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Abstract  

In table tennis a great number of shots are performed at high speed developing high 
levels of explosive strength of lower extremities. The aim of this study was to 
determine the explosive and elastic-explosive strength of the lower limbs in Spanish 
young top-level table tennis players. A total of 165 players (95 boys and 70 girls) aged 
7-17 years were randomly selected to participate in the study. Differences in the vertical 
jumps battery by category, gender and playing styles were observed. The girls obtained 
best results in the vertical jump in under 13 and cadet category and boys in the under 11 
and junior category respectively. This information could have a great useful and 
interesting as talent detection, training planning method and as physical performance 
system control in table tennis. The explosive strength is one of very important physical 
capacities in this sport. 
 

1. Introduction  

Table tennis belongs to the racket sports group as badminton, squash or 
tennis. These sports are characterized by continuous changes of rhythm and 
intensity, with fast actions of short duration that are repeated during the whole 
match. During competition, table tennis players need to apply several physical 
capacities such as speed, strength, cardiovascular endurance, agility, perceptive 
and taking decision skills, as a consequence of the continuous and changing 
situations that are typical of this game dynamic (Pradas, Martínez, Castellar, 
Bataller & Carrasco, 2011). 

Lower extremities movements are essentials in table tennis to achieve a 
right position that allows hitting the ball effectively (Pradas, de Teresa & 
Vargas, 2005). The player needs to perform short and explosive movements, as 
a consequence of high-speed frequent changes of direction during the match 
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generating high levels of mechanical power with lower limbs extensor muscles. 
Moreover, a high and constant state of legs muscle tension is developed, as a 
consequence of high uncertainty levels that depend on the possible reaction of 
the opposite player (Pradas et al., 2011). For this reason, muscular power or 
explosive and elastic-explosive strength are essential variables for assessing 
performance in table tennis.  

Jump test have been frequently used to evaluate peak power output from 
lower limbs muscles (Lara, Alegre, Abián, Jiménez, Ureña & Aguado, 2006). 
Indeed, several authors registered data concerning vertical jump parameters in 
senior table tennis players, establishing differences between offensive and 
defensive players (Pradas et al., 2005; Pradas, Carrasco y Floría, 2009; Pradas et 
al., 2011). However, there is a lack of information about mechanical power 
generated by legs extensor muscles of young table tennis players. These data 
may serve as criteria for evaluating muscular strength development during 
training process. 

Therefore, the aim of this study was to evaluate the muscle power of lower 
limbs in young top-level table tennis players considering gender, category and 
playing styles (offensive and defensive) as a factor. 

2. Material and methods 

Subjects 
A total of one hundred and sixty five Spanish table tennis players (95 boys 

and 70 girls) aged between 7 and 17 years were included in the study. The 
subjects were selected between four categories (under 11, under 13, cadet and 
junior). All players were members of the National Sport Tecnification Program 
developed by the Spanish Table Tennis Federation at the moment of the study. 
The general characteristics of subjects are summarized in Table 1. Data are 
expressed as mean ± standard deviation (SD). 

 
Table 1. General characteristics of the table tennis players 

 Category n Body mass 
(kg) 

Height 
(cm) 

Body mass index 
(Kg·m-2) 

Under 11 28 36.15±6.1 143±0.06 17.61±2.3 
Under 13 25 43.14±8.5 151±0.07 18.92±2.9 
Cadet 28 53.11±10.3 162±0.07 20.13±3.2 

Boys 
(n=95) 

Junior 14 65.44±8.9 175±0.06 21.38±1.7 
Under 11 22 34.91±7.6 140±0.08 17.77±2.8 
Under 13 18 43.07±8.2 151±0.08 18.71±2.8 
Cadet 15 50.69±6.1 159±0.06 20.03±1.6 

Girls 
(n=70) 

Junior 15 59.19±7.2 164±0.04 22.06±2.1 
 
All players passed medical examination within two days before the tests. 

All the subjects who participated in the study had no injury of their lower limbs. 
Children that were unable to perform vertical jump tests adequately were 
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excluded from the study. 
Before the study, the coach, the children and their parents and/or tutors 

had been fully informed about the aim of the research and the procedure before 
signing a written consent, which was in accordance with the legal requirements 
and the Declaration of Helsinki and was also approved by the Ethic Committee 
of the Government of Aragón, Spain. 

Test procedure 
All subjects performed standardized general warm-up, with five minutes 

of continuous jogging of low intensity and five minutes of supervised 
calisthenics exercises. After a brief rest period, they executed three consecutive 
experimental trials for each jumps, squat jump (SJ) and countermovement jump 
(CMJ). Five minutes rest period between vertical jump CMJ and SJ was 
established. In any case, the best attempt (highest jump) was registered. Jumping 
performance was evaluated with the jumping mat connected to an electronic 
timer Newtest Powertimer® (Oulu, Finland). The knees flexion angle was 
controlled in the squat jump using a goniometer. All subjects performed the SJ 
and CMJ under the supervision of the same operator. 

Test was executed following the original protocol for both jumps. Briefly 
the description of the jumps types:   

• Explosive manifestation of strength (SJ). It is a jump without previous 
countermovement, starting from a 90º knees position. With the hands on 
the hips, legs must be extended during the jump. The legs contact the floor 
with front foot and extended knees. This test calculates the value of 
explosive strength, the capacity of synchronization and the instantaneous 
recruitment.   

• Elastic-explosive manifestation strength (CMJ). Jump in 
countermovement with a fast legs flexion-extension. The flexion knees 
must reach 90º. The difference with SJ is the use of elastic energy. It 
measures the elastic capacity.  
The selected motor tests allowed the evaluation of contractile and elastic 

component of the lower limbs musculature, by means of the height of the 
vertical jump of the evaluated subjects.  

Statistical analyses 
Data were analyzed using the statistical software SPSS 19.0. Standard 

statistical methods were used for calculating mean values and arithmetic means 
±SD. The Kolmogorov-Smirnov test was applied to determine the nature of data 
distribution. Since a normal distribution was confirmed, a t- test was performed 
to examine statistical differences between gender and category. Statistical 
significance was set at p≤0.05.  

3. Results and discussions 

The SJ and CMJ values of vertical jumping (means, maximum, minimum 
and standard deviations) and elastic index (EI) recorded in table tennis players 
according to category and gender are summarized in Table 2.  
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Table 2. Descriptive values obtained from the SJ and CMJ tests 

Category 
Age 

(years) 
SJ 

(cm) 
Max. 
(cm) 

Min. 
(cm) 

CMJ 
(cm) 

Max. 
(cm)  

Min. 
(cm) 

Elastic 
Index 

Under 11    ♂♂♂♂ 9.3±0.7 19.9±3.8 27.7 11.6 22.3±3.4 27.7 14.8 2.4±1.8 
Under 11    ♀♀♀♀ 9.7±0.5 18.2±3.4 24.7 13 20.4±3.4 29.4 15.5 2.2±1.6 
Under 13 ♂♂♂♂ 11.4±0.5 21.1±4.5 30,5 13,1 24±4.9 36.3 16.2 2.8±1.7 
Under 13    ♀♀♀♀ 11.5±0.5 21.3±5.4 37.8 12.8 24.7±5.3 40.4 15 3.4±1.8 
Cadet ♂♂♂♂ 14±0.8 26.6±5.2 36.2 15.2 28.8±5.3 38.7 17.1 2.1±1.2 
Cadet ♀♀♀♀ 13.5±0.7 27.2±4.7 35.4 18.7 29.5±4.6 38.7 23.8 2.3±1.7 
Junior ♂♂♂♂ 16.3±0.4 30.9±4.4 41.7 23.2 34±3.8 42.7 28.5 3±1.7 
Junior ♀♀♀♀ 16.6±0.4 25.5±5.8 17.3 35.4 27.8±6.4 37.4 18.1 2.3±1.6 
♂: boys; ♀: girls 

 
Explosive strength (SJ) and elastic explosive strength (CMJ) changes as 

age increases in all the tested categories (under 11, under 13, cadet and junior) 
and in both genders, although differently between boys and girls (Fig. 1).  
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Figure 1. Distribution of SJ and CMJ values according to category and gender  

 
Girls tend to achieve higher levels of explosive and elastic-explosive 

strengths both in under 13 (SJ: 21.3 ± 5.4 and CMJ: 24.7 ± 5.3 vs SJ: 21.1 ± 4.5 
and CMJ: 24 ± 4.9) and cadet categories (SJ: 27.2 ± 4.7; CMJ: 29.5 ± 4.6 vs SJ: 
23.4 ± 6.4; CMJ: 25.6 ± 7.4). However, in the junior category the results of both 
tests are reversed. Higher strength values are achieved by male players (SJ: 30.9 
± 4.4, CMJ: 34 ± 3.8) when compared to females (SJ: 25.5 ± 5.8; CMJ: 27.8 ± 
6.4) that suffer a decrease statistically significant both for SJ (p<0.02) and CMJ 
(p<0.01) (Fig. 2). These results may be related to girls’ passive mass growth 
(Manno, 1999) and higher levels of plasma testosterone in males (Bosco, 2000). 
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Figure 2. SJ and CMJ values recorded in all tested categories. * p<0.05; ** p<0.01 
 

The CMJ and SJ values obtained in the under 11 category are similar to 
those obtained in a recent study performed in a school population (Gonzalez, 
Diaz, Garcia Mora, Castro & Facio, 2007). Starting from under 13 category the 
results obtained in primary school children are lower than those obtained in 
table tennis players. These differences can be explained as a result of sport 
specialization developed over the years by training. 

Starting from cadet category, values obtained by males are superior in 
both tests, and in the junior category these differences become significant both 
for SJ (p<0.05) and CMJ (p<0.01). These differences may depend on the high 
serum concentrations of testosterone improved by the nervous system and 
promoted by the quick fibers fenotype. Boys achieved better results than girls 
for developing stronger gradients of explosive force (Bosco, 2000).  
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Figure 3. SJ and CMJ values/category in girls. * p<0.05; ** p<0.01 
 
In both sexes, from the under 11 to the cadet categories a constant and 

linear explosive strength improvement has been detected (Fig. 2 and 3), this 
occurrence is more evident in girls at the onset of pubertal stage, obtaining 
better values than boys in the SJ and CMJ tests. However, junior female players 
suffer a drop in performance in both tests. This behavior may be related to 
biotypological factors since in the junior stage male players develop greater lean 
mass while women tend acquire up to 10% more fat (Bosco, 2000).   
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Figure 4. SJ and CMJ values/category in boys.  ** p<0.01 
 
All tested subjects, independently form the gender, get higher results in 

the CMJ test rather than in the SJ test. These differences may depend on the 
previous stretching performed in the push phase using the elastic and 
neuromuscular characteristics (Bosco, 1994; Bobbert & Richard, 2005) and on 
the fact that men tend to develop more legs muscular power than women, when 
the load to displace is minimal (Bosco, 2000).   

The difference between SJ and CMJ tests correspond to the elasticity 
index (EI = [CMJ-SJ)/SJ]*100) (Bosco, 2000). The EI is crucial in sports where 
jumping ability is important and in those that require fast and explosive 
movements as table tennis (Fig. 5). No statistically significant differences were 
found in EI between genders. Higher EI levels are achieved in the under 13 
category in females (3.43) and junior category in males (3.06). Similar results 
were obtained by González et al. (2007) in 10-12 years old school children. The 
values obtained in the junior category are also similar to those found in high 
level senior table tennis players (Pradas et al., 2005). 
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Figure 5. Elastic index values recorded in the tested category 
 
When comparing playing styles (offensive vs defensive) in junior women, 

significant differences (p<0.05) in the SJ values have been recorded between 
attacking vs defensive players (Fig. 6). 
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Figure 6. SJ and CMJ values by playing style (offensive vs defensive).* p<0.05 
 
Offensive style players have higher levels of explosive force that 

defensive player. These results are related to the specific training performed and 
to game type adaptation. Offensive game is characterized by fast speed and 
explosivity, probably due to the higher developement of players muscular mass 
since a direct relationship between the area of muscle traverse section and 
indexes force has been highlighted (Bosco, 2000).  

  Higher explosive force values can be achieved in offensive players as a 
consequence of their superior capacity of nervous recruitment, the higher levels 
of FT fibers (type II fibers) and a better reutilization of elastic energy and higher 
levels of intra- and intermuscular coordination. 

4. Conclusions  

In prepubertal age no differences exist in the explosive strength between 
genders. However, it changes significantly in females when starting hormonal 
development. 

The opposing significant differences show a smaller explosivity in the 
feminine gender than the masculine one, for what the structural characteristics 
of competition in the masculine individual are different to the feminine 
individual.    

Players with a defensive style show inferior values of explosive force 
when compared with offensive style players.  

High values of explosive force in table tennis, more concretely in the 
offensive game style, are due to frequent and high efforts required to execute 
specific displacements with maximum acceleration and speed, that require a 
very demanding effort of lower limbs, associated with the need of obtaining 
quick and good positions to hit the ball accurately. It becomes evident that the 
characteristics of each playing style are different requiring different training 
planifications.  

The SJ and CMJ tests are a good tool for the evaluation of the specific 
training in table tennis. These data may serve as useful criteria for young 
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players’ selection and for evaluating muscular strength development during 
training process. 
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