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ABSTRACT 
 
The aim of this study was to characterize and compare the anthropometric characteristics and the explosive 
muscular strength of the upper and lower limbs in swimmers at the U-16 and U-15 level. In addition, the 
relationship between anthropometric characteristics, strength variables and performance in the 50 m freestyle 
was verified. All participants were analysed, regarding their anthropometric characteristics, their explosive 
muscle strength, and their performance in the 50 m freestyle swim. A total of 92 female swimmers (mean ± 
standard deviation: 14.08 ± 0.56 years old) participated in the study. The results showed that sub-16 
swimmers had higher body mass values compared to sub-15 swimmers (p < .01). In addition, statistically 
significant differences were also found for upper limb strength indicators (p < .05). Finally, although no 
differences were found for performance in the 50 m freestyle test between the groups analysed, it was found 
that swimmers swam with different biomechanical patterns. It was concluded that although there were 
significant differences for the anthropometric indicators and explosive strength variables, the performance in 
the 50 m freestyle did not show any statistically significant variations, however the two groups of swimmers, 
swam with different biomechanical patterns. 
Keywords: Young swimmers; Anthropometric characteristics; Swimming performance; Explosive strength; 
Biomechanical patterns. 
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INTRODUCTION 
 
Over the past few years, there has been growing interest in the determinants of competitive performance in 
swimming (Franken et al., 2007; Geladas et al., 2005; Marinho et al., 2011; Vantorre et al., 2014). Swimming 
is characterized as a complex modality, where the economy of movement, muscular strength, speed of 
displacement, reaction time, and ability to overcome difficulties inherent in the physical and mental processes 
of training and competition positively or negatively influence the gain in sports performance (Ferreira et al., 
2012). Thus, swimming is associated with several factors (i.e., anthropometric, biomechanical, energetic, 
hydrodynamic) that are considered to be determinants of performance and are fundamental to the sport 
(Franken et al., 2008). In fact, evidence regarding the importance of these factors has emerged in younger 
swimmers, considering the constant morphological changes that occur at different ages (Garrido et al., 2010) 
and, consequently, in swimmers’ motor performance (Aktug et al., 2019). Thus, there is a need for greater 
knowledge about the effects of growth and development when analysing the performance of young 
swimmers. 
 
Previous studies have documented the importance of anthropometric factors in predicting performance in 
young swimmers (Lätt et al., 2010; Morais et al., 2012; Sammoud et al., 2018a). The anthropometric 
characteristics of swimmers are closely related to each other, and they play an important role in sports 
performance (Fernandes et al., 2002; Morais et al., 2013; Schneider and Meyer, 2005b; Zuniga et al., 2011). 
These characteristics exert a decisive influence in terms of propulsive capacity and the ability to overcome 
the drag forces encountered by the swimmer in the aquatic environment (Toussaint & Beek, 1992) and, 
consequently, on swimming speed. According to what was described in a previous investigation (Morais et 
al., 2013), the swimmers with the best performance are tall and have large areas of frontal surface and better 
stroke mechanics, regardless of gender. According to Jürimäe et al. (2007) and Morais et al. (2017) wingspan 
is one of the best predictor and determinate variables of performance. In addition, fat mass is also an 
important feature of body composition that seems to vary between sports. Normally, the lower the fat mass, 
the better the performance (Martínez et al., 2011). However, swimming seems to be an exception, because 
advantages associated with a higher proportion of fat mass have been reported, such as greater buoyancy, 
which results in less energy expenditure (Fernandes et al., 2002; Wells et al., 2006; Zuniga et al., 2011). In 
this regard, female swimmers seem to have an advantage, according to what has previously been reported 
(Fernandes et al., 2002; Greco and Denadai, 2005; Rodrigues et al., 2001; Wells et al., 2006) because they 
have a greater amount of fat mass than do male swimmers. Moreover, young athletes at a highly competitive 
level also present higher values of gestural frequency (GF) (Craig and Pendeegast, 1979), cycle distance 
(CD), and swimming index (SI) (Lätt et al., 2009, 2010; Morais et al., 2013), which are excellent predictors of 
performance (Anderson et al., 2006; Caputo et al., 2000; Franken et al., 2007; Jürimäe et al., 2007; Lätt et 
al., 2009). 
 
However, performance is also strongly related to muscle strength and power. The ability to apply force in the 
aquatic environment is a crucial factor for success during competition (Aspenes and Karlsen, 2012; Crowley 
et al., 2017; West et al., 2011), particularly over short distances (i.e., the 50 m freestyle). In fact, a previous 
study indicated that the strength and power characteristics of the lower limbs were predictors of swimming 
performance (West et al., 2011) and allowed for distinguishing swimmers with different levels of performance 
(Jones et al., 2018). Furthermore, other studies have shown a positive correlation between muscle strength 
or the power of the upper limbs and swimming performance (Garrido et al., 2010; Shimonogatae et al., 2003). 
This topic still needs further investigation, mainly in young female swimmers, as most of the existing studies 
focus on male swimmers. 
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Studies have reported a strong association between anthropometric characteristics, strength, power, and 
performance in pure sports swimming, however, to the best of our knowledge, there is a gap in the literature 
regarding studies carried out exclusively with swimmers of different competitive levels (i.e., U-16 vs. U-15), 
and therefore more research is needed. Although previous studies (Geladas et al., 2005; Jürimäe et al., 2007; 
Nevill et al., 2015; Sammoud et al., 2018b; Morais et al., 2013; Zuniga et al., 2011) have inferred the 
importance of anthropometric characteristics for swimming performance for different age groups and the 
influence of strength in short duration tests (Aspenes and Karlsen, 2012; Crowley et al., 2017), the effects of 
some variables and their relationship to performance remains unclear. Thus, the main objective of this study 
is to characterize and compare the anthropometric characteristics (i.e., height, body mass, and wingspan) 
and the explosive muscular strength of the upper and lower limbs in swimmers from the U-16 and U-15 levels. 
In addition, we seek to verify the relationship between the anthropometric characteristics, the strength 
variables evaluated, and the performance in the 50 m freestyle, to infer how these variables can be 
determinant of sports performance in swimmers of the analysed levels. 
 
METHODS AND MATERIALS 
 
Study design 
The present study is a cross-sectional study that is intended to characterize and compare the anthropometric 
characteristics and explosive muscle strength in female swimmers in youth groups (i.e., U-15 and U-16). In 
addition, we seek to understand how these characteristics can be determinant in sports performance in the 
youth group, and to verify their relationship with the 50 m freestyle competition. Thus, all participants were 
analysed for height, body mass, wingspan, and performance in the 50 m freestyle (i.e., time and 
biomechanical variables), as well as for the explosive strength of their lower and upper limbs. 
 
Subjects 
Ninety-two female swimmers at the national level participated in the study, aged between 13 and 15 years 
old (mean ± standard deviation: 14.08 ± 0.56 years old). Forty-six swimmers belonged to level U-16 (14.56 
± 0.29 years) and the remaining forty-six were members of level U-15 (13.61 ± 0.28 years). The age 
classification system of the national competition rules for pure sports swimming of the Portuguese Swimming 
Federation (FPN) was used as a reference. The participating subjects were chosen, as they were participants 
of the internships carried out by the FPN, which took place between the years 2014 and 2018, in which the 
swimmers with the best score in the final classification of the previous season were included. The sample 
consisted of practitioners who were familiar with the competitive practice of pure swimming and familiar with 
the ballistic exercises used. All participants were fully informed verbally and in writing about the nature of the 
study, as well as the known health risks. The participants filled out a questionnaire about their health history 
and were informed that they could withdraw from the study at any time. All parents provided their informed 
consent, attesting to their children’s voluntary participation in the study. The study was approved by the 
school’s Ethical Advisory Committee and conducted in accordance with the Declaration of Helsinki. 
 
Procedures 
The evaluations were carried out during the internship period, which comprised 2 days and 4 training and 
evaluation sessions. All individuals were evaluated at the same time of the sports season (October). The 
evaluation sessions were spread over the two days of the internship, and the anthropometric tests, which did 
not require energy expenditure and did not incur fatigue, were carried out before the strength and 
performance tests. In addition, the tests were performed to ensure sufficient rest between sessions, so that 
no fatigue was accumulated that could negatively influence the swimmers' performance. 
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On the day of the assessment, the anthropometric measurements of each subject (i.e., such as body mass, 
height, wingspan, and subsequently the wingspan/height indexes were calculated) were taken after 5 minutes 
of rest. Then, a strength evaluation of the lower limbs was performed through the horizontal jump. In the 
afternoon session, an assessment of the strength of the upper limbs was performed by throwing a medicine 
ball. 
 
Anthropometric measures 
All measures were obtained before any physical performance test and were assessed according to 
international standards for anthropometric assessment (Marfell-Jones et al., 2006). Participants were 
barefoot and dressed in underwear or as little clothing as possible during the assessment. To measure body 
height (in meters), a precision stadiometer with a scale of 0.001 m was used. BMI was obtained by dividing 
the body mass value by the square of height. Wingspan was determined by measuring the athletes with a 
tape measure placed on a precision wall at a scale of 0.001 m. 
 
Strength assessment of the upper and lower limbs 
To evaluate the strength of the lower limbs, horizontal thrust exercises were performed. Three jumps were 
used for each assessment per subject, with a two-minute rest between each jump. When performing the 
jump, a tape measure was placed on the floor. The swimmers had to stand at the end of the tape measure 
with their feet shoulder-width apart. When performing the jump, the swimmers could move their upper limbs 
before the impulse. Values were recorded in meters. For the analysis, the average of the three jumps and 
the best jump performed were recorded. The national technical director assisted in verifying the correct 
position of the swimmers during the execution of each jump. The reliability of the horizontal jump was 
determined by the intraclass correlation coefficient (ICC), with mean values of 0.99 and a coefficient of 
variation (CV) of 2.56%. 
 
The medicine ball launch was measured by the horizontal distance reached by a 3 kg ball after it was 
launched. To perform the evaluation, each subject sat on the floor with their back against a rectilinear 
structure (wall). Each participant held the ball in front of them with both hands (close to the chest) to achieve 
the greatest amplitude, speed, and distance possible without rotating the torso or hips during the execution 
of the movement. Two experienced evaluators assisted in verifying the launch, as well as the obtained range. 
Three attempts were counted with a 3 kg medicine ball, with a one-minute rest period between each throw. 
The distance from the starting position to where the ball touched the ground was measured (Castro-Piñero 
et al., 2009). Overall, the launch of the medicine ball showed an average ICC of 0.98, and the CV values 
were 1.98%. 
 
Swimming performance evaluation 
After performing a 1000 m warm-up using the usual structure based on the protocols described by Neiva et 
al. (2014), each swimmer performed a simulated race (50 m or 400 m).The evaluation protocols, including 
departure from the block and an official announcer, were applied in a 25 m covered swimming pool at an 
average temperature of 28 ºC and an average humidity below 70%. The time was recorded using a stopwatch 
(Finis 3x100 Stopwatch, Livermore, California). The swims were also filmed and subsequently analysed using 
the software program Kinovea® version 0.8.15. The reliability of the test performed was analysed using the 
ICC. A value of 0.92 was obtained, thus the average value was used for further analysis. Biomechanical 
variables were evaluated for both simulations. A measurement of GF was performed using a chronometer in 
three stroke cycles, which was later converted to units of measurement in the international system (Hz). CD 
was measured by estimation using the following equation (Craig and Pendeegast, 1979): 
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CD = v/GF (1) 

where CD is the cycle distance (m c-1), v is the average speed of the swimmer (m s-1), and GF is the gestural 
frequency of swimming. SI was then estimated using the following equation (Costill et al., 1985): 

SI = CD x v  (2) 

where SI represents the swimming index (m2 c-1 s-1), CD is the distance per cycle (m c-1), and v is the average 
swimming speed m s-1). The speed variables FG, CD, and IN were evaluated in the second 25 m of each 50 
m (either in the 50 m event or 400 m event) and were used to determine the average measure in the 400 m 
freestyle swim. To analyse these variables, the program Kinovea® (version 0.8.15) was used. 
 
Statistical analysis 
Data analysis was performed using the statistical software IBM SPSS (Statistical Package for Social 
Sciences), version 22.0, for Microsoft Windows (Armonk, NY, EU: IBM Corp.). The level of significance was 
set at 5%. The calculation of means, standard deviations, differences, and confidence intervals (95% CI) 
were performed using standardized statistical methods. Reliability was measured by the CV and ICC in the 
three tests performed for the launch of the medicine ball. The horizontal jump was calculated with the 
bidirectional mixed random effects model (a type of absolute agreement). The normality of the distribution 
was verified using the Kolmogorov–Smirnov test (n > 30), and it was found that the data had a normal 
distribution. Thus, parametric tests were used for data analysis. To compare between the results obtained 
for the U-16 and U-15, the t-test for independent samples was used. Pearson's coefficient was used for the 
bivariate correlations, and the determination coefficient (r2) was also calculated. The ratio was considered 
extremely high for values between .90 and 1.00, high for values between .70 and .90, moderate between .50 
and .70, low for values between .30 and .50 and between .10 and .30 was considered small. 
 
RESULTS 
 
Table 1 shows the values for the anthropometric characteristics evaluated in the U-16 and U-15 groups of 
swimmers. Of the studied variables, there is a difference in the body weight values between the two groups. 
 
Table 1. Comparison between the mean values (± standard deviation) of the anthropometric variables for 
juveniles A and juveniles B. The p-values and the confidence interval (CI) of the difference are also presented. 

Variables U-16 (n = 46) U-15 (n = 46) 
Difference (CI 95%) 

p-value 
Lower Higher 

Height (m) 1.64 ± 0.06 1.63 ± 0.05 -0.01 0.04 .17 
Weight (kg) 54.64 ± 4.51 52.11 ± 5.14 0.53 4.53 .01** 
Body mass index (kg / m2) 20.22 ± 1.47 19.63 ± 1.47 -0.01 1.20 .06 
Wingspan (m) 1.66 ± 0.07 1.65 ± 0.06 -0.02 0.04 .36 
Wingspan / height index 1.01 ± 0.03 1.01 ± 0.03 -0.02 0.01 .78 

Confidence Interval (CI): *p < .05; **p < .01. 

 
To compare the values related to muscle performance, Table 2 shows the values of muscle strength of the 
upper and lower limbs. It is evident that the U-16 swimmers, who are the most experienced, achieve higher 
launch values for the medical ball than the U-15 swimmers. 
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Table 2. Comparison between the mean values (± standard deviation) of the muscle strength variables for 
U-16 and U-15. The p-values and CI interval of the difference are also presented. 

Variables U-16 (n = 46) U-15 (n = 46) 
Difference (CI 95%) 

p-value 
Lower Higher 

Horizontal jump - average (m) 1.72 ± 0.17 1.69 ± 0.20 -0.05 0.11 .45 
Horizontal jump - maximum (m) 1.78 ± 0.18 1.74 ± 0.21 -0.04 0.12 .33 
Medium medical ball throw (m) 3.25 ± 0.35 3.13 ± 0.45 -0.05 0.28 .17 
Maximum medical ball throw (m) 3.44 ± 0.37 3.26 ± 0.46 0.01 0.36 .04* 

Confidence Interval (CI): *p < .05; **p < .01. 

 
In relation to swimming performance, it is evident that no significant differences were detected between the 
two groups under analysis. However, differences were found in the biomechanical variables analysed. The 
U-16 swimmers recorded a lower GF and a higher CD, and they completed the 50 m freestyle with a higher 
SI than the U-15 swimmers. 
 
Table 3. Comparison between the mean values (± standard deviation) of the swimming performance 
variables in the 50 m freestyle, as well as the values of gestural frequency (GF), cycle distance (CD), and 
swimming index (SI). The p-values and confidence intervals are also presented. 

Variables U-16 (n = 46) U-15 (n = 46) 
Difference (CI 95%) 

p-value 
Lower Higher 

50 m freestyle (s) 30.98 ± 1.08 31.35 ± 1.25 -0.02 0.01 .14 
GF (Hz) 49.12 ± 5.47 51.02 ± 4.33 -3.76 -0.05 .04* 
CD (m c-1) 1.95 ± 0.19 1.85 ± 0.18 0.02 0.18 .02* 
SI (m2 c-1 s-1) 3.09 ± 0.38 2.90 ± 0.35 0.04 0.34 .01** 

Confidence Interval (CI): *p < .05; **p < .01. 

 
Regarding the correlations between anthropometric variables and swimming performance in the 50 m 
freestyle, significant values were found in the case of height (r = -0.23, p = .03), body mass (r = -0.33, p = 
.001) and wingspan (r = -0.27, p = .01). Figure 1 shows the relationship between anthropometric variables 
and the time in the 50 m freestyle. 
 

 
Figure 1. Graphical representation of the relationship between the time in the 50 m freestyle and height (a), 
body mass (b), and wingspan (c). 
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Figure 2 shows the relationship between muscle strength variables, namely the horizontal jump and the 
launch of the medicine ball, and the swimming performance in the 50 m freestyle. There were significant 
relationships between swimming performance and the horizontal jump (r = -0.44, p < .01) and between 
swimming performance and the throw of the medicine ball (r = 0.27, p = .01). 
 

 
Figure 2. Graphical representation of the relationship between the 50 m freestyle time and the maximum 
values of the horizontal jump (a) and the medicine ball throw (b). 
 
DISCUSSION 
 
The present study aimed to characterize and compare the anthropometric characteristics (i.e., height, body 
mass, and wingspan) and the explosive muscular strength of the upper and lower limbs of swimmers in the 
U-16 and U-15 groups. In addition, we sought to analyse the relationship between anthropometric 
characteristics, the strength variables evaluated, and performance in the 50 m freestyle to understand how 
these variables can be determinant of sports performance in young swimmers. 
 
The U-16 swimmers showed higher body mass values than the U-15 swimmers and regarding the strength 
variables, the U-16 swimmers showed higher maximum values when throwing the medicine ball, which is in 
line with a previous investigation (Garrido, et al., 2010; Yanai, 2003). Although there were no statistically 
significant differences between the performance values in the groups analysed, it was found that the 
swimmers performed the 50 m freestyle with different biomechanical swimming patterns. Barbosa et al. 
(2010) stated that a swimmer adjusts their technical standard, measured by the swimming distance and the 
GF, in order to be as efficient as possible according to the swimmer´s physical condition and the existing 
context. The U-16 swimmers recorded higher CD and lower GF values, with a higher SI. In this way, it was 
possible to conclude that the U-16 swimmers demonstrated greater technical efficiency, although their 
performance did not show a statistically significant difference from the U-15 swimmers. Furthermore, it was 
found that the height, body mass, wingspan, and muscle strength of the lower and upper limbs were related 
to performance in the 50 m freestyle. 
 
From the U-16 and U-15 categories, it was observed (Table 1) that there were significant differences in terms 
of anthropometric variables, with U-16 swimmers presenting higher values than U-15 swimmers for variables 
such as height, weight, body mass and wingspan. In addition, a previous study (Fernandes et al., 2002) 
concluded that the greater the length of the upper and lower limbs, the more efficient a swimmer would be, 
given that they would need a smaller number of motor actions to cover a certain distance, which was directly 
associated with muscle strength and performance in the 50 m freestyle. However, this assumption was not 
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verified in our study because although there were differences in anthropometric characteristics, these did not 
translate to significant differences in 50 m freestyle swim performance. This factor may be due to the fact 
that the U-16 swimmers had not yet reached their peak of growth and maturation (Malina, 2006; Veldhuis et 
al., 2005). 
 
Muscle strength training is important for swimmers' sport performance (Muniz-Pardos et al., 2019; Sammoud 
et al., 2019; Schneider and Meyer, 2005a). The analysis of Table 2 seems to demonstrate that U-16 
swimmers have better results than U-15 swimmers with respect to upper limb strength. For swimmers to 
move in the aquatic environment, they must propel themselves through the actions of the lower and upper 
limbs. Thus, it is important that swimmers perform strength training that will allow them to increase their ability 
to move and propel the upper limbs in the water environment (Hawley et al., 1992; Marques et al., 2020). 
Furthermore, strength training combined with swimming training shows better results for swimmers than 
swimming training alone (Amaro et al., 2017). In fact, strength training combined with swimming training 
allows swimmers to show significant improvements, making them faster when they have to cover distances 
such as 50 m (Lopes et al., 2020). This correlation is shown in Figure 2, where there are significant 
improvements in the swimmers with strength training. 
 
Strength training out of the water should be performed so that there is complementary development in water 
with the movements that swimmers perform during the swim (Mujika and Crowley, 2019). Thus, it can be 
concluded that strength training increases the gain in strength in the upper and lower limbs, which can lead 
to an increase in the performance of the swimmers. 
 
GF is determined by dividing the number of strokes by the swimming time in minutes. Thus, when swimmers 
have a high GF it means that they have a high energy expenditure and become fatigued quickly (Smith et 
al., 1988). The CD is obtained by dividing the swimming distance by the number of cycles. Thus, there must 
be propulsive force, so that there is use of energy (Toussaint, 1990). The U-16 swimmers have a higher CD 
value than the U-15 swimmers, which may be related to the fact that they have superior propulsive efficiency 
(Toussaint et al., 2006). Furthermore, the strength of the upper limbs in these swimmers was superior, as 
noted above, which might have contributed to a higher CD, but mainly contributed to higher SI values. SI is 
obtained by multiplying the swimming speed by the CD. U-16 swimmers had a higher SI than U-15 swimmers, 
which may indicate they have superior technical swimming efficiency. 
 
Table 3 shows that U-16 swimmers perform better than U-15 swimmers, however without statistically 
significant differences (p ≥ 0,5). The results presented suggest that strength training can improve the 
performance of swimmers with regard to the propulsion of upper and lower limbs. In addition, these data also 
confirm that U-16 swimmers may not have reached full maturity, which conflicts with what was previously 
reported (Malina and Geithner, 2011). According to Pelayo et al., (1996), the anthropometric factors are 
related to the results of the 50 m distance tests. Factors such as swimmers' wingspan and height are 
important to reducing fatigue for swimmers. It is concluded, therefore, that there is a relationship between 
anthropometric factors and the 50 m performance (Figure 1). It can be concluded that to improve swimming 
performance, it is important that trainers include a strength component in the training, but also consider the 
factors of swimming performance (GF, SI, and swimming distance). 
 
CONCLUSION 
 
The results of this study allowed us to conclude that i) the U-16 swimmers showed higher values for body 
mass and explosive strength of the upper limbs than the U-15 swimmers; ii) although there were no 
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differences between the performance values in the analysed groups, it was found that the swimmers 
performed the 50 m freestyle by swimming with different biomechanical patterns. In addition, the U-16 level 
recorded higher CD and lower GF values, which indicated greater technical efficiency; iii) the performance in 
the 50 m freestyle event is related to height, body mass, wingspan, and muscular strength of the lower and 
upper limbs in the two groups analysed. Future studies may include swimming tests with other distances and 
styles for analysis in swimmers at different competitive levels. 
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