Sport Sci Health (2016) 12:49-54
DOI 10.1007/s11332-015-0252-y

CrossMark

@

ORIGINAL ARTICLE

Body composition of table tennis players: comparison
between performance level and gender

Alessandro Moura Zagatto'” - Fabio Milioni'” - Ismael Fortes Freitas®® -

Sérgio Alves Arcangelo' - Johnny Padulo*®

Received: 24 October 2015/ Accepted: 26 November 2015/ Published online: 15 December 2015

© Springer-Verlag Italia 2015

Abstract The purpose of this study was to compare whole-
body and segmental body composition variables of trained
Brazilian table tennis players, according to different perfor-
mance levels and gender. Sixty-four table tennis players (45
male and 19 female) were distributed in three groups according
to performance level: international level players (ILP; 12 male;
8 female), national level players (NLP; 14 male; 6 female) and
regional level players (RLP; 19 male; 5 female). The anthro-
pometry measurements and body composition analysis were
performed using Dual energy X-ray absorptiometry. Male
players demonstrated higher fat-free mass (FFM), and lower
fat mass (FM) and body fat percentage (%BF, p < 0.05)
compared to female players in all competitive levels, however,
non-significant differences were found between whole-body
composition and performance level. In the comparison
between the dominant and non-dominant arms, FFM, fat-free
soft tissue mass (FFSTM) and bone mineral density (BMD)
were higher in the dominant arm (p < 0.05) compared to the
non-dominant arm in all competitive levels, however, the male
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ILP group presented lower FFM and FFSTM in the dominant
arm compared to the NLP, while the female ILP group pre-
sented higher BMD compared to the NLP and RLP. In con-
clusion, male table tennis players presented higher FFM and
lower FM and %BF than female players and the dominant arm
presented higher FFM and BMD than the non-dominant,
possibly due to the mechanical impact-load imposed by time of
table tennis practice.

Keywords Body Composition - Bone mineral density -
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Introduction

Table tennis is considered an intermittent sport involving
high activity of the lower and upper limbs during compe-
titions [1, 2]. Particularly, table tennis is characterized as
an endurance intensive effort, but with an important con-
tribution from the a-lactic energy system during the repe-
ated high-intensity efforts [1, 2]. Regarding muscle
performance, a table tennis player is not required to pro-
duce high levels of muscular force (i.e., just general body
strength) but does need developed motor control [1, 2].
In this way, body composition could be considered an
important parameter to assess sports performance. The
assessment of anthropometric measures are widely used for
many purposes, such as talent identification [3] and mon-
itoring the development of muscle mass, which could
contribute to improvement in body movement and meta-
bolic demand [4]. Furthermore, regarding racket sports, the
long term training can act as an important osteogenic
factor, especially for players who practice for many years,
causing member asymmetry of fat-free mass and bone
mineral content between the dominant and non-dominant
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limbs [5]. In tennis, which is also a racket-sport, significant
differences between bone mass density of adolescent
female players and non-tennis players (in lumbar spine and
total hip bone mass) were observed by Ermin et al. [6].

Despite the great importance of body composition in
sports performance, to date, only a few studies have doc-
umented the body composition of table tennis players and
the majority of these only characterized the somatotype
through the measurement of body weight, height and the
sum of skinfolds [7, 8]. To our knowledge no studies have
investigated the body composition of table tennis players
using advanced techniques (i.e., dual energy X-ray
absorptiometry technique) and even fewer the impact of
performance level and gender on body composition; this
represents a huge gap in the literature.

Therefore, the purpose of this study was to compare the
whole-body and segmental body composition variables in
Brazilian trained table tennis players according to different
performance levels and gender.

Materials and methods
Subjects

Sixty-four trained Brazilian table tennis players [45 male (aged
24 + 7 years, height 176.8 £ 3.0 cm, weight 71.8 £ 11.3 kg
and body mass index 23.4 + 2.3 kg/m?) and 19 female (aged
23 £ 6 years, height 164.45 £ 6.3 cm, weight58.7 £ 9.5 kg
and BMI 21.6 + 2.6 kg/m?)] took part in this study. The
sample was divided into three groups: international level
(ILP—players ranked by the International Table Tennis Fed-
eration, ITTF; 12 male and 8 female), national level (NLP—
players with national experience but not ranked by the ITTF;
14 male and 6 female) and regional level (RLP—players with
regional experience; 19 male and 5 female). The players pre-
sented an average of 11.7 &= 5.9 years of training experience
and a training frequency of 4.3 4 1.5 times per week. Prior to
participation, all subjects were informed of the risks and ben-
efits and signed an informed consent term according to the
Helsinki declaration. In addition, all experimental procedures
were approved by the Ethical Committee of FCT/UNESP
(Protocol number 07/2009).

All data were collected before the beginning of an
Official Table Tennis Championship in the City of Bauru,
Sao Paulo State, Brazil. The body composition assessment
was performed on a free-day without training.

Body composition measurement using dual energy
X-ray absorptiometry (DXA)

Weight (kg) and height (m) were measured for each par-
ticipant, and the body mass index was calculated using the
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formula weight/height’® (kg/m?). To assess the bone min-
eral content, fat mass, and lean mass, the dual energy X-ray
absorptiometry technique (DXA Discovery, Hologic®,
USA) was performed with a Hologic Discovery total body
scan, fan-beam densitometer, software QDR for Windows
version 12.5 (Hologic, Waltham, Massachusetts, USA).
The radiation exposure during the DXA procedure was less
than 0.05 mRem (0.5 Sv), which means an exposure 50
times lower than that of an X-ray examination. Following
the protocol for DXA described by the manufacturer, a step
phantom with six fields of acrylic and aluminum of varying
thickness and known absorptive properties was scanned to
serve as an external standard for the analysis of different
tissue components. This procedure has been validated for
general DXA use [9]. The DXA Discovery, Hologic®
(USA) has a low coefficient of variation (bone mineral
content = 0.6 %, fat-free soft tissue = 0.3 %, fat mass and
percentage body fat = 2.5 %) [10].

The method estimates the body composition by dividing
the body into three anatomic compartments: fat-free mass,
fat mass and bone mineral content. The results are pre-
sented in grams of fat-free mass (FFM), fat mass (FM), fat-
free soft tissue mass (FFSTM) and bone mineral content
(BMC). The body fat percentage (%BF) was expressed as a
percentage of the total, according to dominant and non-
dominant arms. The bone mineral density (BMD) is pre-
sented in g/cm?.

The segmental body composition was determined from
the regional analysis of the whole-body. The limbs were
assessed by separating the arms from the trunk by an
inclined line crossing the scapulohumeral joint, and the
legs separated from the hip by an inclined line crossing the
hip joint.

Statistical analysis

The results were expressed as mean =+ standard devia-
tion. Initially the normality of the data was analyzed
using the Shapiro—Wilk test. Next, the data were ana-
lyzed using the two-way analysis of variance (ANOVA)
(gender x performance level), followed of the Bonfer-
roni post hoc test. To compare dominant and non-dom-
inant arms within the group the paired ¢ test was used. In
all cases, statistical significance was set at p < 0.05.
Statistical analyses were performed using the software
package SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA).

Results

Table 1 shows the whole body composition according to
gender and performance level.
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Table 1 Whole body composition according gender and performance level for the international (ILP), national (NLP) and regional (RLP)

players
Male Female p value (1 — B)
ILP (N = 12) NLP(N=14) RLP (N =19) ILP (N =38) NLP (N =6) RLP (N=15)
Total
Age (years) 21.6 £ 5.6 25.8 +7.0¢ 20.8 £ 5.3* 19.3 4+ 4.2¢ 235+ 45 274 £59 003 (1 —p=077)
TE (years) 105 £ 5.6 13.5 + 5.2¢ 8.6 £ 4.9% 100 £ 4.6°¢ 167+ 54 164 £ 7.5 0.008 (1 — B = 0.8874)
TF (times/ 5.0+ 1.0° 42413 40+ 1.6 54+07% 37416 32+18  0.03(1 —B=078)
week)
Height (cm) 171.1 +5.5%%® 175.1 + 6.8% 1773 £ 83* 164.9 &+ 6.1 163.7 £ 6.0 1645+ 8.0 0.000 (1 — B = 1.00)
Body Mass 67.1 £ 8.7* 72.7 £ 13.1*% 742 £ 109*% 57.6 + 13.3 62.1 £5.7 562 £53 0.003 (1 — B =0.96)
(kg)
BMI (kg/m%) 22.8 + 1.9 236 £ 2.7 235+23 21.0 £33 232+ 15 208 £ 1.7 0.076 (1 — B = 0.66)
BMC (kg) 24 £ 0.3* 2.7 £ 0.4* 24 £ 0.5* 2.6 £0.3 22+03 22+05 0.000 (1 — B = 1.00)
BMD2 (g/ 1.14 £ 0.07* 1.19 £ 0.08*  1.12 £ 0.09 1.16 £ 0.06 1.09 £ 0.07 1.06 £ 0.13 0.004 (1 — f = 0.93)
cm®)
FFM (kg) 58.5 £ 6.2* 62.3 £ 103* 63.2 + 8.4* 445 £ 7.1 44.6 £ 5.1 434 4+ 3.5 0.000 (1 — B = 1.00)
FM (kg) 8.6 + 2.9% 10.4 £ 3.6* 109 £4.5 13.1 £ 6.6 175 £ 24 128 £29 0.177 (1 — B = 0.51)
FFSTM (kg)  56.1 £ 6.2* 59.6 £ 10.4*  60.8 &+ 8.4* 419 £ 7.0 424 +£50 413 +£24 0.000 (1 — B = 1.00)
%BF 12.6 £ 2.9% 14.1 £ 3.3* 144 £ 4.8*% 219 £ 5.0 283+ 34 226 £3.6 0.000 (1 — B = 1.00)

TE training experience, TF training frequency, BMI body mass index, BMC bone mineral content, BMD bone mineral density, FFM fat-free

mass, FFSTM fat-free soft tissue mass, %BF body fat percentage
* p < 0.05 compared to the same performance level female group
¥ p < 0.05 compared to the same gender in national level

@ p < 0.05 compared to the same gender in regional level

In general, for the whole body composition outcomes,
significant differences were found between genders in all
variables (p < 0.004; 1 — B > 0.927), except BMI. How-
ever, a non-statistically significant difference was found
among performance levels within the same gender
(p > 0.05).

The comparisons of FFM, FFSTM and BMD between
dominant and non-dominant arms according to perfor-
mance level, demonstrated significant differences in all
variables between the male and female genders (p < 0.001;
1 — B> 0.99) (Table 2).

The interaction showed that the female ILP group pre-
sented higher FFM (p < 0.001) and BMD in the dominant
arm (p < 0.001) when compared to the other female
groups. The male ILP group presented higher FFM
(p < 0.05) and FFSTM (p < 0.05) for the dominant arm
compared to the non-dominant. The male ILP group pre-
sented lower FFM for the dominant arm (p < 0.001) when
compared to the NLP.

The dominant arm presented significantly higher FFM,
FFSTM and BMD (p < 0.001) in all performance levels
and also in male compared to female players of the same
level.

Discussion

The aim of the present study was to compare the whole-
body and segmental body composition variables in trained
Brazilian table tennis players according to different per-
formance levels and gender. The main findings were that
there is a difference for almost all whole-body analysis
between genders in the same performance level, but no
difference between performance levels in the same gender.
Male players presented higher FFM, FM and lower %BF
than females in all competitive levels. The dominant arm
(i.e., racket arm), non-dominant arm and leg FFM and
FFSTM were higher in males compared to females and
FFM, FFSTM and BMD were higher in the dominant arm
when compared to the non-dominant arm in all competitive
levels and both genders.

Body composition is a very important parameter of
sports performance, since an excess of FM can act as “dead
weight” in modalities in which body mass needs to be
lifted repeatedly against gravity or moved as fast as pos-
sible [4], such as in table tennis. Although anthropometric
measures and body composition have been widely inves-
tigated as a variable of sport talent identification [11, 12] in
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addition to being used to classify different physical activity
levels [4], to our knowledge there are no published studies
which compare body composition parameters of table ten-
nis players of different competitive levels and genders.

The athletes of the present study presented similar val-
ues for age, body mass and height to other published
studies [13]. Possibly the absence of significant differences
between the competition levels occurred due to the age and
characteristics of our sample (i.e., adult players) who pre-
sented long-term experience of training (12.6 + 3.4 years).
This may suggest that anthropometric characteristics are
parameters that exert influence on achieving a high per-
formance level and point to body composition as an
important parameter for talent identification in childhood
and adolescence.

The male players presented higher whole and segmental
FFM and FFSTM compared to the females of the same
level in all groups (i.e., international, national and regional
players). These are expected results since adult males
usually present higher muscle mass. Carrasco et al. [7, 14]
observed higher FM and %BF for females and, in contrast
to the current study, these authors did not find significant
differences in FFM between genders, maybe due to the fact
that their samples were composed of young table tennis
table players (i.e., =12 years old) with a high influence of
the pubertal period. High values of FM and %BF, mainly
localized in the lower limbs, could act as an “over load”
becoming an important restrictive factor to performing
rapid movements and changes of direction, acceleration
and deceleration; characteristic table tennis actions [15]. In
addition, in the study of Carrasco et al. [14], the body
composition was measured using skinfolds while in the
present study body composition was measured using the
X-ray method (DXA-scan).

In the dominant arm, FFM, FFSTM and BMD presented
higher values for males and females, compared to the non-
dominant arm, for all performance levels. The long-term
practice of racket sports such as tennis and table tennis
seems to induce an important osteogenic effect on the arm
(humerus) and forearm (radius and ulna) bones and an
increase in muscle mass due to the mechanic impact-
loading characteristic [5, 16-20]. Sanchis-Moysi et al. [5]
showed an inter-arm asymmetry in young tennis players
with higher BMD and FFM in the dominant compared to
the non-dominant arm, and verified that the magnitude is
directly dependent on the training volume. In the present
study, higher values of BMD in the dominant arm were
verified in the female ILP group than in the other groups
probably due to the significantly higher volume and
intensity of training (Table 1).

In summary, to our knowledge, the present study is the
first to present anthropometric and body composition
characteristics of adult table tennis players of different

performance levels. Male table tennis players presented
higher whole FFM and lower FM and %BF than female
table tennis players; the dominant arm showed higher FFM,
FFSTM and BMD compared to the non-dominant arm in
both male and female players. However, there were no
significant differences between genders of adult tennis-
table players. This indicates that anthropometric and body
composition parameters could be important for talent
identification but ineffective for classifying the perfor-
mance level of adult players. In addition to the relevance of
the findings the main limitation that could be highlighted is
that this study assessed only Brazilian table tennis players,
and further studies should be performed with athletes of
different nationalities.
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