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Abstract

Introduction: Appropriate swimming techniques and anaerobic capacity have a strong influence on factors related to per-
formance in young swimmers. This study evaluated the factors attributed to performance in sprint front crawl swimmers.

Aim of the study: To investigate the level of aerobic and anaerobic component of physical endurance, swimming techni-
que and somatic indices, as well as to determine their influence on young swimmers’ all-out sprint front crawl swimming.

Methods: The group of 26 swimmers (age: 16.1+£1.09 years) was subject to anthropometric measurements including
lean body mass (LBM), total body length (TBL) and arm span (AS). Each individual was subject to five laboratory tests and
2 swimming tests: alactic anaerobic test (vertical jump test — CMJ), incremental tests for assessment of arms (\'/Ozmax AR)
and legs aerobic capacity (VOzmax LG) in two different tests, one-minute anaerobic endurance tests for arms (60sAR) and
legs (60sLG). Swimming include all-out tests at the distance of 25 and 100 meters.

Results: The biometric (TBL, AS) and body structure (LBM) indices level was in general determining swimming speed
at high and average level. The maximal power obtained in anaerobic endurance test with legs (PmxLG) and total work
in the CMJ (counter movement jump) test had the strongest influence on 25 and 100 meters swimming speeds. At both
distances speed statistically significantly correlated also with the swimming technique parameters: stroke rate (SR), index
of coordination (IdC) and propulsion phases (PL+PS).

Conclusions: Research on young swimmers confirmed essential influence of energy obtaining mechanisms from alactic,
glycolitic and aerobic sources on swimming speed at short distances. Body size and swimming technique parameters had

also significant influence on swimming results.
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Introduction

Periodic monitoring of aerobic and anaerobic com-
ponents of athletes’ physical performance gives an op-
portunity to control and adapt training appropriately.
This enables athletes to reach their peak performance.
Athletes’ physical loads in almost all sport disciplines,
including swimming, include three main, overlapping,
energy producing processes. The first one — anaerobic,
the alactic path of gaining energy, is characterized by
phosphocreatine (Pc) decomposition in muscle cells,
which during short, intensive (explosive) exertions
resynthesize adenosine-5’-triphosphate (ATP). This
process is also referred to as the ATP-Pc system. The
second process, also anaerobic — “lactic” —includes the
catabolism of carbohydrates, mainly muscle glycogen.
During exercise typical of a sustained sprint, muscle
glycogen is decomposed into pyruvic acid and then
lactic acid during anaerobic glycolysis. The third pro-
cess — aerobic metabolic process — overlapping with
the two mentioned before, includes the breakdown
carbohydrates, free fatty acids and/or even protein

oxidation. Together they enable ATP resynthesis, the
highly energetic adenosine-5’-triphosphate reproduc-
tion, and reaches its highest level at the presence of
phosphocreatine. Those biochemical processes allows
skeletal muscles to develop large force quickly, right
from the beginning of the physical effort. Knowledge
of those effort metabolic processes is vital for training
principles (1).

In laboratory practice, measurements of phospha-
gen component of swimmers physical endurance are
rarely conducted. For instance Gerard et al. (2) showed
statistically significant direct dependence between
vertical jump results and type II fibers content in the
vastus lateralis muscle with higher efficiency in short
rather than long distance swimming. Keskinen et al.
(3) noted significant dependence between explosive
power measured in vertical jump test and swimming
performance at the distance of 15 meters, including
turn (7.5 m + turn + 7.5 m). Another example is in
water polo players; their ability to increase swimming
speed is co-dependent with the mass-center elevation
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height in the vertical jump test that was conducted on
land and in water (4,5). The efficiency of the anaerobic
glycolytic processes and power developed determine
efficiency of the efforts lasting several dozen of sec-
onds. The most popular test to assess anaerobic gly-
colytic processes is the 30-second long Wingate test
(6). For this study, the Wingate was applied to both
upper and lower muscle groups (7). Of note, some
researchers suggest increasing the time of anaerobic
test up to even 60-90 seconds (8-13). They claim that
30 or even 45 seconds long effort is too short for the
maximal usage of anaerobic glycolitic potential, i.e. for
the exhaustion of the energetic source.

According to Withers et al (14). and Carey et al.
(15) in 60-second-long test assessing anaerobic ca-
pacity, during the last 30 seconds of physical effort,
oxygen uptake amounts to 90.5% and 92% VO, max.
Moreover, the percentage of power covered by aerobic
source in this effort is high — 49% (14). In the light of
this research, maximal minute oxygen uptake as an
index of potential aerobic exertion abilities of the orga-
nism should also be used. VO,max assesses organism
efficiency of swimmers specializing in short distance
(duration of about 60 seconds) swimming.

There are various research protocols used to me-
asure VO, max. Attempts to gradual increasing inten-
sity are being used the most often, and rarely — con-
tinuous or interval efforts. Because of the specificity
of swimming, swimmers’ gradual tests on ergometers
are often conducted in laboratories. They engage both
upper (16) and lower (17,18) extremities. In laborato-
ries equipped with a swimming flume such tests are
conducted in water (17-19), and on swimming pool
it is so called tethered swimming (18,20).

Also in case of young swimmers, early stage specia-
lization occurs by the age of 13-14 years (21). In sha-
ping swimming techniques according to style at sprint
and resistance distances, somatic properties must also,
or even above all, be taken into consideration. They
include first of all total body length, arm span and
lean body mass (23-27). These somatic attributes are
largely inherited and together with anaerobic capacity
potential they determine swimming technique to the
highest degree.

In swimming technique parameters analyses, not
only basic hydrodynamic rules but also movement
patterns obtained from the world top swimmers are
considered. In research of proficiency, professional
swimmers are used as objective methods of technique
assessment. They are based on the measurements of
such parameters as: stroke length (SL - distance co-
vered by a swimmers body during one cycle of arm
movement) and stroke rate (SR). In case of various
swimmers, depending on training status and distance
covered, these parameters reach different levels. Ma-
inly in youth groups, depending on training character,

their impact on front crawl swimming speed may
change. Coach opinions and some researchers reports
prove that front crawl swimming results are most
strongly correlated with stroke length (SL) (28,29).
Proper Stroke length (SL) should be instructed first
with young swimmers, because it is tightly bound to
development of advanced technique, hydrodynamic
excellence and higher swimming efficiency. However,
such type of training may lead to oversight of other
technique parameters, e.g. index of coordination (IdC),
stroke rate (SR) (30) and to decreasing percentage of
propulsion phases in arm movement cycles (31).

The purpose of this study was to investigate the
level of aerobic and anaerobic capacity, described as
the ability to resist fatigue (32). We will also research
swimming techniques and somatic indices, as well
as determining their influence on young swimmers’
swimming all-out speed at short distances of 25 and
100m. Measurements and analysis of parameters
discussed in the Introduction may be applicable to
current researched athletes swimming results. Ad-
ditionally, data analyzed in this work indices may be
helpful in scheduling and verifying training assump-
tions for the coaches and members of the swimming
community.

Materials and methods

Volunteers were recruited in sport oriented school
signed a written informed consent. The research was
approved by the Bioethics Commission in Cracow
(No 292/KBL/OIL/2004 from 17th November 2004).
The 26 swimmers were 16.1+1.09 years of age, 11 re-
presented ectomorphic and 15 — mesomorphic body
type (24).

On the basis of typical anthropometric measure-
ments there were calculated e.g. somatotype using the
method suggested by Carter-Heath (24), percent of fat
(PF) and lean body mass (LBM) according to formula
presented by Slaughter et al. (33). The total body length
(TBL) was measured when lying back, from the tips of
the fingers with the arms stretched up above the head
down to the pointed toes. Arm span of abducted arms
was measured between the arms from the fingertips.
The measurements were completed using appropriate
anthropometric instruments (Sieber Hegner Maschi-
nen AG, Switzerland) and Harpenden-type foldmeter
of constant pressure (10 g cm™).

Laboratory and swimming tests
Each individual in five days underwent five labo-
ratory tests and two swimming tests:
1) alactic anaerobic test (vertical jump test - CM]),
2) incremental tests for assessment of arms (VOzmax
AR) and legs aerobic uptake (VO,max LG),
3) one-minute anaerobic endurance tests for arms
(60sAR) and legs (60sLG),
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4) swimming all-out sprint at the distance of 25 me-
ters,

5) swimming all-out sprint at the distance of 100
meters.

The arms tests (VOZmaX AR and 60sAR) were
performed in a sitting position, with the use of the
834E-Ergomedic ergometer, Monark (Sweden).
The VO, max LG legs aerobic capacity test was com-
pleted with the use of the ER 900 Jaeger cyclometer
(Germany), and the 60sLG test on the 874E-Ergomedic
cyclo ergometer, Monark (Sweden). The ergometer
braking force was set for each individual at 7.5% BM in
60sLG and at 4.5% in 60sAR (6,34). Average power of
arms and legs (PavAR and PavLG) as well as maximal
power (PmxAR and PmxLG) were measured during
these tests. The 60sAR, 60sLG, CM]J and swimming
tests were preceded by 15-minute-long warm-up at
intensity of 50% VO,max with changeable movement
rhythm. The incremental VO,max LG test was pre-
ceded by a three-minute warm-up (WU) at intensity
of about 45% VO, max, after which it was increased
by about 30 W, every three minutes. The intensity of
exercise during the warm-up was between 120 and
150 W, and in VO,max AR 60 and 90 W depending
on the age and physical endurance of the swimmer.
In the VO,max AR test the intensity was gradually
increased every three minutes, for 12 or 18 W. The
incremental exercises were performed at 70 rpm™" in
VO,max LG and at 60 rpm™' in VO, max AR. The gas
exchange indices were calculated, from one breath to
another averaging it in 15 seconds periods, using the
919ER MEDIKRO meter (Finland).

Three minutes after both anaerobic tests and both
swimming tests blood samples were drawn from the
subjects’ ear lobes in order to mark the lactate concen-
tration (La), using the PLUS DR LANGE Miniphoto-
meter (Germany). Maximal power and workload in

single vertical jump (CM]J) were recorded using Opto
Jump (Italy) apparatus. The elevation of the center of
gravity during the vertical jump (CM]) was assessed
using the jump duration. Work during the jump (W)
was calculated according to formula (2).

mg’t}
8

2
1
Ah:gT’ (1) W = mgAh =

2)

where: WL - work during the jump [J]m - body mass [kg]
g - gravitational acceleration [m s?] t, - jump duration [s]
Ah - elevation of the center of gravity [m]

The 100m and 25m swimming tests were carried
out in a 50 meter-long swimming pool, with start in
water. The 25 m swimming test was beginning with
5-meter-long start-up, and the time measurement
started when the swimmer’s head reached half of the
swimming pool. Swimming parameters for 25m race
were recorded once between the start line and the
20" meter of the distance, and for 100m race — twice
between 5" and 25" meter and between 75" and 95™
meter. The duration of the race and times of separate
sectors were measured with a stopwatch with the
accuracy of 0.01 s. The swimmers’ movements were
recorded using a GRV 9800 JVC underwater camera
(Japan) from the side of the pool, 1m below the water
surface, at 50 frames per second. Three full movement
cycles were analysed.

As the arms movements during front crawl swim-
ming are cyclic, the cycles were separated and divided
into phases in the recording. The identification of the
intracyclic phases was conducted according to Chollet
et al. (30) method (fig. 1).

Cycles were divided into phases according to speci-
fic events during hand and arm movement (30). Each
phase was specified according to its role in accelerating
the swimmer’s body (propulsion or non-propulsion

Fig. 1. Front crawl upper extremity intracyclic phases division scheme (Chollet et al., 2000)
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Fig. 2. Arm movement coordination (‘catch up”)

phase). The first is the entry phase (E - Entry, non-

propulsion) - from the entry of the hand into the

water till the beginning of its backward movement.

Next is the first propulsion phase (PL - Pull) - from

the end of the entry phase till the moment when the

arm is vertically under the humeral joint. Third, the
second propulsion phase (PS - Push) - from the ver-
tical position of the arm till the arm release from the
water. The cycle ends with the non-propulsion phase

(R - Recovery) - from the hand’s release from the

water to its next entry into the water.

The following parameters were used to assess
swimming technique during each analyzed 20m long
swim (i=1,2,3,4):

1) Swimming speed: V,=20m / At, [m-s™']

2) Stroke rate (SR), calculated as the reciprocal of the
arithmetical average of duration of three analyzed
swimming cycles: SR=1/T, [ckl-min™']

3) Stroke length (SL), calculated as the average speed
to SR ratio: SL=V /Sr, [m].

The swimming cycles of both arms are typically
phase-shifted. Depending on the chosen extremities
coordination method, such a shift results in the oc-
currence of periods with no propulsion (when none of
the extremities is in the propulsion phase) or periods
with double propulsion (when both extremities are in
the propulsion phase). Fig. 2 presents arm movement
coordination (“catch up”) with non-propulsive time lag
(P) periods (IdC < 0) between the propulsive phases.

The index of coordination (IdC) has been used for
the assessment of arm movement coordination. It is
represented as percentage of the cycle length, similarly
to all phases of the stroke cycle:

k2
1dC, =2—2L%100% (3)
T
where
IdC - index of coordination,

t ]]; 1 _ start of the recovery phase (R) for the first arm,

k2

ZPL — start of the pull phase (PL) for the second arm,

T, - total duration of the stroke cycle.

P2

In case of overlapping phases IdC was positive,
and in case of time lag between the phases it was
negative.

Legs movement quantity (LQi), counted from the
same shots as arms movements, were qualified as six-
beat kick, corresponding to six complete alternating
immersion and/or emersion movements in one upper
extremities movement cycle, and four- and two-beat
kick, for four and two leg movements in one arm
movement cycle respectively.

Statistical analysis

To determine the relationship between speed
and anaerobic or aerobic capacity and somatic or
swimming technique variables, there were computed
the partial correlations, controlling for age. Pearson
correlations coefficients were calculated in relation
to technique parameters of upper (SL, SR) and lower
(LQ) extremities and between speed on 25 and 100
meter distances. Student’s ¢-test for dependent groups
was conducted to compare swimming results on two
short distances analysed for one group of swimmers (2
dependent sets of results). Normal distribution of data
was tested, confirm their formation similar to normal
curve Gauss-Laplace. All tests were conducted with
STATISTICA 6.1 software (StatSoft, Inc). The signi-
ficance level was set at P < 0,05. Descriptive data were
presented as mean * standard deviation. Descriptive
data is presented as mean + standard deviation.

Results

Basic statistical descriptions of biometric and body
structure indices as well as parameters of aerobic and
anaerobic components are shown in table 1. Average
power (PavAR) and maximal power (PmxAR) in
the anaerobic endurance test using upper and lower
extremities (PavLG) and (PmxLG) as well as maximal
minute oxygen uptake (VO,max) in incremental test
were the subject of detailed analysis. Moreover, total
work index (CM]) measured in a single vertical jump.
In the examined group the level of the above-mentio-
ned indices was diverse.
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Table 1. Swimmers” biometric, body structure and anaerobic and aerobic indices

] 103

Parameters BH [cm] TBL [cm] AS [cm] BM [kg] LBM [kg] Vc[)fgla;(lﬁ R
x+SD 177.5+£8.07 245.5+12.98 182.4+10.28 65.41+9.40 58.7£8.05 3.14+0.54
Parameters PavAR [W] PmxAR [W] PavLG [W] PmxLG [W] CMJ []] VO[1%$?XH_I]L G
x+SD 284.4+55.36 349.9+83.04 468.8+76.75 655.3£115.01 281.1+61.75 3.82+0.53

Abbreviations used in Table 1.: BH - body height [cm], TBL - total body length when lying back [cm], AS - arm span [cm], BM - body mass [kg],
LBM - lean body mass [kg], VO,max AR - maximal oxygen uptake of arms [I'min'], PavAR - average power of arms [W], PmxAR - maximal power
of arms [W], PavLG - average power of legs [W], PmxLG - maximal power of legs [W], CM] — work during the counter movement vertical jump [J],
VO,max LG - maximal oxygen uptake of legs [I'min"'].

Table 2. Swimming technique parameters at 25 and 100m

Distance V[ ms!] SR[cclmin 1] SL[m] 1dC[%] E[%] PL[%]
25m 1.73+0.12 54.914.26 1.90%0.16 3.315.91 23.6+7.09 21.0+4.53
100 m 1.63£0.10" 47.4+4.11° 2.00£+0.19 1.24£5.97° 26.6+7.84 19.61+4.16

Distance PS[%] R[%] PL+PS[%] E+R[%] LQ2 [n] LQ4 [n] LQ6 [n]
25m 29.6+4.03 25.843.38 50.6+6.38 49.4+6.38 5 6 15
100 m 28.0+3.82" 25.9£3.13 47.5+6.30" 52.546.30" 7 7 12

*P<0.05 Statistically significant differences between groups

Abbreviations used in Table 2.: V - swimming speed [ms], SR - stroke rate [ccl'min" '], SL —stroke length [m], IdC - index of arm movement
coordination [%], E - entry; non-propulsion phase [%], PL- pull; propulsion phase PS - push; propulsion phase, R - recovery; non-propulsion

phase, PL+PS - total of propulsion phases [%], E+R total of non-propulsion phases [%], LQ - legs movement quantity in one upper extremities
movement cycle.

Table 3. Selected partial correlations between swimmer’s body morphological and functional indices, swimming technique
parameters with age control and 25 and 100 meter swimming speed. Statistically significant correlations are marked with a
star (P<0.05%, P<0.01 **)

VO, max
TBL LBM PavAR | PmxAR | PavLG | PmxLG

Parameters [cm] AS [cm] [kg] . rﬁi};.l] . HLISI B} (W] (W] (W] (W] CMJ []]
V25 [ms] 0.58" 0.55" 0.39 0.37 0.53" 0.54" 0.44 0.68" 0.81" 0.76"
V100 [ms?] 0.61" 0.39 0.14 047" 0.53" 0.54" 0.45 0.66™ 0.75" 0.75"
SR25 [ccl'min '] -0.07 -0.06 -0.19 0.18 0.13 0.32 0.38 0.27 0.55" 0.42,
SR100 [ckl'min ] | -0.38 -0.33 -0.36 0.13 0.06 0.15 0.21 0.13 0.25 0.21
SL25 [m] 0.54" 0.51" 047 -0.02 0.17 0.10 -0.07 0.16 0.14 -0.07
SL100 [m] 0.61" 0.58" 0.57" 0.03 0.20 0.01 -0.24 0.11 0.01 -0.15
IdC25 [%] -0.23 -0.32 -0.44" 0.07 0.39 0.47 0.36 0.54" 0.69” 0.54"
IdC100 [%] -0.27 -0.30 -0.29 0.09 0.20 0.22 0.10 0.29 0.25 0.32
PL+PS25 [%] -0.05 -0.11 -0.12 0.12 0.26 0.35 0.26 0.30 0.53" 0.37
PL+PS100 [%] -0.32 -0.32 -0.38 0.16 0.22 0.26 0.20 0.28 0.36 0.34
E+R 25 [%] 0.05 0.11 0.12 -0.12 -0.26 -0.35 -0.26 -0.30 -0.53" -0.37
E+R 100 [%] 0.32 0.32 0.38 -0.16 -0.22 -0.26 -0.20 -0.28 -0.36 0.34

Abbreviations used in Table 2.: TBL - total body length when lying back [cm], AS - arm span [cm], LBM - lean body mass [kg], VO,max AR - ma-
ximal oxygen uptake of arms [I'min™], VO,max AR - maximal oxygen uptake of legs [Imin™'], PavAR - average power of arms [W], PmxAR - maxi-
mal power of arms [W], PavLG - average power of legs [W], PmxLG - maximal power of legs [W], CM] - work during the counter movement vertical
jump [J] V - swimming speed [ ms"'], SR - stroke rate [cclmin '], SL —stroke length [m], IdC - index of arm movement coordination [%], PL+PS

- total of propulsion phases [%], E+R total of non-propulsion phases [%].
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Table 4. Selected partial correlations between swimming speed and front crawl swimming technique indices at the distances
of 25 and 100 meters. Statistically significant correlations are marked with a star (P<0.05%, P<0.01 **)

SR 25 0 0 0
Parameters [cklmin- '] SL 25 [m] IdC 25 [%] PL+PS 25 [%] E+R 25[%] LQ 25 [n]
V 25 [ms!] 0.66" -0.28 0.60" 0.65" -0.65" 0.33
SR 100
Parameters o SL 100 [m] IdC 100 [%] | PL+PS 100 [%] | E+R 100 [%] LQ 100 [n]
[ckl'min ']
V 100 [m's!] 0.54" -0.20 0.51" 0.63” -0.63" -0.15

Abbreviations used in Table 4.: V - swimming speed [ m's™], SR - stroke rate [ccl'min™ '], SL -stroke length [m], IdC - index of arm movement
coordination [%], PL+PS - total of propulsion phases [%], E+R total of non-propulsion phases [%], LQ - legs movement quantity in one upper

extremities movement cycle.

From data shown in Table 2 it follows that for front
crawl swimming speed and swimming technique
parameters were statistically significantly different at
the distance of 25m than 100m, with the exception
for the time percentage of hand’s transposition above
the water (R).

The biometric (TBL, AS) and body structure
(LBM) indices levels were in general, determining
of swimming speed at the distances at the high and
average level excluding a weak correlation between
LBM and V100. The interdependence between LBM
and V25 or AS and V100 were of marginal statistical
significance (P<0.08).

Average power in anaerobic endurance tests (Pa-
VAR and PavLG) had a substantial impact on swim-
ming speed at the distance of 25 and 100m. Whereas
maximal power (PmxAR) correlated with these indices
to a lesser degree. The maximal power obtained in
anaerobic test with lower extremities (PmxLG) and
total work in the vertical jump test had a very strong
influence on 25 and 100 meters-long swimming. All
of the above-mentioned physical endurance indices
strongly correlated, mostly statistically significantly
(or of marginal statistical significance) with IdC at the

distance of 25m (Table 3). Moreover, there was obse-
rved significant, or marginal significance, influence
of VO,max (in upper and lower extremities tests) on
swimming speed at the distance of 25 and 100m. After
anaerobic efforts using arms blood lactate concentra-
tion (LA) was on average about 12.6+1.73 mmoll,
and in leg test 14.1+1.46 mmoll’ (P<0.01). In the 3"
minute after swimming test at the distance of 100m
blood La concentration amounted to 12.2+1.89 mm1*
and was statistically significantly higher than after 25-
meters-long test 7.8£1.96 mm1™.

Swimming speed (V) at both distances strongly and
statistically significantly correlated with front crawl
swimming technique parameters (SR, IdC and PL+PS)
(Table 4). Moreover, there was observed negative linear
dependence between swimming technique indices LQ
and SR (r=-0.47, P<0.01 for 25 m, and r =-0.43, P<0.02
for 100m). Leg movement number in one upper extre-
mities movement cycle positively correlated with SL25
(r = 0.46, P<0.02) and SL100 (r = 0.50, P<0.01).

The dependence between swimming speed at both
test distances was also measured. The connection was
very strong, Pearson correlation index was r=0.96,
P<0.001 (Fig. 3).

Scatterplot: V25 vs. V100 [m's™]
Correlation: r = 0,95698

1,80

1,75

1,70
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1,55

1,70
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1,75 1,80 1,85 1,20 1,95
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Fig. 3. Regression line of the swimming speed at the distance of 25m versus swimming speed at the distance of 100m with 95% confidence interval marked

with a dashed line
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Discussion

During swimming at the shortest distances the
contribution of anaerobic glycolitic transformations
in covering effort energetic cost is very high. In swim-
ming sprint, from the muscle work energetics point
of view, swimmer’s motion speed in water depends
mainly on organism’s anaerobic metabolic transfor-
mations efficiency (35-39). It is also confirmed by
the authors’ research on young swimmers, whose
maximal power obtained in one-minute anaerobic
tests with arms (60sAR) and legs (60sLG) is highly
correlated with swimming speed at the distances of
100 and 25m. Similar dependence on front crawl
swimming speed at the distance of 100 and 25m
showed CM]J index (positive correlations from r=0.75
to r=0.76).

A large contributor of anaerobic energetic transfor-
mations in those efforts shows high postexercise blood
lactate concentration (La). For all examined athletes it
was the highest after 100m front crawl race. After ana-
lyzing research results, considering metabolic profile,
it may be argued that these young sprinters are highly
efficient of anaerobic energy. Moreover, the observed
statistically significant correlation between swimming
speed at both distances and PavAR and PavLG results
in one-minute tests is evidence of this conclusion. In
practice, almost half of the power produced in the
last 30 seconds of maximal one-minute work arises
from aerobic source (40). The reflection of these
observations were swimming tests results correlating
with VO,max AR and VO, max LG at the level from
r=0.37 at the edge of statistical significance (P<0.08)
to r=0.53 (P<0.01). Prevailing influence of anaerobic
efficiency indices (CM], PmxAR and PmxLG) on 25
and 100 meters swimming is indicated by a very high
correlation (r=0.96).

Swimmers specializing in sprint have higher both
body mass (BM) and lean body mass (LBM) as well as
more favourable body length qualities than swimmers
with endurance predispositions (23,27,38,41,42). In
this research only the interdependence (of marginal
statistical significance) between LBM and swimming
speed at the distance of 25 meters was observed and
there was no such dependence in the distance of 100
meters. Swimmers’ body length indices TBL and AS
had even stronger influence on 25 and 100m swim-
ming speed, which is consistent with Kosmol’s (43)
observations. At the Olympic Games in Atlanta the
average body height of the three medal winners in
freestyle swimming at the distance of 100 meters was
198.33 cm, and for the finalists 194.00 cm. Athletes
whose length body size are above average, reach usual-
ly higher kinetic energy than the smaller ones. Howe-
ver, water wave generated by movement of their bodies,
which is of medium resistance, has lower amplitude
than in case of their smaller competitors (44).

Furthermore, kinetic energy (dependent on speed)
is partially changed into potential energy of the wave
generated by the swimmer (dependent on the wave
length and its amplitude). After reaching specific
speed the wave generated has such properties that it
practically obstructs further acceleration. To compare
results of swimmers with different body lengths Fro-
ude number is often used,

Fr=—— (4)

where

v - speed [m-s]

g — acceleration [m-s?]

1 - total body length [m]

For example, swimmers with similar body structure
have the same Froude number, but the athlete with
lower body length will reach lower swimming speed.
According to Toussaint et al. (44) at swimming speeds
above 1.5 ms™ the generated wave will be stronger
limiting maximal body speed in water because it cau-
ses higher resistance. The observations of Vorontsov
et al. (45) and Toussaint et al. (44) indicate that the
longer body has more streamline properties because
the zone separating boundary regions of high and
low pressure is more at the back of the body, which
causes generating smaller backwash and generates
lower wave comparing to smaller body. Keeping in
mind large influence of swimmer’s body size on short
distance swimming speed, in case of young swimmers
itis relevant to predict the final body height. Body size
forecasting besides considerations of genetics should
also be based on comparison to growth charts in the
frame of children and adolescent development - bio-
logical age control (21).

The results of the partial correlations between front
crawl technique swimming indices and swimming tests
results have shown that among swimming speed deter-
minants at examined distances stroke rate (SR), index
of coordination (IdC) and sum of propulsion phases in
upper extremities movement cycle (PL+PS) played the
strongest and the most statistically significant role. IdC
strongly correlated with stroke rate (SR) which was also
observed by Chollet et al. (30) and Potdevin et al. (46).
Moreover, power indices and workload in anaerobic
tests had the strongest influence on reaching high level
ofIdCand PL+PS at examined swimmers at the distance
of 25 meters. The authors’ research results and other re-
searchers’ reports (49,50) indicate that upper extremities
movement’s coordination, closer to so called “opposition’,
which does not show lag between propulsion phases or
“superposition” with overlapping of these phases, was
conductive to reaching higher swimming speed at both
distances. Increasing swimming speed demands greater
propulsion force by the swimmer through time-spatial
structure of the arms movement cycle modification. It
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may be achieved by the shortening of the non-propulsion
phases, especially arm transition above water (R), which
is observed in case of the top swimmers (30) and gliding
time shortening (E) in the phase of movement cycle
beginning. Such action with stable SR level maintenance
provides relative increase in propulsion generating in mo-
vement cycle and maintaining or increasing swimmer’s
swimming speed in spite of SL decrease in comparison
with these parameters in long distance swimming. The
authors did not observe significant influence of SL on
swimming speed, although this parameter was in general
strongly associated to swimmers body size indices (TBL,
AS, LBM),. Lack of such dependence might be caused
by training specific parameter such as increasing stroke
length. In researched swimmers group SL at the level of
94.3% and SR 91.5% of the parameters for Junior ME in
Budapest finalists was noted. Meanwhile stroke rate in-
creasing and upper extremities work synchronization fa-
cilitates the swimmer at short sprint distances to generate
high mechanical power and to defy increasing front water
resistance, which must be overcome by the swimmer
using appropriate swimming technique. In this research
it was observed that swimming speed increasing at short
distances in comparison to long distances (42,47,48) is
associated with increase in SR and IdC indices, which is
consistent with the hydrodynamics theory assumptions
(44). According to these assumptions arm speed deter-
mines resistance and lift. Finally, the greater the speed
the higher the generated propulsion force.

Comparing authors’ time-spatial front crawl swim-
ming technique parameters at short distances of young
swimmers to other researchers’ results it was observed
that obtaining high swimming speed is dependent on
SR level and maintaining it on relatively stable level
(26,46,49) and on higher and stable increase of SL
level (26,31).

Results of research on young swimmers confirmed
substantial impact of energy obtaining mechanisms
(alactic, glycolitic and aerobic) on swimming efficiency
at short distances. Significant influence on swimming
results there had also body size, especially body total
length (TBL), while the influence of an arm span
(AS) and lean body mass (LBM) was smaller. These
morphological indices significantly determined one of
the essential swimming parameters — body transition
during one movement cycle. Swimming technique level
also significantly influenced the swimming efficiency.
Some of its elements, for example, the sum of propulsion
phases in arm movement cycle (PL+PS), SR and IdC
have a strong relationship on front crawl swimming
results at the distances of 25 and 100 meters.

Acknowledgement

We are very grateful to Ms. Erika Nakamoto for
correcting the English grammar and style of the final
version of the manuscript.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Stager JM, Coyle MA. Energy systems. In Stager JM, Tanner
DA (eds). Swimming. Handbook of Sports Medicine and
Science. (pp 1-19) Blackwell Science Ltd. Oxford (2005).
Gerard ES, Caiozzo V], Benjamin MS, et al. Skeletal muscle
profiles among elite long, middle, and short distance swim-
mers. Am ] Sports Med 1986; 14: 77-82.

Keskinen OP, Keskinen KL, Mero AA. effect of pool length
on blood lactate, heart rate, and velocity in swimming. Int |
Sports Med 2007; 28: 407-13.

Falk B, Lidor R, Lander Y, Lang B. Talent identification
and early development of elite water-polo players: a 2-year
follow-up study. J Sports Sci 2004; 22: 347-55.

Platanou T. On-water and dryland vertical jump in water
polo players. ] Sport Med Phys Fitness 2005; 45: 26-31.
Bar-Or O. Wingate anaerobic test. An update on methodolo-
gy, reliability and validity. Sports Medicine 1987; 4: 381-94.
Hawley JA., Williams MM. Relationship between upper body
anaerobic power and freestyle swimming performance. Int
Sports Med 1991; 12: 1-5.

Medbt JI, Tabata I, Relative importance of aerobic and ana-
erobic energy release during short-lasting exhausting bicycle
exercise. ] Appl Physiol 1989; 67: 1881-6.

Medbr JI, Tabata I, Anaerobic energy release in working
muscle during 30 to 3 minute of exhausting bicycling. ] Appl
Physiol 1993: 75: 1654-60.

Scott C, Roby E, Lohman T, Bunt J. The maximally accumau-
lated oxygen deficit as an indicator of anaerobic capacity.
Med Sci Sports Exerc 1991; 23: 618-24.

Gastin PB, Lawson DL. Influence of training status on
maximal accumulated oxygen deficit and predict anaerobic
capacity. Eur ] Appl Physiol 1994; 69: 321-30.

Gastin PB, Lawson DL. Variable resistance all-out test to
generate accumulated oxygen deficit and predict anaerobic
capacity. Eur ] Appl Physiol 1994; 69: 331-6.

Brickley G, Dekerle ], Hommond AJ, et al. Assessment of maxi-
mal aerobic power and critical power in a single 90-s isokinetic
all-out cycling test. Int ] Sports Med 2007; 28: 414-9.

Withers R, Sherman W, Clark D, et al. Muscle metabolism
during 30, 60, and 90s of maximal cycling on an air-braked
ergometer. Eur ] Appl Physiol 1991; 63: 354-62.

Carey DG, Richardson MT. Can aerobic and anaerobic power
be measured in a 60-second maximal test? ] Sports Sci Med
2002; 2: 151-7.

Obert P, Falgairette G, Bedu M, Coudert J. Bioenergetic
characteristics of swimmers determined during an arm-er-
gometer test and during swimming. Int ] Sports Med 1992;
13:298-303.

Holmer I. Physiology of swimming man. Acta Physiol Scand
1974; 407, (Suppl.): 1-55.

Rodriguez FA. Maximal oxygen uptake and cardiorespiratory
response to maximal 400-m free swimming, running and
cycling tests in competitive swimmers. ] Sports Med Phys
Fitness 2000; 40: 87-95.

Bonen A, Wilson BA., Yarkony M, Belcastro AN. Maximal
oxygen uptake during free, tethered, and flume swimming.
J Appl Physiol.: Respirat. Environ. Exercise Physiol, 1980; 48:
232-5.

Costill DL, Kovaleski ], Porter D, et. al. Energy expenditure
during front crawl swimming: predicting success in middle-
distance events. Int ] Sports Med 1985; 6: 266-70.
Bulgakova NZ, Woroncow AR. Selekcja i szkolenie mtodych
plywakéw. Sport Wyczynowy 1980; 1/2, 39-45.

Wakayoshi K, D’Acquisto L], Cappaert JM Troup JP, Rela-
tionship between oxygen uptake, stroke rate and swimming
velocity in competitive swimming. Int J Sports Med 1995; 16:
19-23.

Grimston SK, Hay JG. Relationships among anthropometric
and stroking characteristics of college swimmers. Med Sci
Sports Exerc 1986; 18: 60-8.

Carter JE, Heath BH. Somatotyping development and ap-
plications. Cambridge Studies in Biological Anthropology.
Cambridge University Press, New York, 1990.



Strzata M., Tyka A./ Medicina Sportiva 13 (2): 99-107, 2009

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Avlonitou E, Georgiou E, Douskas G, Louiz A. Estimation of
body composition in competitive swimmers by means of three
different techniques. Int J Sports Med 1997; 18: 363-8.
Seifert L, Chollet D, Rouard A. Swimming constraints and
arm coordination. Hum Mov Sci 2007; 26: 68-86.

Jurimée J, Haljaste K, Cicchella A, et.al. Analysis of swimming
performance from physical, physiological, and biomechani-
cal parameters in young swimmers. Pediatric Exercise Science
2007.19: 70-81.

Kennedy P, Brown P, Chengular SN, Nelson RC. Analysis
of male and female Olimpic swimmers in the 100-meters
events. Int ] Sports Biomech 1990; 6: 187-97.

Arellano R, Brown P, Cappaert J, Nelson RC. Analysis of 50-,
100-, and 200-m freestyle swimmers at the 1992 Olimpic
Games. ] Appl Biomech 1994; 10: 189-99.

Chollet D, Chalies S, Chatard JC. A new index of coordina-
tion for the crawl: description and usefulness. Int J Sports
Med 2000; 21: 54-9.

Sidney M, Paillette S, Hespel JM, et al. (2001). Effect of
swim paddles on the intra-cyclic velocity variations and
arm coordination of front crawl stroke. In J. R. Blackwell
& R. H. Sanders (Eds.), XIX international symposium on
biomechanics in sports (pp 39-42). San Francisco: ISBS.
Wilmore JH, Costill DL, Kenney WL. (2008) Physiology of
Sport and Exercise, Human Kinetics.

Slaughter MH, Lohman TG, Boileau RA, et al. Skinfold
equations of body fatness in children and youth. Human
Biology, Wayne State University Press 1988, 60: 709-23.
Lutostawska G, Hiibner-Wozniak E, Sitkowski D. Plasma
glucose and blood lactate response to incremental cycling
until exhaustion in active young men with different maximal
oxygen uptake. Biology of Sport 1995; 12: 137-43.

Sharp RL, Troup JP, Costill DL. Relationship between power
and sprint freestyle swimming. Med Sci Sports Exerc 1982;
14: 53-6.

Neufer PD, Costill DL, Fielding RA, et al. Effect of reduced
training on muscular strength and endurance in competitive
swimmers. Med Sci Sports Exerc 1987; 19: 486-90.

Costill DL, Flynn MG, Kirwan JP, et al. Effects of repeated
days of intesified training on muscle glycogen and swimming
performance. Med Sci Sports Exerc 1988; 20: 249-54.
Keskinen KL, Lauri J, Komi PV. Maximum velocity swim-
ming: Interrelationships of stroking characteristics, force
production and anthropometric variables. Scand J Sports Sci
1989; 11: 87-92.

Chatard J.C., Collomp C., Maglisho E., et al. Swimming skill
and stroking characteristics of front crawl swimmers. Int ]
Sports Med 1990; 11: 156-61.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

Gastin PB. Energy system interaction and relative contribution
during maximal exercise. Sports Med 2001; 31: 725-41.
Chatard JC, Lavoie JM, Lacour JR, Analysis of determinants
of swimming economy in front crawl. Eur J Appl Physiol
1990; 61: 88-92.

Strzala M, Tyka A, Zychowska M, Woznicki P. Components
of physical work capacity, somatic variables and technique
in relation to 100 and 400 m time trials in young swimmers.
J Human Kinetics 2005; 14: 105-16.

Kosmol A. Swimming on Olympic Games in Atlanta and
Barcelona. Sport Wyczynowy 1997; 7-8: 391-2.

Toussaint HM, Truijens M. Biomechanical aspects of peak
performance in human swimming. Animal Biology 2005; 55:
17-40.

Vorontsov AR, Rumyantsev VA, Resistive forces in swim-
ming. In Zatsiorsky V. (eds): The Encyclopaedia of Sports
Medicine. Blackwell Science Ltd. 2000 London. p.194.
Potdevin F, Bril B, Sidney M, Pelayo P. Stroke frequency and
arm coordination in front crawl swimming. Int J Sports Med
2006; 27: 193-8.

Millet G P, Chollet D, Chalies S, et al. Coordination in front
crawl in elite triathlets and elite swimmers. Int J Sports Med
2002; 23: 99-104.

Seifert L, Chollet D, Bardy BG. Effect of swimming velocity
on arm coordination in the front crawl. J Sports Sci 2004; 22:
651-60.

Alberty M, Sidney M, Hout-Marchand E et al. Intracyclic
velocity variations and arm coordination during exhaustive
exercise in front crawl stroke. Int J Sports Med 2005; 26: 471-
5.

Received: April 09, 2009
Accepted: June 10, 2009
Published: June 18, 2009

Address for correspondence

Marek Strzata

Zaklad Teorii i Metodyki Sportéw Wodnych
Akademia Wychowania Fizycznego

ul. Rogozinskiego 12,

31-559 Krakéw, Poland

e-mail: marekstrzala@o2.pl

Aleksander Tyka: wftyka@cyf-kr.edu.pl

Authors’ contribution
A - Study Design

B - Data Collection
C - Statistical Analysis

D - Data Interpretation
E - Manuscript Preparation

F - Literature Search
G - Funds Collection



