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INTRODUCTION

In recent decades, the study of strength training has been recognized

ABSTRACT

The application of muscle strength training has been investigated for the development of physical capacities
in sports. Although the use of training methods is quite clear, the act of prescribing the external training load
is often not properly explained. Grass court, or lawn tennis, is a sport with considerable physical demands and
strength training can help player performance. Thus, the aim of this study was to investigate strength training
methods and external variables in training programs in competitive tennis players. Considering the findings of this
particular study, we found that muscle building workout and plyometrics in combination with exercises designed
specifically for the sport (tennis drills) were the most efficient muscle strength training methods for improving
different strength manifestations. Level of evidence I; Diagnostic study - Investigation of diagnostic test.

Keywords: Exercise; Athletic performance; Tennis; Muscle Strength.

RESUMO

A aplicagdo do treinamento de forca muscular tem sido investigada para desenvolvimento das capacidades
fisicas em modalidades esportivas. Embora a utilizagéo dos métodos de treinamento seja bastante clara, a prescri¢éo
da carga externa do treinamento muitas vezes ndo é esclarecida. O ténis de campo é uma modalidade de grande
exigéncia fisica e o treinamento de forca pode auxiliar no rendimento esportivo. Dessa forma, o objetivo do presente
estudo consistiu em investigar os métodos de treinamento de for¢a e as varidveis externas em programas de treina-
mento em tenistas competitivos. Considerando os achados do presente estudo, constatamos que a musculacdo e a
pliometria associados aos exercicios especificos da modalidade (tennis drills) foram os métodos de treinamento de
forca muscular mais eficientes para melhora das diferentes manifestaces de forca. Nivel de evidéncia I; Estudo
diagndstico - Investigagdo de exame para diagnéstico.

Descritores: Exercicio; Desempenho atlético; Ténis; Forca muscular.

RESUMEN

La aplicacién del entrenamiento de fuerza muscular ha sido investigada para el desarrollo de las capacidades
fisicas en modalidades deportivas. Aunque la utilizacidn de los métodos de entrenamiento sea bastante clara, la
prescripcion de la carga externa del entrenamiento a menudo no es esclarecida. £l tenis de campo es una modalidad
de gran exigencia fisica y el entrenamiento de fuerza puede auxiliar en el rendimiento deportivo. De esta forma, el
objetivo del presente estudio consistié en investigar los métodos de entrenamiento de fuerza y las variables externas
en programas de entrenamiento en tenistas competitivos. Considerando los hallazgos del presente estudio, constata-
mos que la musculacion y la pliometria asociadas a los ejercicios especificos de la modalidad (tennis drills) fueron los
métodos de entrenamiento de fuerza muscular mds eficientes para mejorar las diferentes manifestaciones de fuerza.
Nivel de evidencia I; Estudio diagnéstico - Investigacion de examen para diagndstico.

Descriptores: Fjercicio; Rendimiento Atlético; Tenis; Fuerza Muscular.
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upper body muscles helps players execute forehand, backhand, volley, smash,
and serve strokes, although research focusing on the lower limbs is limited.
According to Euclydes,* explosive strength is the predominant ma-

by the responses in physical capacities, injury prevention, metabolic
changes, and others, both in different sports and in health." According
to Mahn & Gavido,” strength training in sports develops and maintains
muscle strength and should be applied in such a way as to ensure it is
transferred at the time of the game.

According to Kovacs,® muscle strength can help tennis players prevent
injuries and improve their performance during a match. Strengthening the
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nifestation of strength for the tennis player during a match. Dantas® has
established that static strength is used throughout the match when gripping
the racket, dynamic strength should be trained to assist in the development
of explosive strength, and resistance strength manifests as a basic physical
quality and for purposes of injury prevention. More recently, Miranda®
noted that the ability to physically withstand a tennis match can become
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difficult as it is necessary to maintain the technical level of the strokes,
explosive movements during approach shots and muscle endurance
during periods when the players are more active (rallies). Souza’ stresses
that the importance of rapid strength development lies in maintaining
the technical strokes executed by the players over a long period of time,
maintaining the speed of the motor action without impairing its execution.

The study conducted by Kovacs et al® assessed eight young male
elite tennis players over five weeks of unstructured and unsupervised
training. The results showed a decrease in some biomotor abilities,
including muscle power, besides an increase in the rate of fatigue.

Accordingly, we believe that the training of different manifestations
of muscle strength in tennis players contributes to the development of
speed, agility, acceleration, aerobic and anaerobic endurance. On the other
hand, the literature does not present a consensus on the most effective
methods carried out with tennis players, considering the external training
variables, as well as models of interventionist studies on the effect of
changes on physiological and performance response in tennis players.

In this context, the aim of this study was to investigate strength
training methods and external variables in training programs in com-
petitive tennis players.

MATERIALS AND METHODS

Following approval by the institutional review board of Universidade
S&o Judas Tadeu (No. 433566), the systematic literature review was un-
dertaken in the following databases: PubMed, SPORTDiscus and Medline.
The selection of articles in the review process followed the descriptors
based on DeCS (health sciences descriptors of BIREME). The words
“resistance training” and “tennis players” were selected as descriptors.
The survey was conducted between March and April 2017.The logical
operator "AND" was used to combine the descriptors used to track the
publications; the term “tennis players” was supposed to be present in
the title of the works while the term " resistance training”"and its match
terms were supposed to be present in the abstracts of the articles.

The selected articles had to meet the following criteria: keywords
in the title and abstract, sample composed of tennis players with more
than two years of experience, intervention protocol lasting more than
four weeks, written in Portuguese, Spanish and English, and date of
publication between 2000 and 2017. The exclusion criteria used were:
cross-sectional studies, studies without an adequate description of
training variables, article review studies, dissertations, and theses.

Twenty-three potentially eligible publications were selected in the
identification phase. After obtaining and subsequently analyzing the
articles based on the inclusion and exclusion criteria, only six studies
were selected as shown in Figure 1.

PubMed, SPORTDiscus and Medline
“Resistance Training” and “Tennis Players”

23
articles selected
15t screening Inclusion
Title and abstract Keyword in title and abstract, tennis players with

more than two years of experience, intervention
over more than for weeks, articles in Portuguese,
Spanish and English, and year of publication
between 2000 and 2017

2" screening
Inclusion criteria

Exclusion
Cross-sectional studies, studies without a
description of the training variables, review of
articles, dissertations and theses.

31 screening
Exclusion criteria

6
Selected articles

The studies that met the established criteria were analyzed by re-
searchers, noting down the following variables: 1) year of publication;
2) number of subjects; 3) number of subjects by sex; 4) average age; 5)
height; 6) body mass; 7) length of practical/competitive experience; 8)
groups; 9) number of subjects per group; 10) training methods used for
the intervention; 11) muscle strength training methods; 12) duration of
the intervention; 13) weekly frequency, volume per session and load
intensity; 14) results of the tests used.

RESULTS

Table 1 describes the sample characteristics of the studies selected
in chronological order of publication, number of subjects; number of
subjects by sex; average age; height; body mass; and length of grass
court tennis training time.

After all the analysis stages, six articles met the criteria. Articles
published as of 2000 evaluated strength in trained individuals. The
articles followed an average of 25 + 18 subjects; the research project
with the highest subject count totaled 64 people® and the lowest
subject count of 10 people was in the study by Gomes et al.'’® The
distribution of samples between both sexes was observed in 33.3% of
the studies analyzed;'"? exclusively male in 33.3%;>'° and exclusively
female (33.3%) in the studies by Kraemer et al.”® and Kraemer et al.'*
The average age of the participants was 19.0 + 2.4 years, with height
and body mass described in 5 studies (83%). The minimum length of
experience in the sport was two years®>'""13 and the maximum length
was eight years.'

Table 2 summarizes the characteristics of the training methods
presented in the research projects. Among the research methods, the
reviewed articles had an experimental design with pre and post-test
randomized groups. Control and experimental groups were found in
three of the studies,”'*'* while only an experimental group was found
in the others.’®2We observed 10 different training types involving
weight training and plyometrics present in 83% of the studies, and
only Maffiuletti et al.’? used electrostimulation as a muscle strength
training method. Specific technical and tactical training (tennis drills)
was present in 100% of the works reviewed. All the works demonstrate
improvement of physical capacities, muscle strength and specific

Table 1. Characteristics of number, sex, body composition and length of training of
subjects described in the studies.

. Length of
Authors Year | n |d | @ (I:gfs) H(i Ir?:;t Bod()ll(n)\ass training
Y 9 (years)
salonikidls; 1 50 164 64| 0 | 21113 | 1742000 | 7174130 | 2103
Zafeiridis®
Gomes et al’® |2013[10{10| 0 | 185+04 | 178+4 72446 >5
BarberWestin 1 010[15{ 5 {10] 1315 | na NA >2
etal.
Maffiuletti et al.'? {2009 12| 5 | 7 | 2343 17147 63+8 >2
24
Kraemer et al.’® [2000(24( 0 | 8 [ 198+1.7| 167451 | 589+7.8
01]8]19.0+09]| 168442 | 604+7.6
0]8]189+£1.2|167.5¢5.2| 60.8+7.7
Kraemer et al.'* [2003(27[ 0|9 [19241.1|167.9+56| 60.5+7.7 8.1
0 [10[186+1.3| 167+4.1 | 60.8+7.8
0]8193+16|1673+6.1| 60.1+7.6

Figure 1. Article selection flowchart.
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n = number of subjects involved in the study; & = male; ¢ = female; NA = not available.
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Table 2. Methodological characteristics, strength training methods and physical fitness variables in competitive tennis players.

Authors Groups N Training methods (exercises) S(::)d);;j ;‘::LZ;‘ (‘s’Zi:iI:slr}:sfr:;uvizg) Ses?::?n:rer:)t L

Kraemer et al.”® Control 8 Tennis Drills 36 20r3 90
Periodized 8 Strength training + Tennis Dirills 36 2t03 90

Circuit 8 Strength training circuit 36 2t03 90

Kraemer et al.™ Periodized 9 Strength training + Tennis Drills 36 3 NA
Non-periodized 10 Strength training + Tennis Drills 36 3 NA

Control 8 Specific tennis exercises 36 3 NA

Salonikidis;Zafeiridis® Control 16 No intervention 9 3 X
Plyometrics 16 Plyometric Exercises 9 3 120
Tennis Drills 16 Specific tennis exercises 9 3 120
Combined Training 16 Plyometrics + Tennis Drills 9 3 120

Maffiuletti et al.? Experimental 12 Electrostimulation + tennis training 7 3 16
Barber-Westin et al." Experimental 15 i)‘ésvn;re;rg;; s&:teynfizgrrjsmgﬁls/ 6 3 20
Gomes et al.'° Experimental 10 R:;T‘tt ihfggggjrﬁ:nzi g?iﬁs/ 5 3to4 NA

Tennis Drills = sport-specific technical and tactical exercises; Strength training = exercises performed in muscle building workout; Circuit = strength exercises alternated by segment; Plyometrics = exercises involving jumps at different
heights and in different directions; Electrostimulation = electrical stimulation on the quadriceps muscles; NA = not available..

technical skills of the sport. The duration ranged from 5 to 36 weeks
with an average of 16 + 13 weeks of training. Weekly frequency was
between two and four sessions. The duration of each session was
described in four studies (67%), ranging from 16 to 120 minutes.
The study by Gomes et al.'® and Kraemer et al." did not report the
duration of the physical training sessions.

Table 3 presents the characteristics of the training protocols used in
the studies. When muscle building workout was used as a training method,
the intensity was established by the number of repetitions maximum
(RM).In the case of plyometric training the intensity was controlled by the
number of jumps and/or exercise duration. In the electrical stimulation
protocol, intensity was controlled by stimulus duration and the number of
repetitions. Intervals varied according to the training methods used and
were mentioned in 67% of the reviewed studies. Strength training zone
by RM prescribed ranged from 4 to 20 repetitions.

Table 4 presents the results of the studies, demonstrating an improve-
ment in the body composition of the tennis players after intervention
in two studies (33%). Three studies (50%) showed that the intervention
improved serve speed, agility of technical shots played from the back of the
court, and the serve speed. Three references (50%) showed improvement
in aerobic and anaerobic power. The acceleration speed described as the
ability to accelerate the body in the shortest possible time improved in two
studies (33%). On the other hand, lower limb explosive strength improved
in five (83%) studies and maximal strength (1RM) in 67%.

DISCUSSION

This systematic review discusses physical strength training methods
in tennis players. The methods used most frequently were: muscle build-
ing workout, plyometrics or electrostimulation, as they were present
in all programs aimed at improving fitness levels in competitive tennis
players. Thus we emphasize that: a) publications on the subject occurred
as of 2000; b) the studies presented interventions with more than five
weeks of training; ¢) all the tennis players were competitors and had
been playing for at least two years; d) strength training was present
through one method or another in all the works.

Although strength training is recommended as the basis for
training in various sports, in regards to grass court tennis,>!° there is
no consistency of the best training methods, of training associated
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Table 3. Characteristics of the exercise protocols, number of sets, number of repeti-
tions and intervals between sets.

Authors Exercises Number | Number of Interval
of Sets | Repetitions |between Sets
Kraemer et al.3 Tennis Drills NA NA NA
S 4 to 6RM /
M“Svcv‘erfu"fmg 2t04 | 8to 10RM/ NA
oreou 12 to 15RM
Circuit 1 (circuit) 8 to 10RM NA
S 4 to 6RM /
Kraemer et al." Musvcv\srfgljlfmg 3 8to 10RM / 130" to 3’
12 to 15RM
Muscle buiding 3 8to 10RM | 1730”10 2"
workout
Tennis Drills NA NA NA
Salonikidis;
Zafeiridis’ Control X X X
4 (plyometrics) 2 NA 3104
4 (tennis drills) NA 8 NA
2 (plyometrics)
+ 2 (drills) NA NA NA
Maffiuletti et al.’? | Leg extension W (\sometrlc 20(47) 257
exercise)
B. -Westi
arbeetral W?Stm Miscellaneous 2103 61020 NA
1 2
Gomes et al.'? Miscellaneous Sté(t)al 8 610 20 1103’

Tennis Drills = sport-specific technical and tactical exercises; Circuit = strength exercises alternated by seg-
ment; Plyometrics = exercises involving jumps at different heights and in different directions; RM = repetitions
maximum; NA = not available.

with external loads. Therefore, this review demonstrated the role of
strength training in tennis players, its methods and the most com-
monly prescribed exercises.

We found few studies analyzing the effects of strength training ap-
plied to tennis players in the last 14 years, despite the fact that the sport
is popular worldwide, with 205 nations affiliated to the International
Tennis Federation (ITF) and 25 million players in the United States alone.™
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Table 4. Results of the interventions of the reviewed studies.

Authors Groups Results
Kraemer et al.”® Control X
Periodized T Fat-free Mass; { Fat %; T anaerobic power;
T vertical jump; T 1RM; T serve speed
Circuit T1RM
1 fat-free mass; 4 Fat %; | of aerobic power;
Kraemer et al."*|  Periodized T anaerobic power; T vertical thrust; T

TRM; T speed of technical strokes

1 fat-free mass; 1 Fat %; | of aerobic power;
T anaerobic power; T vertical thrust; T
TRM; T speed of technical strokes

Non- periodized

Control X
Salonikidis;
' I X
Zafeiridis® contro
) T reaction time; T 4m sprint; T lower
Plyometrics ) .
limb power; T maximal strength
Tennis Drills T 4m sprint; T 12m sprint; T lower limb power;
Plyometrics T reaction time; T 4m sprint; T 12m sprint;
+ Dirills T lower limb power; T maximal strength
Maffiuletti ) T of strength in CMJ; improvement
e Experimental )
etal in speed at 10 meters
rber-Westin iple j ; ili ;
Barbe ”est Experimental T trlp!gjump, T agility of strokes; T
etal. agility of serve; T suicide test
Gomes et al.!® | Experimental [T 1RM; T aerobic resistance; improvement in agility

Tennis Drills = sport-specific technical and tactical exercises; Circuit = strength exercises alternated by segment;
Plyometrics = exercises involving jumps at different heights and in different directions; CMJ = counter movement
jump; T =increase; { = decrease.

The sport enjoys widespread visibility through television broadcasts,
and features in the Olympics (since 1988 in Seoul) and annually in the
four Grand Slams (Australian Open, Roland Garros, Wimbledon and US
Open)."” These aspects appear to contribute to the number of training
centers around the world, attracting professionals from different areas to
work on the preparation of new athletes. In many cases at competitive
training centers, with less infrastructure and fewer human resources,
training is the responsibility of the coach/teacher, which allows us to
hypothesize that this particular study can contribute to the organization
of strength training in these professionals.

Regarding the profile of sample groups in the reviewed studies,
we noticed that they were made up of male and female adolescents
and adults, with at least two years of competitive experience. In recent
years there has been an increase in the competitive longevity of tennis
players, which could explain the need to develop research projects with
experienced tennis players, as strength exercises are known to play an
important role in maintaining lean mass, preventing injuries and main-
taining body fat percentages.

Considering that tennis is an acyclic sport, the training methods
found were effective in developing muscle strength. Due to the demands
of the sport, studies presented exercises for the development of agility,
speed, anaerobic and aerobic power and flexibility. On the other hand,
all the reviewed articles used the plyometric method of muscle strength
training as well as weight training. Such methods are suggested by other
studies®'® to improve performance in tennis players.

Kraemer et al."® conducted a study with 24 female tennis play-
ers divided into three groups with 8 players in each. The group that
participated in the periodized training (36 weeks) exhibited an in-
crease in fat-free mass and a decrease in body fat % in comparison to
the control group and the non-periodized group (circuit). The same
author,' using the same training and evaluation protocol, found a
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significant decrease in body fat percentage (Periodized Group - pre
22.9+3.9vs. post 19.1 + 3.6%) vs. (Non-Periodized Group - pre 23.7 +
4.9 vs. post 21.6 + 2.9%); fat-free mass (Periodized Group - pre vs.46.5 +
4.9 vs. post 49.8 + 4.9kg) vs. (Non-Periodized Group - pre 46.1 + 4.0 vs.
post 47.7 + 4.8%) at 36 weeks of training. The somatotype and body
composition of 123 elite male and female junior tennis players were
established by Sanchez-Munoz et al.'® The results showed that the
girls experienced a variation in fat percentage (A 22.2 - 34.4%) and
lean body mass (A 42.9 — 48.7kg), similar to the studies reviewed in this
particular article. Ziemann et al.” investigated the body composition of
17 tennis players aged 15-17 years who appeared in the International
Tennis Federation’s Junior Circuit Ranking (ITFJC), finding means similar
to the studies mentioned, with a fat percentage of 21.0 + 5.0% and
fat-free mass of 45.1 + 4.1kg.

Anaerobic and aerobic power was observed in 67% of the stud-
ies, with special emphasis on the research project undertaken by
Kraemer et al,'*in which anaerobic power was evaluated by the
Wingate test, showing improvement in the group that had under-
gone strength training and tennis drills. In the work of Barber-Westin
etal,' anaerobic power was measured indirectly on the court using
the Suicide Test, in which the players were instructed to cover a
distance of 46.6 meters, running in a zig-zag pattern between the
tennis court lines in the shortest possible time. Significant improve-
ment was observed Pre and Post training (100 + 15.3 vs.90.3 + 10se()
at the end of the 6 weeks of physical training. The study by Gomes
etal.'demonstrated an increase in the distance covered (pre vs. post
894.4 + 2414 vs. 1104.4 + 363.0m) after 5 weeks of physical training
using the Yo-Yo Intermittent Endurance Test. Kraemer et al.,'* who
assessed anaerobic and aerobic power using the Wingate and treadmill
ergospirometry tests in female tennis players, observed a significant in-
crease in anaerobic power in the periodized group with strength train-
ing combined with tennis drills (pre vs. post 624 + 130 vs. 699 + 95W),
and in the non-periodized group that used the same training methods
(pre vs. post 563 + 116 vs. 664 + 124W). However, VO,,,,, decreased
significantly in both groups after 9 months of training (Periodized
Group - pre vs. post 494 + 4.4 vs. 45.7 + 5.2mL/kg/min) vs. (Non-
Periodized Group - pre vs. post 51.0 £ 3.2 vs. 45.1 £ 4.9mL/kg/min),
suggesting that this decrease was due to the fact that the contested
shots occurred over a short period of time, requiring high demand
at peak anaerobic power.

Kovacs?® mentions means between 44 and 69 mL/kg/min in the
VO,,.., Of elite competitive tennis players, corroborating the values
found in the reviewed studies. Despite the decrease in maximal aerobic
power in the study by Kraemer et al.,'* Kovacs® and Miranda® stress the
importance of this capacity for recovery between points and recovery
between matches that are held on a daily basis.

Displacement speed is an essential condition in the performance
of tennis players, and was analyzed in 67% of the reviewed studies. The
work of Barber-Westin et al." evaluated the acyclic response of the sport
based on forehand and backhand technical shots by calculating the
repetition of movements over 30 seconds of execution. A significant
increase in the number of repetitions (pre vs. post 8.1 + 1.0vs. 9.0 £ 0.7
repetitions) was shown after physical training. Maffiuletti et al.'? evalu-
ated acceleration in the 10-meter running test in tennis players of both
sexes, observing a significant decrease of 3.3% in time after 7 weeks of
strength training using the electrostimulation method in combination
with tennis drills.

The study by Gomes'? evaluated agility using the T-Test at a dis-
tance of 40 meters with changes of direction, observing a significant
decrease in the time taken to cover the distance (pre 9.99 + 0.49 vs.
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post 9.45 + 0.47sec) after 5 weeks of physical training. Salonikidis and
Zafeirides® evaluated different manifestations of speed in male tennis
players divided into 4 groups. With the exception of the control group,
all groups undergoing plyometric training significantly improved
their reaction time (pre 221 + 35 vs. post 162 + 32 ms); 4-meter sprint
(pre 1.58 £0.17 vs. post 1.44 + 0.16 sec). On the other hand, the group
that trained only tennis drills improved their sprint in the 4-meter run
(pre 1.60 £ 0.15 vs. post 1.45 £ 0.14 sec) and 12-meter run (pre 2.46 +
0.19 vs. post 2.42 + 0.18 sec); the group that combined plyometrics
with tennis drills achieved a significant improvement in reaction
time (pre 222 + 71 vs. post 158 + 36 ms), 4-meter sprint (pre 1.57 £
0.21 vs. post 1.47 +0.17 sec) and 12-meter sprint (pre 2.47 + 0.19 vs.
post 2.41 £+ 0.19 seq).

Kovacs® emphasizes that tennis players need to improve their reaction
time, acceleration in multidirectional movements due to the complexity
of the sport, in which the player cannot predict their opponent’s strat-
egy or which decision they will make. Thus, the author suggests that
speed training be implemented with specific movements in sprints, not
exceeding a distance of 20 meters.

The different manifestations of muscle strength were evaluated in
the reviewed studies, demonstrating the importance of this functional
capacity in the performance of tennis players of both sexes. Kraemer
et al.”* discovered an improvement in maximal strength in the 1RM test
in the group that underwent periodized training with loads in 4-6RM,
8-1T0RM and 12-15RM repetition zones, and in the group that used a
circuit of muscle building workout with loads in the zone between 8 and
TORM. However, the group undergoing periodized training had improved
lower limb explosive strength in the vertical thrust test.

The study by Barber-Westin et al."" combined plyometric training
with muscle building workout in 2 and 3 sets, with 6 to 20 repetitions,
observing an improvement in lower limb muscle power (pre 3304 +71.7
vs. post 366.7 + 59.8 cm). Maffiuletti et al.™? conducted the only study with
electrostimulation and exercise in the leg extension machine with 1 set
consisting of 20 isometric contractions lasting 4 seconds each, showing
a6.4% increase in lower limb power, although the authors indicate that
a weekly session of electrostimulation can aid in the transfer of elastic
energy in the stretching-shortening cycle of explosive force production
in tennis players.

Gomes et al.' conducted periodized strength training over 5 weeks
using resistance strength (21 sets, 15 to 20 repetitions and 60% 1RM
load, with a 1-minute interval between sets) in the first week; dynamic
strength (28 sets, 12 repetitions and a 70% 1RM load with a 2-minute
interval between sets) in the second week, and explosive strength
(15 to 25 sets, 6 repetitions with intensity of 30-50% 1RM, and a 3-min-
ute interval between sets) from the third to the fifth week. A significant
increase in maximal bench press strength (pre 74.3 £ 16.3 vs. post 81.0 £
17.7 kg) and leg press strength (pre 454.4 + 789 vs. post 507.8 + 88.9 kg),
without an impact on explosive strength, was observed.

Kraemer et al." used muscle building workout as a physical training
method with three sets and loads in repetition zones 4 to 6RM, 8 to
T0RM and 12 to 15RM in the periodized group, and 3 sets and repetition
zone 8 to T0RM in the non-periodized group. Both groups achieved a
significant increase in maximal strength (1RM) in Leg Press (Periodized
Group - 19%) vs. (Non-Periodized Group - 17%), bench press (Periodized
Group - 23%) vs. (Non-Periodized Group - 17%), shoulder development
(Periodized Group - 24%) vs. (Non-Periodized Group - 23%), and lo-
wer limb power based on vertical jump (Periodized Group - 50%) vs.
(Non-Periodized Group - 37%), with significant intergroup difference.
The third group of the study, which trained only tennis drills, did not
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achieve any improvement in these manifestations of strength during
the nine months of training.

Salonikidis and Zafeirides® observed a significant increase in
explosive strength in the group undergoing plyometric training
(pre 13.6 + 4.4 vs. post 18.3 £ 6.1 cm); in the group that performed
only tennis drills (pre 12.7 + 3.8 vs. post 14.9 £ 3.6 cm), and in the
group that combined plyometrics with tennis drills (pre 13.8 £ 5.5
vs. post 16.9 + 4.8 cm). The results demonstrated that the group
that trained plyometrics (pre 950 + 269 vs. post 1056 + 313 N) and
plyometrics in combination with tennis drills (pre 886 + 419 vs. post
965 + 385 N) increased their maximal isometric force on the force
plate applied in the leg press exercise. In this study, the external
training load was poorly detailed.

Strength training has been suggested*'® as a means of preventing
and reducing joint, tendon and ligament injuries in tennis players.
Special emphasis is placed on the importance of strengthening
the shoulder girdle muscles to endure the demand for repetitive
movements executed with a high demand for muscle power. Thus,
training for tennis players should include exercises specifically de-
signed for this region, emphasizing both concentric and eccentric
actions. Lower body strengthening is also recommended? as this
part of the body is affected by injuries. In this context, bilateral and
unilateral exercises should be introduced in the strength training of
high performance tennis players.

Reid et al.” suggest a periodized strength training program for
elite junior tennis players divided into four blocks. The first block was
organized with exercises in all planes of motion including pelvic and
shoulder girdle stabilization (prescription between 50 and 75% 1RM,
10-12 exercises, 3 sets, 8-12 repetitions and weekly frequency between
3 and 4 sessions). It is suggested that strength training be developed
based on this regimen using general (muscle building workout) and
specific (plyometric) training methods.

Thus, this particular review did not enable us to clearly determi-
ne which volume and intensity indicators would be appropriate in
strength training programs according to sex, age, level of physical and
technical fitness in tennis players. Further studies are needed in the
organization of the act of prescribing strength training in competitive
grass court tennis players.

CONCLUSIONS

This article has highlighted evidence of the methods and results
of prescribing strength training in competitive tennis players. So far,
physical training programs that have combined different strength
training methods with tennis-specific training (tennis drills), have
demonstrated greater effectiveness in increasing physical abilities
related to the sport. Accordingly, based on the analysis of the 6 re-
viewed studies, we can conclude that muscle building workout and
plyometrics combined with technical and tactical exercises specifically
intended for the sport (tennis drills) were the muscle strength trai-
ning methods that proved most efficient at improving the different
manifestations of strength.
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