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Abstract. Tennis is one of the most popular individual sports all over the world. Strength
and trained muscles are required for a player in order to achieve a good backhand,
forehand, volley or flat stroke. Especially while playing tennis are many kinds of muscles
involved, including the lower body muscles, trunk muscles and upper body muscles. The
purpose of this review is to present the activated muscles in the basic tennis movements of
forehand and backhand and to improve the knowledge about their role in order to help
tennis players and coaches to enhance their tennis performance and to reduce risk of
injury. To support the present review, data were gathered from library and network
databases using keywords such as tennis, muscles, forehand, and backhand for
publications between 2015 and 2019. Overall, thirty-five references were detected and
used. The literature showed that forehand and backhand drives are strokes that involve
muscles not only of the upper limbs but also a series of more complex movements that
start with the feet and end with the swinging of the tennis racket. The insight for the action
of the muscles in tennis should be utilized in tennis players so as to better understand the
muscular function which takes part in specific tennis movements and has a greater
performance. In addition, this knowledge is considered strongly beneficial for the coaches
and the favourable building of the training process.
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INTRODUCTION

The human muscular system is made up of striated or skeletal muscles. The study of
muscles in general, especially in terms of energy, is very interesting and essential for
understanding the motor functions of the human body. The alternating energy of the muscles
on the bones and joints achieves the harmonious kinetic functions of body parts, which are
unlimited, e.g. the upright posture, the gait, the upper limb conceiving abilities, the hormonal
motions of the torso to maintain balance, etc. (Capitano, Moriggi, & Gelfi, 2017; Tohanean,
2018; Lai, Biewener, & Wakeling, 2019; Alexe, Alexe, Tohanean, & Tudose, 2020).

This review addresses the activated muscles during the basic strokes of forehand and
backhand drives in the very popular racquet sport discipline of tennis. It is noteworthy
that during the action of a muscle not all muscle fibers are contracted, but only certain
motor units, depending on the mechanical work performed. The bigger the project, the
more motor units operate. Muscle force is exerted on the adhesive points of the muscle.

Almost all the body muscles are involved in tennis. Many of the muscle actions regarding
the lower body are just the same for all the tennis strokes (Ivanéevi¢, Jovanovi¢, Pukic,
Markovi¢, & Pukic, 2008; Elce et al., 2017; Roeter & Kovacs, 2019). At the same time, they
workout evenly and develop rapidly in racing tennis. They derive their energy from the
breakdown of ATP (adenosine triphosphate), which is the direct source of energy. However,
ATP is not always enough for the energy which is in need. Thus, ATP is reconstituted from
indirect sources of muscle energy, such as CP (phosphocreatine - three times the amount of
ATP), glycogen and fats (Rodrigues, & Del Valle, 2018; Sawali, 2018). The first case applies
to relaxed movements in rest and preparation while the second occurs in intense and fast
movements. The muscles in tennis act isotonic and isometric. The isometric contraction is
mainly about the racket handle as well as the bent legs at standby. It is essential for the
muscles which act isometric to be extremely well-trained, because a strong and good stroke
depends on a firm grip and strong legs (quadriceps, thighs) (Zhang et al., 2016; Colomar,
Baiget, & Corbi, 2020)

The purpose of this review is to present the activated muscles in the basic tennis
movements of forehand and backhand and to improve the knowledge about their role in order
to help tennis players and coaches enhance their tennis performance and reduce risk of injury.

METHODS

In order to elaborate this review, we have identified numerous updated bibliographic
sources that have focused on scientific aspects regarding the way in which the muscles of
the human body are involved in performing the usual movements, but also of some
procedures specific to the game of tennis. Bibliographic sources aimed at the field of human
anatomy and physiology, physiotherapy, kinesiology, but also studies that refer to
interdisciplinary fields were accessed. Among the latter, of interest are those with a
predilection focused on performance training in tennis. In this regard, various international
databases were accessed (Web of Science, Scopus, Springer Link, DOAJ and Google
Scholar). We have given specific attention to the bibliographic sources from the last five
years, with the idea of highlighting new aspects of the topic we researched.
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THEORETICAL CONSIDERATIONS OF THE PROBLEM
Tennis movements and muscular activation

A, Grip

The following analysis applies to any grip used: Eastern, Continental, Semi-continental.
To tighten the fingers and palm on the racket the activation of the following is necessary:
flexor digitorum superficialis, palmaris longus, flexor carpi ulnaris, flexor pollicis longus
and flexor digitorum profundus (Burute & Vatsalaswamy, 2017; Hodde, loannou, &
Altenmuller, 2019).

They are anterior and posterior muscles of the forearm, which flex the fingers and the
wrist. The flexor carpi radialis is responsible for the angle formed between the racket and the
forearm. The opening of the toes to change the grip is made by the muscles of the dorsal side
of the forearm - the extensor surface — which include: the extensor carpi radialis longus,
extensor carpi radialis brevis, extensor digitorum communis muscle, extensor digiti minimi
proprius, extensor carpi ulnaris, extensor pollicis brevis (West, Ricketts, & Brassett, 2017;
Save & Fishman, 2019).

The pronator quadratus with the pronator teres takes part in the change from the
Eastern to the Continental grip.

B. Standby position

The preparation of each player for a stroke starts from the standby position, also called
the basic position. For the two basic strokes, the forehand and backhand, the standby
position is the same.

The player stands with his feet as wide as the shoulders. The knees are slightly bent and
the body weight is evenly distributed on the legs and even more on the tiptoes, the body has a
slight inclination forward. The racket is held with both hands in front of the body with bent
elbows close to the body. The hold is made in such a way that the head of the racket is higher
than the grip. Therefore, in this position all the muscles in the body are in increased muscle
tone. However, it does not seem to produce and generate traffic. This is because the muscles
work isometrically.

C. Basic strokes

C.1. Forehand Drive

The term forehand is used as a base for all the strokes from the right position for the
right-handed and the opposite for the left-handed (Agrotou, 2015).

a) Preparation phase

In the preparation phase, in order to lift the hand holding the racket to the horizontal
position, the lateral deltoid is contracted with the posterior deltoid leading to the
abduction and outward turn of the arm. Also, the teres minor and teres major muscles are
involved. For the flexion of the elbow, the anterior arm is contracted by working with the
biceps brachii. Turning the torso to the right is achieved after the right obliquus internus
abdominis muscle and the left obliquus extremus abdominis muscle. The transversospinal
muscular system also helps. The right sternocleidomastoid muscle is involved in preventing
the head from turning when the torso turns right.

The slight inclination of the torso is helped by the abdominal muscles. The walking
muscles such as the iliopsoas, sartorius and pectineus muscle are activated during the
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preparation steps. Ancillary muscles are the adductor magnus (upper bundles), the adductor
minimus, the adductor longus and the tensor fascia lata muscle (Genevois, Creveaux,
Hautier, & Rogowski, 2015). The main muscles for the extension of the tibia are the
quadriceps, which comprises the rectus femoris, the vastus lateralis, the vastus medialis and
the vastus intermedius. The activated muscles for the dorsal flexion of the footing are the
tibialis anterior, the anterior perineum and the extensor digitorum longus. The ancillary
muscle is the extensor hallucis. The main muscles for flexion of the tibia are the biceps
femoris, the semimembranosus and the semitendinosus. Ancillary muscles are the sartorius
muscle, the gracilis, the popliteus muscle, the gastrocnemius and the soleus muscle. In
addition, for the left foot to move right and in front of the above walking muscles, the
adductor muscles (the adductor magnus, the adductor minimus, the adductor longus and the
gracilis) also participate (Zdilla, Paulet, Lear, Addie, & Lambert, 2018; Olewnik, Podgorski,
M., Polguj, M. Ruzik, K., & Topol, 2019; Bordoni & Varacallo, 2020).

b) Hitting phase

To move the right hand (with the racket) forward where it will hit the ball, the
pectoralis major is contracted, working with the anterior deltoid. Also, in order to stretch
the hand, the triceps with the elbow muscle is contracted. To restore the torso forward,
the left obliquus internus abdominis muscle works with the right obliquus extremus
abdominis muscle. For stretching the legs, the quadriceps act mainly, and for the lifting
of the heel from the ground (where the next step will be followed) the muscles of the
plantar flexion are involved. The main muscles are the gastrocnemius and the tibialis
posterior.

The auxiliary muscles are the soleus, the peroneus longus, the peroneus brevi, and the
tibialis posterior. The left hand makes a slight bend in the elbow where the biceps brachii
and anterior arm contract and is usually abandoned in inertia forces (Jarmey & Sharkey,
2015; Whiting, 2019).

¢) Final phase

With the start of the preparatory phase, the hand remains almost stretched and then
bends. Its direction is from the bottom to front and up and left. This movement of the
right hand involves the anterior portion of the deltoid muscle along with the pectoralis
major muscle, which pulls the arm inward. Additionally, the shoulder blade is directed
forward, the muscles that contribute to this movement are the rhomboid and the serratus
anterior muscle. The right foot is ready to leave the ground and take a new step, with the
gastrocnemius and the tibialis posticusmuscle working together (Maharaj, Cresswell, &
Lichtwark, 2016; Martin, Bideau, Delamarche, & Kulpa, 2016; Larionov, Yotovski, &
Filgueira, 2018).

C.2. Backhand Drive
The standby position is the same as for the forehand drive.

a) Preparation phase

At the beginning of the preparation phase, the wrist (with the racket) is bent and the
whole hand is driven to the left. The left hand also helps in this movement. This bending
is mainly due to the contraction of the flexor digitorum superficialis; also, the auxiliary
muscles carry most of the flexor digitorum (Roeter & Kovacs, 2019).

With the energy of the anterior portion of the deltoid and pectoralis major muscle, the
right arm slightly rises and moves to the left. For the flexion of the forearm towards the
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arm, the anterior arm with the biceps brachii cooperates contracted. The flexors muscles
of the fingers of the left hand are activated to hold the racket from the neck , which act
isometrically and are mentioned on the previous page. To pull the same hand backwards
and inwards, the teres major, the infraspinatus and the posterior deltoid are contracted.
The torso and hips point to the left from the left obliquus internus abdominis muscle, the
right obliquus extremus abdominis muscle, and the transversospinal system. Contracting
the right rectus abdominis with the obliquus internus abdominis muscle the obliquus
extremus abdominis muscles lean the torso forward and right (Genevois, Reid, M.,
Rogowski, 1., & Crespo, 2015; Kumar & Kumar, 2017).

In order for the left foot to move left and forwards and then to follow the right foot to
the left and front, the walking muscles (flexors of the tibia, thigh, soleus and extensor
muscles attached to them, as well as the adductors with the abductors muscles) must
cooperate and contract at the same time, reported in detail in the steps of the forehand
drive (Fields & Righy, 2016).

b) Hitting phase

The hand holding the racket is guided downwards and forwards where the racket will
strike the ball at the extension of the right foot and at approximately the height of the
knee. Therefore, in order to move the right arm forward (anatomically backwards) and
below, the posterior deltoid, the supraspinatus and the teres major are involved. The
triceps, working with the elbow muscle, extend the forearm just before hitting. As for the
shoulder blade, it is raised up and back with the contraction of the rhomboid muscle and
the levator scapulae. Also, the torso extends backward with the energy mainly of the two
latissimus dorsi muscles and spinal extensor muscles. The legs are stretched with the
contraction of the quadriceps, the gastrocnemius and the tibialis posterior muscle
(Bolsterlee, D’Souza, Gandevia, & Herbert, 2017; Ozek, 2020).

c) Final phase

The right hand begins to move away from the torso, continuing the movement until
the arm reaches approximately a horizontal position. In this movement the deltoid and
especially the lateral, the coracobrachial, supraspinatus, in cooperation with the upper
trapezoid slightly elevate the shoulder blade. At this stage, the player rests on his toes and
is ready for the move. The weight of the body lies mainly on the right foot. The
gastrocnemius, the tibialis posterior, the peroneus longus, brevis, and the tibialis posterior
act all in this (Bisschops & Lavallee, 2016; Saeki et al., 2018).

To restore the torso and hips from the turn that it had already made in the preparatory
phase, the right obliquus internus abdominis muscle and left obliquus extremus abdominis
muscle take part, even the transversospinal system that includes the semispinalis muscle, the
multifidus muscle and the rotators. In order to keep the head-face fixed in a position that sees
the coming ball and not to be dragged by the corners of the torso, the sternocleidomastoid
and the semispinal act primarily (Sanchis-Moysi et al., 2016; Myers & Kibler, 2018;
Amaro, Paulino, Neto, & Roseiro, 2019).

Finally, it is noteworthy to report that the descriptions of the techniques are about the
right-handed, the exact opposite is valid for the left-handed. The activated muscles in the
aforementioned basic tennis movements are presented in Table 1.
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Table 1
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Muscles action in basic hits in tennis.

Movements —
Stroke techniques

Muscles in action

Grip

flexor digitorum superficialis, palmaris longus, flexor carpi
ulnaris, flexor pollicis longus and flexor digitorum profundus,
extensor carpi radialis longus, extensor carpi radialis brevis,
extensor digitorum communis muscle, extensor digiti minimi
proprius, extensor carpi ulnaris, extensor pollicis brevis,
pronator quadratus, pronator teres

Standby position

All body muscles work isometrically and in increased muscle tone

Forehand Drive

Preparation Phase

Hitting Phase

Final Phase

lateral deltoid, posterior deltoid, teres minor and teres major,
biceps brachii, obliquus internus and extremus abdominis,
sternocleidomastoid, iliopsoas, sartorius, pectineus, adductor
magnus (upper bundles), adductor minimus, adductor longus,
gracilis, tensor fascia lata, rectus femoris, vastus lateralis, vastus
medialis, vastus intermedius, tibialis anterior, anterior perineum,
extensor digitorum longus, extensor hallucis, biceps femoris,
semimembranosus, semitendinosus

pectoralis major, anterior deltoid, triceps, elbow, left obliquus
internus abdominis, right obliquus extremus abdominis,
quadriceps, plantar flexion, gastrocnemius, tibialis posterior,
soleus, peroneus longus, the peroneus brevi, tibialis posterior,
biceps brachii,

deltoid, pectoralis major, rhomboid, serratus anterior,
gastrocnemius, tibialis posticus muscle

Backhand Drive

Preparation Phase

Hitting Phase

Final Phase

flexor digitorum superficialis, deltoid, pectoralis major muscle,
biceps brachii, flexors muscles of the fingers, teres major, the
infraspinatus and the posterior deltoid, right rectus abdominis
with the obliquus internus abdominis muscle and the obliquus
extremus abdominis muscles, right rectus abdominis, obliquus
internus abdominis, obliquus extremus abdominis, flexors of
tibia, thigh, soleus, adductors, abductors

posterior deltoid, the supraspinatus, teres major, triceps, elbow,
the rhomboid, levator scapulae, latissimus dorsi, spinal extensor,
quadriceps, gastrocnemius, tibialis posterior

deltoid, lateral, coracobrachial, supraspinatus, upper trapezoid,
gastrocnemius, tibialis posterior, peroneus longus, brevis,
tibialis posterior, obliquus internus abdominis, left obliquus
extremus abdominis muscle, semispinalis, multifidus, rotators,
sternocleidomastoid, semispinal
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CONCLUSIONS

Tennis is a sport that involves muscles not only of the arms and wrists but also a
series of complex movements which begin from the feet and end in a racket swing as the
final move. It requires a well-trained and honed set of muscles to execute movement with
the speed needed as well as the power that is demanded regardless of the player’s tennis
level. That is because each player uses the same group of muscles in all of them. The feet
movements used for jumping and running are the initial links, which are followed by
hips, legs, trunk, arms and the hand at last. Initially, muscles of the lower body are the
first group involved when playing tennis. Following up are the upper legs, which include
the quads and the hamstrings. The energy and power are transferred to the gluteus
maximus and medius. The group of trunk muscles are next in the continuous kinetic
action. Finally, regarding the upper body it includes the major muscles, and the upper
back mainly sets in motion the rhomboid and trapezius, which continue to the upper
arms. The last muscles that also take part are the flexor and extensor of the antibrachium.

The insight for the action of the muscles in tennis should be effectively utilized in
tennis players in order to enhance their physical performance. Moreover, this knowledge
is considered strongly helpful for the coaches and the favourable building of the training
process as well as for the sports doctors and physiotherapists coping with injuries in
tennis players.
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AKTIVACIJA MISICA TOKOM FORHEND | BEKEND
UDARACA U TENISU

Tenis je jedan od najpopularnijih individualnih sportova Sirom sveta. Snaga i utreniranost misica
su neophodni igracu kako bi postigao dobar bekhend, forhend, volej ili ravni udarac. Tokom igranja
dela tela. Cilj ovog preglednog rada je da predstavi misice aktivirane u osnovnim teniskim pokretima
Jforhenda i bekhenda i da poboljsa znanje o njihovoj ulozi kako bi se teniserima i trenerima pomoglo
da poboljsaju svoje sportske ucinke i smanje rizik od povreda. U cilju pregleda literature, podaci su
prikupljeni iz baza podataka biblioteka i sa interneta koristeci kljucne reci kao Sto su tenis, misici,
forhend, bekhend i u publikacijama izmedu 2015. i 2019. godine. Ukupno je pronadeno i koris¢eno
trideset pet referenci. Literatura je pokazala da su forhend i backhand udarci koji ukljucuju misice ne
samo gornjih ekstremiteta ve¢ i niz sloZenih pokreta koji pocinju u stopalima, a zavrSavaju se
zamahivanjem teniskog reketa. Uvid u delovanje misica u tenisu treba koristiti kod tenisera kako bi se
bolje razumele misicéne funkcije koje ucestvuju u odredenim teniskim pokretima i koje su vazne za
ostvarivanje boljeg sportskog ucinka. Pored toga, ovo znanje se smatra izuzetno korisnim za trenere i
povoljnim za izgradnju trenaznog procesa.

Kljuéne redi: tenis, misici, teniski udarac, forhend, bekend



