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SUMMARY : The aim of this study was twofold. The first aim was to examine the association of anthropometric measures on
kinematic characteristic which represent stroke efficiency in young female front crawl swimmers. The second aim was to create a
prediction model which could provide help to swimming coaches with the purpose of easier and better selection of femave front ¢
swimmers by measuring and following basic morphological characteristics. Eighty female competitive swimmers all members of the
swimming Clubs in province of Vojvodina, Serbia (age 1288 years, years of training involvement 44062 and personal best times
over 50 m front crawl 32.79 0.86 s) performed 50 m front crawl race. The 50 m front crawl swimming efficiency expressed through
stroke index significantly was related to body height (r = 0.44, p = 0.000), body mass (r = 0.402, p = 0.000), sittirrg=H&igh2 (p
=0.000) arm spam (r = 0.576, p = 0.000), biacromial diameter (r = 0.470, p = 0.000), bicrestal diameter (r = 0.348, pred Ovt01)
chest circumference (r = 0.427, p = 0.000). Regression equation for stroke index prediction was defined by following vadiables:
mass, sitting height, arm span, chest circumference with 43.5% explained variance. Additionally by analyzing obtainedhigbeel the
the values of SH, ARSP, CHICR and the lower values of BM in a group of early pubescent female swimmers the higher 58w front cr
efficiency values will be.
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INTRODUCTION

Many authors studied anthropometric(r=0.30), but no significant correlations were found with
characteristics and body composition in athletes of differetiite amount of subcutaneous fat in either boys or girls.
ages and genders (Arriaghal, 2016; Masanovic, 2019; Bielec et al. (2019), in their research determined a
Viliouta et al, 2021). Research has established that certaignificant correlation between the results of the 50 m craw!
morphological characteristics are significantly related tand body height (r=0.60), arm length (r=0.52), arm span
competitive performance in swimming (Juriméeal, (r=0.52) in girls of early puberty age (12:10.5). In the
2007; Senett al,, 2017). Significant correlations betweerstudy of Laiet al (2010), anthropometrical factors explain
anthropometric indicators and competitive results amorp % of the variance in 100 m swimming performance on
swimmers were recorded in the studies of many authdtse 25 adolescent male swimmers (1%.2.9 years).
(Keskinenet al, 1989; Pelayet al, 1996; Strazalat al, Saavedrat al (2010), by using multivariate analysis of
2005; Jurimaet al, 2007, Bieleet al, 2019). On a sample swimming performance found that anthropometric
of 12-year-old swimmers, Geladas al. (2005), found characteristics such as sitting height followed by
significant correlations between competitive performangghysiological and technical characteristics explained 82.4
in the 100 m crawl in boys with body mass (r=0.65), che%b competitive performance on a large group of male
circumference (r=0.61), arm span (r=0.64), body visioswimmers 11-12 years of age. In general, it seems that
(r=0.61), biacromial diameter (r=0.61), biiliac diametemorphological characteristics play an important role in
(r=0.46) and in girls with body height (r=0.31), arm spaawimming performance in the pubertal age.
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Previous studies (Jurim&e al, 2007; Latet al, SD) of age, years of training involvement and personal
2009) reported that stroke index is best single predictbest times over 50m front crawl were 124506 years,
of 100-m swimming performance in adolescent malé.05+ 1.2 years and 32.490.86 sec, respectively.
swimmers. Kjendleet al. (2011) determined that
swimming performance is influenced by body size and The variable sample consists of 12 anthropometric
that is related to swimmers of all ages i.e. age groupeeasures and 1 kinematic measure. Anthropometric
elite and master swimmers as well. As race time measures were: body height (BH), body mass (BM), sitting
dependent on starting, turning and swimming actionseight (SH), arm spam (ARSP), biacromial diameter
authors propose that in all future research, clegBIAD), bicrestal diameter (BCD), chest circumference
swimming speed is a far more valid indicator of perfofCHCIRC), triceps skin fold (TRSKF), subscapularis skin
mance. The same authors also stated that any investigafad (SUBSKF), suprailiaca skin fold (SISKF), abdomi-
of body size and shape or composition and themal skin fold (ABDSKF), quadriceps skin fold (QUSKF).
relationship to performance should use clean swimmikgnematic measure was freestyle stroke index (FRSI).
speed as the reference (Kjeneltal 2011). In the study
of Saavedreet al (2010), on a large sample of male Anthropometric measures were taken by means of
swimmers 11-12 years of age concluded that stroke strak@thropometric procedures which included the following
efficiency index which is the product of stroke length ancheasuring instruments: skinfold caliper (by John Bull),
clean swimming speed is good predictor of overafllastic measuring tape (Baseline®), anthropometar (GPM
competitive performance. model 100, Seritex), pelvimetar and a decimal scale with
sliding weights.
The aim of this study was twofold. The first aim
was to examine the association of anthropometric Measuring procedure for swimming efficiency
measures on kinematic characteristic which represesgtermination was conducted proposed by Duretad.,
stroke efficiency in young female front crawl swimmers(2012). One transverse video camera (SONY HDD, DCR-
The second aim was to create a prediction model whi&8R353E) with a frequency of 24 frames/s equipped with
could provide help to swimming coaches with the purpose wide angle to obtain a wider field of vision was
of easier and better selection of female front cravpositioned perpendicular to the long axis of the pool, at
swimmers by measuring and following basi@5 m (half of the length). The lane buoys in the pool were
morphological characteristics. It was hypothesized thatsed as distance markers. Each race was analyzed with
i) that swimmers with higher values of body height, sittingpecialized software The Swim Watch Race Analyzer,
height, arm spam, biacromial diameter, bicrestal diamet&ersion 2.23a (www.swimwatch.nl). Kinematic variable
chest circumference and lower values of body mass, tricepas obtained as a combination based on the obtained data
skin fold, subscapularis skin fold, suprailiaca skin foldrom video analysis and from the times of 50m freestyle
abdominal skin fold, quadriceps skin fold would be ableaces. For the main indicator for the swimming efficiency
to achieve higher swimming efficiency values in fronbfthe swimming technique, the value of the index of stroke
crawl technique and: ii) morphological characteristics thatficiency was taken and calculated by the formula that is
include longitudinal and transversal dimensions of theroposed by Costikt al (1992):
skeleton, the volume and amount of subcutaneous fat tissue
could be predictors of the stroke efficiency in the frontSI = Stroke Length (0.01 m) x Swimming Speed (m/s)
crawl technique in young female swimmers.
To calculate clean swimming speed on 50m
freestyle the formula was used:
MATERIAL AND METHOD
SS = (D —d)/(T —1tl); where (D) is the swimming distance
minus the length of the underwater gliding (dl), (T) the
Study involved 80 female competitive swimmerswimming time at a distance of 50m minus time of the
all members of the swimming Clubs in province ofinderwater gliding phase after the start (tl). Stroke length
Vojvodina, Serbia. All methods and procedures of thigalues were obtained by the following procedure which is
study were approved by Vojvodina Swimming Federatioproposed Maglischo (2003):
and by the ethical committee of the University of Educons
Faculty of Sport and Psychology Novi Sad, Serbia, artroke Length = (D — dl)/N; swimming distance (D) minus
confirm with the Code of Ethics of the World Medicalthe length of the underwater gliding (dl) divided with (N)
Association (Declaration of Helsinki). Subjects means (humber of strokes per D — dl.
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RESULTS correlation between freestyle stroke index and variables
which represents adipose tissue levels such as triceps skin
fold, subscapularis skin fold, suprailiaca skin fold, abdomi-

Table | shows results for the descriptive statistic afial skinfold as well as quadriceps skin fold (p > 0.05).

the of the observing indicators. The results of Pearson

correlation are presented in Table Il. The Freestyle stroke  Table Il shows the results of the Multiple regression

index (1.09+ 0.19) significantly was related to body heightanalysis (Backward method) between Freestyle stroke index

(152.83+ 8.52) with correlation values of (r = 0.44, p =and different anthropometric measures. As shown in Table

0.000) and with body mass (45.6%5.79) with correlation 3, the best model to predict Freestyle stroke index included

values (r = 0.402, p = 0.000). The Freestyle stroke indéallowing variables: body mass, sitting height, arm spam

elicited higher relationships with sitting height (78t9455) and chest circumference {Rdjusted = 0.435). In relation

with correlation values (r = 0.612, p = 0.000) and with arfo Freestyle stroke index it is possible to estimate a

spam (157.9& 9.01) with correlation values (r = 0.576, p =predictable Freestyle stroke index values from the body mass,

0.000). Moderate but statistically significant relationship wasitting height, arm span and chest circumference. Obtained

observed between freestyle stroke index with variables whiamodel significantly explains criterion (freestyle stroke index)

represent transversal characteristics and body volume wéth standard error of the estimate level of 0.14958 (F =
biacromial diameter (33.0% 2.53) with correlation 16.229, P = 0.000, Table Ill). The equation for predictable
coefficient (r = 0.470, p = 0.000), bicrestal diameter (24.0Beestyle stroke index values was obtained:

+ 1.66) with correlation coefficient (r = 0.348, p = 0.001)

and with chest circumference (78:566.43) with correlation FRSI=-2.150 - (BM *0.012) + (SH * 0.022) + (ARMS *

coefficient (r = 0.427, p = 0.000). There was no significarft.008) + (CHICR * 0.011)

Table I. Descriptive statistics of kinematic characteristics an@iable 1l. Pearson’s correlation coefficient between kinematic

anthropometric measures (n = 80). characteristics and anthropometric measures (n = 80).
Variables Mean (SD) Min - Max Variables FRSI p
FRSI 1.09 (0.19) 0.73 -1.60 BH 0.447 0.000
BH 152.83 (8.52) 140- 176 BM 0.402 0.000
BM 45.02 (6.79) 36.80 — 66.51 SH 0.612 0.000
SH 78.94 (4.55) 69.00 —90.00 ARSP 0.576 0.000
ARSP 157.98 (9.01) 139.53 - 179.00 BIAD 0.470 0.000
BIAD 33.07 (2.53) 26.00 — 40.00 BCD 0.348 0.001
BCD 24.08 (1.66) 21.43 -29.75 CHCIRC 0.427 0.000
CHCIRC 78.56 (6.43) 62.54-9321 TRSKF -0.049 0.333
TRSKF 11.53 (3.51) 6.00 —25.00 SUBSKF -0.027 0.407
SUBSKF 8.00 2.71) 3.20-1750 SISKF -0.083 0.232
SISKF 14.30 (5.03) 6.50 — 2940 ABDSKF 0.100 0.189
ABDSKF 10.13 (3.99) 3.40-2150 QUSKF -0.051 0.327
QUSKF 18.87 (5.29) 11.30-37.50 Front crawl stroke index (FRSI), body height (BH), body mass (BM), sitting

Front crawl stroke index (FRSI), body height (BH), body mass (BM), sittin§eight (SH), arm spam (ARSP), biacromial diameter (BIAD), bicrestal
height (SH), arm spam (ARSP), biacromial diameter (BIAD), bicrestdliameter (BCD), chest circumference (CHCIRC), triceps skin fold
diameter (BCD), chest circumference (CHCIRC), triceps skin foldTRSKF), subscapularis skin fold (SUBSKF), suprailiaca skin fold (SISKF),
(TRSKF), subscapularis skin fold (SUBSKF), suprailiaca skin fold (SISKFgbdominal skin fold (ABDSKF), quadriceps skin fold (QUSKF).
abdominal skin fold (ABDSKF), quadriceps skin fold (QUSKF).

Table Ill. Backward method multiple-regression analysis of the association of kinematic characteristics with significeot\aedic
bles (n = 80).

Variables Unstd.Beta Beta t p R R_adjust Std.Err.Est. F P
BM -0.012 -0487 -2.539 0.013
0.022 0.494 3.772 0.000
ARSP 0.008 0.348 2.725 0.008
CHCIRC 0.011 0.368 2.244 0.028 0.681 0.435 0.14958 16.229 0.000

Body mass (BM), sitting height (SH), arm spam (ARSP), chest circumference (CHCIRC), Unstd. Beta = Unstandardized redfessiun cakies,

Beta = Standardized regression coefficients values, t = Standardized regression coefficients significance test, p = Gtagdesdina coefficients
level of significance, R = Multiple correlation coefficienfmjﬁs; Adjusted determination coefficient, Std. Err. Est. = Standard error of the estimate, F =
Multiple regression analysis significance tests, P = Multiple correlation level of significance.
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DISCUSSION et al (2014), who studied 56 competitive swimmers aged 9-
17 years found that sitting height significantly correlated
with arm propulsive force (r=0.36) while in present study

In the early pubescent female front crawl swimmersitting height estimated slightly higher correlation with
present data showed a significant relationship between 5@mimming efficiency (r=0.612) in a front crawl. Based on
freestyle stroke efficiency and 7 from 12 anthropometrithe results of Mourat al (2014) and the results in present
variables assessed (Table Il). Swimming efficiency wastudy it can be concluded that major trunk length may be

significantly correlated with body height, body mass, sittingelated with higher arm propulsive force (Moetal 2014)

height, arm spam, biacromial diameters, biiliac diameterand higher swimming efficiency as well.

chest circumference. These results coincidens with the results

of previous studies (Grimstagt al 1986; Klentrouet al The results of this study provide support for the

1991; Geladagt al 2005). In the study of Pelaya al  efficiency of anthropometric measurements to predict

(1996), on the group of female swimmers (n=325), bodswimming efficiency on 50 m front crawl in early pubescent

height (r=0.72) correlated significantly with performancdemale swimmers. The major advantage of this finding exists

for the 100m front crawl events. In the same study autharshis practical application offering safe and time efficient
found that stroke length and arm span (r=0.83, r=0.6®)ethod for predicting swimming efficiency on 50 m front

correlated significaly with 50 m front crawl performancecrawl (R2 adjust = 0.435, Std. Err. Est. =0.14, F = 16.229, P

and body height and arm span (r=0.57 and r=0.5) correlate®.000, Table Il1). Equation for 50m front crawl swimming

significantly with 100 m performance (Pelagbal 1996). efficiency prediction is defined by variables that measures

In our study, 50 m front crawl swimming efficiency wadongitudinal dimension of body (SH, ARSP) as well as body

significantly related to body height and arm spam (r=0.44imass and body volume (BM, CHIRC). Based on obtained

r=0.576). This relationship between body height anchodel in this study, by inserting values of sitting height,
swimming efficiency is in agreement of previous studiearm span, body mass and chest circumference in the equation,

(Pelaycet al 1996; Geladast al 2005; Juriméet al, 2007) coaches can calculate the swimming efficiency level by par-

and can be explained by the fact that taller swimmers sedioular swimmer for 50 m front crawl at the probability level

to glide better through water (Kjendét al 2011). It the of 43 % and prediction accuracy range 0.14 for swimming
study of Biele@t al (2019), authors concluded when a youngfficiency values in early pubescent female swimmers. The
athlete is acquainted with the freestyle technique, longesults of this study provide a coach with information on the
extremities would be an advantage, giving a more effectivgpe of swimmer in relation to the measured morphological
pull and slide (Bieleet al 2019) which was confirmed by characteristics aimed at 50 m front crawl efficiency
the results of present study. The significant associatigmediction. Obtained model represents one of the possible
between arm spam and swimming efficiency in present stubllglping tools which coaches can use to control process of
can be explained by the fact that propulsive force arsglection in the early pubescent female swimmers. The fact
swimming efficiency is positively related to larger uppers that with defined equation of the specification, along with
extremity length which is in agreement with anotheused anthropometrical variables (SH, BM, ARSP, CHCIRC),
investigation (Geladast al 2005; Bielect al 2019). 43.5% efficiency values can be predicted while swimming
50m front crawl. In the study of Latt al. (2010),

Regarding chest circumference, biiliac diametergnthropometrical factors explained 45.8 % of 100m front
biacromiial diameters correlated positively and significantlgrawl swimming performance which is on similar prediction
with the swimming efficiency in female front crawl level with the results in the present study. However, the
swimmers. This results seems to be explained by the fatitained model represents available and easy to use model
that larger body cross-sectional area in swimmers may fug swimming efficiency prediction limiting factors of this
related to better swimming efficiency (Saaveetral 2010) study are lack of informations regarding to % body fat, fat
and sprint performance (Mazeaal 1993; Geladast al.  free mass for more precise 50 m front crawl efficiency

2005). The significant correlation between 50m swimmindetermination. In previous studies (Juriretal, 2007; Latt

efficiency and arm span and biacromial diameters consistettal, 2009; Saavedrat al, 2010) the fat mass and lean

with a previous studies (Geladasal, 2005: Saavedrat mass showed significant contribution on the perfomance of
al., 2010), suggests that the length of the upper extremitigee swimmers. The outcome of this shows that morphological
and shoulders diameter combined may be related witiharacteristics obtained by performing the simple
biomechanical factors relevant to swimming efficiency. anthropometrical measurements do relate to 50 m front crawl
swimming efficiency and can be used by swimming coaches

In the present study, the sitting height waso control and improve selection process. Morphological

significantly correlated with swimming efficiency. Mouracharacteristics indicators in young female swimmers
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included consideration: BH, BM, SH, ARSP, BIAD, BCD,Geladas, N. D.; Nassis, G. P.; Pavlicevic, S. Somatic and physical traits affecting

CHCIRC showed significant correlation with 50 m freestyle 5P SWmng performance in young swimmeirs. J. Sports. Med.,

Swimming efficiency. By analyzing obtained model thesmston, s. & Hay, J. Relationship among anthropometric and stroking
higher the values of SH, ARSP, CHICR and the lower values characteristics of college swimmeked. Sci. Sport. Excrs., -8, 1986.

of BM in a group Of ear'y pubescent fema'e Swimmers th)@rimée, J.; Haljaste, K.; Cicchela, A.; Latt, E.; Purge, P.; Leppik,A. &, Jirimae

. . . T. Analysis of swimming performance from physical, physiological and
hlgher 50 m front crawl eff|C|ency values will be. The biomechanical parameters in young swimmeesl. Exerc. Sci., 180-81,

strongest single predictor of swimming efficiency was SH. 2007
Young female swimmers who had greater upper body lengtlskinen, K.; Till, L. & Komi, P. Maximum velocity swimming:

expressed through the values of SH showed greater potentialnterrelation§hip (_)f stroking characte_ristics, force production and

for better swimming efficienc anthropometric variableScand. J. Sp. Sci., 11(2J-92, 1989.

or be Wi Ing ICI Y. Kjendle, P. L. & Stallman, RMorphology and Swimming Performanda:
World Book of Swimming from Science to Perfomance, Ed. Seifert, L.,

— Chollet, D. and Mujika, I. Nova Science Publish. 203-221, 2011.
BERETIC, I.; ROMANOV, R. & STUPAR, D. Relacion entre Ias gjentrou, P. & Monpetit, R. Physiological and physical correlates of swimming

variables antropomeétricas y la eficiencia de natacion en nadadoras deperformanced. Swim. Resrch.;73-8, 1991.
estilo crol en la pubertad temprariat. J. Morphol., 41(1B03-307, Latt, E.; Jurim&e, J.; Haljaste, K.; Cicchela, A.; Purge, P. &, Jurimée T. Physical
2023. development and swimming performance during biological maturation in
young female swimmer€oll Antropol., 33117-22, 2009.

RESUMEN: Este estudio tiene dos objetivos principales. Etatt: E.; Jurimae, J. & Maestu, J. Physiological, biomechanical and

primer objetivo fue examinar la asociacion de las medidas ant_hropometncal predl_ctors of.spnntsmmmlng performance in adolescent
o - . L swimmers.J. Sport. Sci. Med.,:898-404, 2010.
arlltr.opo.metrlcas conlas Caracterlstlcas.(flnematlca§ que represent%Laanovic’ B. Comparative study of morphological characteristics and body
eficiencia de la brazada en nadadoras jovenes estilo crol. EI segundomposition between different team players from Serbian junior national
objetivo era crear un modelo de prediccion que pudiera ayudar a losleague: soccer, handball, basketball and volleybatl. J. Morphol.,
entrenadores de natacion con el propdésito de seleccionar mejor y mas37(2)y612-9, 2019.
facilmente a las nadadoras crol midiendo y siguiendo las caracteridteglischo, ESwimming FastesChampaign, IL, Human Kinetics, 2003.
cas morfolégicas bésicas. Ochenta nadadoras competitivas, to¥@gza. J.: Ackland, T.; Bach, T. & Cosolito, P. Absolute body size. In: Carter
miembros de los clubes de natacién en la provincia de Vojvodina, Serbia - Ackland T (eds). Kinanthropometry in Aquatic Sports: A study of World
(edad 12,52 8 afios, afios de participacion en el entrenamienta4,0 Class Athletes. Champaign, IEuman Kineticsl5-54, 1993,
! 8 ’ . ’ ‘rMoura, T.; Costa, M.; Oliveira, S.; Barbosa-Junior, M.; Ritti-dias, R. & Santos,

12 y mejores tiempos personales en S0m estllg _Cr0| _32)7% s) M. Height and Body Composition Determine Arm Propulsive Force in Youth
realizaron una carrera de 50 m estilo crol. La eficiencia de nado crol swimmers Independent of Maturation Stage.Hum. Kin., 4277-84,
de 50 m expresada a través del indice de brazada se relacion®o014.
significativamente con la altura del cuerpo (r = 0,44, p = 0,000), Relayo, P.; Sidney, M.; KheriF, T.; Chollet, D. & Tourny, C. Stroking
masa corporal (r = 0,402, p = 0,000), la altura sentado (r = 0,612, p = characte_ris_tics in fregstyle_ swimmi_ng and relationship with anthropometric
0,000) y el brazo. spam (r = 0,576, p = 0,000), diametro biacromiagé charcteristicsJ. Applied Blmechanlcg, 12(2p7-206, 19_96. ‘ .
= 0,470, p = 0,000), didmetro bicrestal (r = 0,348, p = 0,001) y ¢ avedra, J. M.; Escalante, Y. & Rodrigez, F. A. A multivariate analysis of

p o _ _ ., ., performance in young swimmeied. Exer. Sci., 2235-51, 2010.
perimetro toracico (r = 0,427, p = 0,000). La ecuacion de regresig ntos, M. Height and Body Composition Determine Arm Propulsive Force in

para la prediccion del indice de brazada se defini6 mediante 1as Si-yoth swimmers Independent of Maturation StalgeHum. Kin., 42277-
guientes variables: masa corporal, altura sentada, extension de losg4, 2014.

miembros superiores, circunferencia del pecho con una varianza 8#nel, O.; Baykal, C. The relationship between stroke-rate, stroke-length and
plicada del 43,5 %. Ademas, al analizar el modelo obtenido, cuanto some anthropometric features in 11-12 year-old swimnhetsJ. Hum.

mas altos sean los valores de SH, ARSP, CHICR y los valores masSci., 14(4)4077-87, 2017.

bajos de BM en un grupo de nadadoras piberes tempranas, may%F@:%ala' M.; Ty_ka, A.; Zyphow_ska, M. &Woznipk, P.' Components of physical
seran los valores de eficiencia de crol de 50 m work capacity, somatic variables and technique in relation to 100 and 400m

time trials in young swimmers. Hum. Kin., 14105-16, 2005.
., . Villouta, P. L.; Correia de Campos, L. F. C.; Paredes, A. M.; Vargas, V. R.;
PALABRAS CLAVE: Natacion; Nadadoras estilo crol; Martinez, S, C. & Araneda, G. N. Anthropometric characterization and
Antropometria. body composition of male and female elite tennis in ChiteJ. Morphol.,
39(1)84-9, 2021.
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