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ABSTRACT

Many previous studies have focused on youth
soccer player injuries without body component
analysis compared to non-athletes. Only a few
studies which have investigated body compo-
nents of youth soccer players, and studies that
look at electrical characteristics used by rheo-
base and chronaxie as well as body components
are even scarcer. Therefore, we feel that there is
a need for a study investigating objective clini-
cal analysis of the body components (body struc-
ture and body composition) and electrical char-
acteristics of both youth soccer players and
non-athletes. Sixty subjects participated in our
study, comprising of thirty youth soccer players
and thirty non-athletes. The Inbody 520 was us-
ed to measure and analyze body composition
and the Duo 500 was employed to measure elec-
trical characteristics. It was observed that the
soccer players showed markedly lower total im-
pedance compared to the non-athletes. In both
legs, it was particularly noted that there were
significant differences between the right and left
sides. The soccer players showed a higher
skeletal muscle mass and lean/ideal lean x 100%
compared to the non-athletes. Furthermore, the
soccer players had a lower rheobase and higher
chronaxie. A comparison of the genders showed
a similar pattern. In this study, we were able to
separate the differences in body components
and electrical characteristics between the sub-
ject groups using a systemic approach. Future
studies on diverse types of athletes would con-
tribute further to the development of clinical phy-
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siotherapy and sports rehabilitation.
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1. INTRODUCTION

Soccer is the most popular sport in the world, with
about 200 million participants including both sexes and
all age groups [1]. Because of its popularity, it has often
been suggested that soccer may help prevent or cure
health problems round the world [2]. However, despite
the perception that soccer is a relatively safe sport, it is
one of the most common causes of sport injuries among
youth [3]. Therefore, elite youth soccer players are ex-
posed to the risk of a variety of sports injuries which may
occur for a variety of reasons. It is important that thera-
pists are accurate in testing and cautious in making deci-
sions when treatment is required [4-6]. They also need to
have a good understanding of the body composition of
youth soccer players. Generally, athletes’ body compo-
nents appear visually different to those of non-athletes.
However, it needs to be said that the body system uni-
formly applied treatment for athletes is based on visual
classification only [7,8]. Therefore, a more systemic and
professional approach is required. In a previous study, it
was found that body components of athletes may show
different tendencies to those of non-athletes [8]; but there
has been a lack of professional studies relating specifi-
cally to the body components of youth soccer players.
Many athletes, including soccer players, commonly use
electrotherapy because it is frequently used for the treat-
ment of musculoskeletal disorders [8,9]. Electrical char-
acteristics are generally important factors in electrother-
apy because they affect electric strength, which increases
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the effectiveness of rehabilitation [10]. In our study, we
focus mainly on physical therapy and whether it should
be applied differently based on the differences shown to
exist between athletes and non-athletes. In this way, we
have contributed to current research relating to sports
physical therapy and its clinical application.

2. MATERIALS & METHODS
2.1. Participants

From September 2012 to February 2013 all subjects
were measured for their particular body structure, body
composition and body electrical characteristics. 30 young
soccer players were recruited from Y soccer center lo-
cated in Korea. The criteria for their inclusion in the
study were as follows: 1) Age: 17 - 20 years old; 2) Sex:
male; 3) no skin problems or wounds; 4) no muscle pain
or disorder. A further 30 non-athletes were recruited
from Y university, also located in Korea. Criteria for
their inclusion in the study were as follows: 1) Age: 17 -
22 years old; 2) Sex: male; 3) no skin problems or
wounds; 4) no muscle pain or disorder.

2.2. Body Composition

All measurements taken for subjects were based on an
empty stomach state, or two hours after each meal, after
they had produced a stool sample, to ensure accurate body
fat measurement. All subjects avoided excessive exercise
and bathed to maintain body moisture. The Inbody 520 was
used to measure the results and to ensure that the measure-
ments were as accurate as possible, all subjects were re-
quired to stretch their arms [8] (Figure 1(A-a)).

2.3. Body Electrical Characteristics

Rheobase and chronaxie were measured using an elec-
trical stimulator in the region of the vastus lateralis and
vastus medialis muscles (Duo 500, Gymnauniphy Co.,
Belgium) (Figure 1). A rheobase measurement pad was
applied to the regions of the vastus lateralis and vastus
medialis muscles of subjects, who were in the sitting po-
sition, until the muscle contraction response became vi-
sible [10]. A chronaxie measurement pad was also ap-
plied to the same regions, until muscle contraction re-
sponses became visible using double the rheobase cur-
rent intensity. After one side had been measured, sub-
jects rested for 5 minutes; then, the process was repeated
on the other side (Figure 1).

2.4. Statistical Analysis

The data are expressed as means + standard errors
(SE). A P value of < 0.05 was considered statistically
significant. SPSS Version 18.0 (International Business
Machines, Armonk, USA) for Microsoft Windows was
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Figure 1. Schematic representation of the measurements of
rheobase and chronaxie. In analysis of rheobase and chronaxie,
the thigh was stimulated using the electrical stimulator and two
surface electrodes of the same size for bipolar stimulation. Rhe-
obase and chronaxie were measured using monofilaments, as
described in the Materials & Methods. RA, right arm; T, trunk;
LA, left arm; RL, right leg; LL, left leg; +, anode; —, cathode;
—, region of stimulation in anterior parts of thigh; VL, vastus
lateralis; VM, vastus medialis; ES, electrical stimulation; MP,
motor point; M, medial side; L, lateral side; SD curve, strength-
duration curve.

used for analysis in this study. The protocol for the study
was approved by the Committee of Ethics in Research of
the University of Yongin, in accordance with the terms
of Resolution 5-1-20, December 2006.

3. RESULTS

The soccer player subjects markedly showed a lower
total impedance (202.7 £ 7.8 Q) compared to the
non-athletes (221.7 = 12.9 Q) (Figure 2(A-a)). In both
legs, there was a particularly significant difference be-
tween right (young soccer players: 204.0 + 6.4 Q non-
athletes: 236.2 = 11.2 Q) and left sides (young soccer
player: 206.7 £ 6.7 Q non-athletes: 239.5 + 10.5 Q)
(Figure 2(A-b)). The soccer players (11.1+1.1 kg)
showed higher skeletal muscle mass in comparison with
the non-athletes (10.1 + 1.7 kg) (Figure 2(B-a)), espe-
cially in both legs, where there was a significant differ-
ence between right (young soccer players: 11.0 £ 0.2 kg,
nonathletes: 9.6 + 0.3 kg) and left sides (young soccer
players: 11.0 £ 0.2 kg, non-athletes: 9.5 + 0.3 kg) (Fig-
ure 2(B-b)). Furthermore, the soccer players showed
higher lean/ideal lean X 100% (113.3% £ 0.9%) than
non-athletes (106.9% + 1.0%) (Figure 2(C-a)). Again, in
both legs, it could be seen that there was a significant dif-
ference between right (young soccer players: 119.7% +
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1.4%, non-athletes: 108.4% =+ 1.5%) and left sides
(young soccer players: 118.8% + 1.4%, nonathletes:
107.5% + 1.9%) (Figure 2(C-b)). The soccer players
also showed lower rheobase and higher chronaxie com-
pared to the non-athletes (Figure 3(A)). However, all
subjects showed no significant differences on rheobase
and chronaxie (Figures 3(B-a) and (C-a)). A gender
comparison for the same values showed a similar pattern
(Figures 3(B-b) and (C-b)).

4. DISCUSSION

Soccer is a sport that is based on power and elabora-
tion of the lower extremities [11]. It necessitates the
sudden redirection of the body when following the ball
and a player has to run to achieve a good position when
in attack or defense. It also requires that a ball is kicked
in order to shoot or pass using a combination of strength
and finesse [12]. Therefore, a professional soccer
player’s body may be thought to be different to that of a
non-athlete, especially in terms of the significant differ-
ence between the lower extremities in comparison to the
remainder of the body structure. Soccer is also one of the
most common causes of injuries such as musculoskeletal
disorders of the lower extremities. That is why it was
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thought that professional soccer players suffer from
many of these disorders. We focus our research on this
area and in particular on the youth soccer player. A
young soccer player’s body is slightly different to that of
a professional soccer player. However, there are differ-
ences in non-athletes of a similar age. There had been
few studies performed which particularly focus on the
physical therapy of youth soccer players, and as a result,
all of our measurements strictly dealt with the differ-
ences between youth soccer players and non-athletes. In
terms of physical fitness, body composition is used to
explain the percentages of fat, bone and muscle in human
bodies. Because muscular tissue takes up less space in
our body than fat tissue, our body composition, as well
as our weight, determines our leanness. Two people of
equal height and body weight may look totally different
from each other because they have a different body
composition, which is derived from many factors. First,
birth weight and weight trajectories up to 24 months,
associated with particular adult body composition (espe-
cially fat-free mass) [13]. Second, physical activity and
particular body composition are related in adolescents
[14]. Tt has also been found that body composition is
associated with the aging process, having a tendency to
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Figure 2. Differences in body composition between the general public and volunteer
soccer athletes. Body composition was determined, as described in the Methods. Rt,
right side; Lt, left side; Skeletal MM, skeletal muscle mass; Segmental MM, segmental
muscle mass. *, significantly different from non-athletic controls with P < 0.05.
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Figure 3. Difference in the rheobase and chronaxie between youth soccer players and
non-athletes. Rheobase and chronaxie were measured to regions of vastus lateralis and
medialis muscles. Rheobase and chronaxie were measured using monofilaments, as
described in the Materials & Methods. Rt, right side; Lt, left side.
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Figure 4. Schematic representation of the differences in body composition and electrical
characteristics and of the significance of physical therapy between youth soccer players
and non-athletes. SMM, skeletal muscle mass; 1, increase; |, decrease; RA, right arm; T,
trunk; LA, left arm; RL, right leg; LL, left leg.

gain fat mass and lose lean tissue in both bone and mus-
cle, even when the weight does not change [15]. Meas-
uring body composition in humans is usually carried out
in response to the need to describe either deficiencies or
excesses of a component that is thought or known to be
related to health risk [16]. Many of the previous conven-
tional body composition measurement methods are based
on assumptions that are violated in the very obese state
[17]. According to our results, the soccer players show
significant differences in some parts, especially in the
lower extremities. These differences have great implica-
tions. Upon assessing our measurements, we had to ap-
proach youth soccer player rehabilitation in a different

Copyright © 2013 SciRes.

way to the rehabilitation of non-athletes. In electrother-
apy, which is frequently used for the treatment of youth
soccer players, the differences of body components were
considered important. The soccer players that had low fat
and much skeletal muscular mass had to have more elec-
trotherapy application time. In terms of body electrical
characteristics, our results revealed a number of impor-
tant things. Each person has their own body electrical
characteristics and in order to understand these, we used
rheobase and chronaxies in our measurements. Rheobase
is a measure of membrane excitability. In neuroscience,
rheobase is the minimal current amplitude of infinite
duration (in a practical sense, about 300 milliseconds)
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that results in the depolarization threshold of the cell
membranes being reached, such as an action potential or
the contraction of a muscle [18]. Chronaxie is the mini-
mum time required for an electric current double the
strength of the rheobase, to stimulate a muscle or a neu-
ron. Chronaxie, a historically introduced excitability time
parameter for electrical stimulation, has been assumed to
be closely related to the time constant of the cell mem-
brane [19]. That is why the differences of body electrical
characteristics when electrotherapy is employed are im-
portant. Rheobase and chronaxie are commonly accepted
as the principle parameters predicting the efficacy of
electric stimulation [20]. This means that youth soccer
players require a lower strength compared to non-ath-
letes on application electrotherapy. Based on the results
of our study, we can provide an important basis for se-
lection of electric strength when applying electrotherapy
on youth soccer players. In other words, the youth soccer
players require less electric strength for rehabilitation or
therapy compared to non-athletes (Figure 4). It is neces-
sary to consider taking this into account prior to applying
electrotherapy [21,22]. The major limitation of this study
is the lack of measured information about other types of
athlete. However, through a systemic and professional
approach, we can be accurate in testing and cautious in
making decisions when treatment is needed. Importantly,
we can develop a tailored rehabilitation program and
accomplish an effective electronic therapy treatment. If
future studies are performed including diverse types of
athletes, then they will further contribute to the devel-
opment of clinical physical therapy and sports physic-
cal therapy in particular.
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