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SUMMARY: The aim of this study was to compare body composition (BC) and morphological symmetry differences among
elite athletes (n = 132) in six martial arts (judo, karate, fencing, wrestling, taekwondo, kickboxing). Multivariate anedy&Esces
(MANOVA) was used to compare the following variables: absolute (FFM) and relative (RFie of fat free mass, percentage of fat
mass (FMp), bone mass, protein mass, basal metabolic rate, absolute (TBW) and percentual (TBWp) value of total bodyewatér, segm
proportion of muscle mass, phase angle, and percent-age differences between the upper and lower limbs. MANOVA reveattd signific
differences in BC among the groups<0.01, F, ,.;= 10.01, p< 0.01np* = 0.67). No significant differences were observed fog,FM
FFM,, and TBW (p>0.05). In all other BC variables, significant differences were detected (p<0.05). The comparison of paired differences
between limbs revealed significantly greater fluid volume in the preferred arm compared to the non-preferred arm in ferairegand
athletes. Significant differences (p<0.05) in favour of the preferred leg in all combat athletes were detected. This atedy reve
morphological differences among practitioners of different martial arts and between paired limbs.

KEY WORDS: combat sports, morphological asymmetries, elite athletes, fat mass, fat free mass.

INTRODUCTION

There is a need to determine the factors that enalifee athlete’s body can change to match the optimal
high-level athletes to maximize their performance (Krzykalanorphology for the given sport with appropriate training.
2012). The main aim in sports is to achieve the best possifil@ining can also be used to assess the symmetry of active
competitive result, and this is the main motivation for trainingnass distribution in individual segments to minimize the risk
(technical, tactical, physical, and psychological) (Dosaj of injury (Malaet al, 2014). Due to the explosive activities
al., 2017). In order to achieve desired results in sports, it gerformed in martial arts, excess adipose tissue acts as a "dead
necessary for the athlete to possess certain characteristiggight” when the body must be repeatedly lifted against
among which body structure is greatly important. Bodgravity during locomotion and jumping (Reilly, 1996). As such,
compartments, among other factors, play an important roleéxcess adipose tissue decreases performance and increases
physical performance (Makt al, 2015a). The body structure energy demands. In combat sports, morphological and body
of an athlete is vital in some sports, while in other sports, sustiucture parameters should be assessed because they may
as wrestling, boxing, judo, karate, and rowing, it plays a limitegignificantly affect the techniques chosen by the athlete during
role because competitors are divided into weight categorigdight (Kasum & Dopsaj, 2012).

(Dopsajet al). Body composition (BC) is a key consideration

in the physical makeup of combat sport athletes. One aim of  In the literature, optimal BC has been assessed in the

BC assessment is to differentiate and quantify the differepentext of martial arts. The following areas have been

body compartments (Sutte al, 2009). investigated: weight categories, the optimal proportion of fat
free mass and fat mass (Franchehial, 2011; Malaet al,

Possessing a body morphology that is suitable for215b), the dimensions of body segments (Franetial),
particular sport is an advantage for the athlete. Moreovélietary habits, and the effects of fast body weight loss on sport
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performance (Ljubisavljeviet al, 2015; Maleet al, 2016). are stated in the Results section (Table II). The athletes did
Only a few studies have covered morphological symmetry andt engage in any strenuous physical exercise for 2 days prior
asymmetry in the bodies of athletes (Mafyl, 2016; Rauter to the evaluation. The procedure of the study was explained
etal, 2017) and specifically, morphological asymmetry amontp all athletes and signed informed consent was collected before
athletes competing in combat sports (Dops$al; Krstulovic  the assessments were performed. The research was approved
et al, 2017; Maleet al, 2017). by the ethical committee of tik@culty of Physical Education
and Sport, Czech Republic.
Long-term preferred and uncompensated loads on one
side of the body may lead to asymmetry and the dominanceRrbcedures
one leg or hand over the other, which can be the result of pre-
existing limb preferences (footedness and handedness). Wherthropometric measurement.Anthropometric data were
this situation is repeated over many years, during which thecorded before BC assessment. Body height (BH) was
athlete practices repetitive asymmetric loading, sommeasured using a digital stadiometer (SECA 242, Hamburg,
morphological and function asymmetry can develop (Maly Germany) and body mass (BM) using a digital scale (SECA
al., 2017). Even if training is conducted correctly, the physicdl69, Hamburg, Germany).
stress imposed by the discipline could be strong enough for
athletes to inevitably develop a certain degree of functionasessment of body compositiorBody composition data
and morphological asymmetry as the result of adaptive changesre recorded under the same conditions in the morning: the
on the dominant side (Veat al., 2004). participants used no medications and did not reduce their body
weight prior to the measure-ment,neither radically nor in the
Long-term asymmetrical loading has been shown tong-term before competitions. To assess whole-body bio-
cause differences in bone mineral composition and densitgpedance, we used a multi-frequency Tanita MC-980MA bio-
between the dominant and non-dominant arms of racquet sgorpedance analyser (Tanita Corp., Tokyo, Japan).
players (Kannust al, 1995). Arm asymmetry has also been
observed in professional tennis players, with approximately The following variables were recorded: body height
20 % more bone mineral content and muscle mass obseryBtH), body mass (BM), body mass index (BMI), fat free
in the dominant arm (Calbet al, 1998). These maladaptive mass (FFM), relative value of fat free mass (FEpM
effects occur in young athletes as well as elite and adylercentage of fat mass (Ig)\/ltotal body water (TBW),
athletes. Maleaet al. (2017) reported a significantly higher percentage of total body water (TBp)l\/extraceIIuIar water
proportion of muscle mass in the preferred limb (upper af@ECW), intracellular water (ICW), bone mass (BM),
lower limb) in young judo athletes (n = 39, age = 12.08 yeargegmental fluid distribution for trunk, upper and lower limb
Although many studies have focused on BC ands well as their differences between paired limbs (preferred
morphological/physiological asymmetry in athletes, none has. non-preferred).
investigated morphological asymmetry among high-level
athletes who participate in different martial arts. Statistical analysis.For all dependant variables, we
calculated basic descriptive statistics: central tendency
The aim of this study was to present the differences {mean), variability (standard deviation), and shape
morphological body symmetry among different martial artéskewness, kurtosis). The assumptions for using a parametric
competitors and to compare the effects of the type of marti@st were satisfied, and differences in the observed dependant
art on eventual asymmetry in order to minimize the risk of injuryariables among the groups were assessed using multivariate
and to examine the suitability of assessing morphologicahalysis of variance (MANOVA). We used multiple
asymmetry without using more detailed methods. comparisons of means (Bonferroni’s post-hoc test) to com-
pare differences in particular parameters among the groups.
The comparison of segmental fluid distribution between
MATERIAL AND METHOD limbs was performed using Student’s t-test for dependent
variables, which was preceded by analysis of variance
(ANOVA) based on an F-test.
Subjects.Elite male (n = 132rompetitors in six different
combat sports, namely judo (J: n = 19), karate (K: n = 29), For all analyses, the statistical significance level was
fencing (F: n = 22), wrestling (W: n = 25), taekwondo (T: n set at p = 0.05 and the effect size was assessed using the
20) and kickboxing (Ki: n = 17), agreed to participate in th&partial Eta square" coefficienj§?). Statistical analysis was
present study. The performance level profiles of the groupgrformed using IBM SPSS v24 (Statistical Package for
are shown in Table | and the basic anthropometric paramet&ascial Science, Inc., Chicago, IL, 2012).
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RESULTS 0.00,np?=0.41; post-hoc test: Wvs. J, K, F, T, and Ki (p<
0.05); Kvs. J, F (p< 0.05) and BM(E. = 9.59, p< 0.00,
np? = 0.16; post-hoc test: W vs. J, F, and Ki (p< 0.05); J
Multilevel analysis of variance revealed significant/s. T (p< 0.05). Conversely, we did not find any significant
differences in body composition parameters among thiference in BMI (£ .= 1.84, p = 0.1Inp*= 0.07) among
groups A =0.01, E =10.01, p< 0.0Inp? = 0.67). the groups.

? 7104,256

,125

Anthropometric parameters. Comparison of basic Body composition. The body composition profiles and
parameters revealed significant differences in age amodifferences in selected body composition parameters among
the groups (E,,;=4.06, p = 0.009 p? = 0.14) (Table II). the groups are presented in Table Ill. No significant differences
Bonferroni’s post-hoc test indicated a significant differencemong the groups were observed for relative values of FM
between fencers and wrestlers/taekwondo athletes (BEM,_, and TBV\é (p> 0.05). In contrast, we found significant
0.05). We also found differences in BH (= 17.12, p = differences for all other variables (Table III).

Table I. Performance levels of the included athletes.

Sport Performance level
Members of the national team, participants in international competitions and world cups,
Judo several participants in the European Championship, one triple participant in the Olympic
Games
Karate Members of the national team and the wider national team, participants in international
competitions and world cups
Fencing -Epée. A group of 14 elite fencers — participants in the highest domestic
Fencin competitions, international competitions, and word cups; performance corresponding to
& the first performance class determined according to the ranking of the Czech Fencing
Federation. Eight fencers were at the level of participation in domestic championships.
. Members of the national team and the wider national team, most of them participants in
Wrestling

international competitions; both Greco-Roman and freestyle wrestlers are included

Taeckwondo Members of the national team participating in international competitions

Elite kickboxers were members of the national team, and in recent years they have
achieved significant domestic (medallists in national competitions) and international
success (world champion in WKA, WTKA, WKF, WKU association, European champion

in the WAKO association and medallists in international competitions). The participants’
specializations included light-contact, points fighting (semi-contact), and full-contact
disciplines.

WKA — World Kickboxing Association, WTKA — World Traditional Kickboxing Association, WKF — World Kickboxing
Federation, WKU — World Kickboxing and Karate Union.

Kickboxing

Table II. Basic anthropometric parameters of the athletes (n = 132).

Judo Karate Fencing Wrestling Taekwondo Kickboxing ANOVA

Variables Post-hoc test

n=19 n=29 n=22 n=25 n=20 n=17 F np2
21.74 2183 2373 19.28 19.10 23.53

Age (years) X (SD) 4.06%* 0.14 Fvs. W, T
330) (5.57) (5.41) (482) (2.59) (703)
183.79 17748 185.69  169.05 180.35 183.51 i

Body height (cm) X (SD) 17.120% 041 WV LK FETKI
(649) (7.35) (5.99) 942) (5.70) (562) Kvs. I, F
83.38 7457  78.68 68.27 72.16 80.80 .

Body mass (kg) X (SD) 4.83** 0.16 Wvs.J,F KiJvs. T
(11.65) (9.97) (9.46) (14.16) (12.52) (11.82)

) 24.63 2361 2286 23.70 22.10 23.92

BMI (kg.m-") X (SD) 1.84 0.07

(243) (2.38) (2.97) (329) (3.10) (2.86)

BMI — body mass index, X — arithmetic mean, SD — standard deviation, J — judo, K — karate, F — fencing, T — taekwonddpdkingkit" — p < 0.01.
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Segmental body fluid distribution. Analysis of variance Morphological differences. The findings for morphological
revealed significant differences among the groups for allfferences were interesting (Table V). Morphological differences
variables (Table 1V). All of these variables were expressed the upper limbs were significantly greatefémcers (0.2&

as absolute values. Kickboxers showed the highest value$l I) than in judo (0.260.11 ), karate (0.180.07 I), wrestling

of fluid in all variables. (0.06+ 0.06 1), and taekwondo athletes (0£6.06 ).

Table lII. Differences in body composition parameters among the groups.

Variables Judo Karate Fencing Wrestling Taekwondo Kickboxing ANOVA
n=19 n=29 n=22 n=25 n=20 n=17 F npz
X 981 1136  11.09 11.86 12.82 1263
FM (% 1.06 0.04
(%) (SD) (375) (5.10)  (491) (419) (4.46) (392) Post-hoc text
X) 7458 6591  69.71 59.92 62.91 70.21 - Jvs K, W, Ta
FFM (ko) (SD  (991) (8.08)  (624) (12.07) (10.96) (7.22) 6.80 0.21 K vs E. Ki
X 090 0.89 0.89 0.88 0.87 0.87
FFM. (SD) (004) (0.05)  (005) (0.04) (0.04) (0.04) 0.86 0.03
TBW () X 5497 4759 4961 44.06 45.82 51.45 6564 021 JVSW, TW
(SD) (742) (585 (449 (887 (8.17) (5.95) vs Ki
TBW, (%) X 66.02 6401 6327 64.69 63.47 64.17 213 0.08 )
(SD) (255) (3.63) (300 (323) (2.93) (2.16)
X 1904 1681 1731 15.31 15.87 17.65 Jvs K, W, Ta
ECW ( 8.57+* 0.26 s
0 (SD) (243) (121) (102 (277 (2.84) (131) W vs. F, Ki
X 3593 3078 3230 28.75 29.96 33.73 -
lcw() (SD) (555 (476) (355  (675) (6.11) (479 488 016  JvsK,W.T
Bone Mass X 434 327 3.45 3.40 3.14 3.59 11615 032 JVSKFEW,
(ka (SD) (068) (0.38) (027 (0.86) (0.51) (0.45) ' ] T.Ki

FM — fat mass, FFM — fat free mass, FFMrel — relative value of fat free mass, TBW — total body water, TBWp — percentdgedyfuater, ECW —
extracellular water, ICW — intracellular water, X — arithmetic mean, SD — standard deviation, J — judo, K — karate, F,T ferteigigvondo, Ki —
kickboxing, ** — p < 0.01.

Table IV.Segmental body fluid distribution and comparison among the groups.

. Judo Karate Fencing Wrestling Taekwondo Kickboxing ANOVA
vaidles 19 n=29 n=22 n=25  n=20 n=17 F o np Post-hoc tet

Tk () X 2914 3342 3535 2624 8224 3644 18015 042 Wys K, F,T,KiJvs K, F, Ki

(SD) (404) (378) (3.04)  (5.28) (4.66) (357)

X 399 38L 400 3.13 3.38 4.40 . . .
NAD  op) 063 (071) (058 (077 (1.01) 06z 0T 024 WysIK FKiTvsKi

X 401 386 416 3.12 335 4.44 . . .
PAD @by (000 039 (059 (079 o on 070 BS54 026 WysIK FKITvs FKi
N X 1005 1067 1132 810 10.32 1189 oese 038 Wvs dK.F W, T Ki

(SD) (141) (141) (L04)  (168) (1.98) (1.23)

X 1015 1088 1142 822 1056 1171 - . .
PLO &y (15D (129 Loy  (179) wen (Lop 1664 040 Wvs K, F,W,TKiJvsKi

NA — non-preferred arm, PA — preferred arm, NL — non-preferred leg, PL — preferred leg, X — arithmetic mean, SD — staatiland He\udo, K —
karate, F — fencing, T — taekwondo, Ki — kickboxing, ** — p < 0.01.

Table V. Morphological differences among different athletes.

Variasbles Judo  Karate Fencing Wrestling Taekwondo Kickboxing ANOVA Post—hoc test
n=19 n=29 n=22 n=25 n =20 n=17 F np2
UEa, (1) X 0.08 0.10 0.20 0.06 0.06 0.12 9.07** 027 Fvs JK,W,T
(sb) (0o07) (0.07) (0.11) (0.06) (0.06) (011)
LE . (1) X 0.14 0.28 0.21 0.16 0.29 0.26 4.06* 014 Jvs K, TKvsW
(sb) (010) (0.13) (0.13) (0.14) (0.19) (0.16)

UEdiff — paired differences between upper limbs, LEdiff — paired differences between lower limbs, X — arithmetic meann&d-desiation, J —
judo, K — karate, F — fencing, T — taekwondo, Ki — kickboxing, ** — p < 0.01.
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In contrast, we detected the greatest morphological The comparison of paired differences between limbs
differences in athletes involved in sports that prioritizéupper and lower limbs) revealed significantly greater fluid
kicking (taekwondo, karate, kickboxing) or a standing fightolume in the preferred arm compared to the non-preferred
position (fencers) in the lower limbs. arm in karate and fencing athletes (Table VI). Moreover, we

found significantly greater differences in favour of the
preferred leg in all athletes.

Table VI. Paired differences between the lower and upper limbs in the observed groups.
Paired Differences

[ : . .
Sport X SD  Std. Error Mean 95 % CI of the Difference t df Sig. (2-tailed)

Lower Upper
Judo -0.01 0.11 0.03 -0.07 0.04 04 18 0.69
& Karate -0.06 0.11 0.02 -0.1 -0.01 -2.73 28 0.01
§ Fencing -0.15 0.17 0.04 -0.23 -0.08 -424 21 0
§_ Wrestling 0.01 0.08 0.02 -0.02 0.05 0.72 24 0.48
S‘ Taeckwondo 0.03 0.09 0.02 -0.01 0.07 1.55 19 0.14
Kickboxing -0.04 0.16 0.04 -0.12 0.05 -09 16 0.38
Judo -0.1 0.19 0.04 -0.19 -0.01 -2.35 18 0.03
£ Karate -0.22 0.19 0.04 -0.29 -0.14 -6.07 28 0
E Fencing -0.1 0.18 0.04 -0.18 -0.02 -2.61 21 0.02
g Wrestling  -0.12 0.18 0.04 -0.2 -0.04 -3.29 24 0
3 Taekwondo -0.24 0.24 0.05 -0.36 -0.13 -4.58 19 0
Kickboxing -0.13 0.2 0.05 -0.22 -0.02 -2.28 16 0.04

X — arithmetic mean, SD — standard deviation, t — value of the testing criterion in a t-test; Sig. (2-tailed) — significance;
Cl- confidence interval, df — degrees of freedom.

DISCUSSION

Anthropometric parameters. The smallest and lightest are most associated with sport function. As the first isolated
athletes in our research group were wrestlers (p<0.05). Tiaetor, percentage of skeletal mass (0.34), body fat percentage
youngest athletes were fencers and taekwondo athlet@s28), and protein fat index (0.26) (p = 0.000) explained 86.3
Values of basic anthropometric parameters were taken iftoof sport function. As the second factor, body mass (0.74),
account in the interpretation of the relative values afkeletal muscle index (0.73), protein mass index (0.72), BMI
parameters identifying body composition quality. index (0.72), and FFM index (0.70) (p = 0.030) explained 13.7
% of variability in measured body structure space.
Body composition. The body composition in all combat
athletes was at an elite level. A low proportion of FM, with The highest absolute value of FFM was found in
an exceptiorin the case of competitors in heavier weighjudo athletes (Table Ill). Since success in judo is largely
categories, and a high proportion of active mass (FFM anétermined by strength, FFM together with compartment
ICW) was found in all groups. Differences among thenuscle mass predicts muscular efficiency and sports per-
monitored groups were recorded as absolute values of FFidimance. The mean values of FFM suggest that judo and
TBW, ECW and ICW (g0.05). Relative values did not showkickboxing athletes benefit from high FFM. The only other
any significant differences (Table Ill). Our findings were nosignificant difference was detected for absolute FFM.
in line with the available literature, which points to differences
among different martial arts. Dopsjal studied 112 male, Alower proportion of FMp was found in judo athletes
high-level, senior-age athletes who were members of differef®.8t3.75 %). Furthermore, in line with previous reports,
national teams, including the Republic of Serbia team (Gl groups had a low proportion of FMp. Previous studies
judokas, 29 Greco-Roman wrestlers, and 21 karatekas). Theve presented the FMp in kickboxing elite athletes (6.1-
authors identified the factors most associated with bodjl.4 %) (Ljubisavljevicet al), amateur athletes (9—16 %)
structure indexes, through which specific changes in physiq@uerguiet al, 2014), boxers (9-16 %) (Chaabésieal,
structure can be observed according to the branch of spor2@15), karate athletes (7.5-16.8 %) (Chaalkeéaé, 2012),
type of combat sport. The authors presented the factors that judokas (7.4—-14.7 %) (Franctenal; Malaet al, 2017).
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We did not find any significant differences in FM Krstulovic et al., who tested 28 female judokas (aged
among the groups (Table IIl). The highest values of FM21.0+2.3 years, Croatian national team) and reported
were observed in taeckwondo athletes (128246 %) and differences in morphological, functional, and dynamic
the lowest in judo athletes (9.813.75 %). Individual asymmetry between elite and sub-elite competitors.
assessment of athletes revealed higher FMp in athletes wittatistically significant differences in the coefficients of
greater body mass and a tendency to be included in headsymmetry between elite and sub-elite female judokas were
weight categories (if stated by the rules). It has been reportedtorded in only two variables of dynamic asymmetry
that competitors in heavier weight categories have a highenaximum dynamometric force and seat shot put test). The
percentage of FM. Low FMaIues and high FFM val-ues authors reported no significant difference in coefficients
(Table Ill) confirmed the tendency toward elite performanassessing morphological asymmetry between elite and sub-
ce in all athletes. elite female judokas. Furthermore, they presented relatively

low levels of asymmetry in morphological variables in both
Fluid distribution. TBW accounted for 63—-66 % of body groups of female judokas (0.4-1.6 % in elite judokas vs.
mass, while ICW accounted for 65 % of TBW on averag®.7-1.6 % in sub-elite judokas).
The significant difference (Table 1V) in TBW and its
components (ICW and ECW) among the groups was the In judokas, we observed a tendency to preferentially
result of comparing the absolute values without taking BHse one side of the body in a voluntary act. This tendency
and BM into account. As such, these differences do noharacterizes the lateral preference. This lateralization has
indicate higher-quality BC in particular martial arts athletedeen suggested to be only 10-20 % dependent on genetics.
The lowest absolute values of fluid distribution in indivi-Similarly, in judo, when using the right grip with the
dual segments were found in wrestlers, which can m®minant hand, right stance-dominant judokas usually
explained by the fact that these athletes had the lowest Riderate with the left leg as the supporting leg and the right
and BH. Due to the distribution of segmental body fluid, theeg used as the "execution” or attacking leg. The right or
specifics of particular martial arts were revealed. The highestacking leg is also positioned closer to the opponent and is
proportion of body fluid in the lower limbs was found intherefore more frequently attacked with hooking and
kickboxers and fencers, whereas the lowest proportions eeping techniques with the intention of throwing the
body fluid in the upper limbs were recorded in taekwondopponent off balance. This mostly occurs in the scenario of
athletes and wrestlers. two right grip fighters facing each other. Therefore, the

execution leg performs more work than the supporting leg,
Morphological differences. Unilateral load is required in which could lead to imbalance between the muscles of the
certain sports specializations (e.g., fencing, karate, ateft and right sides.
kickboxing). If one side of the body dominates over the other
because of the requirements of specific movements (e.g., When comparing paired differences between the
kicking in kickboxing), different forms of asymmetry canlower and upper limbs, we recorded a significant difference
appear (morphological, neuromuscular). These sports dis-asymmetry in judo athletes (p<0.05). The reason for this
ciplines can be related to asymmetry due to tissue adaptatistikely long-lasting and regular training sessions combined
resulting in bilateral asymmetry (e.g., fluid distribution omwith the intensive asymmetrical muscle loads associated with
strength differences between the limbs). Asymmetry isthe sport, which may cause different types of overloads and
consequence of extended lateral training which is usedlead to different motor organ injuries and deformations
many martial arts, particularly by those individuals who sta(Barczyk et al., 2012). The greatest morphological
to compete internationally. These combat athletes begindiferences in the lower limbs were found in athletes engaged
develop their Tokui-Waza (special technique). in kicking forms (taekwondo, karate, kickboxing) or in those

who had a preferred standing fight position (fencers).

The most "symmetrical” sport included in the current
study is judo, as the morphological differences in the upper When assessing paired differences between the
limbs (0.0&0.07 1) and morphological differences in thelower and upper limbs among the groups, fencing and karate
lower limbs (0.140.10 I) were the lowest among the groupsappeared to be the most asymmetrical sports. Asymmetry in
In contrast, fencing appears to be the least symmetrical spbuth the lower and upper limbs was found (Table VI). Even
since morphological differences in the upper limbs wereveryday activities, through the tendency for a greater
significantly greater than those in judo, karate, wrestlindunctional use of the dominant limb in relation to the non-
and taekwondo athletes (Table V). dominant limb, may contribute to morphological asymmetry

(Royet al, 1994). In asymmetrical sporting disciplines (e.g.,

This result is in accordance with the research déncing), a certain level of morphological asymmetry often
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develops due to the physical and neurological demandstofasymmetry (morphological, functional, etc.) and are linked

the locomotor apparatus of the dominant limb in relation to tissue adaptation resulting in bilateral asymmetry. The

the non-dominant limb, which can even lead to ossificatigorevalence and reasons for asymmetry may be induced and

of some parts of the body in elite athletes (Krzykala). = subsequently accelerated by unilaterally focused and

insufficiently compensated sports activity (kicking, pushing,

To correctly perform a particular technique (e.g.hitting, and jumping). Limb preferences (handedness and

high kicks in karate, kickboxing), an optimal range of joinfootedness) occur in sports as a part of adaptive processes

mobility is required. Muscle imbalance and shortening magnd are even desirable when executing manipulations.

limit the range of joint mobility and can become a limitingHowever, from the perspective of morphology, physiology,

factor for performing some movements (kicks and strikegnd the level of physical ability, these differences should be

in karate. The reasons for muscle imbalance are unilatenainimized using proper compensatory exercises.

overloading, overloading in a karateka's stance, and the

absence of regular compensation exercises in training These data may be useful to other researchers

sessions. In the lower limbs, we found the greateperforming comparative studies and may serve as a basis

morphological difference in athletes preferring kickingor the assessment of elite martial arts athletes. The results

(taekwondo, karate, and kickboxing) or standing fightnay be beneficial to athletes, coaches, athletic trainers,

positions (fencers). In all groups, we observed significaphysiotherapists, doctors, and other clinical staff involved

differences between the preferred and non-preferred lowarelite martial arts. The forms of morphological asymmetry

limb. In terms of paired differences between the lower limbdgetected in this study should be eliminated using proper

judo was considered an asymmetric sport (Table VEBompensatory exercises.

(p=0.04). Judo can be categorized as an asymmetric sport,

in which the combat techniques are performed in a certain

direction that dominantly engages the muscles of either tMfCKNOWLEDGEMENTS

left or right side of the body (Krstulovet al). Asymmetry

in judo can be explained by the fact that right hand-dominant

judokas usually fight with a right-dominant stance. The right This research was supported by GACR 16-21791S,

hand is usually used to grab the lapel or sleeve of a judogiUdlCE HUM/032, SVV 2017-2019-260466

start the attack. It can also be the leading upper arm in the

right-versus-right stance scenario. The right hand is also the

most activated during the kuzushi phase, when one fightdALA, L.; MALY, T.; CABELL, L.; CECH, P; HANK, M,;

attempts to throw their opponent off balance. Matlal =~ COUFALOVA, K. & ZAHALKA, F.  Composicién corporal y

(2017) reported that in adolescent judo athletes, when pé§_im¢_atr|’a morfoldgica de miembros en competidores en seis artes

sonal techniques (Tokui-Waza) are being selected, tAgrcialesint. J. Morphol., 37(2p68-575, 2019.

techniques are unilaterally executed and that when one limb RESUMEN: El objetivo de este estudio fue comparar la

becomes more preferred during AS“"W?Z"" (leg teChn'_queébmposicién corporal (CC) y las diferencias de simetria
morphological asymmetry can develop in the proportion ¢forfolagica entre atletas de élite (n = 132) en seis artes marciales
muscle mass in upper and lower limbs. The autho(gido, karate, esgrima, lucha, tackwondo, kickboxing). Se utilizé
monitored 39 adolescent judo athletes (age 121087 el andlisis multivariado de varianzas (MANOVA) para comparar
years) and reported that the bilateral comparison of thes siguientes variables: valor absoluto (FFM) y relativo (EFM
muscle mass proportion between the preferred and ndéle-la masa libre de grasa, porcentaje de masa grasp (Rdda
preferred limbs showed a significantly higher proportion disea, masa proteica, tasa metabolica basal, absoluto (TBW) y el

muscle mass in the preferred upper and lower limbs in boi/?or porcentual (TBVY de liquido corporal total, la proporcion
(p<0.01) egmentaria de la masa muscular, el angulo de fase y las diferen-

cias porcentuales entre los miembros superiores e inferiores.
MANOVA revel6 diferencias significativas en BC entre los gru-
pos ¢ =0,01,F,, .= 10,01, p <0,01np*=0,67). No se observa-
CONCLUSIONS ron diferencias significativas para ENFFM,, y TBW, (p>0,05).

En todas las demas variables de BC, se detectaron diferencias sig-

nificativas (p<0,05). La comparacién de las diferencias pareadas
This study compared BC among competitors in signtre los miembros revel6 un volumen de liquido significativamente
different martial arts. The study revealed morphological@yor en el brazo dominante en comparacion con el brazo no do-

differences among the groups as well as between pa"r@@ante en karate y atletas de esgrima. Se detectaron diferencias
limbs. The specific principles of asymmetric ands‘lgnificativas (p<0,05) a favor de la pierna dominante en todos los

L 2o atlgtas de combate. Este estudio revelé diferencias morfoldgicas
uncompensated activities in these sports disciplines may lea
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