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Abstract

The present study aims to discriminate young male tackwondo, judo, and karate athletes from two age groups.
It is hypothesized that a generic test battery (i.e. consisting of non-sport specific items) can allocate athletes
in their respective sports. It is also expected that due to training and experience, differences between sports
would be larger in the oldest age group.

Fifty-six highly trained tackwondo, judo, and karate athletes U13 (11.596 + 0.578 years; n = 30) and U18 (16.097
+ 0.844 years; n = 26) completed five anthropometrical, six physical performance and three motor coordina-
tion tests. Discriminant analyses were used to investigate relevant performance measures while MANOVAs
were conducted to elucidate the differences between tackwondo, judo and karate.

The classification results for both discriminant analyses U13 and U18 showed a perfect classification (100%)
of the athletes in their respective sports. U18 showed higher multivariate differences between the three mar-
tial arts i.e. for anthropometrical measures (F2.148, P =0.044, ES =0.36), physical performance characteris-
tics (F2.216, P =0.033, ES =0.43) and motor coordination (F6.697, P <0.001, ES =0.49) when compared to
their younger counterparts. Judo athletes had the highest scores for sit and reach, handgrip, counter movement
jump and balance beam. While tackwondo athletes had the highest scores for sit-ups, sprint 5m and 30m and
jumping sideways.

Generic talent characteristics allow for a successful discrimination between judo, tackwondo and karate ath-
letes, while the differences between the martial arts profiles are more pronounced in older athletes.

anthropometrical indicators * combat sports * motor coordination tests * Olympic sport * physical performance
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Anthropometrical indicators:
Indicators of the body

constitution of an athlete.

Combat sports: Competition
based martial arts. The combat
sports investigated in this article
are karate, judo and tackwondo.

Motor coordination tests:
Generic performance tests

to investigate gross motor
coordination and to identify the
better movers

Physical performance

tests: Generic performance
tests to investigate physical
characteristics to identify the
better-trained athletes.

Olympic sport: Sports discipline
scheduled during the Olympic
games.

KTK: The
“Kérperkoordinationstest
fiir Kinder“ is a gross motor
coordination test battery
consisting four subtests.

FSC: The Flemish Sports
Compass (FSC) is a multi-
dimensional test battery,
consisting of anthropometric,
physical and motor field tests

INTRODUCTION

A variety of performance characteristics and anthro-
pometric characteristics are required for athletes to
succeed in a wide range of combat sports. It is however
possible, that basic requirements for combat sports
are similar. This might allow for a transfer of talent
between sports when the desired multi-disciplinary
talent characteristics are present. An excellent exam-
ple is Belgian athlete Catherine Jacques, a multiple
national champion and four-time bronze medallist for
her category at the European Judo Championships.
She was unable to win another medal during the 2004
Summer Olympic podium and instead transferred her
talent to ju-jitsu to become the world champion in
2011. Next to the issue of talent transfer, understand-
ing similarities between combat sports might provide
talent orientation programs with valuable informa-
tion when directing young children towards sports
that optimally suit their individual profiles. Hence,
in countries with a relatively small population where
no talent can go to waste, understanding the under-
lying performance characteristics that relate to inter-
national success in karate, judo and tackwondo might
help the talent identification as well as the talent
transfer process between different combat sports.

In the following overview the key characteristics of
karate, tackwondo and judo will be briefly described.
First, karate is a martial art characterized by punches of
both upper and lower limbs. As such, where competi-
tors use hits with upper and lower limbs [1]. Height
and leg length are important talent characteristics,
while leg power, core stability and flexibility are basic
requirements for kicking [2, 3]. Anthropometric studies
revealed that elite karate athletes had a lower fat per-
centage and longer lower limbs than their peers from
other sports [4, 5] Studies investigating performance
characteristics elucidated that explosive strength, bal-
ance, flexibility and agility contribute to faster executed
karate skills [4, 5]. Second, tackwondo is an Olympic
sport, which requires explosive strength, flexibility and
balance. Height and leg length are essential, while
balance, leg power, core stability and flexibility have
a beneficial effect on tackwondo performance [6, 7].
Competitors must be able to move with high velocity,
speed and power. A surplus of body mass can hinder
this ability especially if this excess mass is in the form
of fat which is metabolically inactive when compared
to muscle [7]. Explosive strength, balance, flexibility
and agility contribute to faster and better executed tae-
kwondo skills [6-8]. Third, judo is an Olympic sport
classified among the sports that require explosive power
of an anaerobic character [9]. It is a high-intensity
intermittent, grappling combat sport where athletes

are classified by gender and body mass categories [10].
Explosive strength, balance, flexibility and agility con-
tribute to faster judo actions [11,12].

In sum, research using a generic testing battery to
reveal performance related characteristics in combat
sports showed that height and leg length are important
talent characteristics in karate and tackwondo, because
leg power, core stability and flexibility are basic require-
ments for kicking [2, 3, 6, 8]. Explosive strength, bal-
ance, flexibility and agility contribute to faster executed

tackwondo, judo and karate skills [4-6,11].

Next to the anthropometric and physical character-
istics, each of the three combat sports is featured by
specific technical skills, the mastery of which requires
specific training and a well-developed motor coor-
dination. Previous studies have shown that general
motor coordination generally discriminates elite from
sub-elite athletes [13]. Given the technical complex-
ity and speed of execution required in martial arts,
it is assumed that motor coordination also plays an
important role in these sports.

Studies comparing performance characteristics in
multiple combat sports are scarce [14, 15] and to
our knowledge, no study has compared performance
related characteristics in tackwondo, karate and judo
specifically. Therefore, this study aims to discriminate
young male U13 and U18 athletes from three differ-
ent combat sports using a generic testing battery. It
is hypothesized that young male U13 and U18 from
three different combat sports, i.e. tackwondo, karate
and judo can be discriminated using a generic test
battery. It is also expected that in the oldest age group
the differences for the measured talent characteristics
would be more pronounced between the sport disci-
plines due to training and ‘natural’ selection.

MATERIAL AND METHODS

Participants and design

A sample of 56 highly trained athletes participated in
this study and were divided into two age categories:
U13:11.596 + 0.578 years (n = 30) and U18: 16.097 =
0.844 years (n = 26). These athletes were participants
in karate (n,;= 9; n;,,,= 6), tackwondo (n;,,= 11; 0,
=9) and judo (n,, = 10; n;,.= 11).This study has been
conducted in accordance with recognized ethical stan-
dards in sport and exercise science research [16] and
was approved by the local Ethics Committee of the
Ghent University Hospital. For all participants writ-
ten informed parental consent was obtained. None of
the participants refused participation.
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Measurements

The participants completed five anthropometrical,
six physical performance and three motor coordina-
tion tests assessed by a team of experienced exam-
iners of the Department of Movement and Sports
Sciences, Ghent University (Belgium). At any given
time, instruction and demonstration were standard-
ized according to the test guidelines. The athletes per-
formed all tests barefoot with exception of the sprints,
the counter movement jump and the endurance shut-
tle run test, which all were performed with running
shoes.

Anthropometry

Height (H) and Sitting Height (SH) (0.1 cm,
Harpenden, portable Stadiometer, Holtain, UK),
body weight (BW) and body fat percentage (BF)
(0.1 kg, Tanita, BC-420SMA, Tokyo, Japan) was
assessed according to previously described proce-
dures [17] and manufacturer guidelines. Height

and weight values were used to calculate Body Mass

Index (BMI).

Physical Performance

Flexibility was assessed by the sit-and-reach test of
the Eurofit test battery with an accuracy of 0.1 cm
[18]. To assess explosive leg power, counter move-
ment jump was performed. The participants per-
formed three single jumps without arm swing
recorded with an OptoJump device (MicroGate,
Bolzano, Italy). The highest of three jumps was used
for further analysis (0.1 cm). Static strength was
measured by the handgrip [18]. Speed was assessed
by two maximal sprints of 30 m with split time mea-
sured at 5 m. The recovery time between each sprint
was set at 2 min. The fastest time for sprint 5 m and
for sprint 30 m was used for analysis [19]. The sprint
tests were recorded with MicroGate Racetime2 chro-
nometry and Polifemo Light photocells at an accu-
racy of 0.001 s (MicroGate, Bolzano, Italy). Upper
body strength was measured through the perfor-
mance of sit-ups according to the BOT?2 procedures
[20], requiring the athletes to execute as many repe-
titions as possible in 30 s.

Motor Coordination

Gross motor coordination was evaluated by means
of three subtests of the “Korperkoordinationstest
fiir Kinder” (KTK) [21]. The fourth test hopping
for height was not performed, due to risk on injuries
at the ankles, cited by Pritorius & Milani [22]. The
first subtest assessed the backward balance. Therefore,
participants had to walk backwards along balance
beams of decreasing width (6 cm; 4.5 cm and 3 cm
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respectively). Secondly, speed of lower limbs was mea-
sured with a two-legged jumping sideways test, per-
formed over a wooden slat (2 x 15 s), summing the
number of jumps over the two trials. The third test
measured general body coordination. Participants had
to move sideways on wooden platforms (2 x 20 s),
summing the number of relocations over two trials.

Statistical analyses

All data were analysed using SPPS for Windows
(v. 20.0). The present study had a cross sectional
design involving two age groups: U13 and U18.
First, two canonical discriminant analyses were used
to investigate relevant physical performance measures
in karate, judo and tackwondo for both age groups. In
those analyses, belonging to either of three different
sports was the grouping variable and the independent
variables were the test results obtained from the five
anthropometrical, six physical and three motor coor-
dination characteristics.

Second, Multivariate Analyses of Variance
(MANOVA) was conducted to elucidate the differ-
ences between tackwondo, judo and karate in two age
groups, with anthropometry, physical performance
characteristics and motor coordination between
karate, judo and tackwondo as fixed factor. In addi-
tion, the magnitude of the differences between the
levels was estimated using Partial Eta Squared with
cut-off scores of 0.01 (small), 0.06 (moderate) and
0.14 (large) [23]. The level of significance was set at
p < 0.05.

REsurrs

Discriminating between fighting sports

A first discriminant analysis revealed two signif-
icant discriminant functions FD1 and FD2 in the
U13 sample of young trained male athletes. FD1
(r_,=0.954 and Wilks' A =0.027 and p < 0.001)
accounted for 81.4% of the variance between sports
participants while FD2 (r_ = 0.837 and Wilks’A =
0.299 and P = 0.025) reflected 18.6% of the variance.
The results also showed that 100% of the athletes were
correctly classified in their respective sports. Figure
1 illustrates how well FD1 and FD2 discriminated
between each sport in terms of its profile, using the
group means of the predictor variables.

The second discriminant analysis also revealed also
two significant functions FD1 and FD2 in the sam-
ple highly trained male athletes U18. FD1 (rm =0.916
and Wilks’ A =0.048 and P = 0.006) accounted for
69.3% of the variance between sports participants
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Figure 1. Differences for young trained male athletes U13, based on canonical discriminant functions calculated from
the 14 generic tests (FSC).

Note 1. The scatterplot has the canonical discriminant function coefficients as its axes, with Function 1 on the X
and function 2 on the Y-axes. The three groups cluster within the 2-dimensional space, indicating that the functions
discriminate clearly between judo, karate and taekwondo. The first function on the X-axis was the most helpful in
distinguishing between sports with the highest correlation between jumping sideways and DF 1. The centroids, which
are the mean discriminant score for each group, are indicated by a square.

Note 2. Functions at Group Centroids Karate Function 1 = -4.607; Function 2 = 0.251; Judo Function 1 = -2.405;
Function 2 = 1.702; Taekwondo Function 1 = 1.583; Function 2 =-1,753

differences between the martial arts were found (F,

while FD2 (r_ = 0.836 and Wilks’A = 0.301 and
P = 0.101) reflected 30.7% of the variance. All ath-
letes (100%) were correctly classified in their respec-
tive sports. Figure 2 illustrates the differences between
each sport for highly trained male athletes U18 based
on canonical discriminant functions calculated from
the predictor variables.

Identifying relevant talent characteristic for each
sport

In the sample young trained male athletes U13
(11.596 + 0.578 y) no significant differences in
anthropometrical measures (F, , , and P = 0.375, ES
=0.19) occurred. The analysis of physical performance
data revealed significant multivariate effects between
the three martial arts (F,, . and P = 0.002, ES = 0.47).
Post hoc analysis showed that none of the charac-
teristics was significantly different between the three
sports. For motor coordination highly significant

9.165

and P < 0.001, ES = 0.52), Post hoc analysis demon-
strated significant differences for jumping sideways

(F,, and P < 0.001, ES = 0.52).

In the highly qualified male athletes U18 (16.097 =
0.844 y), a significant main effect of the combat sport
discipline for anthropometrical measures (F, . and P
=0.044, ES = 0.36) was found. However, none of the

measures showed significant differences between the
three sports in Post Hoc analysis.

The MANOVA on physical performance characteris-
tics resulted in a significant difference between karate,

judo and tackwondo (F, .. and P = 0.033, ES = 0.43).

2216
Post hoc analyses indicated differences in flexibility
(Fs.sso and P = 0.002, ES = 0.43), static strength (F

and P = 0.008, ES = 0.35), upper body strength (F, .,
and P = 0.022, ES = 0.28), and speed (F,

6.069

and P

445
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Figure 2. Differences for highly trained male athletes U18, based on canonical discriminant functions calculated from

the 14 generic tests (FSC).

Note 1. The scatterplot has the canonical discriminant function coefficients as its axes, with Function 1 on the X
and function 2 on the Y-axes. The three groups cluster within the 2-dimensional space, indicating that the functions
discriminate clearly between judo, karate and taekwondo. The first function on the X-axis was the most helpful in
distinguishing between sports with the highest correlation between jumping sideways and DF 1. The centroids, which
are the mean discriminant score for each group, are indicated by a square.

Note 2. Functions at Group Centroids Karate Function 1 = -3.197; Function 2 = -1.520; Judo Function 1 = -0.332;
Function 2 = 1.657; Taekwondo Function 1 =2.537; Function 2 =-1,012

=0.023, ES = 0.28). Finally, highly significant differ-
ences for motor coordination were observed between

the martial arts (F, . and P < 0.001, ES = 0.49). Post

6.697
hoc analysis demonstrated significant differences for
balancing backwards (F ,, and P = 0.016, ES = 0.30);

and P < 0.001, ES = 0.64)
and P =0.033,ES =0.26).

jumping sideways (F

20.000

and moving sideways (F .,

DiscussioN

The present cross-sectional study investigated to what
extent boys U13 and U18 from three different combat
sports could be discriminated by a generic test bat-
tery and if the differences would be more pronounced
in the oldest age group. The main finding was that
generic talent characteristics allow for a successful dis-
crimination between judo, tackwondo and karate ath-
letes. In both age groups, 100% of the athletes were
correctly classified in their respective sports. Leone

and Colleagues [12] reported 86% correct classifi-
cation for multi-disciplinary talent characteristics in
four divergent types of sports i.e. tennis, figure skat-
ing, cycling and gymnastics. Discriminating karate,
judo and tackwondo might be more problematic due
to the similarities between the three martial arts, but
the perfect classification rate in our study for both age
groups aligned with our hypothesis. According to the
second hypothesis, the differences between the martial
arts become more pronounced with age. Furthermore,
it was found that already before adolescence junior
athletes present the necessary anthropometrical, phys-
ical and motor coordination characteristics to excel
in their sport.

In this study no effect of sports participation on
anthropometrical characteristics was found in this
U13 sample. In the highly trained U18, multivari-
ate differences between karate, judo and tackwondo
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Table 1. Mean (SD) from MANOVAs for young trained male athletes U13 in karate, judo and taekwondo with corresponding
F-values, p-values and effect sizes for anthropometry, physical performance, and motor coordination.

Karate Judo Taekwondo F-value p-value Effect Size
n=9 n=10 n=11
Age (years) 11.8(0.7) 11.7(0.6) 11.3(0.4)
MANOVA anthropometry 1.1 0.375 0.19
Body Height (cm) 151.5(9.3) 148.6 (7.1) 144.3 (8.0)
Sitting Height (cm) 78.1(43) 77.4(4.1) 75.8(3.2)
Body Weight (kg) 37.3(7.5) 38.4(5.3) 36.9(6.9)
Body Fat (%) 11.7(2.3) 12.7(34) 15.15.4)
BMI (kg/m2) 16.1(1.4) 17.3(1.9) 17.62.2)
MANOVA physical performance 3.208 0.002 0.47
Sit and Reach (cm) 15.0(6.5) 18.0 (4.5) 23.5(3.0) N.S.
Hand Grip (kg) 21(5) 19(4) 20 (6) N.S.
Sit-ups (n/30s) 35(4) 40(3) 34(8) N.S.
Counter Movement Jump (cm) 24.2(4.0) 23.8(3.8) 22.1(3.6) N.S.
Sprint 5m (s) 1.29(0.07) 1.32(0.11) 1.25(0.06) N.S.
Sprint 30m (s) 5.70(0.41) 5.54(0.30) 5.38(0.22) N.S.
MANOVA motor coordination 9.165 <0.001  0.52
Balancing Backwards (points) 50 (11) 48 (10) 53(9) N.S.
Jumping Sideways (points) 71(7) 95(10) 90 (11) 15.544 <0.001  0.535
Moving Sideways (points) 54(6) 55(6) 52(5) N.S.

were found, although post hoc analysis did not reveal
anthropometrical differences. The registered differ-
ences between the three martial arts in the two age
groups are not in line with previous research reporting
a leaner body mass and longer legs for karate competi-
tors [4, 5] a larger body length being advantageous for
tackwondo athletes [6, 8, 24] and a higher lean body
mass in elite judo athletes [25, 26].

In the U13 sample, an overall multivariate effect
of sport discipline on physical performance scores
was found, although none of the post hoc analyses
revealed significant differences. Highly trained ado-
lescents of the U18 group showed multivariate dif-
ferences between the three martial arts and post hoc
analyses demonstrated significant differences for
flexibility; static strength; upper body strength speed
and coordination with the highest values for sit and
reach, handgrip, counter movement jump and bal-
ance beam occurring in the judo athletes. The abil-
ity to develop a strong grip and to maintain it during
a judo match was reported by Franchini et al. [10]
and reconfirmed in this study. Agility and explo-

sive strength were linked to judo, support throwing,

sweeping and clamping [11, 12]. Leg power, core sta-
bility and flexibility have been documented as prereq-
uisites for kicking, in both tackwondo and karate [3,
5,27]. In the present study tackwondo athletes had
the highest scores for sit-ups, sprint 5 m and 30 m
and jumping sideways.

General motor coordination has been proven a valu-
able indicator of an athlete’s potential for progres-
sion and as such an important talent characteristic
in skill-based sports such as artistic gymnastics [13]
and combat sports [28]. More-over Krstulovic et al.
report that motor coordination and balance is better
developed in elite judo and tackwondo athletes com-
pared to non-elite [11]. Our study reinforced these
finding showing significant differences in the sam-
ple of highly trained athletes for motor coordination
between karate, judo and tackwondo.

The athletes that compete in one of both Olympic
disciplines (judo and tackwondo) outperformed the
Belgian national squad karate for all three motor
coordination tests [21]. In the younger age group with
trained boys U13, motor coordination differs already
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Table 2. Mean (SD) from MANOVAs for highly qualified male athletes U18 in karate, judo and taekwondo with
corresponding F-values, p-values and effect sizes for anthropometry, physical performance, and motor coordination.

Karate Judo Taekwondo F-value p-value Effect Size
n=6 n=11 n=9

Age (years) 16.0 (1.1) 16.2 (0.8) 16.0 (0.7)

MANOVA anthropometry 2.148 0.044 0.36
Body Height (cm) 169.9 (10.0) 167.18.2) 171.8(3.8) N.S.

Sitting Height (cm) 86.7 (5.6) 88.9 (4.9) 90.7 (2.7) N.S.

Body Weight (kg) 57.3(17.8) 61.4(7.2) 60.5(7.2) N.S.

Body Fat (%) 109 (7.4) 12.9 (24) 10.9 (2.1) N.S.

BMI (kg/m2) 19.5 (4.3) 21.9(1.1) 20.5(2.2) N.S.

MANOVA physical performance 2216 0.033 0.43
Sit and Reach (cm) 17.0(10.5) 32.0(7.5) 23.5(3.0) 8.530 0.002 043
Hand Grip (kg) 33(9) 47 (7) 42(7) 6.069 0.008 0.35
Sit-ups (n/30s) 38(7) 44 (4) 49 (8) 4.521 0.022 0.28
Counter Movement Jump (cm) ~ 30.0 (9.3) 33.3(4) 32.1(3.7) N.S.

Sprint 5m (s) 1.20(0.09) 1.14 (0.06) 1.11(0.07) N.S.

Sprint 30m (s) 5.05 (054) 4.59(0.27) 4.54(0.29) 4.445 0.023 0.28
MANOVA motor coordination 6.697 <0.001 049
Balancing Backwards (points) 48 (18) 66 (7) 57(13) 5.014 0.016 0.30
Jumping Sideways (points) 80(12) 99 (8) 114 (12) 20.000 <0.001 0.64
Moving Sideways (points) 56 (7) 68 (10) 68 (9) 3.951 0.033 0.26

in favour of tackwondo and judo especially for jump-
ing sideways. Those findings are an important indica-
tion that it might be important factor in determining
who makes it into an expert level in these fighting
sports and who does not.

When promoting martial arts, it is important to
know that children might choose a sport with dif-
ferent objectives in mind. They can be attracted to
different objectives at different points of their engage-
ment with sport [29]. Their engagement to participate
can either be recreational or competitive and at the
same time one might be a competitive judo athlete
and a recreational tackwondo athlete while learning
karate. Youth athletes and their trainers, attempting
to make it to the top need to be aware of the increas-
ing demands of their sport. Therefore talent identifi-
cation test batteries are important tools to evaluate if
the athlete possesses the necessary talent character-
istics and if he or she is still on track. Gulbin et al.
found that contrary to a popular pyramidal concept of
athlete development a single linear assault on exper-
tise is rare, and that the common normative junior to
senior competition transition is mostly characterized

by complex oscillations featuring highly varied tran-

sitions [29].

The present study focuses on two age groups in
which the importance of sport specific characteristics
becomes more specific and shifts from motor coor-
dination to more trainable characteristics i.e. speed
and flexibility. The special demands that are typical
for the training of children and adolescents lead to
the question, whether age group training necessitates
certain accents in regard to athletic performance in
fighting sports. Régnier’s sliding population approach
[30] take into consideration the different stages of
performance and our findings are in accordance
with the proposition that anthropometric and phys-
ical characteristics become more important as ath-
letes reach a higher level. The strengths of this study
include the use of anthropometrical and physical per-
formance characteristics combined with motor coor-
dination tests in different martial arts for different age
groups. The limitation of a relatively small sample size
is inherent to research in trained athletes, who are not
numerous by definition. Nevertheless, generic talent
characteristics included in the present study allow for
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a successful discrimination between judo, tackwondo
and karate athletes. If not ignoring the trainers opin-

ion and in addition to an individual screening of per-

formance characteristics, this test battery provides
opportunities for talent orientation.

CONCLUSION

athletes, while the differences between the martial arts
profiles are more pronounced in older athletes.
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