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Introduction. Tennis is a sport that requires asymmetric
movements. Asymmetry in tennis pertains to the player
carrying a racket and using it to hit the ball. An asymmetric
tennis technique may lead to an asymmetric distribution
of muscle mass and unbalanced muscle tonus. These
disproportions will result in an improper body stature and
may even cause irregularities in the skeletal structure. Aim of
the Study. The aim of this study was to determine the degree of
muscle mass asymmetry and its association with the dominant
upper limb. Material and Methods. The study included 16
active tennis players: 15 right-handed and 1 left-handed. The
control group (UN) comprised 16 non-training middle school
pupils: 14 right-handed and 2 left-handed. Body composition
was determined by means of bioelectrical impedance analysis
(BIA). Results. Signiﬁcant differences between the dominant
and non-dominant arms in tennis players were observed. The
players featured a higher muscle mass of the dominant upper
limb compared to the non-dominant limb. Similar differences
were not observed amongst the controls. The control group was
characterized with markedly lower asymmetry than the tennis
players in terms of muscle mass distribution in the upper limbs
(p < 0.05). No signiﬁcant correlations were found between age
or training experience and the asymmetry coefﬁcient values.
Conclusions. The study revealed a signiﬁcant inﬂuence of
sport training on asymmetry in muscle mass distribution in
the upper limbs.
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Introduction
ymmetry refers to balance and harmony; conversely,
any deviation from symmetry is called asymmetry.
The human body is seemingly symmetric [1]. However,
a detailed analysis of locations of internal organs and
their structures as well as of our external appearance
reveals that human beings are rather asymmetric. The
degree of asymmetry varies individually. According to
some authors, people with asymmetric body structures
are found to be less physically attractive [2-4].
It is estimated that in 96% of the population, one limb
predominates over the other [5]. The dominant limb may
be identiﬁed on the basis of self-declaration [6-7], and
its movements are more precise and quicker than those
of the non-dominant limb [6, 8, 9]. Studies on asymmetry in sport reveal the negative effects of asymmetry
on competitive results and proper athletic development
[1, 10]. Moreover, symmetric exercises were observed to
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have a positive inﬂuence on the technical skills of athletes practicing asymmetric sports [1, 11].
Tennis is a sport that requires asymmetric movements.
Asymmetry in tennis pertains to the player carrying
a racket and using it to hit the ball. However, most
tennis player’s movements across the court are symmetric. Symmetry is particularly important in players
who frequently hit the tennis ball with high power. An
asymmetric technique may lead to an asymmetric distribution of muscle mass and unbalanced muscle tonus
[12-14]. These disproportions will result in an improper
body stature and may even cause irregularities in the
skeletal structure [14]. These consequences are particularly harmful since they may lead to injuries and joint
overloading, and with time they may also result in degenerative changes [15, 16]. This may be particularly
dangerous for young individuals, especially those at the
stage of intensive skeletal and muscular development.
Previous studies on tennis players dealt with their fat
tissue levels and determination of other physiological parameters [17-19]. The effects of participating in
recreational tennis and bone mineral density of the
arms were assessed in postmenopausal women [14].
Finally, an increase in the asymmetry of static power
of upper limbs was observed in young tennis players
in a yearly training cycle [20]. Structural differences
between dominant and non-dominant upper limbs
were found in athletes [21, 22]. Also research on arm
volume revealed this parameter is characterized by
a higher level of asymmetry in young tennis players
than in their non-training peers [23]. Balius et al. observed differences in the structure and mass of rectus
abdominis muscle between the dominant and non-dominant sides of body of tennis players [24]. Moreover,
tennis players were characterized by markedly higher
levels of muscle mass asymmetry in their upper limbs,
as compared with athletes practicing other sports or
non-training individuals [25-28]. Furthermore, it was
observed that the level of asymmetry in adult athletes
was higher than in children [29, 30]. The asymmetry
in muscle mass and bone density was proved to be
modulated by the number of training hours [30]. It was
revealed that the grip strength of the dominant hand
in female and male tennis players was 25% and 18%
higher as compared with the strength of non-dominant
hand [22]. It is postulated that tennis players should
spend more time on training aimed at decreasing the
asymmetry level, thus indirectly reducing the risk of
injury [31].
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Aim of Study
There have been several studies dealing with the
problem of structural asymmetry of the upper limbs
in young and adult tennis players. These studies used
a variety of methods of asymmetry determination, including ultrasonography [24], magnetic resonance imaging [25], dual-energy X-ray absorptiometry [26-30]
and anthropometry [21-23]. Although methods such as
magnetic resonance imaging constitute a “gold standard” in the structural examination of muscles and
bones, they are extremely expensive and time consuming and cannot be utilized in ﬁeld conditions. In contrast, anthropometry can be used in virtually all conditions, but requires the knowledge of proper formulas
and precise measurement, as well as skilled examiners.
The aim of this study was to apply bioelectric impedance analysis to determine the degree of muscle mass
asymmetry and its association with the dominant upper limb.
It was hypothesized that: 1) training of tennis players
leads to increased asymmetry in the muscle mass of
their upper limbs, and that the degree of these changes
can be determined with the aid of segmental analysis
of body composition; 2) tennis players exhibit a higher
degree of asymmetry in muscle mass distribution when
compared to non-training individuals; and 3) the degree
of asymmetry in muscle mass distribution is related to
players’ training experience and is indirectly associated
with their age.
Material and Methods
The study sample included 16 practicing tennis players
(T). The participants’ mean age was 15.19 ± 1.05 years,
and the length of their training experience amounted to
8.94 ± 1.12 years. The athletes’ mean body height was
177.38 ± 8.14 cm, and their mean body mass was 67.66
± 12.29 kg. All participants represented a high sport
class. They were members of the Polish junior or cadet
national teams. Fifteen participants played tennis with
the right arm and one with the left arm.
The control group (UN) comprised pupils from
a middle school from Gorzów Wielkopolski, Poland. It
included 16 boys aged 14.13 ± 0.34 years. Their mean
body height and weight were 174.69 ± 4.81 cm and 70.43
± 20.55 kg, respectively. Fourteen of the controls declared being right-handed, and two were left-handed.
Body height was determined using standard measurement procedures. Body mass and composition, along
with muscle mass distribution, were determined by
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means of multi-frequency bioelectrical impedance measurements. The results of muscle mass of the right arm,
left arm, right leg and left leg were used. These measurements were taken with the use of InBody (model 720)
analyzer with eight electrodes. This type of analysis is
characterized by high precision and reproducibility [32,
33]. Asymmetry coefﬁcients of muscle mass distribution
in the upper (AA) and lower limbs (AL) were calculated
as follows [34, 35]:
WAE = (xd – xnd)/((xd + xnd) / 2) · 100%
Xd – muscle mass on the dominant side [kg];
Xnd – muscle mass on the non-dominant side [kg].
Statistical analysis was performed using the Statistica
8.0 software package (StatSoft Inc. 2009). The signiﬁcance of differences between arithmetic means was
veriﬁed using the Student’s t-test.
The study protocol was approved by the Bioethical Commission of Adam Mickiewicz University in
Poznań.
Results
The analysis of muscle mass distribution within various segments of the body revealed that the studied athletes were characterized by larger muscle mass of the
dominant arm (Table 1). The asymmetry of upper limb
muscle mass of tennis players corresponded to 4.06%
and did not prove statistically signiﬁcant. Similarly, no
signiﬁcant differences were found between the muscle
mass of the dominant and non-dominant lower limbs,
with the level of asymmetry of 0.41%. Furthermore,
no signiﬁcant differences with regard to muscle mass
distribution between the dominant and non-dominant
arms were revealed in the controls, with the asymmetry corresponding to only –0.02%. The level of muscle
mass asymmetry was higher in lower limbs (2.69%).
The differences between the dominant and non-dominant arms in the controls did not prove statistically
signiﬁcant, similar to the differences in muscle mass
distribution between the dominant and non-dominant
lower limb.
Muscle mass in the upper and lower limbs was also
compared between the tennis players and the control
group. Signiﬁcant differences were observed between
these groups in terms of the dominant and non-dominant limb muscle mass (AA and AL) (Table 1).

Vol. 1(20)

The next stage of analysis included verifying the association between training experience (Fig. 1) or age
(Fig. 2) and AA in the tennis players. No signiﬁcant
relationship was found in the correlation analysis.
What this paper adds?
Studies on tennis players have documented structural
differences between the dominant and non-dominant upper limbs. A review of literature identiﬁed
a number of studies dealing with the problem of the
structural asymmetry of upper limbs in tennis players.
Previously used methods are very accurate but they
are extremely expensive and time consuming and
cannot be utilized in ﬁeld conditions. The aim of this
study was to apply bioelectrical impedance analysis
to determine the degree of muscle mass asymmetry
and its association with the dominant upper limb.
Segmental analysis of body composition with the aid
of bioelectrical impedance enables a quick and easy
determination of muscle mass asymmetry.
Discussion
Due to its speciﬁc playing technique, tennis is associated with a considerable load of the dominant arm; this
is reﬂected by higher strength developed by this limb
[20] as well as by structural asymmetry of the upper
limbs [12-14, 21-25, 26-29, 36].
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Although some differences with regard to the muscle
mass of the dominant and non-dominant upper limbs
were observed in Group T, none of them proved statistically signiﬁcant. The lack of statistically signiﬁcant
differences was also noted in the controls. Additionally,
we observed a signiﬁcant difference in the level of upper
limb asymmetry (AA) of participants from Groups T
and UN. The ﬁndings of this study conﬁrmed our initial
hypothesis according to which tennis players’ training
is reﬂected by the asymmetric development of muscle
mass. This phenomenon should be considered unfavorable since it can be reﬂected by an array of degenerative
changes and injuries [14-16, 24]. Tennis players are
characterized by a higher degree of upper limb asymmetry as compared with athletes practicing other sports
[28]. Moreover, a study of volleyball players showed that
a high level of asymmetry between the right and the left
side of the body can lead to scoliosis [37].
Sanchis-Moysi et al. (2010c) observed that the level of
fat-free mass asymmetry in young players who practiced
tennis ﬁve times or twice a week amounted to 13.3 ±
6.4% or 8.3 ± 4.8%, respectively. Although these values
were lower as compared with professional tennis players
[30], they were higher than those observed in our study.
However, the abovementioned ﬁndings were obtained
with dual-energy X-ray absorptiometry. Although this
method is highly precise and reliable, it is expensive
and difﬁcult to apply. On the basis of our ﬁndings it can
be concluded that the proposed method of bioelectrical
impedance can be used to determine the level of muscle
mass asymmetry in the lower limbs. Furthermore, it
can be utilized for quick and easy control of traininginduced changes.
It should be noted that asymmetry is a negative phenomenon from the viewpoint of training practice. Many
studies conﬁrmed a positive inﬂuence of symmetric
training on the improvement of technical skills and motor coordination. According to Starosta [1], symmetric
training is associated with a bilateral transfer of motor
skills, enabling improvement of motor coordination and
the technique of movement in both dominant and nondominant limb. Additionally, the phenomenon of active
recovery can be utilized during alternate exercising of
the dominant and non-dominant arm. Post-exercise
recovery can be faster due to alternate induction and
inhibition of neural impulses [1, 38]. Moreover, it was revealed that symmetric training enables compensation of
predominant asymmetric exercises [1, 31]. Therefore, we
postulate that symmetric exercises, in particular those
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involving both upper limbs, should be implemented
in young tennis players’ training, especially those at
a phase of supervised training.
Probably, the lack of signiﬁcant relationships between
the degree of asymmetry, age, and training experience
resulted from the homogeneity of Group T with regard
to the two latter parameters. Therefore, it is advisable to
analyze the upper limb distribution of muscle mass in
a larger and more heterogeneous group of athletes. This
seems necessary in view of previously published reports
on age-related increase in the degree of morphological
asymmetry [38, 39] and differences between children
and professional athletes with regard to the asymmetry
level [30]. It would be interesting to conduct a longitudinal study analyzing the degree of changes resulting
from athletes’ age and training experience. Such a study
would be particularly interesting in children who are at
the beginning of their sports training period, since according to [28], the structural changes of upper limbs can
be observed already in young, prepubertal children.
Conclusions
1. In young tennis players sport training results in increased muscle mass of the dominant upper limb
and, consequently, in an asymmetry in muscle
mass distribution. Segmental analysis of the body
composition with the aid of bioelectrical impedance enables a quick and easy determination of
muscle mass asymmetry.
2. Young athletes who practice tennis are characterized by higher muscle mass asymmetry than untrained controls.
3. The homogeneity of the study group in terms of
age and training experience, along with high variability of muscle mass and low sample size, meant
that we were unable to verify if professional experience or age inﬂuenced the degree of muscle mass
asymmetry.
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