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ABSTRACT

We researched for relationships between selected anthropometric parameters of the elite swimmers and their performance considering the biomechanical
structure of the swimming start as well as preferred back plate position. The study group consisted of 13 female and 14 male swimmers. First,
anthropometric measures were obtained with a 3D scanner (Mephisto EX-PRO, 4D Dynamics Bvba, Belg). Subsequently, participants performed a kick-
start. An instrumented starting block and four video cameras were used to collect kinematic data of the starts. The footage was analyzed using SIMI Motion
software. Then Pearson's correlation coefficient was calculated. Athletes of both sexes with greater body height and longer upper limbs preferred to position
the back plate further from the front of the starting block (r > 0.5). The duration of the push-off phase decreased with increasing body height and lower limb
length (r = 0.64; r = 0.68). Males with higher body mass and longer upper limbs covered a longer distance during the flight phase (r = 0.75; r = 0.58). In the
female group, a positive correlation was shown for torso length and flight time and distance (r = 0.67; r = 0.74). Males with higher body mass had shorter
total start time (r = -0.67). Conscious individual choice of the starting position can result in an improvement in the quality of the swimming start. The
obtained results allow for monitoring and evaluation of the individual technique of the swimming start and thus improve the training process.
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INTRODUCTION

In a swimming race, the final result depends not
only on the swimming technique performed on distance
but also on the start, turns, and finish [1]. This result is
the sum of all the elements mentioned and is primarily
a consequence of the multidirectional training process.
Therefore, researchers most often look for cause-and-
effect correlations between swimming performance and
its biomechanical, physiological, motor, or psychological
determinants [2-5]. An important role in the broader
spectrum of research in the field of optimizing the
training process in the direction of increasing
performance plays analyses based on the athlete's
somatic potential. This is reasoned by the genetic factor of
the human body morphology, which is minor susceptible
to adaptation to training stimuli [3,5,6]. In swimming, due

BLOCK PHASE FLIGHT PHASE ENTRY PHASE
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to the specific properties of water, resulting in
hydrodynamic resistive/propulsive  forces, studies
searching for the influence of somatic characteristics on
the elements of swimming technique and their
performance have a long tradition [2,7,8].

The swimming start (Figure 1) is the only
element of the swimming race that includes the
swimmer's actions on land (block phase), in the air (flight
phase), and in the water (glide phase, underwater leg
propulsion phase, and swim phase) [9,10]. The cited
peculiarities of the swimming start result in a high
complexity of the executed movement structures and
their coordination in time and space. Thus, it seems to be
an obvious justification for undertaking separate analyses
of this element of the swimming race.
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Fig. 1 Phases of the swimming start.

Improving the swimming start performance can
occur through changes in starting conditions, the
swimmers' individual motor capabilities, changes in the
starting technique, or through modifications to the
starting block setup permitted by the swimming rules [9].
Despite the fact that studies on the somatic characteristics
of swimmers are numerous [7], we can find only a few
scientific reports considering the correlation between
swimmers' anthropometric parameters and the
performance characteristics of the swimming start [11-
14]. The available analyses have more often focused on
analyzing the swimmers' body composition rather than
looking for correlations between the somatic
characteristics of the swimmers and their starting
performance. Among the available scientific papers, one
can find a description of the correlation between the
length of the shin (as an anatomical measure to position
the back plate of the starting block) and the spatial
positioning of other body segments during the swimming
start [15,16]. The aforementioned authors also showed
that the positioning of the back plate of the starting block
according to shin length significantly determines the
duration of the block phase [16] and reaction time [15].
On the other hand, Wedrzyk et al. [13] showed that in
a group of young swimmers, limb length had no
significant effect on starting position. Another research
stream in this area, arising from the similarities that exist
between the swimming track-start and the sprint start
[17,18], pays attention to, the role of the anthropometric
parameters of swimmers in their preferences in the
positioning of the feet relative to the back plate of starting
block.

e T

The aforementioned analysis of the current state
of knowledge demonstrates the need to explore the
factors objectively determining the interrelation between
swimmers' somatic potential and successful performance
of the swimming start. Therefore this study is an attempt
to research for relationships between selected
anthropometric parameters of the elite swimmers and
their starting performance in terms of biomechanics.
There is reason to believe that a comparison of the spatio-
temporal parameters describing various phases of the
swimming start with the set of easy-to-measure
anthropometric parameters will reveal practical
outcomes useful for individualization and rationalization
of the technical training of this element of the swimming
race, leading to improve the performance.

METHODS

The study group consisted of 25 swimmers
representing international sports level (12 females aged
16 = 1.7 years and 13 males aged 19.7 + 3.9 years, with at
least 750 FINA points). The study was conducted in the
laboratory (anthropometric variables) and in a 25m
indoor swimming pool (swimming start). Prior to the
investigations, the participants were informed about the
aim and the design of the study. All of them expressed
voluntary consent to participate in the research. All
procedures were performed in accordance with the
Declaration of Helsinki regarding human research and
were approved by the University’s Ethics Committee.
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ANTHROPOMETRIC MEASURMENTS

In the first part of the research protocol, the
acquisition of anthropometric data took place (Figure 2).
During the measurement, each participant was dressed in
a standard swimsuit. It was performed in stillness, in two
- anatomical and in streamline positions. Using four 3D
scanners (Mephisto EX-PRO, 4D Dynamics Bvba, Belgium)
aligned in the frontal, backward, and sagittal (right side

Anthropometric variables were selected for the analyses.

and left side) planes, 3D models of each swimmer’s body
were constructed. Selected anthropometric points were
then estimated for each person. Based on these, the
variables shown in Table 1 and Figure 2 were calculated.
Additionally, body mass was measured using the Inbody
230 device (Biospace Co. Ltd., Seoul, Korea).

Tab. 1

No. Variable

[N

Body height (B-v)[cm]

Shoulder breadth (a-a) [cm]

Pelvic breadth (ic-ic) [cm]

Shoulder breadth in the streamline position (widest part) [cm]

Length of the upper limb (a-sty) [cm]

Body height in the streamline position (B-da) [cm]

Length of upper limbs in the streamline position (a-da) [cm]

Torso length in the streamline position (a-tro) [cm]

Lower limb length (tro- mlf) [cm]

RO || |w|N

0 Foot length (ap-mlf) [cm]

Fig. 2 Graphic presentation of the measurement protocol of anthropometric data (frontal image in anatomical position, image from the side in the streamline

position, three-dimensional model obtained with the scanner).

SWIMMING START

The subjects' task was to perform a swimming
start with the "kick-start” technique (known and
preferred by all subjects) along with swimming a 20-m
distance at maximum possible velocity. Sound and visual
starting signals were provided. To collect data describing
the phase on the block, an instrumented starting block
(compliant with FINA regulations for OMEGA OSB 14)
was used [19]. It is equipped with independent
dynamometer platforms allowing measurement of ground
reaction forces generated independently by each limb
during the block phase. The temporal variables of the sub-
phases of the block phase (hands take-off, rear foot take-
off, front foot stand, and movement time) were also

estimated from the data obtained in this way through
analysis in MatLab (MathWorks Inc., Natick, MA, USA).
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Fig. 3 A set of measuring devices used for data acquisition, based on which the values of the spatio-temporal variables describing the structure of the

swimming start were determined.

Four video cameras (GoPro Hero 5, GoPro, San
Mateo, CA, USA) working at 120 fps were located along
the side wall of the swimming pool, parallel to the
swimmers’ path of movement. They were dedicated to
recording participants’ actions from the start signal until
their head reached the point marking a distance of 15 m
from the edge of the starting platform line (Figure 3).
Along the measurement track, markers were placed in the
field of view of each camera, as well as LEDs that
transmitted a light signal to notify of the start of a given
test and allow synchronization of the measurement
devices.

SIMI Motion System (SIMI Reality Motion
Systems GmbH, Germany) was used to analyze the

collected video footage. The first frame with visible LED
light was used to determine the starting signal for a given
trial. This way the values of selected spatio-temporal
variables describing the kinematic structure of swimming
start were obtained. The selection of variables and the
measurement protocol were determined based on
available scientific reports involving analyses of the
performance of the swimming start [9,20,21,22]. The
scientifically confirmed definitions of the kinematic
variables describing swimming start are presented in
Table 2.

Tab. 2

Definitions of kinematic variables describing the execution of the swimming start.

Variable

Definition

Hands take-off (s)

The time interval between the starting signal and the last contact
of the hands with the starting block

Rear foot take-off (s)

The time interval between the starting signal and the last contact
of the rear foot with the starting block

Front foot stand (s)

The time interval between the last contact of the rear foot with the
starting block and the moment when total vertical force fell to
Zero

Movement time (s)

The time interval from the first visible change in the starting block
reaction force curve and the instant when total vertical force fell
to zero

Flight time (s)

The time interval between the last contact of the toes with the
block and the moment of the first contact of the hands with the
water

Flight distance (m)

The horizontal distance measured between the point where
fingertips entered the water and the starting wall

5 time (s)

The time interval between the starting signal and the moment
when the head crossed the 5 m mark

5-10 time (s)

The time interval between the moment when the head crossed the
5-m mark and the moment when the head reached the 10 m mark

10 time (s)

The time interval between the starting signal and the moment
when the head crossed the 10 m mark

10-15 time (s)

The time interval between the moment when the head crossed the
10-m mark and the moment when the head reached the 15 m
mark

15 time (s)

The time interval between the starting signal and the moment
when the head crossed the 15 m mark
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The data of each variable were evaluated with
descriptive statistics, the Shapiro-Wilk test, and the
Levene’s test, to ensure that they met the assumptions of
parametric statistical procedures. To describe the group
with representative values of the obtained data means
and standard deviations of all variables were calculated.
Next, the Student's t-test was performed for two
independent groups, which was used to determine
whether the sex of the study participants differentiates
the studied variables of the kinematic structure of the
swimming start and whether the sex criterion
differentiates the selected anthropometric variables of
the subjects. Pearson's correlation analysis was used to
determine the relationships between the anthropometric
variables considered and the variables describing the
spatio-temporal structure of the swimming start.
Statistical analyses were performed using Statistica 13.1
software (StatSoft, Tulsa, OK, USA). The level of statistical
significance was established at o = 0.05.

RESULTS

Sex-stratified descriptive statistics for
anthropometric variables of the swimmers researched
are presented in Table 3. As expected, the results of the t-
test revealed the sex effect on the anthropometric
characteristics of the swimmers. Therefore, the outcomes
were analyzed and interpreted separately for males and
females. Males had a higher body mass than females (p =
0.001). Considering measurements taken in the
anatomical position, males were characterized by higher
values of body height (p = 0.002), torso length (p = 0.020),
shoulder breadth height (p < 0.001), and foot length (p =
0.046). None of the anthropometric variables measured in
the streamline position differentiated the subjects based
on their sex.

Tab. 3

The results of the t-test and sex-stratified descriptive statistics for anthropometric variables of the swimmers researched. Data of means + SD are

presented.
Variable Females Males
Body mass (kg) 58.12 + 6.25 70.02 £ 9.55 *
Body height (cm) 169.5+4.3 177.2+£8.7 *
Body heightsr (cm) 218.6 +8.4 230.7+12.6
Shoulder breadth (cm) 31.14+2.48 35.24+2.43 *
Shoulder breadth st (cm) 39.16 £ 2.18 40.98 £ 3.33
Pelvic breadth (cm) 33.36+3.05 33.66 +2.18
Upper limb length (cm) 62.50 + 2.27 63.64 +4.52
Upper limb ]ength ST (Cm) 66.16 £9.75 67.87 £8.42
Torso length (cm) 62.68 £4.99 69.60 £ 4.51 *
Lower limb length (cm) 78.00 £ 2.79 77.30 £ 5.87
19.52 + 1.04 21.15+1.63 *

Foot length (cm)

s1, in the streamline position, * statistical significance level at p < 0.05

On table 4 there are presented the selected
variables describing the kinematic structure of the
swimming start. Compared to females, males achieved
a shorter start time measured at 15 m from the starting
line (p < 0.001). Male swimmers needed less time to

complete all the 5-meter sections of the swimming start
analyzed (p < 0.024) and obtained higher flight distance
values (p = 0.006).

Tab. 4

The results of the t-test and descriptive statistics of selected variables describing the kinematic structure of the swimming start. Data are presented by sex.

Variable Females Males
Hands take-off (s) 0.25+0.08 0.29 £ 0.07
Rear foot take-off (s) 0.46 + 0.04 0.45 + 0.04
Front foot stand (s) 0.10 £ 0.04 0.10 + 0.04
Movement time (s) 0.56 £ 0.05 0.56 +0.03
Flight time (s) 0.27 £0.07 0.29 £ 0.04
Flight distance (m) 2.87£0.22 313+022 *
5 time (s) 1.71+0.09 1.57+0.09 *
5-10 time (s) 2.75+0.19 229+023 *
10 time (s) 446 +0.24 386+031 *
10-15 time (s) 2.80+0.17 257+030 *
15 time (s) 7.26 +0.29 643053 *

*statistical significance level at p < 0.05.
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Tab. 5

The results of Pearson's correlation analysis (r) between the anthropometric variables considered and the variables describing the temporal structure of the

block phase execution. Data are presented by sex.

Females Males

Variable Hands Rear foot Front foot Movement Hands Rear foot Front foot Movement

take-off take-off stand time take-off take-off stand time
Body mass -0.15 -0.42 0.34 -0.06 0.29 -0.15 0.47 0.25
Body height -0.19 -0.13 0.63* 0.38 0.50 0.28 0.41 0.64*
Body height sr 0.53* -0.24 -0.15 -0.29 0.54* 0.39 0.25 0.62*
Torso length 0.19 -0.60* -0.17 -0.58* 0.43 -0.07 0.07 -0.02
Shoulder breadth 0.32 -0.31 0.09 -0.16 0.12 -0.07 0.12 0.09
Shoulder breadth sr 0.14 -0.03 -0.36 -0.53 0.18 -0.11 0.28 0.35
Pelvic breadth 0.08 -0.02 0.56* 0.40 0.06 -0.01 0.23 0.06
Lower limb length 0.74* 0.18 0.08 0.20 0.54* 0.50 0.19 0.68*
Upper limb length 0.27 0.19 0.58* 0.57* 0.45 0.08 0.45 0.48
Upper limb length sr -0.08 -0.01 -0.31 -0.24 -0.02 0.01 0.07 -0.34
Foot length 0.20 -0.13 -0.39 -0.39 0.12 -0.08 0.22 -0.33

st, in the streamline position, * statistical significance level at p < 0.05

Examining the correlations between the
anthropometric variables considered and the spatio-
temporal variables of different phases of the start (Table.
6), in the female group, a significant correlation was
shown between the time and the distance of the flight and
torso length (p = 0.002; p = 0.010). In contrast, in the male

group, flight distance significantly correlated with greater
body mass (p = 0.002) and greater upper limb length
(p=0.032).

Tab. 6

Results of Pearson's correlation analysis (r) between selected anthropometric variables and variables describing the spatio-temporal structure of flight

phase execution. Data are presented by sex.

Females Males
Variable Flight distance Flight time Flight distance Flight time
Body mass 0.45 0.42 0.75* 0.25
Body height 0.12 -0.17 0.50 -0.18
Body height sr 0.22 0.17 0.28 0.30
Torso length 0.74* 0.67* 0.49 0.40
Shoulder breadth 0.29 0.32 0.27 0.19
Shoulder breadth sr -0.18 -0.02 0.01 0.06
Pelvic breadth 0.25 0.01 0.11 -0.03
Lower limb length -0.04 -0.27 0.21 -0.25
Upper limb length -0.09 -0.35 0.58* 0.01
Upper limb length st 0.05 0.13 0.03 0.10
Foot length 0.03 -0.07 0.12 -0.07

s1, in the streamline position, * statistical significance level at p < 0.05

The results of the analyses of the start phases
taking place in water are presented in Table 7.
Considering the temporal structure in these phases, in
females the strongest correlation was obtained between
10-15m time and anthropometric variables including
body height in anatomical position (p = 0.047), shoulder
breadth in the streamline position (p = 0.003), and upper
limb length (p = 0.010). In the males, greater shoulder
breath (p = 0.049) and lower upper limb length measured

in a streamline position (p = 0.045) were related to
shorter total start time measured over a 15 m distance.
Males of higher body mass needed less time not only to
cover thedistance of 15 m from the starting line
(p = 0.008) but also its subsequent 5-meter sections. For
males in the water section (10-15 m), negative values of
correlation coefficient were noted with shoulder breadth
(p = 0.036) and body height (p = 0.045).

Journal of Polish Hyperbaric Medicine and Technology Society



Polish Hyperbaric Research

Tab. 7

The results of Pearson's correlation analysis (r) between the anthropometric variables considered and the variables describing the kinematic structure of the
execution of the phases taking place in the aquatic environment. Data are presented by sex.

Females Males
Variable 5 time 5-10 time  10-15 time 15 time 5 time 5-10 time 10-15time 15 time
Body mass -0.11 0.10 -0.35 -0.17 -0.60%* -0.47 -0.67* -0.67*
Body height -0.03 0.15 -0.57* -0.24 -0.18 -0.13 -0.54* -0.38
Body height sr -0.21 -0.29 -0.07 -0.29 0.05 0.11 -0.22 -0.07
Torso length -0.39 -0.28 -0.04 -0.33 -0.35 -0.23 -0.18 -0.26
Shoulder breadth 0.17 0.30 -0.15 0.16 -0.58* -0.29 -0.56* -0.53*
Shoulder breadth st -0.24 -0.21 0.72%* 0.20 0.50 0.52 0.15 0.39
Pelvic breadth 0.18 0.45 -0.43 0.10 -0.36 -0.18 -0.18 -0.24
Lower limb length 0.15 -0.20 -0.14 -0.16 0.26 0.23 -0.06 0.11
Upper limb length 0.13 -0.10 -0.64* -0.40 -0.24 -0.23 -0.37 -0.34
Upper limb length sr -0.16 -0.39 0.34 -0.11 0.49 0.50 0.44 0.54*
Foot length -0.14 -0.31 0.33 -0.05 0.10 0.22 -0.16 0.03

s1, in the streamline position, * statistical significance level at p < 0.05

The correlations between selected
anthropometric variables and participants' preferred
back plate position are presented in Table 8. Swimmers of
both sexes characterized by greater upper limb length
preferred to position the back plate further from the front
edge of the starting block (p < 0,017). It is noteworthy
that among females, the results of body height in the
anatomical position correlate positively with the position

of the back plate (p = 0.016), as opposed to the non-
significant correlation noted for the measurements taken
in the streamline position (p > 0.05). In the males more
backward position of the back plate was related to
a longer lower limb and foot (p > 0.05).

Tab. 8

The results of Pearson's correlation analysis (r) between selected anthropometric variables and the subjects' preferred back plate position of the starting

block. Data are presented by sex.

Variable Females Males
Body mass 0.00 0.44
Body height 0.65* 0.51
Body height st -0.04 0.31
Torso length -0.26 0.21
Shoulder breadth -0.31 0.06
Shoulder breadth sr -0.13 0.07
Pelvic breadth 0.49 0.42
Lower limb length 0.34 0.43
Upper limb length 0.62* 0.68*
Upper limb length st 0.18 0.28
Foot length -0.11 0.44

s1, in the streamline position, * statistical significance level at p < 0.05

DISCUSSION

This study aimed to investigate the relationships
between selected anthropometric variables of the elite
swimmers and their starting performance in terms of
biomechanics. The analyses included the relationship
between the somatic characteristics of the simmers and
their preferred position on the back plate. We predicted
that a comparison of the spatio-temporal variables in the
various phases of the swimming start with the set of easy-
to-measure anthropometric variables would reveal the
set of factors that determine the performance of the
swimming start.

A comparison of the results of anthropometric
variables in swimmers representing the international

sports level confirmed the existence of sex differences
within the considered somatic variables (Table 3).
Compared to females, males were shown to have higher
body mass, body height, torso length, shoulder breadth,
and foot length (Table 3). The statistical range of variation
in anthropometric variables in both groups was similar to
the results obtained by  other researchers
[8,13,14,23,24,25,26]. Considering this background, the
differentiation =~ of anthropometric  variables as
a consequence of sex seems indisputable. Nevertheless, it
should be emphasized that the somatic variables of
swimmers are also determined by their susceptibility to
specific training stimuli applied during many years of
targeted high-stress swimming training [8,25]. Also, the
influence of swimmers' anthropometric variables on
predisposition to successful performance has been




2024 Vol. 88 Issue 3

frequently indicated [6,7]. Nevertheless, somatic
differences in the motor potential of males and females
are revealed both in the efficiency and economy of
swimming as well as in the other technical elements that
determine the race result (swimming start, turns) and are
compounded by the specific conditions of movement of
the human body in water (hydrodynamics) and in space
(flight phase - without contact with the ground).

In general, female swimmers are characterized
by shorter lower limbs, together with lower body height,
lower body mass, and a higher percentage of body fat.
Consequently, body density is lower [26-28]. Sex
differences will be also manifested in the ability to
generate muscle force [29].The aforementioned traits
support in females the economy of swimming [27,28]
while they do not predispose them to generate and use
explosive power, which is crucial for swimming start
performance[18]. Hence, discrepancies between eficiency
and economy of movement in both sexes will be more
pronounced in exercises performed on land than those
performed in water, due to the effects of buoyancy force
[22,30]. So, in conclusion - the fact that male swimmers
gained an advantage over female swimmers by reducing
their starting times measured over 15 m, as well as 5m
distances (Table 3) (as Wadrzyk et al. [13,14], should be
interpreted in a broader context; namely, taking into
account the emerging differences in the spatio-temporal
structure of the swimming start of males and females
depending on the specifics of the activities taking place on
land (block phase), in the air - without contact with the
ground (flight phase) and in phases performed in the
water.

INITIAL STARTING POSITION

The analyses conducted showed that swimmers
of both sexes characterized by greater body height and
longer upper limbs prefer to position the back plate
further from the front edge of the starting block (Table 8).
For the male group, the back plate positioning seems to
rely also on the length of the lower limb and feet, but no
statistical significance level was reached (Table 8). Due to
the fixed position of the stride lower limb (in contact with
the front edge of the starting block), the location of the
back plate determines the distance between the feet on
the starting block. Consequently, the length of the limbs
will further determine position of the body segments
while starting. Thus, the flexion ranges in the various
joints of the lower limb, the position of the hips in relation
to the front edge of the starting block, and the alignment
of the torso are also influenced [21,31]. Here the body
position and its changes would determine the values of
ground reaction forces, which are the main component of
the block phase performance resulting in the velocity
reached during the take-off, as well as its translation into
the performance of the subsequent phases of the
swimming start [20]. Scientific reports indicate that
positioning the back plate at a distance equal to the length
of the swimmer's shin has a beneficial effect on starting
performance. This arrangement resulted in the shortest
response time to the start signal [15] and reduced the
block time duration [16]. Thus, the positioning of the
various body segments relative to each other in the
starting position and controlling their displacement
during the subsequent start phase would determine the
performance of the swimming start [32,33].

Until now more analysis has been carried out
with regard to the track and field start. In the available

literature many examples and analogies between
initialization of the track and field start have been
provided to the beginning of the swimming start (Rejman
et al. 2017). The sprint start, the simplest yet most
common way to set up a starting block relates to the
length of the athlete's foot [34]. Those authors, as well as
Cavedon et al. [35] indicated that the position of the
starting block pads should take into account the length of
the lower limbs. Importantly, the proper placement of the
block's components will determine the achievement of
a start position that is optimal from a mechanical point of
view, and consequently the development of a high
velocity [36]. Therefore, while searching for optimal body
position during the sprint start and positioning the
supports of the starting block, the main focus has been
brought to the angular values in the lower limb joints and
the height of the hip alignment [35,37,38,39]. Also, the
importance of torso positioning has been emphasized in
terms of maximizing the muscle potential possessed by
sprinters [37].

The results obtained and their confrontation
with the current state of knowledge in this field indicate
the necessity to continue the search for objective
premises describing how the swimmer's body should be
positioned on the starting block. This should allow to
deeply understand the cause-and-effect correlation
between swimmers' anthropometric characteristics and
the optimal starting position. In consequence, due to
inclusion of individual athletes' somatic predispositions,
the swimming start training should be more effective.

BLOCK PHASE

In the male group, greater body height went
hand in hand with increased movement time, while in the
female group, increased movement time was correlated
with a shorter torso and longer upper limb (Table 5).
Kibele et al. pointed out the differences in the block time
as a consequence of the position of the hips relative to the
starting block [31]. The results obtained in the scope of
the height of the swimmer's body as well as the length of
limb segments, that determine the position of the hips
placement, confirm this thesis. The interpretation of these
results is based on the relation of the laws of rotational
motion to a system of segments of the swimmer's body
moved relative to each other and relative to a given
reference system. This way the objective information to
explain the mechanism of a successful swimming start
could be provided [40]. The total torque, defined as the
product of the force (muscles) and the length of the lever
(bone levers of the lower limbs) at take-off, induces body
rotation relative to the front edge of the starting block
and then initiates body rotation around the lateral axis
[41].This way the dynamics (angular acceleration) of the
take-off from the starting block) is achieved. Taking into
account the moment of inertia (at a given velocity or force
generated up to the moment of take-off). The greater the
length of the swimmer’s body (or its segments), would
result with the increase in the time of displacement of the
swimmer's body (by a certain distance in a straight line)
from the moment of start signal to the moment of
completion of the swimming start. In turn, the angular
momentum generated in the sagittal plane during the
push-off from the starting block will determine the
angular velocity during the flight phase, and consequently
the trajectory of the flight and the angle at which the
swimmer's body enters into the water [42].
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FLIGHT PHASE

In the male group, flight distance extended
significantly with increasing body mass and upper limb
length (Table 6). A moderate positive correlation was also
with body height (r=.50). In the female group, flight time
and flight distance significantly correlated with torso
length (Table 6). Based on the available on-land jumping
performance analyses, it can be expected that in addition
to biomechanical and physiological factors, the height of
the jump can be determined by the somatic
characteristics of the athlete, including body mass, body
height, and length of the lower limbs [43,44]. However,
the direction of the flight in the swimming start is forward
rather than upward like in the vertical jump [45]. While
there is no doubt about the negative impact of a high
percentage of body fat on flight variables [46,47], an
increase in muscle cross-sectional area (muscle mass)
results in an increase in muscle strength, transferred to
the velocity and acceleration at take-off which largely
determines flight distance in the swimming start [24,48].
Given that, male athletes, compared to females, are
characterized by greater muscle strength and power [49]
which are useful in start performance [50], it is not
surprising to see differences in variables characterizing
the flight [51,52]. While researchers do not agree on the
benefits of a large body height on the relative height of
the vertical jump or long jump [53-56], though limb
length seems to be eligible to obtain better performance.

WATER PHASES

The duration of the start phases involving
activities in the water takes about 84% of the total start
time [57]. These phases have been named glide phase
(maintaining streamline position), underwater leg
propulsion phase, and swim phase (propulsion produced
by both, upper and lower limbs) due to the specificity of
movement activities [9,10]. This is the reason to base the
analysis of the influence of anthropometric variables on
the performance of the listed start phases on correlations
derived from fluid mechanics [7,58].

In the male group, swimmers with higher body
mass took less time to cover each of the 5 m segments of
the 15 m distance from the starting line (Table 7). While,
for both groups, negative correlation values were
observed between body mass or body height and 10-15 m
time (Table 7). The results obtained confirm the inverse
correlation between the body height and the dimension of
the generated wave resistance [59] resulting from the
magnitude of Freud's number determined by the length of
the body and the swimming velocity [6]. Barbosa et al,
studied the body shape of swimmers in terms of
evaluating the hydrodynamics of the glide phase [60].
Those authors showed that body mass, body height, and
body surface area had a significant effect on the
performance of this phase. At the same time, the influence
of the studied anthropometric variables on the amount of
buoyancy force was excluded. Such a correlation in the
case of tissue body composition confirms the thesis (true
for the surface swimming phase) that due to greater
buoyancy, the swimmer's body is less submerged and
generates fewer drag forces [61,62]. In the glide phase
taking place at least 0.6 m below the water surface, the
wave drag component is reduced [63,64], and thus,
compared to swimming on the surface, the importance of

body mass and length decreases during underwater
swimming [59].

In the female group, in the underwater phase
(5-10 m), it was observed that hip breadth had the
greatest effect on that segment duration (Table 7). In
contrast, in men, there was a dominant correlation
between 5-10 meters time and shoulder breadth
measured in streamline position and upper limb length
measured in the streamline position (Table 7). It is worth
noting that these results reflect the basic anthropometric
variables characteristics that differentiate the two sexes.

Direct proportion to the size of the frontal cross-
section" and so wider shoulders and wider hips increase
the projection of the cross-section area of the body of
males and females. At the same time, however, both the
coefficient of total hydrodynamic resistance and its
components depend on the shape of the body moving
through the water. In the case of the human body, the
shape of the torso is the most significant [65]. Here, the
torso shape, characteristic of male swimmers, which
resembles an inverted triangle (identified with the shape
of a water droplet) and determined by the biacromial/bi-
iliac diameter index, is conducive to minimizing the drag
coefficient [17,66].

In the group of females with less favorable hip
and shoulder proportions, swimmers with narrower
shoulders and longer upper limb showed shorter 10-15 m
time (Table 7). It seems, therefore, that due to the
aforementioned proportions, the feature that favors the
performance of this element of the swimming start in
females will be long upper limb. Considering that in the
discussed part of the start, the movement of the lower
limbs is the main source of propulsion of the swimmer,
thus, their length is a feature that has a positive impact on
swimming performance [7,24,67,68,69]. With longer
limbs, the swimmer is able to cover a longer distance with
relatively fewer movement cycles [70], as well as
generate more propulsive force [71].

The relationships between swimmers' somatic
characteristics and the complexity of swim start
performance described in this paper explore only one
aspect of the problem of its effective use to achieve
success in a swimming race. The start time - as the main
criterion for its performance - is significantly influenced
by many factors from the areas of biomechanics,
physiology, genetics psychology, etc. What's more, these
fetors remain in close correlations with each other and
with a variety of configurations. So in this study, we
described only the minor aspect in the way to solve the
problem of how to improve the complex structure of
performance in swimming start. In this scope, limited
number of anthropometric variables taken for the
analyses can be interpreted as the limitation of this
research. However, the choice of them was based on the
prerequisites arising from the current state of knowledge,
with the intention to provide a set of variables easy to
measure also for training staff.

CONCLUSIONS

A comparison of spatio-temporal variables
describing the starting position and the various phases of
the swimming start with anthropometric variables in
swimmers of both sexes, revealed a set of the following
characteristics having a significant impact on the quality
of the starting technique in terms of the performance:
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body mass, body height, shoulder breadth, and upper limb
length. Importantly, depending on the phase of the
swimming start, the relevance of the swimmers'
individual anthropometric variables has been changing.
In addition, the dependence between the somatic
characteristics and the kinematic structure of swimming
start performance is strongly differentiated in terms of
the sex of the athlete.

The analyses showed that swimmers (without
regard to sex) with smaller body height and shorter upper
limbs prefer to position their backward foot on the back
plate closer to the front edge of the starting block. There
is reason to believe that a conscious choice of starting
based on an athlete's individual anthropometric profile
can result in an improvement in the quality of the
swimming start execution technique. The performance in
the block phase (shorter movement time) for females was
determined by the length of the torso (longer) and upper
limb (shorter), while for men by the greater body height
and lower limb length. During the flight phase, males
characterized by greater height and body mass gained an
advantage by covering a longer distance above the water
surface. Females with longer torso spent less time on the
flight phase and achieved farther during in this part of the
swimming start. In the males, higher body mass, and
broader shoulders determined the shortening of not only

the total start time but also the particular 5-meter parts of
the start distance.

This study has provided the practical outcomes
based on a set of easy-to-measure anthropometric
variables of males and females, which seem to be crucial
in the monitoring of the functional potential of the
technique of the swimming start, to individualize and
rationalize the technical training of this element of
swimming race, leading to performance improvement. In
the long term, the findings are to be used as reference
data to model predictive changes in the swimming start
technique to improve the performance.
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