"TENNIS

Your illustrated guide
for tennis strength,
speed, power,

and agility

E. PAUL ROETERT * MARK S. KOVACS




TENNIS
ANATOMY

A

Human Kinetics



Library of Congress Cataloging-in-Publication Data

Roetert, Paul
Tennis anatomy / E. Paul Roetert, Mark S. Kovacs.
p. cm.
ISBN-13: 978-0-7360-8936-4 (soft cover)
ISBN-10: 0-7360-8936-5 (soft cover)
1. Tennis--Training. 1. Kovacs, Mark. II. Title.
GV1002.9.T7R64 2011
796.342--dc22
2011006519
ISBN-10: 0-7360-8936-5 (print)
ISBN-13: 978-0-7360-8936-4 (print)

Copyright © 2011 by United States Tennis Association

All rights reserved. Except for use in a review, the reproduction or utilization of this work in any form
or by any electronic, mechanical, or other means, now known or hereafter invented, including xerog-
raphy, photocopying, and recording, and in any information storage and retrieval system, is forbidden
without the written permission of the publisher.

This publication is written and published to provide accurate and authoritative information relevant
to the subject matter presented. It is published and sold with the understanding that the author and
publisher are not engaged in rendering legal, medical, or other professional services by reason of their
authorship or publication of this work. If medical or other expert assistance is required, the services
of a competent professional person should be sought.

Acquisitions Editor: Laurel Plotzke-Garcia; Developmental Editor: Cynthia McEntire; Assistant
Editors: Laura Podeschi, Claire Gilbert; Copyeditor: Patricia MacDonald; Graphic Designer: Fred
Starbird; Graphic Artist: Kim McFarland; Cover Designer: Keith Blomberg; Photographer (for
illustration references): Neil Bernstein; Visual Production Assistant: Joyce Brumfield; Art Man-
ager: Kelly Hendren; Illustrator (cover and interior): Jennifer Gibas; Printer: United Graphics

Human Kinetics books are available at special discounts for bulk purchase. Special editions or book
excerpts can also be created to specification. For details, contact the Special Sales Manager at Human
Kinetics.

Printed in the United States of America 10 9 8 7 6 5 4 3 2 1
The paper in this book is certified under a sustainable forestry program.

Human Kinetics
Web site: www.HumanKinetics.com

United States: Human Kinetics Australia: Human Kinetics

P.O. Box 5076 57A Price Avenue

Champaign, IL 61825-5076 Lower Mitcham, South Australia 5062
800-747-4457 08 8372 0999

e-mail: humank @hkusa.com e-mail: info@hkaustralia.com
Canada: Human Kinetics New Zealand: Human Kinetics

475 Devonshire Road Unit 100 P.O. Box 80

Windsor, ON N8Y 2L5 Torrens Park, South Australia 5062
800-465-7301 (in Canada only) 0800 222 062

e-mail: info@hkcanada.com ' e-mail: info@hknewzealand.com

Europe: Human Kinetics

107 Bradford Road

Stanningley

Leeds LS28 6AT, United Kingdom
+44 (0) 113 255 5665

e-mail: hk@hkeurope.com 5



PREFACE

his book is written for serious competitive and recreational tennis players.

Many tennis books emphasize fitness or strength and conditioning. Tennis
Anatomy takes the next step and focuses on why and how you should get fit
to play tennis. In this book, we highlight the different muscle groups involved
in each of the strokes and show you how to best train those specific muscle
groups as part of a comprehensive approach to tennis-specific training.

With the support of the United States Tennis Association (USTA), we provide
the most up-to-date, relevant information on tennis conditioning available.
As the national governing body of tennis in the United States, the USTA has a
responsibility to grow and develop the sport. Through its player development
program, the USTA shares the latest training techniques with competitive play-
ers in the United States. That mission encouraged us to take on this project
and provide you with these training methods based on the anatomy of tennis.

Tennis was once considered a sport that could be played by people from age
8 to 80, but that range has expanded because of new training methods. The
USTA offers 10 and Under Tennis for players age 10 and younger, who learn
the sport while using modified equipment. In addition, national-level tourna-
ments are offered for players age 90 and over. This shows the tremendous
health, fitness, coordination, and psychological benefits that can be derived
from the sport. Clearly, being a well-conditioned tennis player can assist in a
long tennis career.

Of course the number of years someone can play is only one aspect of enjoy-
ing the game. The quality of play also is greatly enhanced by good training and
conditioning. That is the true focus of this book. Whether you are getting in
shape for league play, trying out for a high school or college team, or wanting
to perform at a higher level in tournaments, this book provides you with up-
to-date, practical training information based on the latest research available.

The first chapter provides an in-depth overview of the demands of the sport,
the relationship of court surfaces and playing styles, the anatomy of each of
the tennis strokes, and the physiological considerations of designing a training
program. Chapters 2 through 7 systematically explain the role of each major
body part in tennis play, focusing on muscle anatomy and its relationship to
the strokes and providing specific exercises. Each exercise includes a tennis
focus section that highlights how the exercise directly translates to improved
on-court stroke performance or movement. Chapters 8 through 10 follow a
similar format but highlight the importance of body rotation, movement skills,
and injury prevention, respectively. The anatomical illustrations that accompany
the exercises are color coded to indicate the primary and secondary muscles
featured in each exercise and movement.

. Primary muscles D Secondary muscles D Connective tissues



vi PREFACE

You will enjoy and benefit from this information. Challenge yourself to
learn more about the anatomy of your body as well as the tennis strokes, and
improve your game by adding tennis-specific conditioning methods to your
training. By incorporating these training techniques, you will surely be able to
take your game to the next level.
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lite tennis players make it look so easy and effortless. By comparison, your

movement skills, strokes, and fitness may leave something to be desired.
Good coaches can help you improve technique and fitness, but keep in mind
that there are many individual differences, even at the professional level. You
can see that Roger Federer and Rafael Nadal don't play exactly the same way.
They do have in common a desire to perfect their skills and a drive to continue to
improve both technique and physical preparation. Proper technique, however,
can be attained only if you can produce all necessary movements throughout
the range of motion required for optimal positioning and stroke execution.

The sport of tennis requires strength, flexibility, power, endurance, and
speed. Each of these components requires a well-trained muscular system.
In addition, each court surface provides a different challenge. For example,
clay courts require players to play longer rallies—sometimes as much as 20
percent longer—than do hard courts, and grass courts are even faster than
most hard courts. Therefore, players who usually play on clay should train
muscular endurance, while players who usually play on faster surfaces such
as hard or grass courts may want to train more for muscular power or at least
a combination of endurance and power.

Tennis is a lifelong sport, and the goal for many of us is to continue to
enhance our performance while staying injury free, whether playing recreation-
ally, in tournaments, at the college level, or even at the professional level. The
best way to do this is to train effectively and use proper technique, seeking to
produce effective and efficient tennis strokes. Consider the demands of tennis,
but keep in mind your unique playing style and body structure.

Physical Demands of Tennis

Proper movement skills are critical for successful tennis. A successful tennis
player must be able to get to the ball early and set up properly. Typically, this
requires quite a few adjustment steps as you recognize the path, spin, and pace
of the incoming ball. In fact, tennis often has been characterized as a game
of emergencies. It involves constant movement, short sprints, and frequent
directional changes. On average, 3 to 5 directional changes are required per
point, and it is not uncommon for players to perform more than 500 directional
changes during a single match or practice. Matches can last several hours,
which requires aerobic fitness, but the short sprints, explosive movements,
and directional changes are clearly anaerobic. Therefore, both the cardiore-
spiratory and muscular systems should be trained using movement patterns
representative of those seen during tennis play.
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A big focus of the United States Tennis Association (USTA) Player Devel-
opment training program is good movement and positioning. It is clear that
if you can't get to the ball and set up properly, you won't hit the ball in the
most balanced way to produce a forceful stroke. The legs are the first link in
transferring forces from the lower to the upper body. This is part of the kinetic
link, or kinetic chain, system. Newton's third law states that for every action
there is an equal and opposite reaction. When you hit a tennis ball, your feet
push against the ground, and the ground pushes back. This allows you to
transfer force from one body part to the next, through the legs, hips, trunk,
and arm all the way to the racket. The key is to do this in the most efficient
and effective manner by timing the segments correctly, not leaving out any
segments, and preparing your body to be strong and flexible enough to handle
the stresses imposed. Proper technique and preparation of the muscular system
should go hand in hand. The lower body, midsection (the core or torso), and
upper body are important in tennis, but each segment has different needs and
training requirements.

Training the legs is vital for efficient movement on the court. Research shows
that the muscles in both legs are stressed equally in tennis, so training programs
should reflect this. Since the vast majority of tennis movements are side to
side, it is important to focus 60 to 80 percent of training on these movement
patterns. In other words, working on lateral movements incorporating the
abductors, the muscles that move the leg away from the center of the body,
and the adductors, the muscles that bring the leg toward the center of the
body, is at least as important as training the other muscle groups of the legs.

Think of the midsection of the body as a cylinder when it comes to training.
Exercises should be designed to move the front, back, and side of the torso
through multiple planes of motion. Tennis strokes require rotational movements
as well as flexion and extension, frequently all in one stroke.

The dominant side of the upper body is much more involved in each stroke
than the nondominant side. Therefore, in addition to training the dominant
side for performance purposes, you need to train the nondominant side for
balance and injury prevention. Since the game tends to be dominated by
serves and forehands that involve the muscles of the front of the shoulders
and the chest, be sure to train the muscles in the rear of the shoulders and
the back. During forehands and serves, these muscles experience eccentric,
or lengthening, contractions and shorten during the backhand stroke through
concentric contractions.

When designing a training program for tennis players, it is important to
balance upper and lower body, left and right sides, and front and back. Tennis
Anatomy takes you through each of the body parts and provides you with
appropriate exercises for optimal performance.

Playing Styles and Court Surfaces

Muscular balance is key for all players regardless of surface or playing style.
However, your playing style and the surface you play on most often will influ-
ence your training goals and affect your exercise choices. For example, if you
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play a lot of long points on clay courts, you will want to train for endurance,
especially in the lower body, instead of muscular strength and power, which
would be more appropriate for a player who plays shorter points on hard courts.
The same principle holds for the upper body, but to a lesser extent. You will
still likely hit the ball just as hard when playing on a slower court; however,
muscular endurance becomes more important since the points are longer.
Regardless of playing style or surface, the upper body should be trained for
both muscular power and endurance.

Playing Styles

Do you know what your playing style is? Do you like to come to the net and
put the ball away with a volley or overhead? Or are you the type of player
who likes to outlast your opponent by never missing a ball? Or do you like to
hit the ball hard from the baseline, trying to dictate points and go for winners?
All three styles can be very effective. Which style you use depends on your
skills, personality, and possibly the court surface you play on most frequently.
Most coaches categorize players into four different playing styles:

1. Serve and volleyer
2. Aggressive baseliner
3. Counterpuncher

4. All-court player

At the top professional level, the aggressive baseliner is the most prevalent,
followed by the all-court player. The traditional serve and volleyer and the
stereotypical counterpuncher are no longer preferred playing styles on either
the men's or women's tours. However, tennis players at other levels can be
seen playing each of these different styles.

The serve and volleyer (figure 1.1, page 4) relies on the serve to help dictate
the point. After the serve, she explodes forward to the net. Typically, a serve
and volleyer moves forward 20 to 40 percent more than a counterpuncher or
an aggressive baseliner and about 20 percent more than an all-court player.
Because of this forward movement, a serve and volleyer often finds herself
at the net, trying to finish the point. Good volley technique is imperative and
requires excellent leg strength, particularly in the quadriceps, gluteus maximus,
and gastrocnemius. Strong leg muscles are key, especially for hitting low volleys
that require significant knee flexion. Functional flexibility is very important to
the serve and volleyer because she is required to get very low to the ground
dozens of times throughout the match. Similarly, flexibility of the wrist is help-
ful, especially in reaching for volleys that stress the end range of the joint. This
flexibility needs to be trained regularly.

The aggressive baseliner (figure 1.2, page 4) is more comfortable hitting
groundstrokes but is also looking to put pressure on his opponent by
hitting hard, aggressive strokes. This player's goal is to move less than the
counterpuncher, and he prefers to move inside the court and take balls earlier
to reduce the opponent's time between strokes. Muscular strength and
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Gluteus medius
Gluteus maximus

Figure 1.1 Serve and volleyer on a grass court hitting a low volley.

Erector spinae
External oblique

Internal oblique

Figure 1.2 Aggressive baseliner on a hard
court hitting a two-handed backhand.

endurance are required, but overall
power is the major physical component
that helps the aggressive baseliner
dictate points. Having a major weapon
such as a big forehand or strong two-
handed backhand is very beneficial.
Powerful strokes require strength as
well as speed. Training exercises should
take this into account. Exercises for the
lower body and midsection should be
very similar to those mentioned for
players with other styles, but a greater
emphasis on upper body power is
helpful. The muscles of the chest and
front of the shoulders are important for
producing force, but don't neglect the
muscles of the back of the shoulders
and upper back. They help protect the
shoulder complex and prevent injury.
The goal of the counterpuncher
(figure 1.3) is to chase down every ball
and make sure the opponent has to hit
many balls each rally to win any points.
This game style is based on great side-to-
side movement and stroke consistency.
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= I' Pectoralis major

Biceps brachii e

Serratus anterior

Figure 1.3 Counterpuncher on a clay
court sliding to hit a wide forehand.

The counterpuncher moves laterally 60 to 80 percent of the time. Often she
will stretch out to hit open-stance forehands or backhands. Therefore, it is
critical to train the abductors and adductors as well as the muscle groups
mentioned for the serve and volleyer in a well-rounded training program.
This includes training flexibility as well as strength. The counterpuncher must
depend on speed, quickness, and the ability to change direction since she
may not often put the ball away for a winner. This type of game style is most
effective on slower courts. Muscular endurance of the upper and lower body
is critical. The obliques must be trained to assist in the rotational movements
of all groundstrokes since the counterpuncher hits so many strokes, most with
an open stance. Also, when playing great defense, the counterpuncher may hit
many strokes when on one leg, out of position, or off balance. Therefore, it is
imperative to train for these situations on the court by performing single-leg
activities and training in unstable or irregular environments.

The all-court player (figure 1.4, page 6) looks to be aggressive when hit-
ting groundstrokes but is also happy to follow aggressive shots to the net to
finish points. All shots, from serves to groundstrokes to volleys, require equal
attention in training. In addition, significant time should be spent on the tran-
sition game, training for shots that help the all-court player get to the net.
The all-court player should regularly practice approach shots, such as a big
forehand or slice backhand hit from half court, and follow each shot to the
net. These shots require excellent movement and positioning, most often with
a more closed stance than regular groundstrokes. Exercises for both the upper
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Rhomboid minor

Rhomboid major
Infraspinatus
Teres minor

Latissimus dorsi

Figure 1.4 All-court player on a hard court hitting a one-handed slice backhand
approach shot.

and lower body are beneficial, especially exercises that help develop weight
transfer and movement into the court such as the spider drill (page 174) and
the split step with stimulus drill (page 177) in chapter 9. It is important to train
all muscle groups. The main focus should be on balancing between left and
right, front and back, and upper and lower body.

Court Surfaces

Court surface does dictate playing style to a certain extent. In general, a serve
and volleyer can be more successful on a faster grass court than on a clay
court. A counterpuncher typically is more successful on a slower clay court
than on any other surface.

Since balls bounce lower on grass courts and fast hard courts, players must
be able to bend their knees well. Training should focus on exercises that take
the body through the same range of motion expected during a match (e.g.,
full-range lunges and squats), with powerful recoveries. Players who play
on clay often have to slide into their shots while hitting a wide forehand or
backhand. Since playing on clay requires not only front and back leg strength
but also muscular strength of the inside and outside of the legs, it is vital to
train the abductors and adductors. Muscular endurance should be the focus.
Researchers have compared the ball speed on hard courts and clay courts.
After the ball lands on a clay court, the ball speed is typically reduced by 15
percent compared with the same ball on a hard court. This is a major reason
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why points are longer on clay courts and more strokes are hit per rally. Longer
points on clay courts will slightly increase heart rate compared with shorter
points on hard courts. Therefore, training to prepare for playing on a clay court
will require a greater emphasis on aerobic conditioning versus training to play
on a hard court. Service games are more physically demanding than return
games, so players with weaker serves need to be prepared to play longer points
and use a more physically demanding style.

Tennis Strokes

Tennis Anatomy features many exercises to improve your tennis game. Some
are multijoint exercises, such as the lunge, which uses the hips, knees, and
ankles. Others are single-joint exercises, such as the calf raise, which uses just
the ankle joint. All exercises will be useful to prevent injuries and enhance per-
formance. It is just as important to get fit to play tennis as it is to use tennis to
get fit. Therefore, the exercises in the following chapters will help you prepare
to take your game to the next level.

To identify how each exercise benefits your game, we provide icons to
indicate the specific strokes—groundstrokes (forehand and backhand), serves
and overhead shots, and volleys (forehand and backhand)—that will benefit
from the conditioning exercise. In this section, we explain the major strokes
and how actions, muscles, and muscle contractions are interrelated to produce
effective and powerful strokes.

Forehand and Backhand Groundstrokes

Over the past 30 years, the greatest changes in tennis likely have occurred
because of changes in racket technology. Rackets are made out of a variety
of materials and are wider and stiffer, featuring a larger sweet spot. This has
had a tremendous impact on the game, nowhere more than in the ground-
strokes. The larger sweet spot is more forgiving on off-center hits, and the
racket materials allow for more forceful swings. Because of these changes,
forehand and backhand swings have changed as well. The long, flowing swings
and follow-throughs in the direction of the target have given way to more
violent, rotational swings that end up across the body in a variety of positions
depending on the type of shot. These swing patterns allow players to hit the
ball from a more open stance, particularly when hitting forehands but also
when hitting two-handed backhands. This rotational component can put a
significant amount of stress on the midsection. Therefore, exercises preparing
the body for these stresses are vitally important.

Many of the muscle actions in the lower body are similar for all of the tennis
strokes. There is an interplay between eccentric (lengthening) and concentric
(shortening) actions that allows the body to store and release energy based on
the phase of each stroke. In addition, each stroke requires trunk rotation, more
so for groundstrokes, serves, and overheads than for volleys. The forehand,
serve, and overhead strokes differ from one- and two-handed backhand strokes
in that the upper body muscles are activated in the opposite way. The muscles
in the upper back and back of the shoulder act concentrically (shorten) in the
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loading phase and eccentrically (lengthen) in the follow-through. The muscles
of the chest and front of the shoulder first contract eccentrically during the
backswing and then concentrically during the forward swing. The backhand
swing follows an opposite pattern.

Forehand Groundstroke

The forehand groundstroke may be hit from an open stance, a square stance,
or a closed stance. Each body position requires different lower and upper body
mechanics, although all three stances use a combination of angular and linear
momentum to power the stroke. Linear momentum is a product of both mass
and velocity and can be generated in both a vertical and horizontal direction.
Angular momentum refers to the rotational component of the stroke and
takes into account both the moment of inertia about an axis (resistance to
rotation about that axis) and the angular velocity about that axis. Both linear
and angular momentum are fundamental for the successful generation of
power in the forehand. The amount of linear momentum created affects the
amount of rotational force that is generated about each of the body segments.

The open-stance forehand (figure 1.5) results in the greatest total body
rotation and requires greater strength and flexibility throughout the core and
lower body than the square-stance or closed-stance forehand. The square-
and closed-stance forehands require less rotation at the core, and ball contact
is made more in front of the player and closer to the net. It is important to
understand that each of the stances is situation specific. In other words, where

Supraspinatus

Teres minor
Anterior deltoid

Infraspinatus

Biceps brachii

* Serratus anterior

Internal oblique
Rectus abdominis
External oblique
Gluteus medius

Quadriceps

Gastrocnemius
Soleus

a b

Figure 1.5 Open-stance forehand: (a) backswing; (b) forward swing.
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you are on the court, the type of ball coming at you (both speed and spin),
and the shot you are trying to hit often affect your stance.

The open-stance forehand is the most commonly used forehand in today's
game. This shot requires vigorous hip and upper trunk rotation to provide
effective energy transfer from the lower body through the core and into the
racket and ball at impact. Trunk rotation, horizontal shoulder abduction, and
internal rotation are the main motions that create racket speed in the fore-
hand. After ball impact, eccentric strength helps decelerate the racket. This
is particularly important as it relates to injury prevention.

During the backswing of the forehand groundstroke (figure 1.5a), the gas-
trocnemius, soleus, quadriceps, gluteals, and hip rotators contract eccentrically
to load the lower legs and begin the hip rotation. The concentric contrac-
tions of the trunk rotation phase involve the ipsilateral internal oblique and
contralateral external oblique, while the eccentric contractions pull in the
contralateral internal oblique, ipsilateral external oblique, abdominals, and
erector spinae. The concentric contractions of the shoulder and upper arm
rotation in the transverse plane are performed by the middle and posterior
deltoid, latissimus dorsi, infraspinatus, and teres minor and are followed by
contractions of the wrist extensors. The eccentric contractions of the shoulder
and upper arm rotation in the transverse plane are performed by the anterior
deltoid, pectoralis major, and subscapularis.

During the forward swing (figure 1.5b), the gastrocnemius, soleus, quadri-
ceps, gluteals, and hip rotators contract both concentrically and eccentrically
to drive the lower body and hip rotation. Concentric and eccentric contractions
of the obliques, back extensors, and erector spinae cause the trunk to rotate.
The latissimus dorsi, anterior deltoid, subscapularis, biceps, and pectoralis
major all contract concentrically during the acceleration phase to bring the
racket to the ball for contact.

During the follow-through, the upper arm movement decelerates through
the eccentric contractions of the infraspinatus, teres minor, posterior deltoid,
rhomboids, serratus anterior, trapezius, triceps, and wrist extensors.

One-Handed Backhand Groundstroke

The one-handed backhand (figure 1.6, page 10) involves the summation of
forces similar to the forehand, but there are important differences as well.
The strength and muscular endurance of the wrist extensors are important for
successful repeated performance of the backhand. Research has shown that
torque at the wrist can create a rapid stretch of the wrist extensors, especially
in players who have a history of tennis elbow (lateral epicondylitis).

For a one-handed backhand, the dominant shoulder is in front of the
body. Typically, the stroke uses less trunk rotation; however, it requires a
more coordinated action of the different body segments, including shoul-
der and forearm rotation, than the two-handed backhand. The front leg is
more involved during a one-handed backhand than during a two-handed
backhand. Similar racket speeds can be achieved with one- and two-handed
backhands. Strength and flexibility, particularly of the muscles of the upper
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Posterior
deltoid

Erector

Trapezius
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Figure 1.6 One-handed backhand: (a) backswing; (b) forward swing.

back and back of the shoulders, are key. Perform training exercises bilaterally
to achieve muscular balance.

During the backswing of the one-handed backhand (figure 1.6a), the gas-
trocnemius, soleus, quadriceps, gluteals, and hip rotators contract eccentrically
to load the legs and begin the hip rotation. The concentric contractions of the
ipsilateral internal oblique and the contralateral external oblique are balanced
by the eccentric contractions of the contralateral internal oblique, ipsilateral
external oblique, abdominals, and erector spinae to rotate the trunk. The
anterior deltoid, pectoralis major, subscapularis, and wrist extensors contract
concentrically to rotate the shoulder and upper arm through the transverse
plane as the posterior deltoid, infraspinatus, teres minor, trapezius, rhomboids,
and serratus anterior contract eccentrically.

During the forward swing (figure 1.6b), the lower body and hip rotation
is driven by the concentric and eccentric contractions of the gastrocnemius,
soleus, quadriceps, gluteals, and hip rotators. Concentric and eccentric con-
tractions of the obliques, back extensors, and erector spinae cause the trunk
to rotate into the shot. The acceleration phase of the upper arm is performed
through concentric contractions of the infraspinatus, teres minor, posterior
deltoid, and trapezius.

During the follow-through, the subscapularis, pectoralis major, biceps, and
wrist flexors contract eccentrically to decelerate the upper arm.



