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Abstract
Background and Study Aim:

One of the characteristic features of karate training is the partial inability to determine its intensity, which is
why it is so important to assess the impact of training on body composition, detailing the fat and lean components. The aim of the study was knowledge about the usefulness of the fat-free index (FFF) as a tool used
to estimate the predisposition to practice various sports, with particular emphasis on karate

Materials and Methods:

The men (n = 114), aged 15-30, were all competitors in one of the following five sports: kyokushin karate (n = 14),
basketball (n = 41), American football (n = 35), soccer (n = 14), swimming (n = 10) and 132 in control group. Body
weight and composition were determined using the BC-418MA 8-electrode body composition analyser by Tanita
with GMON 3.4.2 software. The electric bioimpedance method was used to determine the percentage of fat
mass (FatP), as well as the percentages of mass (FatM), lean mass (FFM), and muscle mass (PMM).

Results:

The amateur karate practitioners do not differ in the percentage of body fat from men practicing swimming,
basketball or soccer. When assessing the fat-free fat index of the group who practiced karate, it was found
that only the American football, as well as the soccer players, had higher values of this indicator when considering it in general and within the torso.

Conclusions:

The training form used in kyokushin karate gives similar effects in terms of body composition as swimming
training, used in basketball, soccer or American football. At the same time, an important element that should
be supplemented in long-term training is the improvement of the symmetry of fat mass distribution.
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Martial arts – plural noun
any of various systems of
combat and self-defence, e.g.
judo or karate, developed
especially in Japan and Korea
and now usually practised as
a sport [33].
Kata – noun a sequence of
movements in some martial
arts such as karate, used either
for training or to demonstrate
technique [33].
Kata – prescribed
patterns or sequences of
techniques [34].
Kumite – is a semicontact karate competitive
concurrence, where two
athletes perform various
kicking, punching and blocking
techniques towards each other
with maximum control in order
to gain points and win the
match. Destruction is fictive.
Kyu – noun a level of proficiency
in some martial arts [33].
Kyū – the series of grades that
precede dan ranks. Ikkyū is
the grade immediately below
shodan [34].
Self-defence – noun fighting
techniques used for defending
oneself against physical attack,
especially unarmed combat
techniques such as those used
in many of the martial arts [33].
Athlete – noun 1. someone
who has the abilities necessary
for participating in physical
exercise, especially in
competitive games and races
2. a competitor in track or field
events [33].
Player – noun someone taking
part in a sport or game [33].
Training session – noun a period
of time during which an athlete
trains, either alone, with
a trainer or with their team [33].
Training intensity – the effort
of training. A number of
methods are used to establish
training intensities which give
maximum benefits. These
include the lactic acid method,
minute ventilation method,
and target heart-rate [35].
Training load – “A simple
mathematical model of
training load can be defined
as the product of qualitative
and quantitative factor.
This reasoning may became
unclear whenever the
quantitative factor is called
‘workload volume’ or ‘training
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INTRODUCTION
Karate, like other martial arts, is a multi-faceted
physical activity. It is a general development sport
affecting the whole body, and leads to the development of greater endurance, strength, agility,
flexibility, and eye-hand coordination [1-4]. An
important element of karate training is not only
its influence on the structure of the body, but
also the psychological and social impact on an
individual. Martial arts training has a positive
effect on an individual’s self-control, reinforces
a routine of systematic work, increases the precise movement and awareness of one’s body
while reducing aggressive behaviour [5-15].
Energy output during karate training may be difficult to measure due to the multi-faceted nature
of the training. The main goal of each karate
training session could be different. Preparing for
a kumite or kata competition will require a significantly different preparation. It is similar with
self-defence training and training for new kyu
grades. Therefore, it becomes necessary to use
other methods to evaluate various types of training. One of the most frequently used methods
of estimating the influence of karate on a participant is the assessment of his body based on
changes in the weight-height index (BMI), as well
as changes in Sheldon’s body types [16-18].
Both of these methods have a measurement
error – the BMI does not take into account
muscle mass (MM), which is an important component in the athlete’s body structure, and the
typology is based on a detailed assessment
of individual indicators on the basis of which
a given individual qualifies for a body type
subtype. The first method may give erroneous results due to the lack of normative values
for athletes, while the second one requires full
knowledge and skills in the field of measurement
anthropology [16-18].
One of the important elements of sports training
is the development of muscle mass (MM) necessary to obtain the best results. It is the estimation of changes in MM that is the basis for
assessing the correctness of sports training. Lack
of changes in the initial period of training development indicates too low training intensity, and
in the period of stabilization of the competition,
a significant change is a sign of irregularities.
A decrease in MM may mean that the training
values are subliminal, and the rapid development

of MM indicates the use of dietary supplementation or too much strength. To determine MM
as a component of the body composition, many
estimation methods can be used, based, among
others, on astrometric measurements, such as the
thickness of the skin and fat folds, within which
we determine the amount of adipose tissue in
the body and the resultant value is the amount of
lean body. This method is also used in the assessment of Sheldon’s typology and requires a lot of
practical experience and knowledge in the field
of anthropology [18].
The newer and more accurate methods, burdened with a lower measurement error, include
the dual-energy X-ray absorptiometry (DXA)
method, computed tomography or publicly
available electrical bioimpedance (BIA) [19-21,
18, 22-24]. Each of these methods allows you
to estimate the components of the body composition, detailing fat mass and lean body, which
includes, among others, MM. Using the location
of the body from the body structure, the musclefat index (MT) by Szczawińska [18, 25] was developed based on the measurements of fat halves,
the BMIFat index by Mialich et al. [26, 18, 27].
However, these methods, like BMI, do not take
into account the physiological changes occurring with age or with undertaking training in
the body structure. One of the indicators that
takes into account both the age and sex of the
examined person is Chwałczyńska’s Fat-Free
Index (FFF). FFF primarily takes into account
fat and lean mass, the main component of
which is MM, and therefore is a good tool for
its assessment [19, 29, 3]. Assessment of muscle mass, both its input value at the beginning
of a professional career, as well as its change
during the training process or the size after
a longer training period, allows for the assessment of training intensity in a given sports discipline [18, 4, 28].
One of the characteristic features of karate training is the partial inability to determine its intensity, which is why it is so important to assess the
impact of training on body composition, detailing the fat and lean components [4].
The aim of the study was knowledge about the
usefulness of the fat-free index (FFF) as a tool
used to estimate the predisposition to practice
various sports, with particular emphasis on karate.
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MATERIAL AND METHODS

Study design

Participants
Two hundred and forty-six men aged 22.1± 4.0
years were examined. The mean body weight
of the subjects was 79.9± 14.0 kg, the mean
height 181.3± 8.1 cm, and the mean BMI 24.3±
3.8 kg/m2. The one hundred and fourteen athletes in the study were grouped as follows:
kyokushin karate (n = 14); basketball (n = 41);
American football (n = 35); soccer (n = 14);
swimming (n = 10). The one hundred and
thirty-two members of the control group did
not participate in sports, and undertook moderate physical activity two-three times per week.
The subjects did not differ in age and height.
American football players had the highest body
mass and BMI. These differences are statistically
significant when compared to the other athletes,
and also to the members of the control group.
The members of the control group did not differ
significantly in age, weight, height, and BMI from
the athletic subjects in the study (more results of
the anthropometric measurements are presented
in Table 1).
Regarding athletes: no contraindications in medical history in the last 12 months, without contraindications to bioimpedance tests (metal
elements in the body, active cancer, heart pacemaker), with tests by a sports medicine doctor
allowing participation in training and competitions within the indicated sports discipline. The
training loads (main components) of the studied
groups are presented in Table 2.

On the day of testing the men did not participate in any athletic training. Before the test all
participants fasted for at least four hours, and
did not consume alcohol for at least twentyfour hours prior. Each subject’s height was
measured using a SECA 213 stadiometer with
an accuracy of 0.1 cm. Body weight and composition were determined using the BC-418MA
8-electrode body composition analyser by Tanita
with GMON 3.4.2 software. The electric bioimpedance method was used to determine the
percentage of fat mass (FatP), as well as the percentages of mass (FatM), lean mass (FFM), and
muscle mass (PMM).
Normative values for men were adopted depending on age in terms of fat mass: low <8%; normal 8-20%; increased >20-25% and high >25%.
Based on the value of the body fat and fat-free
components determined for the various segments of the body, the fat-free index (FFF) was
calculated using the formula: FFF = FatM / FFM
and for individual parts of the body: RL FFF right
lower limb; LL FFF left lower limb; RA FFF right
upper limb; LA FFF left upper limb; TR FFF torso.

volume’ interchangeably with
‘volume of physical activity’.
Various units have been
adopted as measures i.e.
the number of repetitions,
kilometres, tons, kilocalories,
etc. as well as various units
of time (seconds, minutes,
hours) (…) As in the real world
nothing happens beyond the
time, the basic procedure of
improvement of workload
measurement should logically
start with separation of the
time factor from the set of
phenomena so far classified
together as ‘workload volume’.
(…) Due to the fact that the
heart rate (HR) is commonly
accepted as the universal
measure of workload
intensity, the product of effort
duration and HR seems to
be the general indicator of
training load defined as the
amount of workload. It is
useful in analyses with a high
level of generality. (…) In
current research and training
practice the product of effort
duration and HR was referred
to as conventional units’ or
further calculations have
been made to convert it into
points.” [36, p. 238].

Ethical standards
This research was sanctioned by the Senate
Committee for the Ethics of Scientific Research at
the Academy of Physical Education in Wrocław,
Poland on the sixth of July, 2015. All participants gave their written permission to take part
in the research in accordance with the Helsinki
Declaration.

Table 1. Average anthropometric values of the study groups.

Kyokushin karate
(n = 14)

Variable

Basketball
(n = 41)

American football Soccer
(n = 35)
(n = 14)

Swimming
(n = 10)

Control group
(n = 132)

M & SD
Age [years]

21.4 ±9.3

17.4± 1.8

22.5 ±4.1

23.5± 2.1

16.4± 4.4

23.7 ±1.3

Height [cm]

180.1 ±7.7

188.6± 6.9

182.5 ±6.1

178.8 ±7.2

172.7 ±14.3

179.7 ±6.8

Body mass [kg]

75.3 ±14.4

80.4 ±12.3

97.8± 17.9

79.8 ±12.8

62.8 ±17.8

76.9± 7.7

BMI [kg/m ]

23.1 ±3.1

22.6 ±2.9

29.4± 5.2

24.84± 2.9

20.6± 3.3

23.8± 2.3

2

Variable

Kyokushin karate vs other athletes and men from the control group [p]

Age

0.289

1.000

0.281

1.000

0.023

Height

0.051

1.000

1.000

1.000

1.000

Body mass

1.000

0.000

1.000

1.000

1.000

BMI

1.000

0.000

1.000

1.000

1.000
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Table 2. Athletic training schedules (main components).

Sport Discipline
Karate kyokushin
Basketball

Swimming

American football

Training per week

Average training
time duration [min]

2

90

1

60

5

90

Location of training

Competition form licensed
competitor/amateur

Gymnasium

Amateur

Gymnasium

Licensed competitor (sports
championship school, club)

League games on schedule for the season
11 (Mon to Fri: 2xday;
Sat 1xday)

90

Swimming pool

60

Gym - strength training

Weekends 2x in the
month

Competitions

2

120

Playing field

2-3

120

Gym - strength exercises Licensed player, league team

Licensed competitor (sports
championship school, club)

League games on schedule for the season
Soccer

2

120

Playing field

2-3

60

Gym - strength exercises Licensed player, 4-league team

League games on schedule for the season

Statistical analysis
The descriptive statistics from the Statistica ver.
13 software were used to describe the groups. The
estimation of the results is based on the following
indicators: frequency (n); mean (M); standard deviation (SD or ±). Non-parametric tests for independent groups (Mann-Whitney U test) were used to
assess the significance of the differences between
the groups. When comparing the values of the FFF
index of the right and left side in individual groups,
non-parametric tests for dependent groups were
used (Wilcoxon’s pair order test). The level of statistical significance was determined to be p≤0.05.

RESULTS
The amateur karate practitioners do not differ
in the percentage of body fat from men practicing swimming, basketball or soccer. In all groups,
except for the American football players, a normative level of the percentage of body fat was found.
The lowest percentage of body fat was found in the
basketball players and in the control group as well.
The highest percentage was registered in the members of the football group. In the karate, basketball
and swimming groups, a peripheral distribution of
fat mass was noted. Simultaneously, a significant
reduction in the distribution of fat mass within the
torso was noted. In the remaining groups, the body
fat mass was greater than the general fat mass,
therefore indicating an android body type (Table
3). Karate practitioners differed significantly from
352 | VOLUME 17 | 2021

the American football group in terms of their percentage of total fat mass, as well as in the torso
and FatP in the upper and lower limbs in the control group. The other groups do not differ statistically from karate practitioners (Table 4).
Only the American football athletes, as well as
the soccer players, had higher values of the fatfree fat index (FFF) when considering it in general
and within the torso. The FFF index for the lower
extremities is the lowest in the control group,
soccer, and American football groups. Only in the
swimming and soccer groups the index within the
lower limbs jumps on a symmetrical structure. In
the remaining groups, RL FFF has a lower index
than LL FFF, which indicates greater muscularity
in the lower right limb. In all groups, greater muscularity in the right upper limb compared to the
left limb was observed, as evidenced by the lower
RA FFF index (Table 5). Karate practitioners do
not differ significantly in terms of the FFF index
from those practicing swimming, basketball and
soccer. Statistically significant differences were
observed between karate and American football
players within the FFF and TR FFF indexes. In
the control group RL FFF and LL FFF are statistically significantly lower than in the karate group.
In the karate, basketball, American football and
control groups, statistically significant differences
were observed between the FFF indexes for the
right and left side, which indicates the presence
of asymmetry in the distribution of fat and muscle mass (more data in Table 6).
www.archbudo.com
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Table 3. Average values and standard deviation (±) of the percentage of fat mass in the all studied groups.

Variable

Kyokushin karate Basketball
(n = 14)
(n = 41)

American football
(n = 35)

Soccer
(n = 14)

Swimming
(n = 10)

Control group
(n = 132)

FatP [%]

15.71± 4.10

14.44± 4.95

22.23± 5.78

16.77± 5.28

14.87± 3.69

14.63 ±4.23

RL FatP [%]

17.15± 4.15

16.74± 5.58

17.13± 3.74

14.31± 4.46

17.32± 5.35

12.85± 4.21

LL FatP [%]

18.16± 4.71

17.13± 5.74

17.52± 4.15

14.44± 3.88

17.38± 5.34

13.45± 3.74

RA FatP [%]

17.86± 3.90

16.40± 6.09

19.70± 4.08

17.55± 5.13

19.51± 7.56

14.37± 3.03

LA FatP [%]

19.04± 3.61

18.18± 7.25

21.00± 4.08

18.36± 5.35

19.36± 8.21

14.92± 3.13

TR FatP [%]

13.64± 5.67

12.18± 4.66

25.64± 7.95

18.01± 6.50

12.32 ±3.27

15.61± 4.92

Table 4. Kyokushin karate (n = 14) vs other athletes and men from the control group [p] (the percentage of fat mass).

Variable

Basketball
(n = 41)

American football
(n = 35)

Soccer
(n = 14)

Swimming
(n = 10)

Control group
(n = 132)

FatP

1.000

0.002

1.000

1.000

1.000

RL FatP

1.000

1.000

1.000

1.000

0.006

LL FatP

1.000

1.000

0.501

1.000

0.002

RA FatP

1.000

1.000

1.000

1.000

0.024

LA FatP

1.000

1.000

1.000

1.000

0.006

TR FatP

1.000

0.000

0.349

1.000

1.000

DISCUSSION
One of the most difficult coaching decisions to
make is selecting people predisposed to practice a specific sports discipline. In addition to the
assessment of motor skills, so far the Sheldon
typology has been used to determine the type of
body composition of people who train. However,
it requires measurements of body weight and
height, the thickness of the skin and fat folds
and bone epiphyses. Thanks to the use of population patterns, it enables the determination of
body types and subtypes. However, Sheldon’s
typology has some limitations – it is relatively
complicated, time-consuming, and requires the
development of patterns for a given sport, age
and gender [16-18, 29].
Sterkowicz-Przybycień [16] in her research
points out that the body type of karate athletes is related to their level of training. It was
observed that international class karate athletes had more experience and more training and because of they had a lower value of
BMI and Fat Mass. They frequently developed
more endomorphic body type. The comparison
between the international and national class
athletes used by Strekowicz-Przybycień [16]
shows the influence the length of training of
those athletes who practiced karate.
© ARCHIVES OF BUDO | HEALTH PROMOTION AND PREVENTION

Similarly, in the research presented by Rutkowski
et al. [4, 30] on a karate children’s group, changes
in segments of their bodies where observed
using the FFF index. In his research, \Rutkowski
et al. [4, 30] showed the effect of ten weeks
of karate training had on the body composition of children. A decreased the FFF index and
improved symmetry of their body composition
where both observed.
In these studies, it was observed that the FFF
index did not significantly differ statistically among
the groups participating in training for karate, basketball and swimming despite the apparently lower
number of weekly training sessions. It is important that in the case of swimming, we can determine the intensity of training and even calculate
the energy expenditure for a training unit, which
we cannot determine in the case of karate training.
Thanks to the use of such a comparison and the
lack of differences, it can be indirectly determined
that the karate training used by the respondents is
comparable in terms of intensity to the loads used
in competition groups.
In my own research, carried out, among others,
on teenagers training swimming, differences were
observed between short-distance and long-distance athletes [18]. The use of the FFF indicator at
2021 | VOLUME 17 | 353
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Table 5. Average values and standard deviation (±) of the FFF index in the all studied groups.

Variable

Kyokushin karate
(n = 14)

Basketball
(n = 41)

American football Soccer
(n = 35)
(n = 14)

Swimming
(n = 10)

Control group
(n = 132)

FFF

0.189± 0.062

0.178± 0.069

0.293 ±0.101

0.206± 0.076

0.177 ±0.052

0.174± 0.06

RL FFF

0.210± 0.062

0.221± 0.084

0.209± 0.056

0.170± 0.061

0.213± 0.079

0.151 ±0.06

LL FFF

0.229 ±0.075

0.227± 0.085

0.216± 0.063

0.170 ±0.052

0.213± 0.080

0.159 ±0.053

RL FFF vs LL FFF [p]

0.004

0.001

0.009

0.594

0.859

0.000

RA FFF

0.219 ±0.063

0.226± 0.086

0.250 ±0.065

0.219± 0.076

0.251 ±0.119

0.169± 0.045

LA FFF

0.234± 0.055

0.258 ±0.108

0.269± 0.072

0.233 ±0.084

0.254± 0.133

0.178± 0.046

RA FFF vs LA FFF [p]

0.01

0.000

0.000

0.008

0.866

0.000

TR FFF

0.163± 0.083

0.139 ±0.063

0.361 ±0.153

0.227 ±0.095

0.142 ±0.043

0.189 ±0.071

Table 6. Kyokushin karate vs other athletes and men from the control group [p] (the FFF index in the all studied groups).
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Variable

Basketball
(n = 41)

American football Soccer
(n = 35)
(n = 14)

Swimming
(n = 10)

Control group
(n = 132)

PMM

1.000

0.002

1.000

1.000

1.000

RL PMM

1.000

1.000

1.000

1.000

0.007

LL PMM

1.000

1.000

0.357

1.000

0.002

RA PMM

1.000

1.000

1.000

1.000

0.024

LA PMM

1.000

1.000

1.000

1.000

0.009

TR PMM

1.000

0.000

0.330

1.000

1.000

the stage of swimmers’ specialization would allow
them to target their training according to their abilities and preferences. Comparing karate practitioners to swimmers, it has been observed that the
FFF indexes of karate athletes are higher than that
of short-distance swimmers and lower than that of
long-distance swimmers. Taking into account older
swimmers (training experience over 5 years) without the division into distance specialization and
karate athletes, there are no significant differences
in terms of fat mass, which, however, is lower in
swimmers within the torso, lower right limb and
the total value, while the remaining values are
they are lower in karate men. Such an ambiguous
result confirms the research carried out by Gloc et
al. [24] on the group of karate fighters comparing
the values for women and men.

of all, they tried to determine the level of fat
mass and Fat free mass together with total body
water, but they did not try to make these values
dependent on each other. Similar results were
obtained in his research by Zombra [31] comparing karate athletes with non-training people,
also in his research project karatecas had statistically significantly lower body fat compared to
non-training people. The differences in the results
of Zombra in relation to the described studies
may be due to the age of the non-athletes tested.
Unlike Zombra [31], they compare karate athletes
to the control group, there are no statistically significant differences in terms of body weight or
the FFF and TRFFF index, but there are significant differences in the values of the peripheral
RLFFF, LLFFF, RAFFF or LA FFF indexes.

The conclusions from the conducted research
indicate the lack of unambiguous values determining the body composition characteristic of
karate athletes. However, Gloc et al. [24] in their
broadcasts they used typical indicators such as
BMI, waist circumference or body composition
components determined with the use of various measurement methods. Gloc et al. [24] first

When assessing an athlete’s body composition,
the most important thing is to determine the ratio
of fat mass to lean body, the main component of
which is muscle mass. This ratio, presented as
the FFF index, shows no statistically significant
differences between players with a much greater
body weight, such as American football players,
or karate fighters who are 20 kg lighter than them
www.archbudo.com
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on average. In this case, the FFF index seems to
be the most effective method of assessing MM
regardless of the total body weight.
In the segmental study, karate trainers show relatively slight but statistically significant differences
in the values of the FFF index, which prohibits the lack of symmetry in the body structure.
Comparing the obtained results to the research
on the younger group starting karate training,
it can be noticed that with the extension of the
training time, the asymmetry of fat mass distribution deepens. In studies on the younger group, an
improvement in symmetry and muscle strengthening of the non-dominant limb was observed
over a 10-week training period, therefore it is surprising that asymmetry reappears in older players.
This may be the result of focusing the training on
the dominant side or a significant influence of the
lifestyle on the body structure [32, 4, 28].
Thanks to the use of the FFF index, it can be
concluded that the studied groups of athletes

(players), regardless of the nature of the training
and their intensity, do not differ in terms of the
ratio of fat and lean mass. The presented research
was carried out on a small research group, however, the results allow us to assume that the fatfree index is a good tool for qualifying people
for a specific sports discipline and for monitoring the training process. However, in order for
this tool to be fully used, it requires research on
a larger group of people training at various stages
of ontogenetic development.

CONCLUSIONS
The research shows that the training form
used in kyokushin karate gives similar effects
in terms of body composition as swimming
training, used in basketball, soccer or American
football. At the same time, an important element that should be supplemented in long-term
training is the improvement of the symmetry of
fat mass distribution.

REFERENCES
1. Tan KSY. Constructing a martial tradition:
Rethinking a popular history of Karate-Dou. J
Sport Soc Issues 2004; 28(2): 169-192
2. Stuckey L, Heather L, Nobel J. The connection between art, healing, and public health:
A review of current literature. Am J Public
Health 2010; 100(2): 254-263
3. Dahmen-Zimmer K, Jansen P. Karate and Dance
Training to Improve Balance and Stabilize
Mood in Patients with Parkinson’s Disease:
A Feasibility Study. Front Med (Lausanne)
2017; 19(4): 237
4. Rutkowski T, Sobiech K, Chwałczyńska A.
The effect of 10 weeks of karate training on
the weight body composition and FFF index
of children at the early school age with normal weight and overweight. Arch Budo 2020;
16: 211-219
5. Lakes KD, Hoyt WT. Promoting self-regulation
through school-based martial arts training. J
Applied Develop Psych 2004; 25(3): 283-302
6. Kuśnierz C. Values associated with practicng
modern karate as a form of cultivating old
Japanese Bushido patterns. Ido Movement
Cult J Martial Arts Anthropol 2011; 11(4): 1-5
7. Ruiz MC, Hanin YL. Perceived impact of anger
on performance of skilled karate athletes. Psych
Sport Exer 2011; 12(3): 242-249
8. Filingeri D, Bianco A, Zangla D et al. Is karate
effective in improving postural control? Arch
Budo 2012; 8(4): 190-194

9. Pesic S, Jakovljevic V, Djordjevic D et al.
Exercise-induced changes in redox status
of elite karate athletes. Chin J Physiol 2012;
55(1): 8-15
10. Scattone-Silva R, Moreia DF, Lessi GC.
Acceleration time, peak torque and time to
peak torque in elite karate athletes. Sci Sports
2012; 27(4): 31-37
11. Movahedi A, Bahrami F, Marandi SM et al.
Improvement in social dysfunction of children with autism spectrum disorder following long term Kata techniques training. Res
Autism Spectr Disord 2013; 7(9): 1054-1061
12. Kuśnierz C, Cynarski WJ, Litwiniuk A.
Comparsion of aggressiveness levels in combat sports and martial arts male athletes to nonpractising peers. Arch Budo 2014; 10: 249-256
13. James LP, Haff GG, Kelly VG et al. Towards
a Determination of the Physiological
Characteristics Distinguishing Successful Mixed
Martial Arts Athletes: A Systematic Review of
Combat Sport Literature. Sports Med 2016;
46(10): 1525-1551
14. Klimczak M, Klimczak J. Application of multidimensional simulation research tools in the
diagnosis of aggressiveness among the youth
– review of innovative methods. Arch Budo Sci
Martial Art Extreme Sport 2018; 14: 205-213
15. Przybylski P, Janiak A, Szewczyk P et al.
Morphological and Motor Fitness Determinants
of Shotokan Karate Performance. Int J Environ
Res Public Health 2021; 18(9): 4423

© ARCHIVES OF BUDO | HEALTH PROMOTION AND PREVENTION

16. Sterkowicz-Przybycień KL. Body composition
and somatotype of the top Polish male karate
contestants. Biol Sport 2010; 27(3): 195-201
17. Czerniak U, Bręczewski G, Kaiser A et al. Polish
national cadet Wrestling Team for 2010 youth
Olympic Games (yOG) – social, somatic and
psychological characteristics. Arch Budo Sci
Martial Art Extreme Sport 2013; 9: 61-68
18. Chwałczyńska A. Wskaźnik tłuszczowobeztłuszczowy zależny od wieku jako nowe
narzędzie oceny masy ciała. Wrocław: Akademia
Wychowania Fizycznego; 2017 [in Polish]
19. Socha M, Kamińska K, Chwałczyńska A.
Porównanie zawartości tkanki tłuszczowej
u młodych nieotyłych kobiet i mężczyzn oznaczonej metodą bioimpedancji (wersja bi i tetrapolarna) i metodą fotooptyczną. Endokrynol
Otyłość Zaburz Przemiany Mater 2010; 6(1):
18-25 [in Polish]
20. Kuen-Chang H, Hsueh-Kuan Lu, Chun-Hao
Chenn et al. The validity and accuracy in footto-foot bioelectrical impedance analysis measuring models referenced by dual-energy X-ray
absorptiometry in body composition in standing position. Afr J Biotechnol 2011; 10(16):
3222-3231
21. Socha M, Witkowski K, Jonak W et al. Body
composition and selected anthropometric
traits of elite Polish female judokas in relation to the performance of right-dominant,
left-dominant, or symmetrical judo techniques
in vertical posture (tachi waza). Arch Budo
2016; 12: 257-265

2021 | VOLUME 17 | 355

Original Article

22. Chwałczyńska A, Jędrzejewski G, Sobiech KA.
The Influence of a Therapeutic Programme on
the Segmentary Body Composition in overand Underweight Children at the Early-School
Age: Pilot Studies. J Child Adolesc Behav 2017;
5(5): 359
23. Chwałczyńska A, Andrzejewski W. Changes
in Body Mass and Composition of the Body
as Well as Physical Activity and Time Spent
in Front of the Monitor by Students of the
Wroclaw University of Health and Sport
Sciences during the Period of COVID-19
Restrictions. Int J Environ Res Public Health
2021; 18(15): 7801
24. Gloc D, Plewa M, Nowak Z. The effects of kyokushin karate training on the anthropometry
and body composition of advanced female and
male practitioners. J Combat Sports Martial
Arts 2021; 3(1): 63-71
25. Szczawińska I, Ponikowska I, Chojnowski J
et al. Some of the anthropometric indexes
in obese former sportsmen. Balneologia Pol
2006; 2: 106-110

26. Mialich MS, Martinez EZ, Jordao Jr AA.
Application of body mass index adjusted for fat
mass (BMIfat) obtained by bioelectrical impedance in adults. Nutr Hosp 2014; 30(2): 417-424
27. Mialich MS, Silva BR, Jordao AA. Cutoff points
of BMI for classification of nutritional status
using bioelectrical impedance analysis. J Electr
Bioimpedance 2018; 9(1): 24-30
28. Rutkowski T, Chwałczyńska A, Cieślik B et al.
Wskaźnik tłuszczowo-beztłuszczowy jako nowe
narzędzie do oceny zmian składu ciała. Słupsk:
Poszerzamy horyzonty; 2017: 383-391 [in Polish]
29. Ambroży T, Sterkowicz-Przybycień K,
Sterkowicz S et al. Differentiation of physical fitness in polish elite sports ju-jitsu athletes physical fitness in elite ju-jitsu athletes.
Antropomotoryka 2017; 3(79): 57-70
30. Rutkowski T, Sobiech KA, Chwałczyńska A. The
effect of karate training on changes in physical fitness in school-age children with normal
and abnormal body weight. Physiother Quart
2019; 27(3): 28-33

31. Zombra Ž. Differences in body composition between karate athletes and non-athletes. Sport Sci Pract Asp 2018; 15: 2476
32. Truszczyńska A, Drzał-Grabiec J, Snela S et
al. Postural stability of children undergoing
training in karate. Arch Budo 2015; 11: 53-60
33. Dictionary of Sport and Exercise Science.
Over 5,000 Terms Clearly Defined. London:
A & B Black; 2006
34. Budō. The Martial Ways of Japan. Tokyo:
Nippon Budokan Foundation; 2009
35. Kent M. The Oxford Dictionary of Sports
Science and Medicine. Oxford: Oxford
University Press; 1994
36. Kalina RM. Methodology of measurement,
documentation and programming optimal
workload continuous with variable intensity – applications in sports medicine, physiotherapy, geriatrics, health-related training,
sport for all. Arch Budo 2012; 8(4): 235-249

Cite this article as: Chwałczyńska A, Rutkowski T, Sobiech KA. Similarities and differences of the body composition and the fat-free fat index between
kyokushin karate athletes, swimmers, basketball, soccer, American football players and non-active men. Arch Budo 2021; 17: 349-356

356 | VOLUME 17 | 2021

www.archbudo.com

