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ABSTRACT

BACKGROUND: This study investigated which factors influence performance in a short distance swimming test (50-meters) in adolescent
swimmers.

METHODS: Freestyle 50-meter personal best time (PBT) was registered for 67 swimmers (14.3+2.2 y; 46 males). Handgrip (HG), standing
broad jump (SBJ), isometric knee-extension (KE), time to run 30 meters (V30m), maximal estimated oxygen-consumption (VO,max), swim-
ming-technique (CTE), height, weight, fat mass, body fat percentage (BF%) and fat-free mass (FFM) were measured. Variables that presented
correlation with PBT were further examined using multiple linear regressions.

RESULTS: PBT was correlated with SBJ, VO,max, HG, KE, CTE, Weight, Height, FFM, BF% and swimming hours per week (SHW). Multiple
linear regressions showed that PBT was associated to Height, V30m, CTE and SBJ. Sex and age did not modify these associations.
CONCLUSIONS: PBT was found to be mainly associated with height and anthropometric variable. SBJ and V30m, both fitness-related vari-
ables, highly influenced by muscle fiber type were also predictors, suggesting that for short distances physiological factors might be determinant
to performance. Age modified predictive values suggesting that this is also a key factor to performance, and thus competitions during adoles-
cence should be organized according to year of birth rather than by age category.

(Cite this article as: Gomez-Bruton A, Matute-Llorente A, Pardos-Mainer E, Gonzalez-Agiiero A, Gomez-Cabello A, Casajus JA. Factors affecting

children and adolescents 50 meter performance in freestyle swimming. J Sports Med Phys Fitness 2016; )
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wimming is a sport practiced by millions world-

wide. Competitive swimming is becoming more
popular and in recent years has become one of the most
practiced sports around the world being the twelfth
most practiced sport in Spain.! Nevertheless, the de-
terminants that most influence swimming performance
during adolescence are still unclear. Competitive swim-
mers are thought to have specific anthropometrical fea-
tures compared with other athletes, but are nevertheless
dependent on physiological adaptations to enhance their
performance.2
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In contrast to team sports like soccer or basketball,
the selection of swimmers who may have the potential
for competitive success is not based on the subjective
opinion of coaches, but on their results. These results
are dependent on psychological, morphological, physi-
ological and technical factors, based on individual ge-
netics and training. Although it is well known that these
factors affect physical performance,? it is still unclear
to what extent they affect adolescent swimmers’ perfor-
mance. Previous studies focusing on describing which
variables affected performance in 11 to 14 year-old
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swimmers found that anthropometric variables (par-
ticularly in males) and specific fitness (aerobic speed
and endurance), and technical domains (particularly
in females) were determinant to performance in short
distance swimming events.3 However, as swimmers be-
come older, these variables may change and new factors
may become determinant to performance.

Handgrip has been associated with performance
in young and adult swimmers,* 5 master swimmers ¢
and talent detection models,” because it is considered
a phenotype tool that reflects physical function in re-
lation to hereditary genes.8 However, handgrip only
measures forearm strength that might not be the only
relevant strength value for swimming performance. It
would therefore also be interesting to assess swimmers
strength with other tests such as isometric knee exten-
sion, which has demonstrated positive relations with
performance in sports like soccer,” volleyball 10 and
cycling.1! Nevertheless, as previously stated, strength
is not the only fitness-related value pertinent to perfor-
mance. Other variables such as aerobic power, velocity
and body composition have also been related to perfor-
mance in adolescents.3: 12,13

Regarding body composition, Siders et al. 14 found
that fat mass and fat-free mass were negatively and pos-
itively associated respectively with performance only
in females. The previous study was performed in colle-
giate swimmers and thus again, these associations could
be different for adolescent swimmers than for collegiate
swimmers.

Athletic performance is a multifactor term as it is
determined by several different components such as
physical fitness, anthropometry, psychological aspects
and others. Nevertheless, the specific variables of these
components that most influence performance still re-
main unclear. If the specific physical fitness tests that
most influence swimming performance in short distanc-
es during childhood and adolescence are determined, a
group of swimmers can be evaluated with these tests.
If a swimmer performs poorly in one of these tests we
can try to improve the performance of the swimmer in
the specific test improving the physical fitness related
variable and consequently improving swimming per-
formance. Thus the present study uses assessment tools
that most swimming coaches have access to and there-
fore can apply to their swimmers.

Therefore, the main aim of this study was to deter-
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mine what fitness factors most influence performance
of a short distance swimming test (50 meters) in ado-
lescent swimmers. Taking into account previous stud-
ies, the main hypothesis was that anthropometric factors
would be the most determinant factors related to perfor-
mance in short swimming distances.

Materials and methods

The protocol and research presented in this pa-
per are part of the Randomized Controlled Trial RE-
NACIMIENTO. Full design of the project is explained
elsewhere.!s

Participants

Ninety-eight swimmers (52 males/ 46 females)
agreed to participate in the study. However, those not
meeting the following inclusion criteria were excluded
a posteriori. Participants had to be between the ages of
11 and 18, Caucasian, healthy, with no chronic disease
and free of musculoskeletal disorders (fibromyalgia,
gout, osteoarthritis, rheumatoid arthritis, tendinitis),
bone fractures, medication or habits affecting bone de-
velopment (habitual smokers). Swimmers had to have a
history of swimming and competing in regional tourna-
ments for more than 3 years and training for a minimum
of 6 hours per week. Tests were conducted on 3 dif-
ferent days. Swimmers first attended the laboratory to
perform the strength and body composition tests 16 that
were completed in 2 hours. On their second visit to the
laboratory, on a weekend day, they performed the field
tests (Standing Broad Jump, jump test, 30 meter run test
and 20 meters shuttle run test). The third day needed to
complete the study was the day swimmers competed,
when personal best time (PBT) was obtained. All the
PBT were recorded the same day. Nevertheless, due to
space limitations laboratory measurements were per-
formed in different days in a range of 4 weeks. By some
swimmers the laboratory tests were performed 2 weeks
prior to the swimming measurements while others per-
formed the tests 2 weeks after.

Pubertal maturation was determined by self-assess-
ment of secondary sexual characteristics according to
the 5 stages proposed by Tanner.!” This method has
been reported to be both valid and reliable in assessing
sexual maturity among adolescent athletes.!8
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Ethical committee

The study was aproved by the Ethics Committee
of Clinical Research from the Government of Aragon
(C.I.PI11/0034; CEICA; SPAIN), and followed the in-
ternational rules for research with humans, following
the Declaration of Helsinki (1964) as revised in 2000
in Edinburgh.

Parents or tutors and adolescents provided written
consent. The present study is part of a Randomized
Controlled Trial which is registered in a public database
(www.clinicaltrials.gov) with the following register
number: NCT02380664

Physical activity and general information

A structured questionnaire included information
about aspects regarding training, number of years swim-
ming (SYR), swimming hours per week (SHW) and
other sports practiced, in addition to personal data such
as birthdate, medical history, medication and injuries.

Laboratory tests
BoDY COMPOSITION MEASUREMENTS

A portable stadiometer with 2.10 m maximum capac-
ity and a 0.1 cm error margin (SECA 225, SECA, Ham-
burg, Germany) was used to measure height. A portable
body composition analyzer with a 200kg maximum
capacity and a+0.1 kg error margin (TANITA BC-418
MA; Tanita Corp., Tokyo, Japan) was used to measure
body mass and estimate fat free mass (FFM) and body
fat in kilograms (BFM) and body fat percentage (BF%).
Individuals removed shoes, socks and heavy clothes pri-
or to weighing. Coefficients of variation for the TANI-
TA in our laboratory have been calculated for weight
(0.09%) and body fat percentage (1.11%).15 Body Mass
Index (BMI) was calculated by dividing weight (kg) by
squared height (m2).

STRENGTH MEASUREMENTS

Maximum isometric quadriceps extension strength by
knee extension (KE) was measured using a strain gauge
(MuscleLab, Force Sensor, Norway) after a 5 minute
warm-up on a cycle ergometer (Monark 927E, Vansbro,
Sweden) with a 45 watts resistance at 60 revolutions
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per minute. Participants were seated on a chair, with an
anchorage placed on the distal third of the tibia. This
anchorage was connected to a MuscleLab gauge that
registered the Newtons generated by an isometric force
during the 6 seconds that subjects were encouraged to
perform maximum strength. Each subject performed
two discontinuous maximal repetitions with each leg
and a minimum of 3 minutes between attempts with
the same leg. The best attempt with each leg was se-
lected for further analysis. Maximum isometric forearm
strength (HG) was determined with a digital handgrip
dynamometer (Takei TKK 5401, Takei scientific in-
struments, Tokyo, Japan) in order to evaluate handgrip
strength. The participants were instructed to exert their
maximal grip with the upper limb in extension (right
and left hand) in two trials, with brief pauses between
each (3 minutes). Hand span to perform the test was dif-
ferent for each participant according to their hand size.
The dynamometer was placed according to the optimal
handgrip span suggested by Ruiz ef al.l® The best at-
tempt for each hand was selected for further analysis.

Field tests

To perform the field tests, all swimmers who had
trained the previous evening during 2 hours attended
the laboratory in a fasting condition at 9 am. Blood
samples were extracted in order to obtain bone markers,
and a breakfast consisting of milk, cereals, bread, bis-
cuits, juices and fruits was provided to all participants.
An hour after breakfast, participants performed the field
tests. All participants had performed all the tests in
school previously and were therefore familiarized with
all of them. In addition, all participants followed the
same protocol (in the following order: 0. Five minute
warm-up/ 1. Dynamic strength/ 2. Speed test/ 3. Cardio-
respiratory fitness) that was performed at the same time
of the day in order to control for diurnal effects that may
influence experimental outcomes. Within the same test
2 minutes rest was allowed between trials. A five minute
rest was allowed between the dynamic strength test and
the speed test and ten minutes between the speed test
and the cardiorespiratory fitness test. Therefore, includ-
ing the test explication, development and rest periods
nearly 2 hours passed from breakfast to the most physi-
cal demanding test (the 20 meter shuttle run test). For
all field tests, the best attempt was selected.
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DYNAMIC STRENGTH

The standing broad jump (SBJ) was performed in or-
der to test explosive leg power. A two-footed take-off
and landing were demanded of the participants, allow-
ing them to swing their arms and bend their knees to
provide forward drive. Three attempts were allowed.
A rest period of 2 minutes was provided between the
trials.

SPEED: 30 M RUN TEST

Time to run 30 meters (V30m) was measured through
time gates that were placed along an indoor football
pitch. The followed protocol has been described else-
where.20

CARDIORESPIRATORY FITNESS: 20 METERS SHUTTLE RUN
TEST

Five minutes of rest were allowed before starting
the 20 meters shuttle run test. Maximum oxygen up-
take (VO,max) was estimated using the twenty meters
shuttle run fitness test, which involves continuous run-
ning between two lines 20 meters apart in time to re-
corded beeps.2! The Leger equation for children and
adolescents between 6 to 18 years was used to estimate
\/OZm.ax'z1

Swimming tests
SWIMMING PERSONAL BEST TIME

Fifty meters PBT was obtained for each participant
in a 25 meter swimming-pool from the regional swim-
ming championships. All swimmers started diving head
first into the pool. Time spent to cover the 50 meters
was determined by an expert referee with a touchpad
chronometer system (Daktronics, USA).

CRAWL TECHNIQUE

Crawl technique (CTE) was subjectively measured
by a qualified swimming trainer with more than 10
years of experience. The trainer graded technique from
1 to 10, with 1 being a very poor technique and 10 a
near perfect technique.
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Statistical analysis

Data are presented as meantstandard deviation (SD)
(otherwise stated). All the studied variables showed a
normal distribution checked with Kolmogorov-Smirnov
tests. Gender differences were evaluated with Indepen-
dent student t-tests. Age adjusted partial correlations
were applied between PBT and all the considered pa-
rameters (weight, height, BMI, CTE, KE, HG, VO-
,max, V30m, SBJ, SYR, SHW, FFM, BFM and BF%).
For the variables that showed correlation, hierarchical
multiple linear regression models were computed. PBT
was the outcome variable, and the variables that had
previously shown correlations were entered in the mod-
el as predictor variables (Model 1). Model 1 was fur-
ther adjusted by the following confounders: Sex (Model
2= Model 1 + Sex), Age (Model 3 = Model 2 + Age),
SWH (Model 4 = Model 3 + SWH) and Tanner stage
(Model 5= Model 4 + Tanner stage). Cook’s distance
was calculated in order to detect highly influential cases
that could bias the model, as no cases were above 1 all
cases were included in the model. Model fit was deter-
mined from the adjusted R square. Multicolinearity was
checked with the variance inflation factor (VIF) and
the tolerance statistic both showin no colinearity within
the data. Homoscedasticity and linearity were checked
with residual plots (ZRESID vs. ZPRED), that showed
a random array of dots randomly and evenly dispersed
through the plot suggesting that the linear regression as-
sumptions of linearity and homoscedasticity had been
met. Normality of the residuals was checked with a nor-
mal probability plot that showed that residuals followed
a normal distribution. One-way random intra-class cor-
relation coefficient was calculated in order to determine
the reliability of the tests. Finally, in order to explore
the cross validity of the model and assess how well the
model could predict the outcome in a different sample
the Stein formula was applied.22 The Statistical Package
for the Social Sciences 15.0 software (SPSS Inc., USA),
was used for all analyses and p value was set at P<0.05.

Results
Participants

A total of 82 adolescent swimmers of both genders
met the inclusion criteria and finally participated in the
study. However, some swimmers did not perform all the
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tests and therefore the final sample was reduced to 67
swimmers (mean age 14.3+2.2 years; 38 males, 29 fe-
males).

Descriptive characteristics

Descriptive statistics for the whole sample are sum-
marized in Table I. Males were older, heavier, taller and
presented higher values of BMI, KE, HG, VO,max and
SBJ, lower BF% and better times in V30m and in PBT
than females (all P<0.05; Table I). No differences were
found in CTE, BFM, SWY and SHW between genders
(all p> 0.05; Table I). In addition, no differences were
found for maturation status (P>0.05; Table I).

PBT was correlated with SBJ, VO,max, HG, KE,
CTE, Weight, Height, FFM, BF% and SHW (P<0.05;
Table II).

TABLE I.—Descriptive data.

Variable General (N.=67) Male (N.=38) Female (N.=29)
Age (y) 14.3+2.2 15.1+£2.0* 13.4+2.0
Tanner qmavv) 2/11/13/35/6 0/4/8/20/6 2/7/5/15/0
Weight (kg) 55.6+13.2 61.7+12.0% 47.5+10.1
Height, (cm) 164.2+12.1 169.7£10.2¥ 157.1£10.7
BMI (kg/m?) 20.3+2.8 21.3+3.0¥ 19.1£2.0
Crawl technique (1/10) 6.2+1.4 6.1+1.5 6.3+1.3
KE Isometric (N) 899.7£276.7 1035.24270.7+ 722.1£161.6
Handgrip (kg) 55.0+17.8 63.9+17.6% 43.2+9.4
VO,max (I/min) 50.6+4.9 52.2244.3% 48.4+4.9
V30m (s) 5.240.5 4.9+0.3% 5.5+0.4
SBJ (m) 1.9+0.3 2.14+0.3t 1.7+0.2
PBT (s) 30.8+3.1 29.5+2.8t 32.542.7
Swim years (y) 9.742.3 8.1£2.8 7.6£2.5
SHW (h) 7.94+2.7 1.0£2.2 9.3+2.4
FFM (kg) 44.4£11.7 50.6+10.6% 36.3+7.2
BF% 18.9+5.1 16.244 4% 22.5+3.5

Data are presented as mean+Standard Deviation (SD).

*P<0.05; 1P<0.008;

For body composition and fitness related variables Bonferroni corrections were
performed to avoid Type I errors, and p values had to be below 0.01 and 0.008
respectively in order to be significant.

BMI: Body Mass Index; KE Isometric: knee extension isometric; V30m: velocity
30 meters; SBJ: standing broad jump; PBT: personal best time; SHW: swimming
hours per week. VO,,,,: Maximum oxygen uptake; FFM: Fat free mass; BF%:
body fat percentage. *P<0.05 compared to female group.

GOMEZ-BRUTON

Table III displays the association between PBT and
fitness-related variables. As Tanner stage did not sig-
nificantly modify associations and the adjusted r square
decreased in model 5 suggesting that the extra predictor
variable entered in the model decreased the model fit,
only models 1, 2, 3 and 4 are explained bellow.

PBT was associated to Height, V30m, CTE and SBJ
(r square: 0.789; Semip. Corr: 0.126-0.298). Additional

TABLE IIl.—Personal best time.

Change  Ad- ;
SEE B rsquare ing justed B igggg P
rsquare rsquare
Model 1 1.48
Height 0.608 0.608 0.602 -0.413 -0.298 <0.001
V30m 0.727 0.119 0.718  0.217 0.126 0.035
Crawl tec. 0.761 0.034 0.749 -0.207 -0.202 0.001
SBJ 0.789 0.028 0.775 -0.302 -0.166 0.006
Model 2 1.44
Height 0.608 0.608 0.602 -0.424 -0.306 <0.001
V30m 0.727 0.119 0.718 0.278 0.155 0.009
Crawl tec. 0.761  0.034 0.749 -0.176 -0.167 0.005
SBJ 0.789 0.028 0.775 -0.371 -0.195 0.001
Model 3 1.43
Height 0.608 0.608 0.602 -0.388 -0.266 <0.001
V30m 0.727 0.119 0.718 0.237 0.127 0.028
Crawl tec. 0.761 0.034 0.749 -0.177 -0.167 0.004
SBJ 0.789 0.028 0.775 -0.322 -0.161 0.006
Model 4 1.38
Height 0.608 0.608 0.602 -0.348 -0.233 <0.001
V30m 0.727 0.119 0.718 0.253 0.135 0.016
Crawl tec. 0.761 0.034 0.749 -0.169 -0.160 0.005
SBJ 0.789 0.028 0.775 -0.217 -0.100 0.070
Model 5 1.38
Height 0.608 0.608 0.602 -0.379 -0.223 <0.001
V30m 0.727 0.119 0.718 0.274 0.140 0.016
Crawl tec. 0.761 0.034 0.749 -0.164 -0.154 0.005
SBJ 0.789 0.028 0.775 -0.197 -0.089 0.070

Significant results in bold letters.

Model 1 (Includes all the selected fitness related variables by the stepwise regres-
sion).

Model 2=Model 1 + Sex.

Model 3=Model 2 + Age.

Model 4=Model 3 + Swimming hours per week (SWH).

Model 5=Model 4 + Tanner stage.

B is the estimated standardized regression coefficient; *Semi-partial correlation;
SEE: Standard error of estimation of the model; Crawl tec: crawl technique; Swi
h/w: swimming hours per week.

TaBLE Il.—Correlations coefficients between 50m freestyle time and fitness and body composition variables.

SBJ V30m  VO,max HG KE CTE

H BMI FFM FM BF% SHW SYR

PBT -0.561* 0.538* -0.435% -0.511* -0.267* -0.322*

-0.440*

-0.602*  -0.114 -0.516% -0.026 0.316* -0.464* -0.092

*P<0.05

SBJ: standing broad jump; V30m: velocity 30 meters; HG: handgrip; KE: knee extension isometric; CTE: crawl technique; W: weight; H: height; BMI: Body Mass
Index; FFM: Fat free mass; BF%: Body fat percentage; SHW: swimming hours week; SYR: swim years; PBT: Personal best time.
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TABLE IV.—Intraclass correlation coefficient for the strength tests
performed.

Intraclass correlation coefficient

Left knee extension 0.950
Rigth knee extension 0.924
Left handgrip 0.964
Rigth handgrip 0.942
Broadjump 0.924
V30m 0.963

sex adjustment did not change the model, as all the pre-
dictors stayed significant (r square: 0.803; Semip. Corr:
0.120-0.306). Age adjustment also increased the predic-
tive value (r square: 0.809; Semip. Corr: 0.081-0.266).
When SHW were added to the model the association
between PBT and SBJ disappeared (P=0.138) although
the predictive value of the model was increased (r
square: 0.826; Semip. Corr: 0.066-0.223).

Table IV displays the test re-test intraclass coefficient
results. All strength tests presented a high intraclass
coefficient result (from 0.924 to 0.964) suggesting that
they were reliable tests to perform in children and ado-
lescent swimmers.

The Stein equation 22 with an r square of 0.78 indi-
cates that the derived model (Model 4), is an applicable
model if used with other samples of adolescent swim-
mers, as this adjusted r square value predicts that if this
model was applied to completely different samples of
similar trained adolescent swimmers it would account
for 78% variance of PBT.

Discussion

The main finding of the present study is that height,
technique and power are key factors that determine 50
meter performance in adolescent swimmers, indepen-
dently of sex and age.

SBJ that might vary according to the type of muscle
fiber that swimmers possess was an important predictor
in models 1, 2 and 3. Therefore, PBT may vary depend-
ing on the type of muscle fiber that swimmers possess.
Muscle contraction speed depends on the proportion of
type II muscle fibers.23 This research focuses on short
distance (50 m) swimming events, where type II fi-
bers are predominant 24 and particularly type IIb faster
contraction fibers. Therefore, the association between
50-meter freestyle performance and SBJ could be due
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to the metabolic and physiological similitude of the ef-
fort that is determined by a similarity in muscle type
(predominance of type II muscle fibers).

The fact that in a subject type I fibers or type Il fibers
predominate depends on his or her genetic inheritance.
Therefore SBJ is partly related to genetics and having
a larger number of type II muscle fibers could be the
key to obtaining better performance in short-distance
events. This hypothesis could be tested using muscular
biopsies. However, this may imply ethical issues in a
‘population of this age range. Interestingly, V30m that
is also influenced by muscle fibre type, proved to be an
important factor affecting performance, reinforcing the
previous idea that one of the most important factors re-
garding short distance performance at this age is physi-
ological. Nevertheless, the present findings suggest that
these physiological characteristics might be modifiable
by training, as SHW deleted the effect of SBJ on per-
formance suggesting that the number of training hours
is key to performance. Although this is a well-known
fact and is supported by many previous studies, 25 it
is an interesting finding and supports the idea that al-
though there is a high genetic component to becoming
an Olympic Champion training is also as important.

When age was included as a covariate the model r
square increased but all the predictors remained simi-
lar suggesting that age might not be determinant to per-
formance. Nevertheless, age is highly related to height
that was the main predictor of PBT in all models. In
addition, older children will have had a chance to im-
prove their technique during more years than younger
children which again was a significant predictor in all
models. Therefore, age is an important predictor and as
suggested by previous studies to minimize the influence
of age on performance it would be better to organize
competitions according to year of birth rather than by
age category (two years of age together) as previously
suggested.3. 26

Another factor affecting performance was height.
Arm length has a linear relationship with height 27 be-
ing one of the main predictors of performance in previ-
ous studies.?8 This finding is in line with previous stud-
ies that evaluated short distance events.2 30 Although
height is not a modifiable factor as it is mainly geneti-
cally determined, this is a key finding. If a coach trains
a heterogeneous group of swimmers (regarding height),
he might be able to start specializing these swimmers
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during adolescence, focusing the training of shorter
swimmers on longer distances, in order to avoid failure
of these swimmers in short distance events which might
cause personal disappointment and might lead to with-
drawal of the activity. This hypothesis is supported by
non-published personal findings of the RENACIMIEN-
TO Study,!s in which we have followed adolescent
swimmers during 4 years and found that swimmers that
abandoned the activity were those that were performing
the worse, therefore received more pressure from their
coaches, faced personal disappointment and finally de-
cided to abandon the swimming-club. If swimmers were
well focused by coaches that choose the event that each
swimmers was going to compete in, taking in to account
their individual physiological and anthropological char-
acteristics it is possible that they would perform better,
improving their personal confidence and enjoying the
activity. Therefore, reducing the withdrawal incidence
and consequently increasing the prevalence of swim-
mers that might reach athletic success later in life.
Interestingly, technique, which is the pattern of move-
ments to be performed and whose primary purpose is
saving energy and optimizing the propulsive force, is
usually identified as one of the determinant factors of
athletic performance.30-32 The results found in the pres-
ent study are consistent with this, as technique was a
predictive variable for PBT. In our sample technique did
show a negative correlation with performance (the bet-
ter technique the lower the time which was our perfor-
mance indicator). Similar to our findings, Latt et al. 28
and Saavedra et al. 3 found that biomechanical factors
were important variables related to performance in fe-
male swimmers. However, these findings were related
to performance that was evaluated for longer distances.
It is possible that technique might become a more rele-
vant factor in longer distances allowing a more efficient
movement. Nevertheless, in such short distances, it also
seems important. The fact that technique is important
in both short and long distances is of critical impor-
tance for coaches that should focus many training ses-
sions on this parameter in childhood and adolescence
as it is going to be a key parameter regarding athletic
success. Growth anthropometric differences emerge
during childhood and adolescence due to differences in
pubertal development. These differences generally dis-
appear at the end of puberty when the swimmer is fully
developed. Although technique might have a smaller

Vol. 56 - No. ??

GOMEZ-BRUTON

influence on performance than other anthropometric
parameters during growth (PBT correlation with tech-
nique -0.322 and with height -0.602), this might partly
be explained by the previously mentioned growth dif-
ferences. Therefore, although it might become crucial
later in life, it is still important to teach it and perfect it
in previous stages,32 33 because it could become a cru-
cial aspect in longer distances or in the future when the
physical and fitness characteristics will be more equal
among subjects.

Having a certain level of body fat has sometimes
been suggested to present benefits to buoyancy 34 35
and thereby to enhancing performance, but in this study
no association was observed between BF% and PBT.
Moreover, FFM was not a predictive value. We have
to take into account that all swimmers in our sample
were healthy adolescents who were in a normal range
for both FFM and FM and that the PBT was measured
for a short distance event. Perhaps over longer distances
different effects would have been observed.

The fact that Tanner stage did not add any extra pre-
dictive value to the present model does not mean that it
is not important for performance. Age and Tanner pre-
sented high correlations (Spearman r=0.643; P<0.001)
between them and both presented a high correlation
with performance (-0.733 and -0.555 respectively; both
P<0.001). Therefore, the fact that Tanner did not modify
predictive values could be due to the order of the pre-
dictors introduced in the model, as if Tanner would had
been included before age, it would had been a signifi-
cant predictor for some variables (data not presented).
Although in the present study maturational status did
present a high correlation with chronological age, this is
not always the case and therefore it is always necessary
to take into account pubertal status when performing re-
search studies in adolescent populations.

Limitations of the study

Some limitations deserve to be commented. Specif-
ic genetic or morphological aspects, related to muscle
fibers were not measured and could help to explain
some of the present findings. In addition, although
swimming tests were performed during the same day
for all swimmers, laboratory measurements were per-
formed in different days for each swimmer. Therefore,
some swimmers performed the strength tests prior to
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the swimming measurements while others performed
them after. Moreover VO,max was indirectly estimated
by the 20m shuttle run test and therefore values might
not be as accurate as possible. Body composition pa-
rameters were estimated by BIA, which is very sensi-
tive to hydration status. Nevertheless, all the swimmers
were also measured with dual energy x-ray (DXA) and
therefore we also collected body composition values
from DXA that showed a very high correlation with
BIA body fat percentage (Pearson r=833) and lean mass
(Pearson r=0.988). Although DXA is a more accurate
and sensitive tool, we decided to use BIA values instead
of DXA values as it is unlikely that coaches have an ac-
cessible DXA to perform body composition analyses to
their swimmers. Another positive aspect of the present
study is the large number of swimmers with high levels
of training and with sophisticated methods of strength
measurement as well as including a combination of
body composition, anthropometric and physical fitness
variables.

Conclusions

Short distance swimming performance during ado-
lescence is mainly determined by fitness and anthro-
pometry related qualities. Height was the variable that
most influenced performance, and although it is a ge-
netically determined variable and thus not modifiable,
if coaches are conscious of the importance of this pa-
rameter on performance, they might be able to focus
training sessions of shorter swimmers to longer distance
events and therefore avoid personal disappointment and
activity withdrawal. In addition SBJ and V30m, two
fitness-related variables highly influenced by muscle
fiber type were also critical to performance, suggest-
ing that for short distances physiological factors might
be determinant to performance. Nevertheless, training
hours modified these associations suggesting that al-
though genetically factors are important, environmental
factor also make a difference. Moreover, technique was
also associated to performance suggesting that coaches
should focus many sessions on improving this param-
eter that is one of the most modifiable parameters of
the present research and that could become even more
important in more advanced stages of the athletic ca-
reer. Age increased predictive values suggesting that it
is also a key factor to performance and thus competi-
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tions during adolescence should be organized according
to year of birth rather than by age category (two years
of age together).

References

1. Subdireccion General de Estadistica y Estudios Ministerio de Edu-
cacion CyD. Anuario de estadisticas deportivas Espafiolas 2013. 1
Anuario de estadisticas deportivas ed. MECD: Abril; 2013.

2. Aspenes ST, Karlsen T. Exercise-training intervention studies in com-
petitive swimming. Sports Med 2012;42:527-43.

3. Saavedra JM, Escalante Y, Rodriguez FA. A multivariate analysis of
performance in young swimmers. Pediatr Exerc Sci 2010;22:135-51.

4. Geladas ND, Nassis GP, Pavlicevic S. Somatic and physical traits
affecting sprint swimming performance in young swimmers. Int J
Sports Med 2005;26:139-44.

5. Garrido ND, Silva AJ, Fernandes RJ, Barbosa TM, Costa AM, Mar-
inho DA, et al. High level swimming performance and its relation to
non-specific parameters: a cross-sectional study on maximum hand-
grip isometric strength. Percept Mot Skills 2012;114:936-48.

6. Zampagni ML, Casino D, Benelli P, Visani A, Marcacci M, De
Vito G. Anthropometric and strength variables to predict freestyle
performance times in elite master swimmers. J Strength Cond Res
2008;22:1298-307.

7. Silva AJ, Costa AM, Oliveira PM, Reis VM, Saavedra J, Perl J, et al.
The use of neural network technology to model swimming perform-
ance. J Sports Sci Med 2007;6:117-25.

8. Frederiksen H, Gaist D, Petersen HC, Hjelmborg J, McGue M, Vau-
pel JW, et al. Hand grip strength: a phenotype suitable for identify-
ing genetic variants affecting mid- and late-life physical functioning.
Genet Epidemiol 2002;23:110-22.

9. Whiteley R, Jacobsen P, Prior S, Skazalski C, Otten R, Johnson A.
Correlation of isokinetic and novel hand-held dynamometry meas-
ures of knee flexion and extension strength testing. J Sci Med Sport
2012;15:444-50.

10. de Ruiter CJ, Vermeulen G, Toussaint HM, de Haan A. Isometric
knee-extensor torque development and jump height in volleyball
players. Med Sci Sports Exerc 2007;39:1336-46.

11. Baker JS, Davies B. Additional considerations and recommendations
for the quantification of hand-grip strength in the measurement of
leg power during high-intensity cycle ergometry. Res Sports Med
2009;17:145-55.

12. Manzi V, Impellizzeri F, Castagna C. Aerobic fitness ecological va-
lidity in elite soccer players: a metabolic power approach. J Strength
Cond Res 2014;28:914-9.

13. Matthys S, Vaeyens R, Vandendriessche J, Vandorpe B, Pion J, Coutts
A, et al. A multidisciplinary identification model for youth handball.
Eur J Sport Sci 2011;11:355-63.

14. Siders WA, Lukaski HC, Bolonchuk WW. Relationships among swim-
ming performance, body composition and somatotype in competitive
collegiate swimmers. J Sports Med Phys Fitness 1993;33:166-71.

15. Gomez-Bruton A, Gonzalez-Aguero A, Casajus JA, Vicente-Rod-
riguez G. Swimming training repercussion on metabolic and struc-
tural bone development; benefits of the incorporation of whole body
vibration or pilometric training; the RENACIMIENTO project. Nutr
Hosp 2014;30:399-409.

16. Gomez-Bruton A, Gonzalez-Agiiero A, Gomez-Cabello A, Matute-
Llorente AJC. The effects of swimming training on bone tissue in
adolescence. Scand J Med Sci Sports 2015;25:¢589-602.

17. Tanner JM, Whitehouse RH, Takaishi M. Standards from birth to ma-
turity for height, weight, height velocity, and weight velocity: British
children, 1965. II. Arch Dis Child 1966;41:613-35.

18. Leone M, Comtois AS. Validity and reliability of self-assessment of
sexual maturity in elite adolescent athletes. J Sports Med Phys Fitness
2007;47:361-5.

772722016



CHILDREN AND ADOLESCENT FREESTYLE SWIMMING PERFORMANCE

20.

21.

22.

23.

24.

25.

26.

27.

. Ruiz JR, Espana-Romero V, Ortega FB, Sjostrom M, Castillo MJ,

Gutierrez A. Hand span influences optimal grip span in male and fe-
male teenagers. J Hand Surg Am 2006;31:1367-72.
Vicente-Rodriguez G, Rey-Lopez JP, Ruiz JR, Jimenez-Pavon D,
Bergman P, Ciarapica D, et al. Interrater reliability and time measure-
ment validity of speed-agility field tests in adolescents. J Strength
Cond Res 2011;25:2059-63.

Leger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 me-
tre shuttle run test for aerobic fitness. J Sports Sci 1988;6:93-101.
Stein CM. Multiple regression. In: Contributions to Probability and
Statistics, Essays in Honor of Harold Hotelling. Olkin I, editor. Palo
ALto, CA: Stanford University Press; 1960.

Vicente-Rodriguez G, Dorado C, Perez-Gomez J, Gonzalez-Hen-
riquez J, Calbet J. Enhanced bone mass and physical fitness in young
female handball players. Bone 2004;35:1208-15.

Ricoy JR, Encinas AR, Cabello A, Madero S, Arenas J. Histochemi-
cal study of the vastus lateralis muscle fibre types of athletes. J Phys-
iol Biochem 1998;54:41-7.

Aspenes S, Kjendlie PL, Hoff J, Helgerud J. Combined strength
and endurance training in competitive swimmers. J Sports Sci Med
2009;8:357-65.

Keogh J. The use of physical fitness scores and anthropometric data
to predict selection in an elite under 18 Australian rules football team.
J Sci Med Sport 1999;2:125-33.

MacDougall JD, Wenger HA, Green HJ. Physiological testing of the
elite althlete. Br J Sports Med 1982;18:83.

28.

29.

30.
31.

32.

33.

34.
35.

GOMEZ-BRUTON

Latt E, Jurimae J, Haljaste K, Cicchella A, Purge P, Jurimae T.
Physical development and swimming performance during biological
maturation in young female swimmers. Coll Antropol 2009;33:117-
22.

Jurimae J, Haljaste K, Cicchella A, Latt E, Purge P, Leppik A, et al.
Analysis of swimming performance from physical, physiological,
and biomechanical parameters in young swimmers. Pediatr Exerc Sci
2007;19:70-81.

Vitor Fde M, Bohme MT. Performance of young male swimmers in
the 100-meters front crawl. Pediatr Exerc Sci 2010;22:278-87.

Latt E, Jurimae J, Maestu J, Purge P, Ramson R, Haljaste K, ef al.
Physiological, biomechanical and anthropometrical predictors of
sprint swimming performance in adolescent swimmers. J Sports Sci
Med 2010;9:398-404.

Morais JE, Jesus S, Lopes V, Garrido N, Silva A, Marinho D, et al.
Linking selected kinematic, anthropometric and hydrodynamic varia-
bles to young swimmer performance. Pediatr Exerc Sci 2012;24:649-
64

Jerszynski D, Antosiak-Cyrak K, Habiera M, Wochna K, Rostkowska
E. Changes in selected parameters of swimming technique in the back
crawl and the front crawl in young novice swimmers. J Hum Kinet
2013;37:161-71.

Cabafias Armesilla MD, Esparza Ros F. Compendio de cineantro-
pometria. Madrid: CTO Editorial; 2009.

Riera J, Javierre C, Ventura JL, Zamora A. Estudio antropométrico y
funcional en nadadores. Apunts Med Esport 1994;31:213-32.

Funding.—This project has been co-financed by “Fondo Europeo de Desarrollo Regional” (MICINN-FEDER). AGB received a Grant FP1 2012 (BES-2012-
051888) from the ‘Ministerio Economia y Competitividad’. AML received a Grant AP2012/02854 from the “Ministerio de Educacion Cultura y Deportes’.

Conflicts of interest.—The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manuscript.

Acknowledgements.—We would like to thank participants and their families and coaches for the collaboration. Special thanks are given to Lindsey A. Bruton
for her work in reviewing the English style and grammar.

Article first published online: September 23, 2015. - Manuscript accepted: September 17, 2015. - Manuscript revised: September 16, 2015. - Manuscript
received: May 12, 2015.

Vol. 56 - No. ??

THE JOURNAL OF SPORTS MEDICINE AND PHYSICAL FITNESS 9



