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Aim. Investigate the predictive relationship between 100 m front crawl swimming perfor-
mance of youth swimmers and anthropometric characteristics. Materials and methods. Fifty-one
active athletes (n = 30 male and n = 21 female) participated in the research and for the purposes
of the analysis were divided into two categories (13—15 years n = 32, and 16-18 years old,
n = 19). The following anthropometric data were used as set of predictive variables (7 longitudinal,
7 skinfolds, 3 circumference and 1 voluminosity variables). Results. One prediction model for each
gender and age group emerged. The percentage of the explained variance of the dependent varia-
ble (100 m front crawl performance time) is 84.6 %, 54.4 %, 71.1 % and 72.7 % respectively for
male, female, youth and cadet swimmers. The significant variables for each model were: arm span, bi-
ceps skinfold, biceps bracchi circumference in contraction for male swimmers, sitting height for fe-
male swimmers, biceps bracchi circumference in contraction and body weight for youth swimmers,
triceps skinfold and biceps bracchi circumference in contraction for cadet swimmers. Conclusion.
Youth swimmers’ performance can be predicted by important anthropometric parameters.

Keywords: youth swimmers, anthropometrics, 100 m front crawl swimming.

Introduction

Swimming belongs to those sports where
training and competing takes place in the water,
an environment that is not natural to humans
[18]. The way swimmers move in water and the
shape of their body can provide them with a bet-
ter position for more effective swimming in terms
of hydrodynamics. Anthropometric characteristics
are valuable means of understanding and interpret-
ing the relationships between physical structure and
biomechanical and physiological characteristics and
are important for success in many sports [9].

In swimming, the method of anthropometry
is used to select candidates for each particular
event, to monitor and evaluate the training
process, to evaluate body development, nutrition
control, along with observation of the athlete’s
rehabilitation [14, 22].

In different swimming events, anthropome-
trical characteristics have been shown to have
a positive or negative effect on the achievement
of the competitive results [1, 17, 20].

Some studies examine the relationship between
anthropometric characteristics and swimming per-
formance and some others examine other pheno-
mena in swimming [5, 7]. According to available
scientific data, elite swimmers are taller, with
broader shoulders and narrow pelvis than the rest
of the population or swimmers of lower level.
Also, arm span has been reported to be associated
with swimming performance and specific biome-
chanical variables [21].

Previous studies also show that swimmers
are taller than non-athletes, tennis and soccer
players, and athletes of gymnastics [3, 4].

Furthermore, the fact that certain anthropo-
metric characteristics such as body height and
the length of the upper and lower limbs are par-
ticularly critical for achieving high performance
is commonly accepted [22].

The aim of the present study is to investigate
the predictive relationship between 100 m front
crawl swimming performance of youth swimmers
and specific anthropometric characteristics.
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Sample

The sample of the research consisted of 51 ac-
tive athletes (n = 30 male, age = 15.08 + 1.6 years,
and n = 21 female, age = 14.52 £ 1.5 years)

¢ BH, body height expressed in centimeters

e BW, body weight expressed in kilograms

o SH, sitting height expressed in centimeters
e AS, arm span expressed in centimeters
o SW, shoulder width expressed in centimeters

e PW, pelvis width expressed in centimeters

e CD, chest depth expressed in centimeters
e CC, chest circumference expressed
in centimeters

o LAL, left arm length expressed in centimeters

with competitive experience, who participated
daily in a training program in their swimming
clubs. Their basic technique was the front crawl
and they all competed at short distances. The age
of the sample was from 13 to 18 years, which for
the purposes of the analysis was divided into two
categories (13—15 years n = 32, and 16-18 years
old,n=19).

The participation of the athletes was volun-
tary. After an oral and written briefing on
the details of the research process, the athletes
signed the document and expressed their consent
before the start of the tests.

The research was carried out in accordance
with the conditions of the Declaration of Hel-
sinki: Recommendations Guiding Physicians
in Biomedical

Research Involving Human Subjects (http://
www.cirp.org/library/ethics/helsinki/) and with
the approval and consent of the Ethics Committee
of the Faculty of Physical Education and Sport,
National and Kapodistrian University of Athens.

The participants were asked to continue their
daily activities without changing their training
habits. The swimming tests were conducted in
open or closed swimming pools of Olympic di-
mensions (swimming pool 50 m) with a constant
temperature of water (26 = 1) °C.

Methods

Measurements were divided in two parts:

In the first part (1st session), the anthropo-
metric characteristics of the swimmers were col-
lected. In the second part (2nd session), perfor-
mance time was recorded after a maximum effort
of 100m of front crawl swimming.

The first session involves the measurement
of following anthropometric data we used as a set
of predictive variables (7 longitudinal, 7 skinfolds,
3 circumference and 1 voluminosity variables):

e BBC rel, Biceps bracchi circumference

in relaxation expressed in centimeters

e BBC con, Biceps bracchi circumference

in contraction expressed in centimeters

e BS, biceps skinfold, expressed in millimeters
o TS, triceps skinfold, expressed in millimeters
e BrS, breast skinfold, expressed in millimeters
e BiaS, biacromial skinfold, expressed

in millimeters

¢ BIiS, biiliac skinfold, expressed in millimeters
o GS, gastrocnemius skinfold, expressed

in millimeters

e ADS, abdominal skinfold, expressed

in millimeters

The anthropometric measurement protocol
has been developed and recorded by the Anthro-
pometric Standardization Conference in 1985
with the scientific opinion of experts [13].

All anthropometric variables were measured
with standard equipment. For measuring body
height, an electronic scale of the Sega alpha770
type (Vogel & Halke Hamburg, Germany) was
used with a measuring accuracy of 0.1 kg and for
body weight a weight scale of Sega Bodymetar
208 (Vogel & Halke Hamburg, Germany). Har-
penden Skinfold Caliper (HSP-BI, British Indica-
tors, England) was used to measure the skin folds
with a 0.2 mm measurement accuracy, while
body diameters were measured with a bone caliper.
The above variables were measured in the morning
hours with a neutral ambient temperature in order
for the participants to feel comfortable with their
swim suit.

The second measurement included 100 m
front crawl swimming from which the perfor-
mance time was recorded.

Before the maximum effort, swimmers per-
formed a 1000 m warm up of medium intensity
under the supervision and guidance of their
coach. After 10 minutes of passive rest, each
swimmer performed the maximum effort of 100 m
front crawl swimming from the starting block.
Performance time of 100 m front crawl swim-
ming was used as criteria variable.

Statistical analysis

The results went through descriptive statis-
tical analysis to reveal the basic statistical para-
meters (X = Mean, SD = Standard Deviation).
For the determination of the impact of the inde-
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pendent variables to the dependent variable (cri-
terion variable), Multivariate Regression Ana-
lysis (MRA) was applied. Analysis of the data was
executed with SPSS 25 statistical software pro-
gram, while the statistical significance level is de-
fined by 95 % and the probability of a p < 0.05 [8].

Results

Descriptive statistics of measured variables
are presented in Table 1. In addition, after corre-
lating the variables with performance time in
100 m front crawl swimming, the relationships
presented in Table 1 emerged.

According to the results of MRA, one model
for each gender and age group emerged. The mul-
tiple correlation coefficient for the third model is
above 0.730 for all of the four groups which
means that the correlation of the linear combina-
tion of all variables is very high. The percentage
of the explained variance of 100 m front crawl
swimming is 84.6 %, 54.4 %, 71.1 % and 72.7 %
respectively for male, female, youth and cadet
swimmers (Table 2). The significant variables
for each model differ but we can observe that
BBC is the more often encountered variable,

Table 1
Anthropometric characteristics of sample (Mean and SD) and correlations to performance time
Male n =30 (Mean + SD) Female n =21 (Mean + SD)
Variables 13-15 16-18 13-15 16-18
(n=18) (n=12) Total (n=14) (=7 Total
Body height (cm) 165.1+7.8 | 176.1+6.4 |169.5+9.03 | 159.9+6.9" | 168.7+69 |[162.8+7.9"
Body weigth (cm) 56.8+7.8 703+54 | 622+9.6 51.1 +7.8" 60.1+5.1" | 54.1+8.1"
Sitting height (cm) 824+46 90.6+3.5 85.7+5.8" 81.3 +4.8" 88.7+1.5 | 83.8+5.3"
Arm span (cm) 1682+10.4 | 180.3+6.9 |173.0+£10.9" | 163.1+10.01* | 168.5+5.1 | 164.9+8.9"
Shoulder width (cm) 37.5+22 413+15 | 39.0+27 363+23" | 37.8+1.5" | 36.8+22F
Pelvis width (cm) 3205+£2.1 | 33.6+12 | 32719 33.1+28 354+14 | 33.9+26
Chest depth (cm) 2005+1.8 | 21.2+1.9 | 205+1.9" 19.1+1.8" 203+0.7 | 195+1.6
Chest circumference (cm) 87.3+58 96.0 +5.02 90.8+6.9" 83.8 £ 6.2" 93.4+14 87.04 + 6.9
Biceps bracchi circumference | ¢ ¢\ 5 4 | o1y | 275+23" | 250+25 | 282413 |2607+26
in relaxation (cm)
Biceps bracchi circumference | g, 53 | 350511 | 300425 | 2703227 | 30.0+15 |2807+2.7
in contraction (cm)
Left arm length (cm) 71.5+3.8 772+35 | 73.8+4.6 69.4+41" | 720+26 | 703+38"
Breast skinfold 58+3.1 46+1.6 53426 50314 58+24 53+1.7
Biceps bracchi skinfold 77+48 49+13 6.6 +4.02" 7.6+2.1" 92+3.4 8.1+26
Triceps bracchi skinfold 8.5+3.9 58+1.7 74+35 9.9+23" 102 +£3.2 10.0+£2.6
Biiliac skinfold 9.1+47 78+23 85+39 83+1.9 11.0£25 | 92+24"
Biacrom skinfold 97+74 88+3.6 94161 8.1+3.1 11.0+£23 | 9.04+3.17
Gastrocnemius skinfold 15.8+£6.5 122 +£3.5 144+57 14.7 = 4.4 13.7+3.5 144 +£5.1
Abdominal skinfold 13.6+7.5 11.9+53 129+6.7" 12.9 + 4.0" 179+3.1 | 14.6+43"
100m front crawl 673+6.1 | 718+61 | 693+64 59.8+2.9 63.9+27 | 613+3.4
Performance time (s)

Note: ¥ statistical significance at p < 0.05 for female swimmers; * statistical significance at p < 0.05 for male swimmers;
statistical significance at p < 0.05 for youth swimmers (16—18 years old, n = 32); * statistical significance at p < 0.05 for cadet
swimmers (13—15 years old, n = 19).

Table 2
Regression analysis for youth and cadet, male and female swimmers
Change Statistics
Group R R’ Adj. R? SEE R Square Sig. F
Change F Change | dfl df2 Change

Male 0.920° | 0.846 | 0829 | 2.606 0.069 11717 | 1 26 0.002
Female 0.738° | 0.544 | 0520 | 4444 0.544 22677 | 1 19 0.000
Youth swimmers | ) ¢/7¢ | (717 | 0682 1.963 0.092 5.201 1 16 0.037
(16—18 yrs.)
Cadet swimmers | ) ¢s30| 727 | 0700 | 3.488 ~0.005 0.547 1 28 0.466
(1315 yrs.)

Note: a. Predictors: (Constant), AS, BS, BBC con; b. Predictors: (Constant), SH; c. Predictors: (Constant),

BBC con, BW; d. Predictors: (Constant), TS, BBC con.
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Table 3
Equations of prediction according to age and gender through anthropometric variables
Equations of prediction R2 SEE p
; ~ . b - . - ;
Time 100 m 125.700 armspan * 0.182 + biceps skinfold ¢ 0.597 — biceps bracchi 0.846 | 2.61 | 0.000
(male) circumference contracted ¢ 1.129
Time 100m 1143 477 itting height » 0.885 0.544 | 4.44 | 0.000
(female)
Time 100 m | 109.360 — biceps bracchi circumference contracted ¢ 1.104 — body weight ¢ 0717 | 1.96 | 0.000
(1618 yrs.) |0.202
- e - . RN — - i
Time 100 m | 11 1.241 triceps skinfold ¢ 1.075 — biceps bracchi circumference in con 0727 | 3.49 | 0.000
(13—15 yrs.) | traction * 1.849
70
68 - & Male 16-18 yrs.
O Female 16-18 yrs.
66 1
O
g %
£ 621
8
~— 60 i
8
S 581 .
£ 56 *
54
y = 0.4447x + 33.284 y = 0.8688x + 8.3795
52 - R? = 0.4721 R = 0.8279
50 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
50 52 54 56 58 60 62 64 66 68 70
Measured 100m time (s)
Fig. 1. Relations between measured and predicted performance time
in youth male and female swimmers (16-18 yrs.)
90
& Male 13-15 yrs.
85 - O Female 13-15 yrs.
& 80
é 75
E
8
Al 70 -
B
5
3 65
x
60
55 - y =0.8135x +12.545 y=0.5183x + 34.639
R®=0.7781 R?=0.593
50 ‘ ‘ ‘ ‘ ‘ ‘ ‘
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Measured 100m time (s)

Fig. 2. Relations between measured and predicted performance time
in cadet male and female swimmers (13-15 yrs.)

except for female (Table 2). This fact confirms
the importance of this variable in 100 m front
crawl performance. Triceps skinfold comes
next. The rest variables are encountered once in
the equations.

The equations of prediction for the four
groups are presented in Table 3.

In Figs. 1, 2 measured and predicted perfor-
mance times are presented for each gender and
age group.
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Discussion

Relationship between anthropometrics and
performance. In the present study it was found
that for male swimmers performance at 100 m
front crawl swimming was highly correlated with
all the anthropometric variables measured. Body
height, arm span and left arm length were
the variables with the highest coefficients of cor-
relation (r = —-0.817, —0.849, —0.804, r < 0.05,
Table 1). This means that body shape and struc-
ture parameters (circumferences, length and skin-
folds) play a very important role for male swim-
mers.

Practical meaning of the results obtained can
be explained that swimmers with the highest
body height, weight, sitting height, arm span,
larger shoulder width, pelvis width, chest circum-
ference, biceps bracchi circumference, and arm
length swim faster than the other swimmers.
A positive statistically significant relationship of
performance with the skinfolds of the limbs and
trunk was also noticed, which means that swim-
mers with lower skinfold values at the upper and
lower extremities had a faster performance time.
This finding may be connected with the fact that
stronger male, with more developed muscular
system, have lower skinfold values, therefore
faster performance time. Furthermore, swimmers
of same chronological but different biological
age may have important differences both in anth-
ropometrical values and performance time.

Female swimmers presented no relationship
of pelvis width, chest depth, breast, biceps, tri-
ceps and gastrocnemius skinfolds with perfor-
mance time. From these results, it is shown that
upper body lengths and circumferences as well as
skinfolds of the trunk (biiliac, biacromial and
abdominal skinfolds) are of great importance for
female swimmers of this age. Sitting height,
Chest circumference and biceps bracchi circum-
ference relaxed and contracted are the variables
with the highest coefficients of correlation with
100 m sprint performance.

Concerning swimmers of 16-18 years, sit-
ting height, pelvis width and chest depth were not
correlated with performance, while biceps was
the only skinfold to be related. It could be men-
tioned that biceps bracchi circumference in con-
traction, that was the variable with the highest
coefficient of correlation for this age group, to-
gether with biceps skinfold, play a decisive role
for 100 m performance youth female swimmers.

Cadet swimmer’s (13—15 years old) perfor-
mance was related to all lengths and circumfe-

rence of the trunk apart from pelvis width. Biceps
and triceps skinfold, gastrocnemius and abdo-
minal skinfolds were related to performance.

These results are confirmed in several pre-
vious studies.

Latt et al., (2010) [11] found that height and
arm span were statistically significant correlated
to performance at 100 m in 15 years old swim-
mers (r = 0.536, 0.557 respectively), while weight
was not. Morais et al., (2016) [14] found a mo-
derate correlation of performance at 100 m front
crawl swimming with the arm span of swimmers
aged 12-13 years. In another study, Vitor and
Bohme (2010) [23] found a high correlation be-
tween the 100 m front crawl swimming and age,
weight, height, and shoulder width but not be-
tween arm span, pelvis width, triceps and subsca-
pular skinfold.

In accordance with this study, Saavedra, Es-
calante and Rodriguez (2010) [19] found a statis-
tically significant relationship of sitting height to
performance (r = 0.579) in 13 years old swim-
mers, while height, arm span, weight, arm length,
width of pelvis and shoulders, chest circumfe-
rence, biceps circumference, total sum of skin-
folds did not show statistically significant rela-
tionship with performance for male. For 11 years
old female swimmers there was no correlation
between swimming performance and anthropo-
metric characteristics.

A high correlation of height and total body
height (in horizontal position) with performance
at 100 m front crawl swimming in adolescents
and young children (r = 0.73 and 0.55, respec-
tively) and with male swimmers aged 16 years
was found by Garrido et al (2012) [6] and Strzala
and Tyka (2009) [21], respectively.

Geladas, Nassis and Pavlicevic (2005) [7]
observed that for males the variables associated
with performance at 100 m front crawl swimming
were: weight, chest circumference, length of the
upper limbs, height, shoulder width, arm span,
length of the foot and width of the pelvis. Females
had high correlations with body height, length of
hand, shoulder flexibility and horizontal jump.

The most often observed relationship be-
tween speed and height [7, 19, 23] can be ex-
plained by the fact that the Froude value depends
on the height of the swimmer. Higher swimmers
have lower Froude values and lower resistance to
waves, but the fact is that tall swimmers perform
their turn and finish actions with their center of
gravity furthest away from the wall, so they swim
shorter distance than shorter swimmers [10].
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Prediction of performance. In the present
study, performance of young male swimmers of
100 front crawl could be predicted only by mea-
suring arm span, biceps skinfold and biceps brac-
chi circumference in contraction. Performance of
young female swimmers could be predicted mea-
suring sitting height. Performance of swimmers
1618 years old could be predicted measuring
biceps bracchi circumference in contraction and
weight and of swimmers 13—15 years old, triceps
skinfold and biceps bracchi circumference in
contraction.

It is obvious that biceps bracchi circumfe-
rence in contraction is a very important parameter
in swimming, which is related to the total body
muscle mass [12]. In addition, total body muscle
mass has been related to total body strength. Fur-
thermore, it was previously mentioned that arm
muscle area was highly related with propulsive
force in tethered swimming (r = 0.68) in swim-
mers of 13—15 years old [15]. It was found, also
that fastest swimmers had denser muscles, in-
cluding triceps bracchi [16]. In this point it should
be mentioned that total body strength and total
body muscle mass are strongly affected by
the biological maturation stage of each swim-
mer, which was not an objective of the current
study.

Geladas, Nassis and Pavlicevic (2005) [7]
found that 59 % of performance variability is
explained by the combination of the length of
the upper limbs, the horizontal jump and the
handgrip strength of swimmers aged 12—14 years.
In a study by Bond et al., (2015) [2] the sum
skinfolds, the length of the thigh and the tibia,
the length of the hand and body height, were able
to account for 63.8 % of the performance va-
riance of 100 m front crawl swimming in males
and females 11-16 years old.

In a multivariate analysis of the swimming
performance of swimmers aged 11-13 years of
high national level, it was found that anthropo-
metric (sitting height), physiological (aerobic
speed and endurance) and biomechanical factors
(stroke index, SI) explained 82.4 % of perfor-
mance for male, while for female the age, aerobic
speed and endurance and average speed ex-
plained 85 % of performance [19]. On the con-
trary, in the present study, sitting height was in-
cluded as a predictive variable for female.

Earlier published data showed that biome-
chanical factors explain 90.3 % of 100 m front
crawl performance, anthropometric 45.8 %, and

physiological factors 45.2% in 15 years old
swimmers [11].

Conclusions

The most important findings of this research
were:

e performance at 100 m free in new age
swimmers can be predicted with high precision
and low standard error, by measuring simple
anthropometrical variables;

e performance of young male swimmers
could be predicted, as an applicable and easy
screening procedure, only by measuring arm
span, biceps skinfold and biceps bracchi circum-
ference in contraction. Performance of young
female swimmers could be predicted measuring
sitting height. Performance of swimmers 16—18
years old could be predicted measuring biceps
bracchi circumference in contraction and body
weight and finally, performance of swimmers
13—15 years old can be predicted by measuring
triceps skinfold and biceps bracchi circumference
in contraction.

Coaches should always measure and follow
the changes in body shape of their swimmers and
use them as important screening predictors.
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CnopTuBHasa TpeHUpOBKa

YOK 797.212.4 DOI: 10.14529/hsm190108

NMPOrHO3NPOBAHUE BbIMNOJIHEHUA 100 m KPOJIEM HA TPYOU
C UCMNOJIb3OBAHUEM AHTPONMOMETPUYECKUX XAPAKTEPUCTUK
Y MOJ10AbIX TFPEHECKUX NNOBLOB B 3ABUCUMOCTHU OT NOJIA

[x. Po3u', M. foncaii®*>, T. Mnamary’

' AgpuHekull HauuoHanbHbIl yHUsepcumem um. Kanoducmpuu, 2. AgpuHsl, [peyus,
2lOxHo-Ypanbckull 2ocydapcmeeHHbill yHusepcumem, 2. YenabuHck, Poccus,
3YHueepcumem Benepada, 2. benepad, Cepbusi

Hean. Llenpto TaHHOW CTaThU SABJISCTCS BBISBICHUC MPEICKA3ATEILHON CIIOCOOHOCTH B3aMMO-
OTHOILEHUH Mex 1y BbioiaHeHHeM 100 M KposieM Ha IpyJy U aHTPOIIOMETPHYECKUMH XapaKTe-
pHCTHKaMH MOJIOJBIX IUIOBHOB. MaTepHajbl M MeTOABI. [IaThaecaT oaumH IeicTByIOMMNI
cnopremeH (n = 30 — My»4HHBIL, n = 21 — >KeHIIMHBI) IPUHSIT yJacTue B uccienoBanuu. C 1espio
aHaJM3a CIIOPTCMEHBI OBLIH pa3ziesieHbl Ha aBe kateropun (13—15 mer n =32, 16-18 met, n = 19).
B kauecTBe mpencka3aTeNbHBIX MEPEMEHHBIX OBUIH MCIIOIB30BaHBI CICAYIOMIAE aHTPOIIOMETPH-
YecKHe JaHHbIe: 7 MEpPEeMEHHBIX — MMapaMeTPOB IJIUHBI, 7 TMEPEMEHHBIX — MapaMeTPBl KOMKHBIX
CKJIAJIOK, 3 TIEpEMEHHBIX — MTapaMeTpsl 00XBaTa, 1 mepeMeHHast — oKa3arenb o0beMa). Pedynnb-
TaTbl. Pazpaborana ogHa mpeackasaTenbHAs MOAETH IS KaXIOM W3 TPYII, BBIIEICHHBIX IO
oy 1 Bo3pacty. IIporeHT 00BsICHEHHON AUCIIEPCHUH 3aBUCHMOM IIEpeMEHHON (BpeMs BBIIIOIHE-
uus 100 M kposieM Ha rpyau) coctapisieT 84,6%, 54,4%, 71,1% u 72,7% njist My»4uH, *EHIIUH,
MIIQZIIIEN U CTaplleid BO3pacTHOW IPyI COOTBETCTBEHHO. 3HAYUMbBIMH MTEPEMEHHBIMH JUIS KaXK-
JIOW MOJZIENM BBICTYIAJIM: pa3Max pPyK, KOXKHas CKJiajika ounerica, 00XBaT OuIierca npy cokparie-
HUM MBI JUI MYKYHH-TITIOBIIOB, POCT CHJIS JUIS JKEHIIUH-IUIOBILOB, 00XBaT OuWIlerica mpu co-
KpalleHnH MBI U Macca Tejla JUls TUIOBLOB MJIaJIIe BO3PAaCTHOW TPYIMIIbI, KOXKHAsI CKJIAJKa
TpHIerca U 00XBaT OWIlerica IPH COKPAIEHUH MBIIII JUIS UIOBIOB CTApIIel BO3PAaCTHOW rpyIi-
el 3aKia0vyeHne. Pe3ympTaTHBHOCTE MOJIOIBIX IUIOBIIOB MOKHO IPENCKA3aTh 110 BaKHBIM aH-
TPOMIOMETPUIECKUM TIOKA3aTEISIM.

Knrouesste cnosa: monoodvie nnosywt, aumponomempus, 100 m kpons Ha epyou.
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