2003; Fe? et al., 2021)



Kids (U8 – U12) Juniors (U14 - U18) Pros

Limited upper limb
joints velocities

Shoulder internal
rota-on velocity is the 

best contributor to 
racket speed

Wrist flexion and 
shoulder velocities < pros
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↗ in shoulder internal rotabon, wrist flexion & forearm pronabon velocibes = ↗ ball speed

Evolu:on of serve biomechanics

3) Upper limb rotations



Kids (U8 – U12)

Limited upper limb
joints velocibes
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Synthesis

Kids favor longitudinal 
trunk rota8on to 

create speed Deficit in knee and 
ankle extension 

veloci8es

Immature flexion of 
the back leg 

= limited GRF

How we can help 
them to improve

serve biomechanics
and to explore better

coordinations? 



Are there biomechanical
advantages to having kids 

1) serve in a forward posibon? 
2) serve with small rackets?

Joint loadings (injury
risks) / Performance ?

Aims: evaluate the effect of tennis environment
(racket and court sizes, net height) 

on serve biomechanics in U12 players

Environment
effect on serve 
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Can the environment
(racket & court sizes, net height) 

improve serve biomechanics
in young players?



Popula:on : 5 girls and 5 boys (at least 3 years of prac/ce, 10.2 ± 1.4 years; 1.41 ± 0.09 m; 31.8 ± 6.7 kg, ITN 6-9)

Material : radar and 3D mo;on capture system (Qualisys)

Task : 3 powerful serves in the serve box – green balls

Red stage (12.80 x 8.23 m)
Ø Serve distance: 6.40 m
Ø Net height : 0.80 m

Orange stage (18 x 8.23 m)
Ø Serve distance: 9.00 m
Ø Net height : 0.80 m  

Green stage (24 x 8.23 m)
Ø Serve distance: 11.89 m
Ø Net height: 0.91 m

Measures : Ball speed and racket head velocity
Biomechanical data
Shoulder and elbow loadings (joint forces and torques)
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Study 1



Similar joint 
loadings
between

the 3 stages

= =

+ 5.0 km/h 

Performance

Shoulder and elbow loadings

RED STAGE

Be#er
efficiency

ORANGE STAGE

+ 4.0 km/h 
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+ 11 %

Maximal
trunk flexion

velocity

+ 4°

Maximal back 
knee flexion angle

+ 16 %

Maximal back knee
extension velocity

RED STAGE
ORANGE 

STAGE

+ 6 %

+ 15 %

+ 3°

Biomechanical data
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Serve from
the baseline

Serve from
the serve line

11 years old



The constraints imposed by the 
environment (court size, net height) 

determine the limits of possible 
tac/cal and technical ac/ons.

Performance: ↗ ball speed (red & orange stages)

Intuibve increase in ball speed 
based on target percepbon

(Vaverka et Cernosek, 2013)

Serve box closer and net lower
↗margin for error over the net

Accessible target perceived as larger
↗ probability of success

Greater motor engagement and 
power when serving

Environment
effect on serve 
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Introduction Conclusion Prac5cal
applica5ons

What we already
know?



The constraints of the environment
(size of court, height of net) 

can offer opportuni/es to kids to 
explore new serve biomechanics.

Performance: ↗ ball speed (red & orange stages)

Improved serve biomechanics

Bejer leg drive
↗ back knee flexion

↗ velocity of back knee extension

Better contribution to ball speed
(Reid et al., 2008; Girard et al., 2007; Martin et al., 2013)

↗ velocity of trunk flexion
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Popula:on : 4 girls and 5 boys (at least 3 years of prac/ce, 9.9 ± 1.0 years; 
1.39 ± 0.07 m; 30.3 ± 5.1 kg, ITN 6-9)

Same material and parameters

Task : 3 powerful serves in the serve box

Scaled 23’’ racket 
Ø Weight: 190g
Ø Balance: 27.5 cm
Ø Head size: 613 cm2

Scaled 25’’ racket 
Ø Weight: 239g
Ø Balance: 30.5 cm
Ø Head size: 645 cm2

Full size 27’’ racket 
Ø Weight: 249g
Ø Balance: 34 cm
Ø Head size: 658 cm2
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Study 2



Max. elbow
loading
- 31 %
- 14 %

= = 
Ball speed 

% of serve in

23’’ racket

25’’ racket
vs. 27’’ racket

Max. shoulder loading
- 22 %
- 13 %

Injury risks

Performance

Be#er
efficiency
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23’’ racket

25’’ racket
vs. 27’’ racket

Biomechanical data

+ 4 – 5°
Max angle 

of front knee flexion

+15 %  +6 %
Max wrist flexion 

velocity

+ 16 – 18%
Maximal back knee
extension velocity

+18 %   =
Maximal forearm
pronation velocity= +7%

Max elbow
extension velocity

+ 0 - 15 %
Max back ankle

extension velocity

Be#er upper
limb ac9ons

Be#er lower
limb ac9ons
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Spin produc:on 
= 1) lateral flexion of the racket 

+ 2) racket trajectory
+ 3) racket face angle at impact 

1) Lateral flexion of the racket

Flat 
serve
10 –15°

Kick 
serve
30-40°Slice 

serve
15-20°

3) Racket face angle

2) Racket trajectory

Up, 
forward
and out

forward
and out
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Serve with small rackets (21’’) for spin learning

1) lateral flexion of the racket 
2) racket trajectory

3) racket face angle at impact 



23’’ racket 25’’ racket 27’’ racket

Shoulder & elbow
loadings

↘ ↘ ↗

Ball speed = = =

% of serve in = = =

Upper body ↗ wrist flexion & forearm
pronabon velocibes

↗ wrist flexion & 
elbow extension velocibes

↘ wrist flexion, 
forearm pronabon &

elbow extension velocibes

Lower body ↘ knee flexion
↘ knee & ankle

extension velocibes

↘ knee flexion
↘ knee extension velocity
= ankle extension velocity

↗ knee flexion 
↗ knee & ankle extension 

velocibes

A regular intervention to 
improve serve upper
limb actions and spin 

learning

The best compromise for 
daily practice

A sparingly intervenRon to 
help kids to intuiRvely and 
immediately increase their

leg drive acRon
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When kids serve from a forward posi;on
or with a smaller racket

What we do not know
Ø Accuracy – Long term learning?

Improve serve biomechanics

BeYer serve efficience (perf 
↗

/ risks
↘

)

Fun & mo:va:on +++ ???

ConclusionIntroduc5on
Environment

effect on serve 
biomechanics
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≈
Serve = weapon

Serve = start of point

U12 serve ATP serve

Serve = weapon

ConclusionIntroduction
Environment
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Exploring tennis serve environment
(court size & net height)

Tac;cal
learning

Technical
learning

Serve becomes a weapon

Promoting an offensive 
rather than a defensive

style of play
(the serve is directly

linked to winning points)

Effects on return of 
serve training?

Kids serve 
biomechanics

closer to juniors / 
adults ones
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There is no rush to upgrade 
too soon the racket size in 

young intermediate
competitive players to 

avoid overuse injury risks in 
the long term

Incorporate deliberate modificabons 
of the serve mobon with different
racket sizes to induce immediate

and bejer coordinabon: 

- 23’’ racket è upper limb rotabons 
(spin learning)

- 27’’ racket è lower limb acbon

Prac=cal
applica=ons
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We have to be crea;ve to find constraints in the tennis environment, 
that offer kids new possibili;es of ac;ons to improve their serve biomechanics.  

Examples to improve the leg drive

Shot put

Flamingo throw

Soccer throw

Back leg drive
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In the tennis environment, we have to be crea;ve to find constraints
that offer kids new possibili;es of ac;ons to improve their serve biomechanics.  

Examples to improve trunk rotations

Trunk flexion (arabesque)

Verbcal throw over an obstacle
Shoulder over shoulder rotabon
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In the tennis environment, we have to be creative to find constraints
that offer kids new possibilities of actions to improve their serve biomechanics.  

Examples to improve upper limb ac9ons

Shoulder IR and forearm pronabon
Verbcal hoop throw Elbow posibon 

(trophy posibon)



Thanks for your a-en/on

www.caromar(n-tennis.com

http://www.caromartin-tennis.com/
http://www.caromartin-tennis.com/
http://www.caromartin-tennis.com/

