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The aim of the study was to follow-up the stability of young talented swimmers’ performance and its biomechanical determinant
factors (i.e., anthropometrics, kinematics, hydrodynamics and efficiency) during a competitive season. Thirty three (15 boys and 18 girls)
young swimmers (overall: 11.81 ± 0.75 years old and Tanner stages 1–2 by self-evaluation) were evaluated. Performance, anthro-
pometrics, hydrodynamics, kinematics and efficiency variables were assessed at three moments during a competitive season. Perform-
ance had a significant improvement (with minimum effect size) and a moderate-very high stability throughout the season. In the anthro-
pometrics domain all variables increased significantly (ranging from without to minimum effect size) between moments and had
a moderate-very high stability. Hydrodynamics presented no variations between all moments and had a low-very high stability through-
out the season. In the kinematics domain, there were no variations between moment one and three, except for an increase in stroke fre-
quency (without size effect). Speed fluctuation remained constant, with no significant variations. All kinematic variables had a low-very
high stability. Efficiency variables did not present  variations between moment one and three and had a low-moderate stability. Overall,
young swimmers showed a minimum improvement in performance and in anthropometric factors; and a moderate stability of perform-
ance and its determinant factors (i.e., anthropometrics, hydrodynamics, kinematics and efficiency) during the competitive season.

Key words: prepubescent swimmers, longitudinal assessment, kinematics, drag force, anthropometrics, efficiency

1. Introduction

Talent identification represents a complex interac-
tion of interdisciplinary factors about future perform-
ance levels based on the individual data follow-up [1].
Most of the times, research concerning young swim-
mers is based on cross-sectional designs. When ap-
plied to talent identification, this research design is
likely to exclude features as it is the multidimensional
nature of the athletes’ progression [2]. For a deeper
understanding of the changes that occur throughout
a time-frame, it is suggested to follow-up the swim-

mers’ performance and its determinant factors with
longitudinal or training-intervention designs [3].
However, there is scarce evidence of these changes
throughout a given time-frame.

Longitudinal assessment gives a deeper and more
reliable insight into the athletes’ performance and its
stability. Stability analysis is a concept based on
tracking individual skills or abilities and see how they
change over time. Tracking is focused on the stability
of inter-individual differences in intra-individual
changes [4]. It measures the maintenance of relative
position of an individual within a group longitudinally
assessed. In training-intervention, it allows practitio-
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ners to track down talented swimmers’ performance
and its determinant factors, defining realistic goals
and training methods during a full competitive season,
as it happens in swimming [5].

Swimming performance is a multi-factorial phe-
nomenon, where recent research trends suggest a de-
terministic relationship between several scientific
domains to explain it. For example, young swimmers’
performance depends on energetics, kinematics and
efficiency [6], while kinematics is influenced by an-
thropometrics and hydrodynamics/hydrostatic [7], [8].
So, the follow-up of talented swimmers should con-
sider all these scientific fields and how they interact.
Some longitudinal studies have assessed exclusively
young swimmers’ anthropometric [9]–[11] or kine-
matic [9]–[11] or hydrodynamic [12] or energetic [13]
changes. It seems there is an absence of studies ana-
lyzing all these domains in one single study. This
interdisciplinary approach allows a broader and more
complete understanding of the relationships estab-
lished among all determinant factors. Since this has
never been attempted before, the interdisciplinary
approach is a true breakthrough for a broader under-
standing of the mechanisms related to talented ath-
lete’s performance and notably the one from young
swimmers.

The purpose of the study was to follow-up the sta-
bility of young talented swimmers’ performance and
its determinant factors (i.e., anthropometrics, kine-
matics, hydrodynamics and efficiency) during a com-
petitive season. An enhancement of the performance
and its determinant variables with  moderate stability
was hypothesized.

2. Materials and methods

2.1. Sample

Thirty-three young talented swimmers (overall:
11.81 ± 0.75-y, Tanner stages 1–2 by self-evaluation;
N = 15 boys: 12.30 ± 0.63-y; N = 18 girls: 11.77
± 0.92-y,) participating on regular basis in regional
and national level competitions were assessed. The
sample includes age-group national record holders and
champions. The swimmers are part of the national
talent identification follow-up project. At the begin-
ning of data collection, swimmers had 3.18 ± 0.52-y
of training experience. Swimmers had a total volume
of 991.9 training sessions, 5.59 ± 0.92 training ses-
sions per week (range = 3–8 in the season) that in-

cluded warm-up, recovery, slow, medium, intense
pace, technical drills, dry-land strength and stretching
exercises.

Coaches, parents and/or guardians and also the
athletes gave their consent for participation in this
study. All procedures were in accordance with the
Helsinki Declaration regarding Human research. The
University Institutional Review Board also approved
the study design.

2.2. Study design

A longitudinal research design with three-
dimensional or axis box plot was carried out
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where Y is the longitudinal co-variation, i is the sam-
ple size (N) variation, j the variables (X) variations
and t the evaluation moment (M) variation. So, a lon-
gitudinal research design with repeated measures
(within subject) of selected outcomes at three different
moments (i.e., M) of the season was selected. Swim-
mers were evaluated in: (i) October (M1) corre-
sponding to the season’s first competition; (ii) March
(M2) corresponding to the winter peak competition
and; (iii): June (M3) corresponding to the summer
peak competition.

2.3. Data collection

2.3.1. Performance data collection

Swimming performance was assessed as the offi-
cial race time of the 100-m freestyle event of an offi-
cial short course (i.e., 25-m swimming pool) competi-
tion on regional or national level. The time gap
between data collection and swimming performance
was less than 2-wks [6].

2.3.2. Anthropometric data collection

For anthropometrical assessment swimmers wear
a textile swimsuit and a cap. Body mass (BM) was
measured with a digital scale (SECA, 884, Hamburg,
Germany) and height (H) with the swimmer in the
upright anthropometrical position from vertex to the
ground with a digital stadiometer (SECA, 242, Ham-
burg, Germany). Arm span (AS) was measured with
swimmers in the upright position, arms and fingers
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fully extended in lateral abduction at a 90º angle with
the trunk. The distance between the third fingertip of
each hand was measured with a flexible anthropomet-
ric tape (RossCraft, Canada) (ICC = 0.98). Chest pe-
rimeter (CP) assessment was made with a flexible
anthropometric tape (RossCraft, Canada) being the
swimmer upright position simulating the hydrody-
namic position (i.e., upright orthostatic position with
arms fully extended upwards) (ICC = 0.99).

Hand (HSA), foot (FSA) and trunk (TTSA) areas
were computed by digital photogrammetry [14]. For
HSA and FSA, swimmers put their dominant hand
and foot, respectively, on the scan surface of a copy
machine (Xerox 4110, Norwalk, Connecticut, USA),
near to a 2D calibration frame [8]. The perimeter of
the HSA and FSA was digitized in the Xerox machine
and files were converted to *.pdf. For TTSA meas-
urement, swimmers were photographed with a digital
camera (DSC-T7, Sony, Tokyo, Japan) in the trans-
verse plane from above simulating the hydrodynamic
position [15]. Afterwards the three surface areas were
computed with specific software (Universal Desktop
Ruler, v3.3.3268, AVPSoft, USA) [8] (ICC: HAS =
0.99; FSA = 0.97; TTSA = 0.97).

2.3.3. Hydrodynamic data collection

Active drag (Da) and active drag coefficient (CDa)
were computed using the velocity perturbation method
[16]. Each swimmer performed two maximal 25-m
trials of freestyle swim with push-off start (with and
without carrying the perturbation device) [12]. Active
drag was computed as [16]

33
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where Da represents the swimmers’ active drag at
maximal velocity (in N), Db is the resistance of the
perturbation buoy computed from the manufacturer’s
calibration of the buoy-drag characteristics and its
velocity (in N), vb and v are the swimming velocities
with and without the perturbation device (in m·s–1),
respectively, measured by two expert evaluators with
stop watches between the 11th and 24th meters (ICC
= 0.96). The coefficient of active drag was computed
as [16]

2
2
Sv
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where CDa is the active drag coefficient (dimension-
less), Da is the active drag (in N), ρ is the water den-

sity (assumed to be 1000 kg·m–3), v is the velocity
(in m·s–1) and S (or TTSA as reported in the anthro-
pometrics sub-section) is the swimmers’ projected
frontal surface area (in cm2).

2.3.4. Kinematic data collection

Each swimmer performed three maximal freestyle
swim trials of 25-m with push-off start. Trials were
performed alone, with no other swimmers in the lane
and were advised to reduce gliding during start to
avoid higher acceleration with the push-off start help
[17]. For further analysis the average value of the
three trials was calculated.

A speedo-meter cable (Swim speedo-meter,
Swimsportec, Hildesheim, Germany) was attached to
the swimmers’ hip. A 12-bit resolution acquisition
card (USB-6008, National Instruments, Austin, Texas,
USA) was used to transfer data (sampling rate at
50Hz) from the speedo-meter to a software interface
in LabVIEW® (v.2009) [17]. Data were exported to
signal processing software (AcqKnowledge v.3.5,
Biopac Systems, Santa Barbara, USA) and filtered
with a 5Hz cut-off low-pass 4th order Butterworth
filter. Swimming velocity (v) was computed in the
middle 15-m as

t
dv = (4)

where v is the mean swimming velocity (in m·s–1),
d is the distance (in m) and t is the time (in s). Stroke
frequency (SF, in cycles·min–1) was measured with
a chrono-frequency counter during three consecutive
strokes by two expert evaluators (ICC = 0.97). Stroke
length (SL) was computed as [18]

SF
SL v

= (5)

where SL represents stroke length (in m), v represents
the mean velocity (in m·s–1) and SF represents the
stroke frequency (in Hz). Speed fluctuation (dv) was
computed as [19]
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where dv represents speed fluctuation (dimensionless),
v represents the mean velocity (in m·s–1), vi represents
the instant velocity (in m·s–1), Fi represents the abso-
lute frequency and n represents the number of obser-
vations.
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2.3.5. Efficiency data collection

Efficiency variables (representing overall technical
ability) were calculated from kinematical data. Stroke
index (SI) was computed as [20]

v⋅= SLSI (7)

where SI represents stroke index (in m2·s–1), SL repre-
sents stroke length (in m) and v is the mean swimming
velocity (in m·s–1). The propelling efficiency (ηp) was
computed as [21]
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where ηp represents propelling efficiency (in %),
v represents the velocity (in m·s–1), SF represents the
stroke frequency (in Hz), and l is the distance between
the shoulder and the tip of the 3rd finger during the
insweep (in m).

2.4. Statistical analysis

The Kolmogorov–Smirnov and the Levene tests
were used to analyze normality and homocedasticity
assumptions, respectively. Longitudinal assessment was
made based on two approaches [5]: (i) mean stability and
(ii) normative stability. For mean stability, mean ± one
standard deviation were calculated for each moment.
Data variation was assessed with ANOVA repeated
measures followed by the Bonferroni post-hoc test to
verify differences between moments ( p < 0.05). Total
eta square (η2) was selected as effect size index and
interpreted as [22]: (i) without effect if 0 < η2 ≤ 0.04;
(ii) minimum if 0.04 < η2 ≤ 0.25; (iii) moderate if
0.25 < η2 < 0.64 and; (iv) strong if η2 > 0.64.

Normative stability was analyzed with Pearson’s
correlation coefficient ( p < 0.05) and Cohen’s Kappa.
Pearson’s correlation coefficient was computed for
each selected variable between moments. As a rule of
thumb, for qualitative assessment, it was defined that
the stability was [23]: (i) very weak if r < 0.04; weak
if 0.04 ≤ r < 0.16; moderate if 0.16 ≤ r < 0.49; high if
0.49 ≤ r < 0.81, and very high if 0.81 ≤ r < 1.0.
Cohen’s Kappa (K) was used to detect inter-individual
differences over the season. The K was computed
based on three channels (“tracks”) delimited by the
percentiles 33, 66 and 100. The number of times each
swimmer goes out of a specific track reflects the inter-
individual stability in a certain characteristic. K was
computed with the Longitudinal Data Analysis soft-
ware (v.3.2, Dallas, USA) with a confidence interval
of 95%. The qualitative interpretation was made as

[24]: excellent if K ≥ 0.75; (ii) moderate if 0.40 ≤ K
< 0.75 and; (iii) low if K < 0.40.

3. Results

3.1. Mean stability

The Bonferroni post-hoc test revealed significant
differences in the performance between all three mo-
ments for overall, boys and girls (Fig. 1). So, an im-
provement in the swimming performance was verified
throughout the season.

Fig. 1. Performance variation during the competitive season;
* p < 0.05 M1 vs M2; # p < 0.05 M1 vs M3;

β p < 0.05 M2 vs M3; F – F test value; η2 – effect size value;
p – significance value

There were significant variations in all anthro-
pometrical variables (Fig. 2). For BM, post-hoc test
showed significant increases in all three moments,
except between M1-vs-M2 for the girls. For H, AS
and CP (overall, boys and girls) there were significant
increases in all three moments. For HSA (overall)
there were significant increases in all moments. For
boys and girls, there were no-significant increases
between M2-vs-M3. For FSA there were significant
increases in all moments for overall and girls. For
boys there were only no-significant differences be-
tween M2-vs-M3. For TTSA (overall) there were
significant increases between M1-vs-M2 and M1-vs-
M3, but not between M2-vs-M3. As for boys and girls
there were no-significant differences in all moments.
Active drag and CDa presented no-significant varia-
tions (Fig. 2).
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SL and v revealed significant variations during
the competitive season but for SF there were no-
significant one in the two groups (overall and girls)
and a significant one in the group of boys’ (Fig. 3).
As for dv, there was a no-significant variation. Re-
garding the pairwise differences between moments,
for SL as well for v, there were significant differ-
ences between M1-vs-M2 and M2-vs-M3, but not
between M1-vs-M3. For SF there was a significant
difference in the group of boys between M1-vs-M3.
Regarding the efficiency variables, both SI and ηp
revealed significant variations (Fig. 3). Post-hoc test
showed, for both SI and ηp, significant differences
between M1-vs-M2 and M2-vs-M3, but not between
M1-vs-M3.

3.2. Normative stability

The performance (Table 1) presented a very high
stability throughout the season for overall (0.82 ≤ r
≤ 0.91), boys (0.84 ≤ r ≤ 0.94) and girls (0.86 ≤ r
≤ 0.96). The anthropometric domain had the highest
number of variables with a very high stability. For
example, H (overall: 0.87 ≤ r ≤ 0.99; boys: 0.98 ≤ r
≤ 0.99; girls: 0.98 ≤ r ≤ 0.99) and AS (overall: 0.95 ≤ r
≤ 0.99; boys: 0.98 ≤ r ≤ 0.99; girls: 0.93 ≤ r ≤ 0.98)
are two of those cases. Variables related to swim effi-
ciency, notably the ηp, showed a weak-moderate sta-
bility (overall: 0.09 ≤ r ≤ 0.30; boys: 0.15 ≤ r ≤ 0.32;
girls: 0.004 ≤ r ≤ 0.39).

Fig. 2. Anthropometrics and hydrodynamics variation throughout the competitive season.
BM – body mass; H – height; AS – arm span; CP – chest perimeter; HSA – hand surface area;

FSA – foot surface area; TTSA – trunk transverse surface area;
Da – active drag; CDa – active drag coefficient; * p < 0.05 M1 vs M2; # p < 0.05 M1 vs M3;

β p < 0.05 M2 vs M3; F – F test value; η2 – effect size value; p – significance value
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Performance had a moderate stability (overall:
K = 0.59; boys: K = 0.73; girls: K = 0.63) when
assessed with Cohen’s Kappa (Table 2). For overall,
H (K = 0.92) and HSA (K = 0.92) were the variables

with the highest stability; for the boys there were
the AS (K = 0.91) and CP (K = 0.90); and for the
girls the H (K = 1.00) and BM (K = 0.85).

Fig. 3. Kinematics and efficiency variation throughout the competitive season.
SF – stroke frequency; SL – stroke length; v – swimming velocity; dv – speed fluctuation;
SI – stroke index; ηp – propelling efficiency; * p < 0.05 M1 vs M2; # p < 0.05 M1 vs M3;
β p < 0.05 M2 vs M3; F – F test value; η2 – effect size value; p – significance value
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Table 1. Pearson’s correlation coefficients between the three data collection moments (M)
for performance and its determinant factors (i.e., anthropometrics, kinematics, hydrodynamics and energetics)

Overall Boys Girls
M1
vs
M2

M2
vs

M3

M1
vs
M3

M1
vs
M2

M2
vs
M3

M1
vs
M3

M1
vs
M2

M2
vs
M3

M1
vs
M3

BM [kg] 0.98* 0.99* 0.96* 0.99* 0.99* 0.98* 0.97* 0.97* 0.94*
H [cm] 0.99* 0.99* 0.97* 0.99* 0.99* 0.98* 0.99* 0.99* 0.98*

AS [cm] 0.97* 0.95* 0.93* 0.99* 0.99* 0.98* 0.97* 0.98* 0.93*
CP [cm] 0.94* 0.96* 0.94* 0.90* 0.95* 0.94* 0.97* 0.97* 0.94*

HSA [cm2] 0.96* 0.96* 0.92* 0.95* 0.96* 0.93* 0.93* 0.94* 0.83*
FSA [cm2] 0.87* 0.96* 0.78* 0.91* 0.98* 0.88* 0.60** 0.90* 0.33

Anthropometrics

TTSA [cm2] 0.57* 0.79* 0.49** 0.69** 0.73** 0.57*** 0.46 0.83* 0.41
Da [N] 0.80* 0.79* 0.64* 0.84* 0.80* 0.67** 0.67** 0.83* 0.42Hydrodynamics CDa [dimensionless] 0.66* 0.48** 0.07 0.85* 0.30 –0.02 0.44 0.76* 0.14
SF [Hz] 0.53* 0.83* 0.34 0.54*** 0.88* 0.51 0.48*** 0.72** 0.09
SL [m] 0.12 0.36*** 0.25 0.16 0.36 0.44 –0.02 0.33 0.002

v [m·s–1] 0.28 0.50*** 0.43** 0.31 0.41 0.47 –0.23 0.30 –0.03Kinematics

dv [dimensionless] 0.96* –0.08 –0.07 –0.04 0.30 0.17 0.87* 0.12 –0.14
SI [m2·s–1] 0.16 0.39*** 0.39*** 0.16 0.32 0.48 –0.20 0.29 0.02
ηp [%] 0.09 0.30 0.14 0.18 0.15 0.32 –0.004 0.39 0.01Efficiency

Perf@100free [s] 0.91* 0.93* 0.82* 0.92* 0.94* 0.84* 0.92* 0.90* 0.86*

BM – body mass; H – height; AS – arm span; CP – chest perimeter; HSA – hand surface area; FSA – foot surface area;
TTSA – trunk transverse area; Da – active drag; CDa – active drag coefficient; SF – stroke frequency; SL – stroke length;
v – swimming velocity; dv – speed fluctuation; SI – stroke index; ηp – propelling efficiency; Perf@100free – performance at the
100-m freestyle event; *p < 0.001; ** p < 0.01; ***p < 0.05.

Table 2. Cohen’s Kappa (K) and 95 % confidence interval for performance and its determinant factors
(i.e., anthropometrics, kinematics, hydrodynamics and energetics)

Overall Boys Girls
95% Confidence Interval 95% Confidence Interval 95% Confidence Interval

K Lower
bound

Upper
bound

K Lower
bound

Upper
bound

K Lower
bound

Upper
bound

BM [kg] 0.75 0.55 0.95 0.82 0.52 1.12 0.85 0.57 1.12
H [cm] 0.92 0.71 1.12 0.82 0.52 1.12 1.00 0.72 1.27

AS [cm] 0.79 0.59 0.99 0.91 0.61 1.20 0.70 0.43 0.97
CP [cm] 0.63 0.43 0.83 0.90 0.61 1.20 0.70 0.43 0.97

HSA [cm2] 0.92 0.71 1.12 0.64 0.34 0.94 0.70 0.43 0.97
FSA [cm2] 0.63 0.43 0.83 0.64 0.34 0.94 0.48 0.21 0.75

Anthropometrics

TTSA [cm2] 0.51 0.31 0.71 0.55 0.25 0.85 0.33 0.06 0.60
Da [N] 0.43 0.23 0.63 0.37 0.07 0.67 0.40 0.13 0.68Hydrodynamics CDa [dimensionless] 0.27 0.07 0.47 0.37 0.07 0.67 0.40 0.13 0.68

SF [Hz] 0.51 0.30 0.71 0.63 0.33 0.92 0.33 0.06 0.60
SL [m] 0.06 –0.13 0.26 0.19 –0.10 0.49 0.03 -0.23 0.31

v [m·s–1] 0.31 0.11 0.51 0.46 0.16 0.76 –0.03 -0.31 0.23Kinematics

dv [dimensionless] 0.34 0.14 0.54 0.36 0.06 0.66 0.22 -0.05 0.49
SI [m2·s–1] 0.23 0.03 0.43 0.19 –0.10 0.48 –0.18 -0.45 0.08
ηp [%] 0.03 –0.17 0.23 0.10 –0.19 0.40 0.03 -0.23 0.31Efficiency

Perf@100free [s] 0.59 0.39 0.79 0.73 0.43 1.03 0.63 0.35 0.90

BM – body mass; H – height; AS – arm span; CP – chest perimeter; HSA – hand surface area; FSA – foot surface area;
TTSA – trunk transverse area; Da – active drag; CDa – active drag coefficient; SF – stroke frequency; SL – stroke length;
v – swimming velocity; dv – speed fluctuation; SI – stroke index; ηp – propelling efficiency; Perf@100free – performance at the
100-m freestyle event
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4. Discussion

The purpose of the study was to follow-up the sta-
bility of young talented swimmers’ performance and its
biomechanical determinant factors throughout a com-
petitive season. Performance (overall, boys and girls
data) showed a significant improvement during the
competitive season with a moderate-very high stabil-
ity. Overall, most of the performance determinant
variables increased with a moderate stability.

Mean stability
The performance showed an improvement between

all the moments (overall, boys and girls). The same
trend was reported in a couple of papers [9], [10].
Confirmatory research reports that young swimmers’
performance is a multi-factorial phenomenon [6].
Biomechanics explained 50–60% of the performance
[8]. On one hand, the state of the art as regards this
subject is supported in cross-sectional studies [25]; on
the other, the influence of each one of the main sub-
disciplines of biomechanics (i.e., kinematics, kinetics/
hydrodynamics, efficiency and even anthropometrics)
on performance throughout a time-frame has never
been investigated before.

Most anthropometrical variables (weight, lengths
and areas) increased throughout the season. Growth
and maturation processes during these ages are well
known phenomenon [26]. One paper observed similar
results in young male swimmers for a 2-y assessment
[10]. Despite scarce evidence about young swimmers
follow-up, it seems that anthropometrics increases
significantly in a shorter time-frame than reported in
the previous study [10]; as our data shows, significant
anthropometric changes happen in less than 2-y. In the
hydrodynamics there were no-significant changes in
both Da and CDa. After 8-wks of training, there was
verified no-significant decrease in both Da and CDa
[12]. However, one study found a significant decrease
in pubescent swimmers’ CDa after 1-wk of interven-
tion (focused on technique drills, feedback with spe-
cific visual and kinesthetic cues) [27]. Also, in compu-
tational fluid dynamics [28] and experimental methods
but in a “flume” [29], the head and shoulders, and also
overall body position (i.e., technical training) seem to
have a substantial role in drag. So, hydrodynamic im-
provement in young swimmers might be strongly re-
lated to a training design focused more on drills and
technical improvement (i.e., biomechanics).

For kinematics, SL and v presented no-significant
variations between M1 and M3. However, a signifi-
cant decrease of the v happened in M2. Coaches de-

sign the training process to elicit performance im-
provements throughout the season, but especially at
the main peak performance moment (i.e., at M3, end
of the season). As happens in other locomotion tech-
nics, including gait [30]–[32] or fin swimming [33],
kinematic improvements also presented a no-linear
(i.e., “sine wave”) change throughout a time-frame.
As reported in the literature [9], no changes were veri-
fied for SF. Speed fluctuation increased from M1 to
M2 and decreased from M2 to M3, which coincided
with the v changes. This confirms that there is a nega-
tive association between dv and v [17]. SI and ηp pre-
sented significant variations. Two papers found that SI
increases from the beginning till the end of the season,
in both genders [9], [10]. SI and ηp also changed in
a nonlinear fashion, since both are estimations based
on kinematical outcomes.

Normative stability
Performance stability (overall, boys and girls data)

was moderate-very high. Anthropometrics also had
a moderate-very high stability. Others also found
a high stability for the anthropometrics but assessed
only with auto-correlation [9], [10]. Kinematics and
hydrodynamics had a low-very high stability and effi-
ciency had a low-moderate stability. Although in two
papers a high stability for the kinematics was found
[9], [10]. It might be speculated that physical devel-
opment (i.e., growth and maturation) led young
swimmers to change their motor control strategies
affecting the stroke mechanics and efficiency [34].
Each swimmer has their own sensitive or critical de-
velopment periods that are not coincident with each
other. It seems that young swimmers might have to
acquire, learn and consolidate a new motor control
strategy whenever a quick growth and maturation
change happens (e.g. mid-grow spurt). This leads to
a momentary decrease in the efficiency and kinematic
behavior. Furthermore, since growth and maturation
processes happen in a very unique fashion in each
swimmer, this leads to consecutive changes in the
stability outcomes.

The performance and anthropometrics presented
a significant increase and moderate-very high stability.
Then it might be suggested that anthropometrics was
the most determinant domain for young swimmers’
performance improvement and stability. A cross-
sectional multivariate analysis reported a good per-
formance prediction based on anthropometrics, nota-
bly for the boys [35]. As swimming is a sport of
multi-factorial nature, performance improvement does
not only occur in response to one single domain (i.e.,
anthropometrics).



Tracking young talented swimmers: follow-up of performance and its biomechanical determinant factors 137

As a conclusion, performance showed a minimum
but significant improvement throughout the competi-
tive season with a moderate-very high stability. On
overall, most of the performance determinant vari-
ables increased (and ranged from without to moderate
effect size) with a moderate stability. Anthropometrics
was the domain that showed the highest increase (but
also ranging from without to minimum effect size),
though with a very high stability. Hence, anthro-
pometrics was the domain that played the major role
in the performance improvement and its stability; while
kinematics, hydrodynamics and efficiency played
a minor role.
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