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Anthropometric and muscle strength evaluation in

prepubescent and pubescent swimmer boys and girls*

Patricia Schneider! and Flavia Meyer*

ABSTRACT

Anthropometric and muscle strength evaluation in prepubescent
and pubescent swimmers and muscle strength and body compo-
sition are important for a better sporting performance. The objec-
tive of this study was to describe and to compare anthropometri-
cal and muscle strength aspects of prepubescent and pubescent
swimmer boys and girls. Forty-eight healthy competitive swimmers
participated in this study. Among them, 11 boys were prepubes-
cent (PP) and 16 were pubescent (PU) and 8 girls were PP and 13
PU. The anthropometrical data studied were body weight, stature,
skinfolds and circumferences. A computerized dynamometer (Cy-
bex Norm) was used to isokinetic (60 and 90°.s) and isometric
strength measurements (45 and 60°) of knee extension (KE) and
isokinetic (60 and 90°.s) and isometric (60 and 90°) strength of
elbow flexion (EF). There were no differences between PP boys
and girls in muscle strength. In PU group, the boys were stronger
than girls in all KE and EF tests. This difference was shown in al-
most all tests when adjusted by body weight (except in KE isomet-
ric tests, where values were similar between boys and girls). PU
boys and girls were stronger than PP in all tests and this difference
was shown in almost all tests, when adjusted by body weight (ex-
cept in KE isometric tests, where PU and PP girls were not differ-
ent). These results show the anthropometrical and muscle strength
pattern in swimmer children and adolescents.

INTRODUCTION

Body composition and muscular strength may both reflect the
health state and predict performance in some sportive modalities.

There are studies on anthropometrical data conducted with swim-
mer children, but comparisons are limited, once in some studies,
there is no classification according to the maturational stage®?). As
the maturational stage has direct influence on the child’s natural
growth through the increase on the circulating hormones, espe-
cially in boys, this control become important when children and
adolescents are studied®.

In other studies, however, the lack of data such as body weight,
stature and BMI® made the evaluation of the anthropometrical data
and muscular strength in groups of young swimmers difficult.

In swimming, the performance is influenced by the capacity of
generating propelling power and minimizing the resistance to ad-
vance in the liquid environment. This occurs with the improvement
of the technique, the biomechanical standard and the physical con-
ditioning of the swimmer, including body composition and
strength®.

Two factors have been pointed as responsible for the propelling
difference as result of the flutter kick: the flexibility of the ankle
joint (plantar flexion)® and the strength of the muscles involved in
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the flutter kick®. The main muscular groups that act in the flutter
kick downward are those involved in the knee extension, in other
words, the rectus femoralis, vastus medialis, vastus intermedius
and vastus lateralis, as well ad the sartorius muscle®.

It is possible that swimmer children present higher muscular
strength due to the swimming training and as result of the specific
muscular strength training. The works on strength training for swim-
mers were not well accepted by athletes and coaches. They be-
lieved that these exercises would cause increase on the muscular
mass, hypertrophy and decreased flexibility, thus reducing the
swimmer’s agility. Today, however, it is known that the muscular
strength is an important factor in the search for a better sportive
performance.

Through the knowledge of the muscular strength of swimmer
children, one can evaluate the necessity of optimizing their perfor-
mance through training. There are many studies on the strength
trainability in children and adolescents, what demonstrates the
importance of this component®12),

Strass (1988)*% detected improvements from 0.04 to 0.08 m/s
on the average velocity of adult swimmers in the distance of 50
meters after strength training with weights, demonstrating the
strength importance in this sportive modality.

Hawley et al. (1992)7 in a study with 12 adult male swimmers
and 10 adult female swimmers, observed that laboratory anaero-
bic power measurements (Wingate test) have significant relations
with the performance of swimmers in events of short (25 meters)
and long (400 meters) duration.

The applicability of the strength computerized measurement in
the sportive performance, health and rehabilitation area may present
advantages such as to test different types of strength (isometric
an isokinetic). Despite the high cost, this equipment has been widely
used in laboratories in different groups such as non-athletes® and
volleyball players®®, but not in swimmers.

During puberty, the muscular strength is affected by matura-
tion. The study of Pratt (1989)® showed higher correlation of
strength and maturational stage compared with chronological age.
The increment on the production of anaerobic hormones that oc-
cur during puberty affects the muscular hypertrophy. Boys present
higher increase on the production of these hormones when com-
pared with girls, what may explain the lesser increase on the mus-
cular strength of girls in the same maturational stage, both for ath-
letes and non-athletes*14.

We do not know about systematic studies on the strength eval-
uation in swimmer children and adolescents with computerized
isokinetic dynamometers. The objective of this study was to de-
scribe and to compare anthropometrical and muscular strength data
in prepubescent and pubescent swimmers from both genders.

METHODOLOGY

This descriptive, ex post facto and transversal study evaluated
the anthropometrical and muscular strength data of prepubescent
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and pubescent swimmer children from both genders, according to
the maturational stage.

The sample was composed of prepubescent and pubescent
swimmer boys and girls during a competitive sportive training in a
sports club.

Forty-eight volunteers (27 boys and 21 girls) participated in this
study. All were Caucasian, participated in a swimming competitive
sportive training and healthy, according to anamnesis supervised
by a pediatrician®?).

The following exclusion criteria were used: muscular disease,
chronic disease or obesity and the non-cooperation with the pro-
cedures adopted.

The prepubescent boys (PP) trained three weekly hours and for
24.5 months on average; the pubescent boys (PU) trained 12.9
weekly hours and for 39.7 months on average. The PP girls trained
five weekly hours and for 36 months on average and the PU girls
trained 12.8 weekly hours and for 36 months on average. All par-
ticipated in the school physical education classes twice a week.

An invitation card was sent to coaches in order to elucidate the
objectives of the study and this card informed the phone number
of the swimmers interested in participating in this study. The par-
ents were contacted for elucidation and scheduling of tests. Only
those who agreed with all procedures adopted in the study and
after their parents signed the written consent term could partici-
pate in this study. The project was approved by the Ethics Com-
mittee in Researches of the Rio Grande do Sul Federal University.

Each evaluation was performed by the same member of the
stuff for a better standardization and control of the tests. Each
athlete attended to the Exercise Research Laboratory (LAPEX) once
followed by parents for the following procedures: 1) selection and
explanations; 2) maturation and body composition evaluation; 3)
strength evaluation.

That participants performed a self-assessment with regard to
maturity as PP and PU, according to maturational classification®.
This self-assessment has shown to be valid, with strong correla-
tion with direct observation9).

Body weight and stature were measured in electronic scale and
stadiometer label Filizola, respectively, with later calculation of the
BMI. The fat percentile was calculated®, which considers gender,
race and maturational stage. For the adiposity assessment, the
right side skinfolds were measured using a Lange compass and
following the Lohman et al. (1981) standards®. The arm and thigh
circumferences (medial) were measured with a Lufkin tape mea-
sure.

The isokinetic (concentric) and isometric strengths were as-
sessed in computerized dynamometer (Cybex Norm) always cali-
brated before the beginning of tests. The movements performed
were knee extension (KE) and elbow flexion (EF) using the torque
peak as strength measure. These movements, as well as the ve-
locities used were selected due to the previous protocol used with
prepubescent, pubescent and postpubescent non-athletes and vol-
leyball player boys and girls. Thus, it will allow further comparison
between these groups. The type of strength (isokinetic) used is
the same one as the strength used in swimming, although the
velocity in swimming is far higher. Moreover, the same type of
equipment, test, velocity and rest were already used with children
and adolescents in literature®12).

For all individuals tested, a familiarization with the three move-
ments for each velocity was performed both in KE and in EF and,
after 30 seconds of rest, the testing started.

In order to measure KE, the individual sat down comfortably in
the equipment’s chair holding side support. The individual’s back
was against the chair’s back, which was adjusted up to the point
the popliteal fossa was leant against the anterior part of the seat
and the central point of the knee joint was aligned with the dyna-
mometer’s rotation axle. The hands were holding the chair’s side
support. For a better thigh fixation, a velcro belt was fastened above
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the knee joint just like a seat belt in order to adjust trunk to the
chair’s back.

For the EF measurement, the individuals remained in dorsal de-
cubitus with inflected knees and feet leant against a specific sup-
port of the equipment. The trunk was fixed with a seat belt and the
left hand holding support at the side of the equipment. The center
of the elbow joint was aligned with the dynamometer’s rotation
axle. The shoulder was fixed with the velcro belt diagonally from
the right shoulder up to the left elbow. This belt was fixed to the
equipment in order to minimize the movement and to avoid com-
pensation with shoulder musculature.

The explanation of how the tests were performed was given to
participants before their performance, thus the participants were
familiarized with three repetitions with no load in order to learn the
movements.

Firstly, the isokinetic strength at velocities of 60 and 90°.s* was
evaluated in three consecutive repetitions for each velocity with
interval of 90 seconds between them. The highest torque peak
was considered as result.

One hundred and twenty seconds later, the isometric strength
was evaluated at angles of 45 and 60° of the KE (total extension =
0°), and at 60 and 90° of the EF (total flexion = 180°), always keep-
ing this order and the right side, with an interval of 120 seconds
between them. The test consisted of three maximum voluntary
contractions in each angle each one with a contraction time of 5
seconds, with 90 seconds of interval between them, once the con-
traction time to assure one will reach maximum strength is of three
to five seconds with two to five contractions®?. The interval was
of 120 seconds between the two angles. The highest torque peak
of the three attempts was considered as result. The rest interval
protocol used was based on the work of Ramsay et al. (1990)12
and Hebestreit et al. (1993)?3.

The same appraiser performed the verbal encouragement dur-
ing all evaluations. At the end of the tests, the appraisers oriented
the stretching of the musculature tested.

The results are expressed as average and standard deviation
per group, according to gender and maturity. The analysis of vari-
ance (ANOVA) was used for comparisons between genders and
maturational stages. The strength was adjusted by the body weight.
The significance level adopted was of p < 0.05. The software SPSS
version 8.0 was used for the analyses.

RESULTS

Table 1 shows the physical characteristics of age, body weight,
stature, body mass index, body fatness percentile, triceps skin-
folds, sub scapular, suprailliac, abdomen and thigh, arm and thigh
circumferences of each group.

No voluntary was excluded. With regard to the physical charac-
teristics, no difference statistically significant between prepubes-
cent boys and girls was observed. In the pubescent group, boys
were heavier and taller than girls and these latter presented a high-
er fat percentile and higher triceps, suprailliac, abdomen and thigh
skinfolds than boys.

The prepubescent boys presented higher fat percentile and high-
er triceps and thigh skinfolds than pubescent boys. However, pu-
bescent boys presented higher arm circumference values than pre-
pubescent boys.

Figures 1 and 2 present the results of the KE isokinetic and iso-
metric strength, respectively for gender and maturation. In the iso-
kinetic tests, no difference of muscular strength was observed
between PP boys and girls. In group PU, boys were stronger than
girls, and this result remained when the torque peak values were
adjusted to the body weight (60°.s* =2.88 + 0.51 vs. 2.16 + 0.35
and 90°.s1=2.4+0.32vs. 2.16 £ 0.30, respectively). PU boys and
girls were stronger than PP boys and girls. This result remained
when the torque peak values were adjusted to the body weight
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(boys: PU 60°.st=2.54 +0.38 vs. PP 1.62 + 0.23; and PU 90°.s1 =
2.40 = 0.32 vs. PP 1.68 + 0.20; girls: PU 60°.s* = 2.16 + 0.35 vs.
PP 1.54 + 0.61 and 90°.s* = 2.16 + 0.30 vs. PP 1.54 + 0.44).

TABLE 1
Physical characteristics of the sample (average * standard deviation)

Boys Girls
Prepubescent Pubescent Prepubescent Pubescent
(11) (16) ® (13)

Age (years) 9.0+£0.7 13.6+1.2* 96+10 12.7+17*
Body mass (kg) 38.1+89 56.0+7.1% 37.8+8.6 46.6+5.6"
Stature (cm) 1.44 +£0.08 1.68 + 0.08* 1.48 + 0.07 1.58 + 0.07*
BMI (kg/m?) 183+25 196=*1.6 17.2+3.1 186=+21
%Fat 21.0 +8.4* 13.6 £8.4 20.7 £ 6.8 18.7 £4.8*
Triceps (mm) 143 +55% 84+28 153+6.8 11.3+3.3*
Sub scapular (mm) 89+56 7424 97+64 97+438
Suprailliac (mm) 10.0 £ 5.9 8.4 +33 12.2+8.2 122 +5.0*
Abdomen (mm) 13.8+7.6 10.7+4.0 156 £9.3 149 +5.2*
Arm circumference (cm) 22.8+2.6 25.9 % 2.5 227+32 242+21
Thigh circumference (cm) 42.1+45 459+93 422 +52 458+ 3.6

* > opposite gender within same maturational stage; # > other maturational stage within same
gander; (p < 0.05).
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Fig. 1 - Isokinetic muscular strength of knee extension (KE) in Nm (aver-
age + SD)

* > opposite gender within same maturational stage; # > PP within same gander (P < 0.05).
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Fig. 2 — Isometric muscular strength of knee extension (KE) in Nm (aver-
age + SD)

* > opposite gender within same maturational stage; # > PP within same gender; (P < 0.05).

In the KE isometric tests, no difference on muscular strength
was observed between PP boys and girls. In group PU, boys were
stronger than girls; however, the values were similar when adjust-
ed to the body weight (45° =2.54 + 0.38 vs. 2.56 + 0.41 and 60° =
3.41 + 0.57 vs. 3.06 + 0.31, respectively). PU boys and girls were
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stronger than PP boys and girls. When adjusted to body weight,
this difference remained in the male group, but not in the female
group (in other words, PP and PU girls presented similar strength
values when the torque peak values were adjusted to body weight
(45°=2.35+0.46 vs. 2.56 + 0.41 and 60° = 2.73 = 0.63 vs. 3.06 =
0.31).

Figures 3 and 4 present the results of the EF isokinetic and iso-
metric strength respectively by gender and maturation. In these
tests, no difference on muscular strength between PP boys and
girls was observed. In group PU, boys were stronger than girls,
and this result remained when the torque peak values were ad-
justed to body weight (60°.s* = 0.55 + 0.01 vs. 0.41 + 0.10 and
90°.s1=0.55+0.11 vs. 0.37 = 0.01; 60° = 0.79 £ 0.16 vs. 0.60 =
0.01;90°=0.72+0.17 vs. 0.59 + 0.11, respectively). PU boys and
girls were stronger than the respective PP groups, and this result
remained when the torque peak values were adjusted to body
weight (PP boys 60°.s1=0.28 + 0.10 vs. girls 0.28 + 0.01; PU boys
0.55 + 0.01 vs. girls 0.41 + 0.10; PP boys 90°.s* = 0.26 + 0.01 vs.
girls 0.27 + 0.01; PU boys 0.55 + 0.11 vs. girls 0.37 = 0.01; PP
boys 60° = 0.46 + 0.13 vs. girls 0.51 + 0.01; PU boys PU 0.79 +
0.16 vs. girls 0.60 + 0.01; PP boys 90° = 0.46 + 0.16 vs. girls 0.46
+ 0.004; PU boys 0.72 + 0.17 vs. girls 0.59 + 0.11).
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Fig. 3 — Isokinetic muscular strength of elbow flexion (EF) in Nm (average
*+SD)

* > opposite gender within same maturational stage; # > PP within same gender; (P < 0.05).
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Fig. 4 — Isometric muscular strength of elbow flexion (EF) in Nm (average
+SD)

* > opposite gender within same maturational stage; # > PP within same gender; (P < 0.05).

DISCUSSION

The present study described and compared the anthropometri-
cal and muscular strength data of swimmer boys and girls from 9
to 13 years of age. The KE and EF tests were performed in isoki-
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netic dynamometer using protocol previously applied in a group of
non-athlete*¥ and volleyball player®® children and adolescents.

In the present study, no differences on the physical characteris-
tics between prepubescent swimmer boys and girls were observed,
according to results of the study of Damsgaard et al. (2000)®. How-
ever, during puberty, boys and girls were taller and heavier than
prepubescent boys and girls. Pubescent girls, on their turn, pre-
sented higher fat percentile and triceps, suprailliac, abdomen and
thigh skinfolds values when compared with boys, demonstrating
that among swimmers, the differentiation between genders pre-
vails, with higher fat accumulation among girls.

Prepubescent boys presented higher fat percentile and triceps
skinfolds values than pubescent boys. In the other skinfolds (sub
scapular, suprailliac, abdomen and thigh), the group PU tended to
present lower values when compared to group PP.

The swimming training may have resulted in a lower fat percen-
tile, especially among pubescent boys and girls. These anthropomet-
rical results (except for a higher arm circumference among pubes-
cent boys in relation to prepubescent boys) are similar to those found
among volleyball players®. Among non-athlete children®4, the fat
percentile and skinfold values were similar between prepubescent
and pubescent boys and girls and in some cases, these values were
higher for pubescent girls in relation to prepubescent girls.

Only pubescent boys presented a higher arm and thigh circum-
ference in relation to prepubescent boys, and this fact may be ex-
plained due to the higher increase on the muscular mass in this
maturational stage®.

A study® involving the same age range and protocol as the
present study analyzed the anthropometrical data of swimmers,
presenting higher BMI (19.6 to 20.5 for boys and 20.4 to 20.2 for
girls) and triceps skinfold values (15.5 to 15.4 for boys and 15.8 to
16.4 mm for girls). This may have occurred due to the shorter weekly
training period of swimmers of this study (three to five weekly
hours for boys and girls).

Both swimmer boys and girls tended to be taller than non-ath-
letes of the respective gender?>29), In our study, prepubescent and
pubescent swimmer boys were about 6% and 8% taller than non-
athletes, respectively and the prepubescent and pubescent swim-
mer girls were about 10% and 5% taller than non-athletes, respec-
tively®. This difference in the stature of swimmers may reflect
the growth and development of an early maturation@.

A standard on results of all muscular strength tests both for low-
er and upper limbs was observed. When adjusted to body weight,
the KE isometric test was the only one in which PU girls were not
significantly stronger than PP girls. No difference between gen-
ders was observed in group PU either. This may have occurred
because the strength differences between genders were attenu-
ated, especially in the lower limbs®”, when adjusted to body weight.

When groups of non-athletes were compared®¥, the swimmers
were stronger both in the KE and in EF tests. The magnitude of
these differences is weak between PP groups and more intense
between PU groups. This may be explained due to the higher vol-
ume and longer time of the PU swimming training (12.9 weekly
hours for boys and 12.8 weekly hours for girls) in relation to PP
groups (3 weekly hours for boys and 5 weekly hours for girls).

The pubescent swimmers of the present study, both boys and
girls, seemed to be stronger than swimmers of the study of Bencke
et al. (2001)® in the EF isometric test at 90°. This result may be
due to higher stature, body weight and weekly training time of
pubescent swimmers of the present study.

In the present study, we searched to use a previous protocol®415
that would allow the comparison between groups with no correla-
tion with performance events. It would be important the use of
strength tests at angles, movements and velocities that could re-
flect the specific swimming gestures for the correlation with per-
formance in this sportive modality. This was the limitation of the
present study.
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We believe that these results demonstrate the physical and an-
thropometrical characteristics as well as the isokinetic and isomet-
ric strengths in KE and EF tests in a sample of prepubescent and
pubescent swimmer boys and girls. These data will be useful as
reference for other groups of swimmers for comparisons with sim-
ilar studies of other sportive modalities and further muscular
strength trainability studies for this group of athletes. As sugges-
tion for further studies, we emphasize the importance of a con-
trolled prospective longitudinal model for a better comprehension
of the anthropometrical and muscular strength behavior in this
population.

Financial support by CNPq.

All the authors declared there is not any potential conflict of inter-
ests regarding this article.

REFERENCES

1. Bencke J, Damsgaard R, Saekmose A, Jorgensen P, Klausen K. Anaerobic pow-
er and muscle strength characteristics of 11 years old elite and non-elite boys
and girls from gymnastics, team handball, tennis and swimming. Scand J Med
Sci Sports 2001;12: 171-8.

2. Damsgaard R, Bencke J, Matthiesen G, Petersen JH, Muller J. Is prepubertal
growth adversely affected by sport? Med Sci Sports Exerc 2000;32:1698-703.

3. Richardson J, Beerman K, Heiss C, Shultz J. Comparison of body weight and
body fat classifications of competitive school-age club swimmers. J Am Diet
Assoc 2000;100:237-40.

4. Malina RM, Bouchard C. Growth, maturation, and physical activity. In: Risk Fac-
tors and Children’s Health. Champaign, Illinois: Human Kinetics Books, 1991.

5. Maglischo EW. Nadando Ainda Mais Réapido. Sdo Paulo, Manole, 1999.

6. Hull M. The flutter kick. Swimming Technique 1997;24:27-30.

7. Hawley JA, Williams MM, Vickovic MM, Handcock PJ. Muscle power predicts
freestyle swimming. Br J Sports Med 1992;26:151-5.

8. Palmer ML. A Ciéncia do Ensino da Natagdo. Sdo Paulo, Manole, 1990.

9. Blimkie CL. Resistance training during preadolescence. Issues controversies (Re-
view). Sports Medicine 1993;15:389-07.

10. Falk B, Tenenbaum G. The effectiveness of resistance training in children. A
meta-analysis. Sports Med 1996;22:176-86.

11. Ozmun JC, Mikesky AE, Surburg PR. Neuromuscular adaptations following pre-
pubescent strength training. Med Sci Sports Exerc 1994;26:510-4.

12. Ramsay JA, Blimkie CJ, Smith K, Garner S, Macdougall JD, Sale DG. Strength
training effects in prepubescent boys. Med Sci Sports Exerc 1990;22:605-14.

13. Strass D. Effects of maximal strength training on sprint performance of compet-
itive swimmers. Intern Series Sport Sci 1988;18:149-56.

14. Schneider P, Rodrigues L, Meyer F. Dinamometria computadorizada como me-
todologia de avaliagdo de for¢ga muscular de meninos e meninas em diferentes
estagios de maturidade. Rev Paul Ed Fisica 2002;16:35-42.

15. Schneider P, Benetti G, Meyer F. For¢a muscular de atletas de voleibol de 9 a 18
anos através da dinamometria computadorizada. Rev Bras Med Esporte 2004;
10:85-91.

16. Pratt M. Strength, flexibility and maturity in adolescent athletes. Am J Dis Child
1989;143:560-3.

17. Meyer F. Avaliacdo da salde e aptiddo fisica para recomendacéo de exercicio
em pediatria. Rev Bras Med Esporte 1999;5:1-3.

18. Tanner JM. Growth and adolescence. Oxford, Blackwell Scientific Publication, 1962.

19. Matsudo S, Matsudo V. Self-assessment and physician assessment of sexual
maturation in Brazilian boys and girls: concordance and reproducibility. Am J
Hum Biol 1994;6:451-5.

20. Slaughter MH, Lohman TG, Boileau RA, Horswill CA, Stillman RJ, Vanloan MD,
et al. Skinfold equations for estimation of body fatness in children and youth.
Hum Biol 1988;60:709-23.

21. Lohmann TG, Roche AF, Martorell R. Anthropometric standardization reference
manual. Human Kinetics, 1991.

22. Badillo JJG, Ayestaran EG. Aplicacion al alto rendimento deportivo. In: Funda-
mentos del entrenamiento de la fuerza. 22 ed., Espanha, Inde Publicaciones,
1997.

23. Hebestreit H, Mimura KI, Bar Or O. Recovery of muscle power after high-intensity
short-term exercise: comparing boys and men. J Appl Physiol 1993;74:2875-80.

24. Hansen L, Bangsbo J, Twisk J, Klausen K. Development of muscle strength in
relation to training level and testosterone in young male soccer players. J Appl
Physiol 1999;87:1141-7.

25. Baxter-Jones AD, Helms P, Mafulli N, Bainess-Preece JC, Preece M. Growth
and development of male gymnasts, swimmers, soccer and tennis players: a
longitudinal study. Ann Hum Biol 1995;22:381-94.

26. Theintz GE, Howald H, Weiss U, Sizonenko PC. Evidence for a reduction of
growth potential in adolescent female gymnasts. J Ped 1993;122:306-13.

27. Monteiro WD. Forga muscular: uma abordagem fisiolégica em funcéo do sexo,
idade e treinamento. Revista Brasileira de Atividade Fisica e Satde 1997;2:50-66.

203e



