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SUMMARY. The study aims to determine the relationship between variables that define body compaosition characteristics and
sprint swimming performance in elite male butterfly sprinters. The study was conducted over a seven-year longitudinatiperiod wi
subjects aged 18 to 24 years. During the mentioned period, fleetswhs measured 10 times, with body composition measurements by
multichannel segmental bioimpedance method with the InBody720 device realized a week before the most important competition,
regardless of the length of the pool (25 or 50 m pool) or swimming distance (50 or 100 m). The results of the correlatsoshamad
that only skeletal muscle mass index (SMMI) was statistically significantly correlated with swimming performance (r = -0.917 to
0.971), and that correlation was slightly higher on the 50 m compared to the 100 m distance, as well as the results thehR&ed in
compared to the 50 m pool. No statistically significant correlation was found for the other body composition variablethissed in
researchfat mass index - FMI, protein-fat index - PFI, percent of skeletal muscle mass - PSMM, index of body composition - IBC and
percent of body fat - PBF). This research has shown that it is necessary to establish a research principle, that thedypactpdsition
changes and relationships on sports performance should be realized as an individual methodological procedure in elite sports.
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INTRODUCTION

The phenomenon of adaptation represents the procéss sample, group and/or team and individual, as an
of biological reintegration and habituation of livinganalytically single approach (Bartlettal, 2017).
organisms to environmental conditions, i.e. environment.
Each organism of an athlete is in a reciprocal dynamic The individual principle to control the effects of
relationship with its environment with a tendency to adaptaining in order to define the precise individual effect on
its functional, physiological, psychological, cognitivethe athlete, although it may have a multidisciplinary
physical abilities and morphological characteristics to th@pproach, is mainly carried out through the monitoring of
systematic, long-term multi-year training and competitiosingle and/or a smaller number of systemically important
loads to which it is exposed (Ushakevt al, 2024). variables (Mujikeet al, 2018; Siljecet al, 2023).
Adaptation is always specific and has structured processes
in different individuals, in terms of the level of biological In previous research, where the phenomenology of
potential, intensity and functional structure, despite the sartiee relationship between body composition and swimming
stimulus from external factors (Milisic, 2007). In othemperformance was examined in international sprint swimmers,
words, to the same training stimulus - to the same singestatistically significant correlation was established for
training session, different subjects will not adapt in exactlifferent variables of body composition in both females and
the same way. That is why the analytical approach tmales (Sider®t al., 1993). It was established that the
evaluating the effects of training has two directions — generaglationship between body composition and swimming
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performance is more complex and statistically morBody Composition MeasurementAll body composition
significant in female than in male swimmers (Dopestaj measurements were carried out using a standardized
al., 2020). But, all these relations were defined iprocedure and using the multichannel segmental
transversal ie. cross-selection studies, and on larger sampiegmpedance method with the InBody720 device (Zetric
of competitive swimmers, which means that the resultd., 2020; Dopsagt al., 2024). All measurements were
represent generalized data on the relationship betwesmried out in the morning hours (between 08:00 and 09:00),
anthropometry and body composition and swimminghere the subject did not take water and food that morning
performance. Generalized conclusions represent the basifore the measurement, and at least 48 hours before had no
of general knowledge and are the basis for work in spotgh-load training. During the measurement, the subject was
training practice, but during individual work they do notn a swimming suit.
have to represent a specific and realistic meaning in the
control of improving competitive performance in relatiorVariables
to an individual swimmer.
Body Composition.In this research, variables representing

The aim of the study is to determine the relationshipody composition from the aspect of contractile and ballast
between variables defining body composition and sprisbmponents were used. The given variables are partialized
swimming performance in elite butterfly sprinters over @ relation to the voluminosity and longitudinality of the body
seven-year longitudinal period. In this way, relationfDopsajet al, 2024). Also, two index variables were used,
between the characteristics of body composition, thehich were previously shown to be very informative
characteristics of changes in body composition in relationdicators of body composition (Kuket al., 2020; Dopsaj
to the functional specificity of tissues, in relation to thet al, 2020; Toskicet al, 2024; Richaet al, 2024). The
individual level of adaptation of the examined swimmefpllowing variables used in this research were:
will be determined. Also, the paper should provide
methodological specifics for the principle ofl. FMI, fat mass (FM) index, as a measure of total body fat

individualization when working with top athletes. mass independent of body longitudinality, calculated as:
FM/BH? (m), expressed in kg-m
MATERIAL AND METHOD 2. SMMI, skeletal muscle mass (SMM) index, as a measure

of the total muscle mass of the body independent of body
This research was carried out as a 7-year longitudinality, calculated as: SMM/BHm), expressed

longitudinal single-case follow-up study in the period from in kg-m?
2018 to 2024, using the laboratory testing metho@®. PBF, body fat (BF) percent, as a measure of body fat mass
Research was carried out with the subject's personaindependent of body mass (BM), as an basic measure of
consent, and all measurements were carried out at thdody voluminosity, calculated as: BF/BM, expressed in %;
Faculty of Sports and Physical Education of the Universig. PSMM, skeletal muscle mass percent, as a measure of
of Belgrade in the Methodological Research Laboratory skeletal muscle mass independent of body mass as an basic
by the same personnel on the same equipment. During th&ody voluminosity, calculated as: SMM/BM, expressed
monitoring period, the equipment was regularly maintained in %;
and calibrated by the official technical service (https:8.PFI, protein-fat index, calculated as relation between
borf.rs/inbody-proizvodi/). The research was carried out Proteins (in kg) and body Fat mass (in kg) variable,
(Christie, 2000) in accordance with recommended expressed in kg;
standards of the "Declaration of Helsinki for6.IBC, index of body composition, calculated as relation
Recommendations that guide doctors in biomedical between BMI (in kg-m) and percent of body fat mass (in
research involving human subjects” - (http://vvv.cirp.org/ %) variable, expressed in Index Unit (1U).
librari/ethics/helsinki/), and with the approval of Ethics
Committee of the Faculty of Sports and Physical Education, Basic anthropo-morphological variables (BH, BM
University of Belgrade (484-2). and BMI) were not used in statistical analyses, but were

shown in descriptive statistics and used in the discussion of
Subject sample.In the period from 2018 to 2024, onethe results.
swimmer (Dj.M, male, follow-up period from 18 to 24
years) was monitored. In the given period, the subject wasvimming Performance. Swimming performance is
measured 10 times, with body composition measurememgpresented by the best results achieved by the subject in
performed a week before the most important competitioactual competitions realized after body compaosition
regardless of the length of the pool (25 or 50 m pool). measurement. The following variables were used:
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1. fly50_50m and fly 50_25m, results achieved at a distangealues, and upper and lower 95% confidence intervals of
of 50m for fly stroke in long (50m) and short (25m) poolthe mean. Principal Component Analysis (confirmatory
respectively, expressed in seconds; Factor analysis with Varimax rotation and Kaiser

2. WoA_fly50_50m and WoA _fly 50 _25m, the value of thenormalization) was used to define a set of unique spaces for
swimming result in points, as an analogous quantitativesed variables related to body composition and sport-specific
value in relation to the world record (1000 points) at awimming performance. Pearson’s correlation analysis was
distance of 50m for fly stroke in long (50 m) and short (26sed to determine the similarity and linearity between
m) pool, respectively, expressed numerically; swimming performance variables and body composition

3. Flyl00_50 m and fly 100_25 m, results achieved atvariables, while linear regression analysis (LRA) was used
distance of 100 m for fly stroke in long (50 m) and shoto define the predictive relationships between swimming
(25 m) pool, respectively, expressed in seconds; performance variables and the body composition variables.

4. WoA_flyl00_ 50 m and WoA _fly 100_25 m, the value ofThe level of statistical significance was defined based on
the swimming result in points, as an analogous quantitatiecaterion p < 0.05 (Haiet al, 1998). All statistical analyses
value in relation to the world record (1000 points) at were realized using the IBM SPSS 25 (IBM Corp., 2017)
distance of 50 m for fly stroke in long (50m) and short (25tatistical software.

m) pool, respectively, expressed numerically.

RESULTS
For all swimming results, the value in analogue
points (WoP point, https://www.worldaquatics.com/) form Table | shows all descriptive data for used variables.

is also shown in order to classify the results on a qualitative

level in relation to the current world record (standardized Table 1l shows the results of the Principal Component

score of 1000 points, https://www.swimrankings.net/Janalysis. It was found that the total measurement space
Scores were not used in the statistical analyses, but weosmtained two factors that defined 97.44 % explained

presented in descriptive statistics and used in the discusstomulative variances. Two factors were extracted, with a

of the results. high individual variance explanation of 51.99 and 45.44 %.

Statistics. Data were analyzed using descriptive analysis, Table Il shows the results of the Pearson correlation
correlation, linear regression methods, and principahnalysis. Based on the results, it can be concluded that only
component analysis. The following variables parametetise SMMI variable has very strong and highly statistically
were calculated from the descriptive statistics: MEAN -significant correlations in relation to swimming performance,
average value, SD — standard deviation, cV% - coefficierggardless of the length of the pool (25 or 50m) and of the
of variation, MIN and MAX — minimal and maximal variable swimming distance (50 or 100m).

Table I. Descriptive data results for used variables.

95 % Confidence Interval for Mean

Variables Mean SD cV% Min Max

Lower Bound Upper Bound
Age 21.2 2.4 11.3 18.0 24.5 19.3 23.0
fly50_50m 24.50 0.58 2.4 23.60 25.59 24.06 24.95
WoA_fly50_50m 753 52 6.9 659 840 712 793
Fly100_50m 54.22 1.59 29 52.69 57.55 52.99 55.44
WoA_flyl00_50m 761 63 8.3 634 826 713 810
fly50_25m 23.85 0.78 3.3 22.85 25.13 23.25 23.59
WoA_fly50_25m 762 71 9.3 648 862 707 817
Fly100_25m 52.72 1.75 3.3 50.34 55.75 51.38 54.07
WoA_flyl00_25m 748 72 9.6 629 855 693 803
BH (cm) 181.6 0.5 0.3 180.7 182.2 181.2 182.0
BM (kg) 77.3 34 4.4 71.9 81.1 74.7 76.9
BMI (kg/mz) 23.45 0.94 4.0 22.02 24.50 22.73 24.17
FMI (kg/m?) 2.72 0.33 121 2.31 3.28 2.47 2.65
SMMI (kg/mz) 11.90 0.49 4.1 11.09 12.48 11.53 12.28
PBF (%) 11.60 1.16 10.0 10.15 13.44 10.71 11.54
PSMM (%) 50.76 0.66 1.3 49.69 51.77 50.25 51.27
PFI (kg) 1.54 0.17 11.0 1.29 1.76 1.41 1.67
IBC (Index Unit) 2.038 0.180 9.7 1.739 2.256 1.899 2.177
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Table 1. Results of factor structure of rotated
component matrix of explored variables.

Figures 1 and 2 show linear regression relationships

Initial Eigenvalues

Components
% of Variance 51.99 4544
Cumulative % 5199 97.44
Variables Factor 1 Factor 2
fly100_25m 994
fly50_25m .989
fly50_50m 982
SMMI -972
fly100_50m .965
PFI -.992
PBF 991
PSMM -.960
IBC .954
FmiI .907

between swimming performance at distances of 50 and 100
butterfly strokes in pools of 25 and 50 m. The coefficients
of determination (B showed a high statistical significance
of the predictive relationship between the observed variables
(Fig. 1 - for 50 m distances: 84.1 % for fly50_50 m, and
94.3 % for fly50_25m, p = 0.000 respectively; Fig. 2 - for
100m distances: 81.7 % for fly100_50 m, and 91.3 % for
fly100_25 m, p = 0.000 respectively).

Table Ill. Results of correlation analysis between body composition variables and swimming performance.

Variables FMI SMMI PFI PSMM IBC PBF
Pearson Corr. -433 -917" 139 -.202 167 -172

fly50_50m ) .
Sig. (2-tailed) 244 .000 721 603 667 658
Pearson Corr. -.373 -.904” .070 -271 212 -115
flyl00_50m gy 0-tailed) 323 001 858 481 584 768
450 25 Pearson Corr. -463 -971" 153 -177 193 -.182
y50_25m g o-tailed) 209 .000 695 649 618 640
fly100_25m Pfearson _Corr. -.443 -.955 .140 -.202 .187 -.170
~ Sig. (2-tailed) 232 .000 719 602 629 662

**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

fly50 time (sec.)

fiy50_50m vs SMMI: R2 = 0.841

& fiy50_50m

O flys0_25m
23 51 ~fly50_50m

. fly50_25m
2301

fly50_25m vs SMMI: R2 = 0.943 3

2251

1Mo 112 14 116 118 120 122 124

SMMI (kg/m2)

fiy100 50mvs SMMI: R2=0.817

fly100 time (sec.)

530 T fiy100_50m S~
O fiy100_25m O
fly100_50m
520 “~fly100_25m
510
fly100_25m vs SMMI; R2 = 0.913 SN
500
110 112 114 116 118 120 122 124
SMMI (kg/m?2)

Fig. 1. Linear regression relationships between swimmingig. 2. Linear regression relationships between swimming
performance at distances of 50 butterly strokes in pools of 2@rformance at distances of 100 butterfly strokes in pools of 25

and 50 m.

and 50 m.
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DISCUSSION the first factor (97.2 %), which indicates the uniqueness of
the spacef swimming performance and the SMMI on an
Swimming is a cyclical sport where individualsindividual level in terms of the tested swimmer. In relation to
compete under equal conditions in relation to the watehe first factor, swimming performance variables are in reverse
technique, distance and length of the pool. Swimmingrder in relation to SMMI, i.e. the better the performance
performance is influenced by a number of different factorégshoter swimming time), the higher the SMMI were.
of which biomechanical (technique), physical (power,
strength), anthropo-morphological (body characteristics and In international-level male swimmers, it has been
composition, body proportions and dimensions) and energyeviously established (Dopsaj al, 2020) that the three
factors (characteristics of the energy systems) seem to havest important statistically significant correlations with
the greatest influence (Barbosial, 2010; Roelof®t al,  sprint performance were found in variables PFI (r = 0.392,
2017; Dopsagt al, 2020; Kolmogoroet al, 2022; Thnget p = 0.007), IBC (r = 0.391, p = 0.007), and PSMM (r =
al., 2022; Espadat al,, 2023). 0.353, p=0.016), which is not directly in line with the results
from this study. It is obvious that general results at some
In relation to body height (body longitudinally) of relations between two different spaces obtained on a sample
international sprinter swimmers, the examined swimmer daf a selected group of athletes from the same sport and
not belong to the category of a subject at average heigiptecialized disciplines cannot always be directly applicable
[183.6 - 189.0 cm, adapted and calculated from Dogisajto individual cases.
al. (2020), as MEAMNO0.5 SD], because at the age of 24.0
years he was 182.2 cm tall. Along with other body The results of the correlation analysis showed that
composition characteristics, such as variables of bodwyly SMMI very strongly statistically significantly correlates
composition from the aspect of contractile componentgith swimming performance (Table 1lI, from r = -0.917 till
(PSMM and SMMI), the subject had slightly smaller amoun0.971). In general, regardless of the length of the pooal,
of muscle components (50.76 vs 52.36 % and Ms20.41  slightly higher correlations were determined on the 50 m
kg/m?, respectively), while in the variables from the aspectompared to the 100 m distances (Table IIl), while the
of the ballast component (PBF and FMI), it had slightly morabsolute highest correlation was determined for 25 m and
fat components (11.6@s 9.82 % and 2.72s 2.35 kg/m, for a distance of 50 m (r=-0.971, p = 0.000). No statistically
respectively) compared to the published results faignificant correlation was found for the other body
international class sprint swimmers (Dopsial, 2020).  composition variables (FMI, PFI, PSMM, IBC and PBF).

During the 7-yr. follow-up period, the subject's In other words, these results showed that on an
swimming performance improved by 7.8 and 8.4 % in thedividual (personal) level, only one aspect of body
50 m pool, and by 9.1 and 9.7 % in the 25 m pool at 50 andmposition, as only one body qualitative characteristic in
100 m fly, respectively. In the same period, the biggegtyrs. follow-up period in relation to long-term swimming
changes were in the variable BM (increase by 12.1 %, frodevelopment, had a direct connection with the swimming
71.9 till 80.6 kg), than in SMMI (increase by 11.9 %), fronperformance achievement at the examined swimmers (for
11.09. till 12.41 kg/rh as well as in the FMI and BMI example - improvement from 18 to 24.5 years, from 648 to
(increase by 11.6 %, from 2.54 till 2.84, and 10.50 %, fro®62 WoS points and from 25.13 to 22.85 sec. for the
22.02 till 24.33 kg/rh respectively). On the other hand, thediscipline fly50_25m, Table I, MIN - MAX).
variables used to define the relationship between two tissue
components - indexes, as well as the relationship between  Although body composition characteristics changed
individual tissue components and voluminousness (bodring the observed period, itis evident that certain changes
mass), did not change nominally, i.e. there were no practicakre non-proportional and non-linear in relation to the
numerical changes: PFI increase for 0.2 % (from 1.518 tédhange in swimming performance (BM, BMI, FMI and IBC),
1.521 kg), PBF and PSMM increases for 1.0 and 1.3 % (froamd only one variable of body structure changed linearly
11.54 till 11.66, and 50.35 till 50.99 %, respectively). and proportionally in relation to the change in swimming

performance (SMMI). In general, although adaptation of

The results of factor structure showed (Table 1) thbody occurred more in the area of the cross-section of the
first factor is saturated by all indicators of swimmingoody (by the square of the longitudinal body) regardless of
performance and with one muscle variable from the domaivhether it is a contractile or ballast component (SMMI, BMI,
of body composition, while the second factor is saturatédeéMl), and in relation to the level of general body mass (BM),
only by body composition variables. However, it must benly a change in the contractile component, i.e. of skeletal
emphasized that the SMMI variable is highly saturated imuscles (SMMI) was in a statistically significant linear
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predictive relationship with swimming performance (Figscompaosition in relation to sports performance is a necessary
land 2; R=0.841,0.943, and 0.817 and 0.913, for fly50_5fethodological procedure in elite sports.

m and 25 m, and fly 100_50 m and 25m, respectively). These

results indicate that the improvement in swimmingOPSAJ, M. & SILJEG, K. Relacion entre la composicion
performance, looking only at the aspect of long-term Chanm'pOI'aJ y el rendimiento en natacion de velocidad en velocistas
in body composition, was associated only with changes fpariposa: Estudio longitudinal de caso Gnico de 7 diibs.J.
relation to a specific body dimension (cross-sectional argfrPhol. 43(4)1260-1266, 2025

'n a spgmﬂc_ .tlssue. (muscle ) fgnctlonally re_Iated _to RESUMEN: El estudio tuvo como objetivo determinar la
Contract_lle ab'l'_ty),' which is resp_onS|bIe for the mamfes_tat'oFEIacién entre las variables que definen las caracteristicas de la
of physical abilities that are directly related to quality 0f,mposicion corporal y el rendimiento en natacién de velocidad
specific motor performance i.e. for speed, explosivity, agilityn velocistas mariposa masculinos de élite. El estudio se llevé a
and strength endurance. cabo durante un periodo longitudinal de siete afios con sujetos de
entre 18 y 24 afos. Durante dicho periodo, se midieron 10 veces la
The results showed that the predictive relationshigpmposicion corporal de los sujetos mediante el método de
between SMMI and the results in the 50 and 100 m fly w&s0impedancia segmentaria multicanal con el dispositivo
higher for the performance in the 25 m pool (94.3 and 91/330dy720, una semana antes de la competicion mas importante,
%) than for the results in the 50 m pool (84.1 and 81.7 %) "jiependientemente de la longitud de la piscina (25 0 50 m) o 1a
.. . . . . istancia recorrida (50 o 100 m). Los resultados del analisis de
was folund that ,SMMI ISina pOSItIV.e relationship W'th_thecorrelacic’)n mostraron que solo el indice de masa muscular
potential of achieving better explosiveness as the ability gfquelgtica (IMM) presents una correlacién estadisticamente
muscles to achieve a higher level of force in the shorteggnificativa con el rendimiento en natacién (r = -0,917 a -0,971),
period of time (Thngt al, 2022; Dopsagt al, 2024). Itis y que dicha correlacion fue ligeramente mayor en la distancia de
most likely that the greater number of turns (3 compared % m que en la de 100 m, asi como en los resultados obtenidos en
1), as well as the possibility of realizing more underwaté# piscina de 25 m en comparacion con la de 50 m. No se encontré
swimming distances in the 25 m pool compared to the 5oqﬂrreIaC|6n.e.s'tadl’st|cament(.a.5|gnlflcatlva para las Qemég va,rlat.)Ies
pool (60 m compared to 30 m) provided an advantage qiﬁ composicion corporal utilizadas en esta investigacion (indice

using of the contractile potential during swimming in théJle masa grasa - 'MG’,'r.‘d'Ce proteico-graso - IFP, porcentaje de
asa muscular esquelética - IMC, indice de composicién corporal

examined swimmer in a small compareq to the Olymplc POYIBC y porcentaje de grasa corporal - PBF). Esta investigacion ha
(more turns, more underwater, so there is a bigger inter-pag3€nostrado que es necesario establecer un principio de
during the race with a short local rest of the arm musclesiagestigacién segtn el cual el impacto de los cambios en la
the main body segment for achieving efficient strokeomposicion corporal y sus relaciones con el rendimiento deportivo
propulsion) (Barboset al, 2010; Cortesét al,, 2020; Morais debe comprenderse como un procedimiento metodolégico
etal, 2021; Kolmogoroet al, 2022; Korablevat al, 2024).  individual en el deporte de é€lite.

PALABRAS CLAVE: Composicion corporal;

CONCLUSION . - ) i S
Rendimiento en natacion; Estilo mariposa; Enfoque individual.

Overall, the findings of this study provide some insight CES
into the importance of individual monitoring of the structuréQEFEREN E
and magnitude of changes in body composition, and in

determining individual relations and characteristics of thg¥P°sa T- M. Bragada, J. A; Reis, V. M.; Marinho, D. A.; Carvalho, C.
& Silva, A. J. Energetics and biomechanics as determining factors of

c_onnectlon of these changes with .SWImmmg performance in swimming performance: updating the state of thela8ci. Med. Sport,
highly class swimmers over a multi-year season. 13(2)262-9, 2010.
Bartlett, J. D.; O'Connor, F.; Pitchford, N.; Torres-Ronda, L. & Robertson,

This study found that onlv one body composition S. Relationships between internal and external training load in Team-
y y y P Sport athletes: Evidence for an individualized approbthJ. Sports

variable had a h|ghly statlgtlcally S|gn|f|caqt relationship over ppy il perform., 12(2230-4, 2017.

a 7-years longitudinal period with swimming performancehristie, B. Doctors revise Declaration of HelsirlJ, 321(7266p13,
skeletal muscle mass index (SMMI). The determined 2000. o o _
relationship was slightly higher on the 50 m compared &£ M- C;attggfs'iv“é"?rﬁgonia C;'(’) UE:]'gM'SC\L‘ien'qer}]S;’S,B:;;Z'gge(')'f Sb'o‘géy
the 100 m distance, as well as the results achieved in the 23, ition, morphology and gliding positidnt. J. Environ. Res.

m compared to the 50m pool (shorter distance, shorter pool pub. Health, 17(62002, 2020.
stronger positive relation)_ Dopsaj, M.; Zlatovic, |.; Vukadinovic, N.; Aleksic, J.; Gkatzaveli, S.; Buha,
J.; Maleckar, K.; Radovic, K.; Denic, L.; Poznanovic, &l al Different

. T . body partialization procedures considering maximum strength and
Also, this research proved that the individualization explosiveness: Factorial analysis approauhJ. Morphol., 42(2B82-

of the control of the influence of changes in body s, 2024.

1265



DOPSAJ, M. & SILJEG, K. Relationship between body composition and sprint swimming performances in butterfly sprinter: Seven-year longitudiressisiyléymnt. J. Morphol., 43(4)1260-1266, 2025.

Dopsaj, M.; Zuoziene, 1.J.; Milic, R.; Cherepov, E.; Erlikh, V.; Masiulis,Corresponding author:
N.; di Nino, A.; Vodicar, J. Body composition in international sprintK|ara Siljeg
swimmers: Are there any relations with performancé?J. Environ. University of Zagreb
Res. Public Health., 17(24/464, 2020.

Espada, M. C.; Ferreira, C. C.; Gamonales, J. M.; Hernandez-Beltran,
Massini, D. A.; Macedo, A. G.; Almeida, T. A. F,; Castro, E. A. &
Pessda Filho, D. M. Body composition relationship to performancd,0000 Zagreb
cardiorespiratory profile, and tether force in youth trained swimmer§&,ROATIA
Life (Basel), 13(9)L806, 2023.

Hair, J. F.; Anderson, R. E.; Tatham, R. L. & Black, WMiltivariate  E-mail: klara.siljeg@kif.unizg.hr
Data Analysis5th ed. Upper Saddle River (NJ), Prentice Hall, 1998.

Kolmogoroy, S. V.; Vorontsov, A. R. & Rumyantseva, O. A. The relationship
of functional, strength and technical fithess in elite swimmers in the
200-meter events during the training macrocytlem. Sport Med.,
22(3)102-11, 2022.

Korableva, Yu. B.; Kotliarov, A. D.; Dovnar, A. Yu.; Sumak, E. N.; Pletnev,

A. A. & Bayramo-va V. A. Regulatory mechanisms of the functional
system responsible for the development of strength endurance and
hypoxia in adolescent swimmeksum. Sport Med., 24(3)5-23, 2024.

Kukic, F.; Koropanovski, N.; Jankovic, R.; Cvorovic, A.; Dawes, J. J.;
Lockie, R. G.; Orr, R. M. & Dopsaj, M. Association of sex-related
differences in body composition to change of direction speed in police
officers while carrying loadnt. J. Morphol., 38(3)31-6, 2020.

Milisic, B. Management of Training: Educational-Methodical Appraach
Saint Petersburg, Olimp, 2007.

Morais, J.; Barbosa, T. M.; Lopes, V. P.; Marques, M. C. & Marinho, D. A.

Propulsive force of upper limbs and its relationship to swim velocity in
the butterfly strokelnt. J. Sports Med., 42(14Y105-12, 2021.

Mujika, I.; Halson, S.; Burke, L.M.; Balagué, G. & Farrow, D. An Integrated,
Multifactorial Approach to Periodization for Optimal Performance in
Individual and Team Sportiit. J. Sports Physiol. Perform., 13(538-

61, 2018.

Richa, C.; Andraos, Z.; El Mdawar, M.; Khoury, G. & Dopsaj, M. Sensitivity
between BMI and IBC as screening tools for overall health and
nutritional status: Insights from hand grip strength analysis among
Lebanese adultént. J. Morphol., 42(6)1686-93, 2024.

Roelofs, E. J.; Smith-Ryan, A. E.; Trexler, E. T. & Hirsch, K. R. Seasonal
effects on body composition, muscle characteristics, and performance
of collegiate swimmers and divets.Athl. Train., 52(1¥5-50, 2017.

Siders, W. A.; Lukaski, H. C. & Bolonchuk, W. W. Relationships among
swimming performance, body composition and somatotype in
competitive collegiate swimmerd. Sports Med. Phys. Fitness.,
33(2)166-71, 1993.

Siljeg, K.; Dopsaj, M. & Zoretic, D. 200m breaststroke post-competition
blood lactate removal characteristics: a case study of an international
female swimmer — an example of individual modeling in relation to
pool lengthKinesiology, 55(1146-53, 2023.

Toskic, L.; Markovic, M.; Simenko, J.; Vidic, V.; Cikiriz, N. & Dopsaj, M.

Analysis of body composition in men and women with diverse training
profiles: a cross-sectional studiyt. J. Morphol., 42(5)1278-87, 2024.

Thng, S.; Pearson, S.; Rathbone, E. & Keogh, J. W. Longitudinal tracking
of body composition, lower limb force-time characteristics and
swimming start performance in high performance swimnmiats.J.

Sports Sci. Coach., 17(88-94, 2022.

Ushakov, A. S.; Korableva, Yu. B.; Cherepov, E. A.; Komelkoy, S. A. &
Bakushin, A. A. Physiological predictors of athletic performance in
elite athletesHum. Sport Med., 24(196-103, 2024.

Zaric, |.; Dopsaj, M.; Markovic, M.; Zaric, M.; Jakovljevic, S. & Beric, D.

Body composition characteristics measured by multichannel
bioimpedance in young female basketball players: relation with match
performancelnt. J. Morphol., 38(2B828-35, 2020.

Caculty of Kinesiology
Horvacanski zavoj 15

1266



