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Abstract

Background and Study Aim. Comparative analysis of physical development and body composition using the index method in kick-
boxing athletes with different training experience.

Material and Methods. Participants: 30 kickboxing athletes, group 1 — 15 people, (13.20£0.60) years old, training experience
(0.71+0.13) years. Group 2 - 15 people, (15.20+1.14) years old, training experience (6.80+1.16) years. 18 anthropometric indicators
were determined. 21 indices were calculated based on them. The median (Me), 1 (25%) and 3 (75%) quartiles were determined. The
somatotype was determined by the bioimpedance method using the OMRON BF-511 body composition monitor (Japan). The signifi-
cance of differences in the groups was assessed by the nonparametric Rosenbaum test (Q).

Results. A significant excess of indicators of the 2nd group in terms of Erisman’s index (Q=10), Pignet’s index (Q=7), Livy’s index
(Q=12), Isakson’s body surface area (Q=11) and relative body surface (Q=21) was established , relative length of arm (Q=11) and
leg (Q=14), index of arm circumference (Q=15) and leg (Q=6), shoulder index (Q=10), indices of massiveness of segments of the
forearm (Q=11) and shoulder (Q=30), conditional moments of force of the forearm (Q=30), shoulder (Q=30), lower leg (Q=30) and
thigh (Q=30). A trend towards a decrease in fat content and an increase in muscle tissue in more trained athletes has been confirmed.

Conclusions. A comparative analysis of the physical development and body composition of kickboxing athletes with different train-
ing experience confirmed certain differences. More trained kickboxers had better indicators of the shoulder index, which reflects the
posture of the athletes. The Erisman index illustrated the increase in the muscles of the torso under the influence of training loads.
The increase in body surface area and relative body surface reflects the greater adaptive potential of more trained kickboxers. The
large relative length of the arms and legs, the indices of the ratio of the segments of the limbs, the indices of massiveness and the
conditional moments of the segments’ strength reflect the best technical capabilities of more trained athletes, the ability to blow at a
greater distance and with greater force. The adequacy of using the method of indices as more informative than anthropometric indica-
tors is shown. It is proposed to use these indices in monitoring the state of kickboxing athletes.
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AHoTauin

MopiBHANBbHUI aHani3 ¢i3n4HOro Ppo3BUTKY Ta CKraay Tina crnopTcMeHiB KIKOOKCUHTY i3 pi3HUM cTaxeM TpeHyBaHb
INeoHig Mopgpirano, LLu Ke, Bonuex LinHapcbkui, Bonogumup NepeBo3Huk, Bonogumup MNaeBcbkui, OnekcaHap BonogueHko,
NMroamuna KanyHoBa.

MeTta. lMopiBHANBHWI aHani3 gi3nyHOro po3BUTKY i cknafda Tina i3 BUKOPUCTAHHAM MeTody iHAEKCIB Y CMOPTCMEHIB KIKBOKCUHIY 3
Pi3HUM CTaXXem TpeHyBaHb.

Matepian i metoau. YinyacHuku — 30 cnopTcmeHiB kikbokcuHry, 1 rpyna — 15 oci6, (13.20+0.60) pokis, cTax TpeHyBaHb (0.71+0.13)
pokiB. 2 rpyna — 15 ocib, (15.20+1.14) poki, cTax TpeHyBaHb (6.80+1.16) pokiB. BU3Hayanu 18 aHTponoMeTpuyYHUX nokasHukis. Pos-
paxoByBanu 21 iHaekc Ha ix nigctasi. Busnayanu megiany (Me), 1 (25%) i 3 (75%) kBapTtuni. ComatoTun BusHavanu bioimnegaHcHum
MEeTOAOM 3a A0NOMOroto MoHiTopy cknaga Tina OMRON BF-511 (AnoHis). BiporigHicTb BigMiHHOCTEN MiX rpynamMm ouiHioBanu Hena-
pameTpuyHuM Kputepiem PoseHbayma (Q).

Pe3ynbtaTi. 3’'scoBaHo cyTTeBe nepebinbLlueHHs NoKasHWKIB 2 rpynu 3a ingekcom Epicmana (Q=10), inaekcom MiH'e (Q=7), inaekcom
NiBi (Q=12), BennuunHi noBepxHi Tina 3a lcakcoHom (Q=11) i BigHOCHIN noBepxHi Tina (Q=21), BigHOCHIN AOBXMHI pykn (Q=11) i Horn
(Q=14), iHpekciB okpyxHocTi pykn (Q=15) i Horn (Q=6), nneyesoro iHaekcy (Q=10), iHAEKCIB MacHBHOCTI CerMeHTIB nepeanmivys
(Q=11) i nneya (Q=30), ymoBHNX MOMeHTIB cunun nepeannivusa (Q=30), nneya (Q=30), rominkn (Q=30) i cterHa (Q=30). CTBepaxeHo
HasiIBHICTb TeHAEHLi 4O 3MEHLUEHHS BMICTY XXUPOBOI i 30inbLUeHHSA M’'I30BOi TKaHWHW Y BinbLu TPEHOBaHMX CMOPTCMEHIB.

BucHoBku. [NpoBeaeHUiA NOPiBHANBbHUIA aHani3 gisnyHOro Po3BUTKY i CKNagy Tina CrOpPCTMEHIB KiiKOOKCUHTY i3 pi3HUM cTaxeMm Tpe-
HyBaHb CTBEPAMB HASBHICTb MEBHMX BiAMIHHOCTEN. Binblu TpeHOBaHI CNOPTCMEHN Manu Kpalli NMoKasHWKW MredYeBoro iHAEKCy, Lo
BiAGMBae noctaBy CMOPCTMEHIB. |HOEKC epicMaHa intocTpoBaB 36inblUeHHsT M's3iB Topca nNig BNYBOM TPeHyBarnbHUX HaBaHTaXeHb.
306inblUeHHA NnoLi NoBepxHi Tina i BiQHOCHOI NMOBepXHi Tina BiabuBae Ginbwni aganTauiHWn NoTeHuian GinbWw TPeHOBaHUX Kik-
6okcepiB. binblua BigHOCHa AOBXWHA PYK i Hir, iHAEKCH CMiBBiAHOLIEHb CErMeHTIB KiHLIBOK, iHOEKCU MacWUBHOCTI i YMOBHI MOMEHTM
CWIN CEerMeHTIB KiHLIBOK BifOUBatoThb KpaLli TEXHIYHI MOXIMBOCTI BinbLl TpEHOBaHWX aTrneTiB, 30aTHICTb HAHOCUTU yaapu Ha BinbLuin
aucTaHuii i 3 GinbLloto cunoto. NokasaHa afeKkBaTHICTb 3acTOCyBaHHSI MeToAy iHAEKCIB sik Binblu iH(POPMaTUBHUX MOPIBHSHO i3 aH-
TPOMNOMETPUYHNMM NMOKa3HVMKaMK. 3anponoHOBaHO BUKOPUCTOBYBATU BKa3aHi iHAEKCH Y MOHITOPUHIY CTaHy CMOPCTMEHIB KikOOKCHHTY.

KntouoBi cnoBa: eguHo60pcTBa, KiKOOKCUHT, (i3NYHMIA PO3BUTOK, iHAEKCH, cOMaToTumN, BioiMneaaHcHUA MeToq
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Introduction

Indicators of the physical development of athletes are
widely used in sports science. These criteria allow assessing
the level of training of athletes, predicting the success and
growth of sportsmanship [1,2]. Physique features and propor-
tions of physical development of athletes are important prog-
nostic and diagnostic indicators in martial arts [2]. Their study
provides important information for the development of a fore-
cast for the growth of sportsmanship, allows for effective selec-
tion [3].

Burdukiewicz et al [4] studied the physical character-
istics of martial arts athletes involved in judo, jujitsu, karate,
taekwondo and fencing. Significant differences in the circum-
ferences of the chest, hips, arms and forearms in judo and
karate, taekwondo and fencing athletes were established. It is
concluded that the differences in physique are due to the spe-
cific influence of the sport. It is proposed to use anthropometric
indicators as a selection tool in martial arts.

Noh et al [5] evaluated the features of the physique and
somatotype in Korean martial arts athletes. Differences de-
pending on the type of martial arts and weight category were
revealed. The differences were more pronounced in the light
and medium weight categories. The presence of correlation de-
pendencies between somatotype components and body weight
was confirmed.

The contribution of anthropometric indicators, physical
fitness tests to the success of elite and non-elite martial arts
athletes was studied in [6]. It is proposed to take these crite-
ria into account when selecting and predicting the growth of
martial arts sportsmanship. The indicators used can be used to
classify athletes.

Evaluation of morphological features and differential di-
agnosis of anthropometric characteristics contribute to the im-
provement of results in martial arts. Sirazetdinov et al [7] con-
ducted a comparative analysis of such traits. These include a
well-developed chest, broad shoulders, low leg-to-body ratio,
high arm-to-body ratio, and minimal body fat.

Morphological indicators are an obligatory component of
monitoring the condition of athletes. The study [8] was devoted
to monitoring long-term seasonal changes in anthropometry,
body composition and physical preparedness of young judo
athletes. The work establishes a relationship between these
indicators and sports success. Significant changes in anthro-
pometric criteria, body composition and physical preparedness
in the dynamics of the training season have been confirmed.

The presence of relationships between indicators of
body composition and physical performance of martial arts
athletes was studied in [9]. A decrease in maximum oxygen
consumption was registered with an increase in fat mass. The
maximum indicators of aerobic potential were established in
athletes with a minimum body fat content. It is concluded that
the content of somatotype components correlates with aero-
bic capacity and can affect the level of biochemical adaptation.
This demonstrates the importance of body composition regula-
tion to improve training efficiency.

The index method is widely used in sports science [10,
11, 12]. This is due to the simplicity, clarity and information con-
tent of the indices. A comparative analysis of the physical de-
velopment of athletes of various types of martial arts with the
help of indices made it possible to highlight the features that
are important for achieving success [10]. The eligibility of using
special indices in monitoring the functional state of athletes has
been proved. Particularly important are the indices of the ratio

of segments of the limbs.

Catikkas et al [11] used indices in a comparative analy-
sis of anthropometric indicators in athletes of various martial
arts (karate, taekwondo, judo, and kickboxing). The informa-
tiveness of the Monourier index, acromioiliac index, Martin in-
dex, biacromial index and hip index was confirmed.

Alekseeva et al [13] studied the functional features of
the cardiovascular system in martial arts athletes, taking into
account body type. The battery of tests used included body
mass index, Pignet and Rees-Eysenck indices. It is proposed
to use the data in the selection and prediction of the perfor-
mance of athletes.

The specificity of indexes is their important characteris-
tic for use in this context. The index of the ratio of the lengths of
the 2nd and 4th fingers of the right hand (2D: 4D) is considered
promising for martial arts [14, 15]. The presence of dependen-
cies of this index with anthropometric and psychological char-
acteristics of athletes of mixed martial arts has been confirmed
[14, 15].

Body composition is an important predictor in various
sports. Reale et al [16] examined the body composition of mar-
tial arts athletes. The study was conducted during 7-21 days of
the competition. It is concluded that it is necessary to monitor
the components of the somatotype of athletes. The level of adi-
pose and muscle tissue is important for assessing the quality
of their training.

Similar results are given in another paper [17]. The au-
thors evaluated the body composition of karate athletes us-
ing the method of dual-energy X-ray absorptiometry. Control
means and quartile values of body composition were obtained.
The results are proposed to be used in monitoring the condition
of athletes.

The bioimpedance method is considered one of the
most adequate and informative for the analysis of the body
composition of athletes. Rossi [18] assessed the body com-
position of elite karate athletes using bioimpedance analysis.
It is proposed to use this method in monitoring the condition of
athletes.

Similar results are reported in Fernandez-Delvalle et al
[19]. The authors conducted a comparative analysis of meth-
ods for assessing body composition in martial arts athletes. The
need for anthropometric methods in assessing the prepared-
ness of athletes has been confirmed. Field methods, especially
the bioimpedance method, are an effective control tool. Similar
results are presented in another paper [20]. The authors com-
pared the accuracy of determining the level of fat using anthro-
pometric equations and the bioimpedance method. The high
level of correlation of the results was confirmed. The use of
anthropometric equations is recommended as an alternative to
the bioimpedance method.

Dynamics of body weight and somatotype components
can be used to predict the success and health level of martial
arts athletes [21]. During the season, elite judoists were as-
sessed somatotype indicators using the bioimpedance method.
The application of the linear mixed model test made it pos-
sible to identify significant differences in the indicators in the
dynamics of the competition. It is proposed to use the results
to develop methods for optimizing training and recovery after
competitions.

The combination of the index method and the bioimped-
ance method made it possible to confirm the specific impact of
a sport on armwrestling and street workout athletes [22]. Partic-
ipants were characterized by an increased level of muscle tis-
sue, workouts had a reduced fat content. Indexes that reflected
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grip strength in different operating modes had high information
content.

Thus, the available literature data allow us to consider
the direction of this study as relevant. The purpose of the study
is a comparative analysis of physical development and body
composition using the index method in kickboxing athletes with
different training experience.

Materials and Methods

Subjects.

The study involved 30 kickboxing athletes divided into
two groups. Group 1 - 15 people, average age (13.20+0.60)
years, training experience (0.71+0.13) years. Group 2 - 15
people, average age (15.20+1.14) years, training experience
(6.80+1.16) years. Differences in age and training experience
are significant (p<0.05).

Measures

The design of the study involved the determination of 18
anthropometric indicators. The measurements were carried out
in accordance with the requirements of the international unified
methodology for anthropometric studies [23]. The length and
weight of the body, chest circumference during pause, inhala-
tion and exhalation, shoulder width, shoulder arch, lengths and
circumferences of limbs and their segments, vital capacity of
the lungs, length of 2nd and 4th fingers of the right hand were
determined. For comparative analysis, a battery of 21 indices
was used.

The bioimpedance method was used to assess the
characteristics of the somatotype. The body composition moni-
tor OMRON BF-511 (Japan) was used. Body weight, specific
weight of muscle and adipose tissue, percentage of visceral fat,
basal metabolic rate were determined.

Procedure

Body mass index (BMI) was defined as the ratio of body
weight (kg) to body length (m) squared. Values of 20-25 kg/m?
are taken as the norm.

Erisman index was found as the difference between the
circumference of the chest and half the length of the body. Pro-
portional physical development is characterized by a positive
value of this indicator. Its value should be at least 5,8 cm for
athletes.

Pignet’s index was determined by the formula:

PI=BL-(BW+CC), (1)

where BL — body length (cm), BW — body weight (kg),
CC - chest circumference in pause (cm).

The smaller the value, the better the indicator (in the
absence of obesity). An index value of less than 10 is assessed
as a strong physique, 10 - 20 - good, 21 - 25 - average, 26 - 35
- weak, more than 36 - very weak.

The shoulder width index was found as the ratio of this
parameter to the body length, expressed as a percentage. Val-
ues of 23-25% are accepted as the norm.

The shoulder index was calculated as the ratio of the
width of the shoulders to the shoulder arch. The humeral arch
was defined as the distance between the acromial processes of
the humerus along the back. A value within the range of 0.9-1
was considered the norm.

The surface of a body according to Isaakson was found

by the formula: BW+(BL—-160)
+—
100

S=1 ),

where S is the surface area of the body (m?); BW - body
weight (kg), BL - body length (cm).
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The relative body surface area was found by dividing the
body weight (kg) by the surface area (m?).

The Livi index (LI) was determined by the formula:

LI=CC/BL*100 (3),

where CC — chest circumference in pause (cm), BL —
body length (cm).

The average Ll is 50-55%.

The parameters of the massiveness of the segment of
the arm (shoulder, forearm) and leg (shin, thigh) and the con-
ditional moments of force of the shoulder, forearm, lower leg
and thigh were determined according to the formulas given in
the work [24]:

Segment massiveness index = segment circumference
*100% / segment length, (4)

Conditional moment of force of the segment = segment
circumference * segment length, (5).

The 2D:4D index was found by dividing the length of 2
fingers of the right hand by the length of 4 fingers of the right
hand.

The relative lengths of the arms and legs were found
by dividing the length of the limb by the length of the body and
expressed the result as a percentage.

The arm circumference index was found by dividing
the circumference of the forearm by the circumference of the
shoulder, the index of leg circumference was found by dividing
the circumference of the lower leg by the circumference of the
thigh.

Statistical analysis

Statistical analysis of the obtained data was carried out
using licensed Excel spreadsheet packages. Based on the
sample size and the nature of the distribution, the median (Me),
1 (25%) and 3 (75%) quartiles were determined to character-
ize the data. The significance of differences in groups was as-
sessed using the nonparametric Rosenbaum test (Q), differ-
ences were considered significant at p<0.05.

Results

A comparative analysis of anthropometric indicators did
not allow us to establish significant differences in most of the
criteria used. To improve the efficiency of the analysis, the index
method was used. The results obtained are shown in table 1.

The small size of the groups necessitated the use of
nonparametric criteria for comparison. The Rosenbaum crite-
rion used allowed us to confirm the differences between the
groups in terms of the following indicators: age of participants
(Q=6), training experience (Q=30), VC value (Q=6).

The results presented in the table make it possible to
identify tendencies towards difference in a number of indica-
tors. Athletes of the 2nd group tend to increase the width of the
shoulders, the length of the thigh and lower leg. Also, these ath-
letes are characterized by a tendency to reduce the proportion
of adipose tissue and increase the proportion of muscle tissue.

Differences in indices of physical development look
more significant. A significant excess of indicators of the 2nd
group in terms of Erisman’s index (Q=10), Pinier’s index (Q=7),
Livy’s index (Q=12), Isakson’s body surface area (Q=11) and
relative body surface (Q=21). More experienced athletes had
an increase in the relative length of the arm (Q=11) and leg
(Q=14). The indices of the ratios of the circumferences of the
segments of the extremities were also higher in athletes with
more experience. This is confirmed for the arm (Q=15) and leg
(Q=6) circumference index.

The results obtained did not confirm significant differ-
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Table 1. Anthropometric indicators and indices of physical development of kickboxing athletes

Indicators 1 group, (n=15) 2 group, (n=15)

25% Me 75% 25% Me 75%
Age, years 12,00 13,00 14,00 11,50 14,00 19,00
Sports experience, years 0,30 1,00* 1,00 4,00 6,00 8,00
Shoulder width, cm 34,50 35,00 38,00 34,00 35,00 40,75
Length of the thigh, right cm 33,00 36,00 39,50 35,50 37,00 42,00
Length of the leg, right, cm 32,50 35,00 37,00 34,00 37,00 39,00
VC, | 2,30 2,90* 3,65 2,10 2,80 3,45
Body mass index, kg/m? 17,30 21,30 26,60 17,60 18,00 21,65
Shoulder width index, % 21,35 21,91 22,66 21,66 22,58 24,05
Shoulder index,% 0,75 0,77 0,79 0,76 0,80 0,82
Erisman index, cm -9,00 -4,00* 0,69 -7,13 -5,50 4,00
Pignier index, cm 15,50 35,35* 41,10 27,03 38,95 44,40
Livi index, % 0,45 0,47* 0,50 0,45 0,47 0,53
The ratio of the length of 2 and 4 fingers on 0,98 1,04 0,96 1,03
the right, abs 1,02 0,99
Body surface according to Isakson, m? 1,45 1,70* 1,90 1,19 1,37 1,54
Relative body surface, kg/m? 29,63 34,84* 37,47 30,17 31,61 35,36
Relative arm length, % 32,13 32,71* 33,33 32,78 34,02 35,43
Relative leg length, % 43,00 43,45 44,97 45,28 46,05 47,72
Arm circumference index, abs 0,90 0,92* 0,93 0,87 0,91 0,94
Leg circumference index, abs 0,62 0,66* 0,68 0,62 0,67 0,67
Forearm massiveness index, abs 100,91 104,35* 108,35 87,59 92,31 106,94
Shoulder massiveness index, abs 86,79 95,08 100,00 80,49 86,00 100,81
Lower leg massiveness index, abs 90,43 94,29 104,01 84,32 88,57 94,51
Hip massiveness index, abs 131,22 138,89 154,59 118,33 131,08 143,21
Moment of force of the forearm, cm? 534,75 575,00 736,00 552,00 575,00 655,75
Moment of force of the shoulder, cm? 667,25 770,00* 947,25 659,00 747,25 978,25
Moment of force of the leg, cm? 958,50 1155,00* 1358,75 1004,50 1155,00 1322,25
Moment of force of the thigh, cm? 1513,00 1800,00* 2064,50 1605,00 1804,00 2244,00
Specific weight of fat, % 15,30 20,10 24,80 9,55 15,90 19,55
Specific weight of muscles, % 35,80 36,50 37,90 35,20 40,80 41,55

Notes. * - differences according to the Rosenbaum criterion are significant (p<0.05).

ences in body mass index. In both groups, medians refer to
the range of mean values. However, in novice athletes, there
is a pronounced shift towards an increase in the index, the 3rd
quartile already characterizes overweight. For more experi-
enced kickboxers, the interval of 1-3 quartiles is typical for av-
erage values.

If according to the shoulder width index, only a tendency
to increase in group 2 is established, then the shoulder index
reflects an increase in this indicator in more experienced ath-
letes (Q=10).

Significant differences were confirmed in terms of mas-
siveness indices of limb segments: forearm (Q=11) and shoul-
der (Q=30). The values of the indices of massiveness of the
lower leg and thigh allow us to speak only about the trend to-
wards an increase in these indicators in group 1.

The most significant differences were established using
the conditional moment of force of the limb segments. The high-
er values of group 2 were confirmed for the forearm (Q=30),
upper arm (Q=30), lower leg (Q=30) and thigh (Q=30).

Discussion

Kickboxing is a complex type of martial arts in terms of
technique, tactics and structure of movements. It requires an
adequate level of physical development, physical prepared-
ness and motor skills as the basis for successful competitive
activity [2]. Kickboxing fights have been shown to cause signifi-
cant physiological stress [25]. Monitoring the condition of ath-

letes in this sport requires an integrated approach through the
use of various methods. The presence of a correlation between
the level of adipose and muscle tissue and the technical and
tactical skills of kickboxing athletes was confirmed [25].

The design variant used involved comparing the results
of athletes with different levels of training. This difference is
confirmed by the experience of sports activities. This approach
is often used in sports science [5, 6, 22, 26, 27]. This version
of research design is most appropriate for the task of predicting
success. A similar study was conducted in female athletes of
aesthetic swimming [26]. An analysis of the functional state of
the respiratory system made it possible to identify the indicators
that are most significant for success in this sport.

Sirazetdinov et al [7] compared the anthropometric fea-
tures of elite athletes and non-athletes with different levels of
physical development. The features of physical development
that affect success in sports have been established. In the work
[6], elite and non-elite athletes of martial arts were compared.
Statistically significant differences were established in favor of
the elite group in standing and sitting body length, body weight,
upper limb strength, and physical fitness test results. At the
same time, no significant differences in body composition were
found, which coincides with the results obtained.

The choice of a battery of methods is determined by the
available literature data. In the article [28], a similar battery of
indices was used to develop a selection technique for martial
arts (kickboxing or wrestling). The use of Wald’s sequential
analysis made it possible to develop a simple and accessible
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predictive selection technique. The high information content of
the used indices was confirmed.

In the already cited work [19], the effectiveness and
accuracy of anthropometric methods and the bioimpedance
method for assessing the state of martial arts athletes were
confirmed. Similar results are given in another paper [12]. The
authors evaluated the information content of various indices of
physical development and body composition. Indices make it
possible to visualize the specificity of the influence of various
martial arts on the body of athletes. This is what led to the meth-
odological approach in this study. The results obtained once
again confirmed that the indices are significantly more informa-
tive and visual than anthropometric indicators.

A similar battery of indices was used in the article [10]
to compare the physical development of elite athletes in vari-
ous martial arts. The Erisman and Pignier indices, the shoulder
width index show the best development of the muscles of kick-
boxing wrestlers and athletes compared to karate, taekwondo,
taekwondo athletes. The increase in the relative body surface
of wrestlers reflects the growth of their aerobic capacity. Indices
of the ratio of segments of the limbs illustrate the features of the
technique of martial arts athletes.

Anthropometric indicators did not allow to establish dif-
ferences between groups. It was the use of a battery of indices
that made it possible to achieve the goal and confirm the dif-
ferences. This approach is confirmed by the available literature
data [11]. The authors used a battery of indices along with a
somatotype score. The analysis made it possible to identify the
main features of the physique of athletes in various types of
martial arts.

The age and training experience of the participants were
used as the main criteria for dividing into groups. This approach
is one of the main ones in sports science [27, 29, 30]. In the
article [29], the division of martial arts athletes was carried out
according to these criteria. The closeness of body structure in-
dicators and motor potential of the participants was confirmed.
The results obtained confirm these data. Despite significant dif-
ferences in training experience, it cannot be considered that
participants differ significantly in terms of sportsmanship.

It is noted that taking into account the processes of
growth and development in sports makes it possible to provide
optimal conditions for training, and anthropometric indicators
are the basis for grouping athletes [30]. In our study, most an-
thropometric indicators did not have significant differences. This
can be explained by the age characteristics of the participants.
Most athletes are in prepubertal and pubertal age, that is, they
have similar anatomical and physiological features. This coin-
cides with the results of the authors’ work [30]. The constructed
regression models confirmed the decrease in the influence of
growth and development processes on anthropometric indica-
tors as they grow older.

In another work [27], the psychophysiological character-
istics of taekwondo athletes were studied. An increase in age
and experience in sports leads to an improvement in the re-
action rate. The established correlations between all the tests
used also reflect the improvement in the psychophysiological
state of athletes as the age increases.

More experienced athletes had a higher VC value. The
indicators of the respiratory system are not among the predic-
tors of success in martial arts [10]. This is due to the anaerobic
nature of physical activity in these sports. In our opinion, the
established differences reflect the anatomical and physiological
characteristics of the age groups of participants.

The body mass index is currently most commonly used
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in medical practice, in physical culture and sports. The results
obtained did not confirm significant differences in this index. A
tendency has been established for its increase in novice ath-
letes to a value characteristic of overweight. For experienced
athletes, the index is within the average values. In the context
of the study, this should be assessed as the normalization of
body weight under the influence of physical activity in expe-
rienced athletes. This assumption once again confirms the
established trend in the ratio of the main components of the
somatotype (muscle and adipose tissue).

The shoulder width index evaluates the development of
the muscles of the shoulder girdle. The results did not allow to
confirm significant differences between the groups. However,
one can speak of a trend towards difference. For novice ath-
letes, this index is below the standard value. For experienced
kickboxers, there is a shift towards an increase in the index.
The third quartile of the data is above the norm. This trend con-
firms the effect of loads in kickboxing on the muscles of the
shoulder girdle and coincides with the available data [10, 31,
32]. The results confirm the existing data on the importance of
shoulder width and indices based on this criterion for predicting
success [31, 32].

The shoulder index allows you to judge the posture of
the participants. The available data confirm the deterioration
of this indicator in elite kickboxers [33]. The results obtained
should be evaluated in two ways. On the one hand, all partici-
pants have this index below the norm. This illustrates the dete-
rioration of posture under the influence of training and, above
all, the closed stance of kickboxers. On the other hand, more
experienced athletes have significantly better indicators of this
index. In our opinion, this may be evidence of a more rational
preparation, the use of special corrective exercises. This index
should also be used in monitoring the condition of kickboxing
athletes.

The Erisman index illustrates the relationship between
the longitudinal and girth dimensions of the torso of athletes.
In both groups, persons with an insufficient level of this index
predominate. The proportion of such athletes in group 1 was
(83.3319.52)%, in group 2 - (73.33+11.42)%. Available studies
have confirmed that in elite kickboxing athletes this index re-
flects a fairly high level of torso muscle development [10, 28].
In our opinion, the results obtained should be assessed as a
trend towards an increase in this index due to regular training.
This index can be used in monitoring the condition of kickbox-
ing athletes.

The Pignier index is used to determine the strength of
the physique. Its specificity lies in the fact that it cannot be used
in overweight and obese individuals. That is why it is often used
in sports science. In work [13], this index was used in assess-
ing the state of young martial arts athletes. It was found that
people with a strong physique according to the Pignier index
had significantly greater reserve and recovery capabilities of
the cardiovascular system. The results obtained once again
confirm the conclusion that the participants do not have a high
level of sportsmanship. In both groups, the proportion of par-
ticipants with a weak physique was half. A similar conclusion
can be drawn from a comparative analysis of the Livi index.
Despite the established differences between the groups, most
of the participants had a level of physical development on this
index below the average. The use of the Pignier and Livi indices
for a comparative analysis of the state of armwrestling athletes
showed that they clearly reflect an increase in physical fitness
[31]. This index, like the previous ones, confirms that the par-
ticipants are close in terms of sportsmanship. These indices will
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not be highly informative when used in monitoring.

The index of the ratio of the lengths of 2 and 4 fingers
(2D:4D) is widely used in sports science as a screening. It is
proposed to use it to determine the potential results of people
in power sports, especially in martial arts [14, 15]. However, the
final interpretation of this indicator is still missing. Adamczyk
et al [15] confirmed that the 2D:4D ratio was higher in martial
arts athletes than in the control group of athletes. Camarco et
al [14] report lower median values of this index in athletes com-
pared to non-athletes. Our research has yielded similar results.
They confirmed the tendency for this index to decrease in ex-
perienced kickboxers compared to beginners. The given results
make it possible to evaluate the 2D:4D ratio as a good tool
for selecting athletes in martial arts. This index is a promising
screening test.

The body surface and relative surface values were sig-
nificantly higher in more experienced athletes. The interpreta-
tion of the results should take into account the available litera-
ture data. The increase in body surface of athletes reflects the
growth of their aerobic capacity [32]. The authors attribute this
to an increase in body length of athletes. The established dif-
ferences in the relative body surface reflect the greater aerobic
potential of more trained kickboxers. Similar results were ob-
tained in the work [10]. The differences between these indices
are interpreted as a reflection of the dynamics of the muscle
component of the somatotype. This is consistent with the re-
sults obtained. The definition of these indexes can be used in
monitoring the condition of kickboxers.

Analysis of the indices of the ratio of limbs and their
segments confirms their importance for monitoring the state of
kickboxing athletes. The relative elongation of the arms of kick-
boxers reflects the possibility of kicks at a greater distance. The
lengthening of the lower limbs also allows for more powerful
kicks in a duel at a greater distance. This should be rated as
a success factor in kickboxing. The results obtained are close
to the available data [4, 34]. The authors note the prognostic
importance of the relative limb length indices in martial arts [4].
The relative elongation of the arms and a more massive body
were established. The authors confirmed the best development
of the muscles of the limbs due to the increase in the circum-
ferences of the hips, shoulder and forearms. This is confirmed
by the results obtained. More trained athletes had a greater
value of the indices of arm and leg circumferences. These in-
dicators illustrate the ratio of the development of the muscles
of the shoulder and forearm, lower leg and thigh. An increase
in these indices reflects an increase in the strength of the limb
muscles. It should be assessed as a potential increase in the
power of punches and kicks.

The work [34] studied the anthropometric characteris-
tics of taekwondo athletes and determined the significance of
the length of the lower limbs as a success factor. Elite athletes
were characterized by lengthening of the lower limbs.

Similar results were obtained in another work [35]. The
existence of a connection between anthropometric indicators
and the characteristics of the technique of MMA fighters has
been established. Body length and arm length correlated with
punching performance. It is proposed to take into account the
features of physical development when choosing the tactics of

conducting a duel in MMA.

The need to use specific indices that reflect the ratio of
the longitudinal and girth sizes of limb segments is substanti-
ated in the article [31]. Massiveness indices of limb segments
and conditional moments of force were used. These indices
were proposed in the article [24] to assess the effectiveness of
the rehabilitation of athletes. The obtained results confirm the
excess of the massiveness indices of the forearm and shoul-
der, the conditional moments of strength of all segments of the
limbs in the group of more trained athletes. This once again
proves the assumptions made earlier. The use of longitudinal
scores in these indices reflects the importance of long lever-
age in punching. The inclusion of limb segment perimeters in
the indices illustrates the importance of these muscle develop-
ment groups for the same purpose.

Analysis of body composition using the bioimpedance
method only confirmed the presence of trends in the content
of adipose and muscle tissue. The available reference data re-
garding the components of the somatotype are also ambiguous
and have not received sufficient recognition. Thus, in the work
of Cerqueira et al [36], based on the bioimpedance analysis
of the body composition of Brazilian jiu-jitsu athletes, centile
tables of adipose tissue content were developed. Using these
tables, it can be concluded that experienced kickboxers have
an average level of fat, and beginners have a high level. This
should be assessed as another argument for the differences in
the physique of kickboxers of different levels.

In another study [34], the body composition of taekwon-
do athletes of different levels of training was compared. Signifi-
cant differences in the level of fat in the body were established,
the level of muscle tissue was quite high in all participants. The
results obtained can be interpreted as confirmation of the litera-
ture data. Body composition analysis can be recommended as
a selection and prediction tool in martial arts.

Conclusions

A comparative analysis of the physical development and
body composition of kickboxing athletes with different training
experience confirmed certain differences. More trained kick-
boxers had better indicators of the shoulder index, which re-
flects the posture of the athletes. The Erisman index illustrated
the increase in the muscles of the torso under the influence of
training loads. The 2D:4D ratio is a promising screening test
and selection tool for wrestling athletes. The increase in body
surface area and relative body surface reflects the greater
adaptive potential of more trained kickboxers. The large rela-
tive length of the arms and legs, the indexes of the ratio of
the segments of the limbs, the indices of massiveness and the
conditional moments of the segments’ strength reflect the best
technical capabilities of more trained athletes, the ability to kick
at a greater distance and with greater force. The presence of a
trend towards a decrease in the content of fat and an increase
in muscle tissue in more trained athletes has been confirmed.

The adequacy of using the index method as more inf-
normative compared to anthropometric indicators is shown. It
is proposed to use these indices in monitoring the state of kick-
boxing athletes.
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