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ABSTRACT

Introduction: The osteogenic effects generated by different sports are the subject of a growing number
of research projects. Regular physical activity is one of the main recommendations for the stimulation of bone
mineral density (BMD). However, evidence has shown that not all physical activities promote similar effects. In
this context, the osteogenic effects of swimming need to be clarified. Objective: To verify and compare total and
regional BMD levels between male and female swimming athletes and university non-athletes. METHODS: The
sample, composed of 60 participants of both sexes, was divided into two groups: 30 swimming athletes (GA):
15 men (222 £3.92 years; 73.61 + 16,55 kg; 1.76 £ 0.08 m) and 15 women (21.91 £ 2.21 years; 53.15 + 8.36 kg;
1.64 £ 0.06 m) and a control group (CG): 30 university non-athletes: 15 men (20.73 + 1.27 years; 744 + 5.54 kg,
1.74+0.04 m) and 15 women (19.93 + 2.05 years; 59.72 + 1.33 kg; 1.63 + 0.004 m). BMD (total, arms, legs, pelvis
and spine) was measured using dual energy X-ray absorptiometry (DXA). The results were compared with
one-way ANOVA using Scheffé's post hoc test, when necessary. Results: When compared with the women, the
men of both groups presented superior results for all BMD values analyzed. In addition, GA had higher BMD of
arms and spine when compared to the CG, both for males (p =0.016 and p = 0.001, respectively) and females
(p =0.0001 and p = 0.011, respectively). Conclusions: The results of this study demonstrate that young male
adults, athletes and non-athletes, present higher levels of BMD than their peers of the opposite sex. In addition,
the results suggest that when undertaken for competitive purposes and with a weekly training volume of 12
hours or more, swimming may be beneficial for the bone development of young athletes when compared to
non-athlete controls. Level of evidence IlI; Retrospective comparative study.

Keywords: Osteogenesis; Bone density; Sports; Absorptiometry, photon; Densitometry.

RESUMO

Introducdo: Os efeitos osteogénicos gerados pelas diferentes modalidades esportivas sGo alvo de um crescente
numero de investigacdes. A prdtica reqular de atividades fisicas é uma das principais recomendacées para a estimulacdo
da densidade mineral 6ssea (DMO). Entretanto, as evidéncias tém demonstrado que nem todas as atividades fisicas
promovem efeitos semelhantes. Nesse contexto, os efeitos osteogénicos da natagdo precisam ser esclarecidos. Objetivo:
Verificar e comparar os niveis de DMO, total e regional, entre atletas de natacdo de ambos os sexos e universitdrios
ndo atletas. Métodos: A amostra, composta por 60 participantes de ambos os sexos, foi dividida em dois grupos: 30
atletas de natagdo (GA): 15 homens (22,2+43,92 anos; 73,61+16,55 Kg; 1,76+0,08 m) e 15 mulheres (21,9142,21 anos;
53,1548 36 Kg; 1,64+0,06 m) e um grupo controle (GC): 30 universitdrios ndo atletas: 15 homens (20,73+1,27anos;
74,4+5,54Kg; 1,74+0,04m) e 15 mulheres (19,93+2,05 anos; 59,72+1,33 Kg; 1,63+0,004 m). As DMO (total, dos bracos,
pernas, pelve e coluna) foram medidas com utilizacGo da absorciometria radiolégica de dupla energia (DXA). Os
resultados foram comparados com auxilio da ANOVA One-Way utilizando, quando necessdrio, o teste post hoc de
Scheffé. Resultados: Quando comparados com as mulheres, os homens dos dois grupos apresentaram resultados
superiores para todas as DMO analisadas. Além disso, o GA apresentou maiores DMO de bracos e de coluna quando
comparado ao GC, tanto para homens (p=0,016 e p=0,001, respectivamente) quanto para mulheres (p=0,0001 e
p=0,011, respectivamente). Conclusao: Os resultados do presente estudo demonstram que os jovens adultos do sexo
masculino, atletas e ndo atletas, apresentam maiores niveis de DMO que seus pares do sexo oposto. Além disso, os
resultados sugerem que, quando praticado com objetivo competitivo e com volume de treinamento semanal igual ou
superior a 12 horas, a natagdo pode ser benéfica para o desenvolvimento dsseo de jovens atletas, quando comparado
com o grupo controle ndo atletas. Nivel de evidéncia lll; Estudo retrospectivo comparativo.

Descritores: Osteogénese; Densidade dssea; Esportes; Absorciometria de féton; Densitometria.

RESUMEN

Introduccién: Los efectos osteogénicos generados por las diferentes modalidades deportivas son objeto de un
creciente nimero de investigaciones. La prdctica regular de actividades fisicas es una de las principales recomenda-
ciones para la estimulacion de la densidad mineral 6sea (DMO). Entretanto, las evidencias han demostrado que no
todas las actividades fisicas promueven efectos semejantes. En ese contexto, los efectos osteogénicos de la natacidn
precisan ser esclarecidos. Objetivo: Verificary comparar los niveles de DMO, total y regional, entre atletas de natacion
de ambos sexos y universitarios no atletas. Métodos: La muestra, compuesta por 60 participantes de ambos sexos,
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fue dividida en dos grupos: 30 atletas de natacidn (GA): 15 hombres (22,2+3,92 afios; 73,61+16,55 Kg; 1,76+0,08 m)
y 15 mujeres (21,91+2,21 afios; 53,1548,36 Kg; 1,64+0,06 m) y un grupo control (GC): 30 universitarios no atletas: 15
hombres (20,73+1,27 afios; 74,4+5,54 Kg; 1,74+0,04m) y 15 mujeres (19,93+2,05 anos; 59,72+ 1,33 Kg; 1,63+0,004 m).
Las DMO (total, de los brazos, piernas, pelvis y columna) fueron medidas con el uso de la absorciometria radioldgica
de doble energia (DXA). Los resultados fueron comparados con auxilio de ANOVA One-Way utilizando, cuando fuera
necesario, el test post hoc de Scheffé. Resultados: Cuando comparados con las mujeres, los hombres de los dos grupos
presentaron resultados superiores para todas las DMO analizadas. Ademds, el GA presentd mayores DMO de brazos y
de columna cuando comparado al GG, tanto para hombres (p=0,016 e p=0,001, respectivamente) como para mujeres
(p=0,0001y p=0,011, respectivamente). Conclusidn: Los resultados del presente estudio demuestran que los jévenes
adultos del sexo masculino, atletas y no atletas, presentan mayores niveles de DMO que sus pares del sexo opuesto.
Ademds, los resultados sugieren que, cuando practicado con objetivo competitivo y con volumen de entrenamiento
semanal igual o superior a 12 horas, la natacion puede ser benéfica para el desarrollo 6seo de jévenes atletas, cuando
comparado con el grupo control no atletas. Nivel de evidencia Ill; Estudio retrospectivo comparativo.

Descriptores: Osteogénesis; Densidad Osea; Deportes; Absorciometria de fotén; Densitometria.

DOI: http://dx.doi.org/10.1590/1517-869220202602216728

INTRODUCTION

Bone tissue accounts for approximately 18% of the body weight of a
healthy adult male, performing important mechanical and physiological
functions. Besides serving as a structural framework for soft tissue support,
protecting organs and tissues, and providing attachment points for the
tendons of most muscles, the bone skeleton is part of an important lever
system, acting as an important stock of minerals, namely calcium and
phosphorus.! In fact, almost all of the body’s calcium is stored in the
bones, and its release into the bloodstream occurs through a negative
feedback mechanism.?

Bone mineral density (BMD) in the body, represented by the amount
of minerals per square centimeter of bone, is considered an indirect risk
indicator for osteoporosis and fractures, thus requiring strict control.?

BMD levels are maintained through a harmonious process of calcium
formation and resorption in bone tissue mediated by biochemical and
mechanical factors.#In this process, the osteoblasts (cells responsible
for bone tissue formation) and osteoclasts (cells responsible for bone
resorption) act in a balanced manner. However, such a balance can be
threatened positively or negatively by two main variables: hormonal
changes, as is the case during and after menopause, and by the action
of mechanical forces (e.g., compression, impacts, torsion, etc.), promoted
by different types of physical activity: occupational, active transport and
leisure (sports and exercise), and others*

Due to the importance of the difficulty in controlling and maintaining
calcium stores in the body, as is the case during menopause or with aging,
the possible and different interventions that effectively help maintain
or improve BMD levels take on increasing importance.”

In terms of mechanical stimuli, physical activity, especially activities
that promote tension, traction or compression loads, is one of the main
nonpharmacological resources used to stimulate osteogenesis.®

Thus, a growing body of research has shown that people who en-
gage in sports that promote own bodyweight bearing (compressive
loads) and/or impacts, associated with muscle contractions (tension
loads), such as during running and weightlifting, among others, have
higher BMD levels.*51° On the other hand, exercises or sports that do
not require bodyweight bearing or significant compressive loads, such
as swimming and cycling, are associated with lower BMD.361113

Gomez-Bruton et al> observed that, in the same way as in the absence
of gravity, as with space travel, due to microgravity, swimming has no
major osteogenic effects. However, this viewpoint is not consensual.
For example, some studies®®'3'4 report that sports that promote low
impacts can also offer positive responses to BMD. Along these lines,
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Bergman et al.? note that exercises such as swimming, while having
fewer osteogenic effects, can reduce the risk of fractures indirectly by
maintaining muscle mass and strength. In a recent meta-analysis, Go-
mez-Bruton et al."”” observed that young swimmers, when compared to
their peers undertaking more osteogenic sports, in other words, sports
that involve moderate or high loads and impacts (e.g., basketball, soccer
and running, among others), have lower BMD values. However, when
compared with non-athlete controls, swimmers have similar BMD levels
in almost all bone areas.

The fact that most studies which have investigated and compa-
red the effects of different types of physical exercise on osteogenic
responses were conducted with very young and/or older female
subjects*®°1* may be one of the reasons for bias during the interpre-
tation of results of studies comparing the effects of different types of
physical activity on BMD.

Therefore, although there is a growing body of evidence pointing to
a positive relationship between regular physical activity (PA) and bone
health, it is still not sufficiently clear whether swimming as a sport is
associated with BMD in young adults of both sexes.'>1618

Given the above, the main purpose of this study was to verify and
compare the BMD levels of different body areas of swimming athletes of
both sexes, comparing them with a control group made up of healthy
university non-athletes, with ages and characteristics similar to those
of the swimmers.

MATERIALS AND METHODS

The sample for this study consisted of 60 young adults of both sexes
aged between 18 and 30 years (21.04 + 2.44 years), selected non-pro-
babilistically at clubs and universities and divided into two groups: 30
amateur swimming athletes (15 men and 15 women) (GA) and a control
group (CG) composed of 30 young college/university students and
non-athletes of both sexes (15 men and 15 women).

Eligibility criteria for participation in the CG were as follows: male and
female subjects who had not systematically undertaken (150 or more
minutes of physical activity per week) exercise for at least five months,
were non-smokers, had not been diagnosed with conditions capable of
altering the variables analyzed (e.g., hyperthyroidism, diabetes mellitus,
hyperparathyroidism, rheumatoid arthritis, anorexia nervosa, and others),
and were not taking drugs capable of influencing BMD (e.g., corticos-
teroids or vitamin D supplements). In addition, women participating in
the CG were not supposed to report a history of menstrual dysfunction
within the last 12 months.
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During the composition of the group of athletes (GA), in addition
to the abovementioned criteria, the participants had to be swimming
athletes for at least 24 months, report training for at least nine weekly
hours for the last 12 months and do not engage in any other physi-
cal activity except swimming. Inclusion criteria were assessed using a
questionnaire. Subjects who did not complete all the stages proposed
by the study or those who wished - for any reason and at any time - to
withdraw from the study, were excluded from the sample.

All participants signed a free and informed consent form, in accor-
dance with the criteria of Resolution 466/12 of the Brazilian National
Board of Health for research involving human subjects. All the stages
of the study were approved by the Institutional Review Board of the
Universidade Federal de Sergipe (CAAE-0109.0.107.000-08).

Body mass (BM), height (HGT), body composition (BC) and total
(TBMD) and regional (RBMD) bone mineral density were measured in
all participants.

BM measurements were taken using a mechanical scale (Filizola®
- Brazil) with precision of 0.01 kg; HGT was measured with a portable
stadiometer (Seca®, Baystate Scale & Systems, USA) with precision of 0.1
cm; BMD was verified using Dual Energy X-ray absorptiometry (DXA)
performed with the aid of a scanner (Lunar Radiation Corp. Madison,
WI). The software version used was 5.56, provided by the equipment
manufacturer. To take the measurements, the hydration value was set
(0.732) for lean tissue mass. The validity of the instrument is discussed
in detail in other studies.’?

Body composition and BMD were measured using DXA, which
enabled us to verify lean body mass and fat mass in addition to TBMD,
and the RBMD of the legs, arms, spine and pelvis. The protocol for
the DXA evaluation procedure was the one suggested by Roche,
Reymsfield and Lohman.?! The assessment of body composition in
this equipment assumes that lean body mass hydration is 73.2% with
body fat of 17%.' Regarding reproducibility, coefficients of variation
have been estimated for repeated BMD measurements of less than
0.6% for TBMD; 0.8% for upper limbs; 0.9% for upper limbs; 1.7% for
the spine?® and 3.3% for lean tissue.'

Statistical analysis

The Shapiro-Wilk test was used to identify the normality of data
distribution. After this stage, the subjects’characteristics were presented
via descriptive statistics, using the arithmetic mean (M) as a measure
of central tendency and standard deviation (SD) as a measure of va-
riability. To compare total BMD and BMD in the pelvis, spine, arms and
legs of the male and female athletes and university students, we used
One-Way ANOVA and where necessary Scheffé’s post hoc test. All the
statistical tests were conducted using the statistical software SPSS® for
Windows (version 20.0, 2011, Chicago - USA), adopting a significance
level of p <0.05.

RESULTS

The mean age and physical characteristics of the subjects of both
sexes can be seenin Table 1.

In all the comparisons, the highest intra- and intergroup values for
BM, BMI, HGT and lean tissue were observed in males (p<0.05).

Bone Mineral Density (BMD)

Total and regional BMD results and comparisons of participants in
both groups can be seen in Table 2.

The results presented in Table 2 above demonstrate that the athletes
studied had higher arm and spine BMD when compared to the control
group individuals with p-values =0.016 and 0.0001, respectively, for females
and males in BMD of the arms and p =0.0001 and 0.011 in the spine BMD.
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Table 1. Physical characteristics and age of the sample.

Total GA CG
. T (n = 60) [Male (n=15)Fem (n=15)Male (n=15) Fem (n=15)

Variables | "2 SD | x+SD | ¥+SD | ¥+SD | ¥+SD

Age (years) 21.044244 | 22.2243.92 | 21914221 | 20.73+1.27 | 19.93+2.05
Body mass (kg) |65.60+12.09|73.61+16.55|53.15+8.36F | 74.4+5.549 [59.72+1.33*

Height (m) 1.69+0.08 | 1.76+0.08 | 1.64+0.06" | 1.74+0.04¢ | 1.63+0.04*"

BMI (kg/m?) 22634279 | 23.54+4.55 | 20.24+2.36% | 24.37+0.96®| 22.33+1.35
Lean tissue (kg) | 45.8+9.67 | 55074590 |37.05+5.14f(53.13+3.249|38.13+6.37*

Experience 6054570 | 470+4.42

(years)

Frequency

(days/week) 4304133 | 4.10£1.19

Puration of 25405 | 3.10£03*

session (h)

GA = Group of swimming athletes; CG = control group (non-athletes); T =all participants; Male. Male; Fem. = Female;
X = Mean; SD= Standard Deviation; BMI = Body Mass Index; kg = Kilograms; m = meters; h =hours. *difference
between the female CG and the male GA, p<0.05; # difference between the female CG and the male CG, p<0.05.
+ difference between the female CG and the female GA, p<0.05; £ difference between the female GA and the
male GA, p<0.05. @ difference between the male CG and the female GA, p<0.05.

Table 2. Results of the regional and total BMD of athletes of both sexes.

Total GA CG
Male Fem Male Fem
Variables Tf(']fsfg) (n=15 | (n=15) | (n=15 | (n=15)
= ¥+SD | x+SD | x+SD | x£SD
TOT BMD (g/crn? | 1094022 | 1214005 | 1.15+006 | 1.12+029 | 0.93+021*
LLBMD (g/cm?) | 1.134022 | 1.32+0.10 | 1.16+008 | 1.17£028 |096+0.14**
ULBMD (g/cm?) | 082012 | 0.93+006 | 0862005 | 0.75+0.07¢ [0.730.13%
SPIBMD (g/cm?) | 096021 | 111+0.13 | 1164030 | 0.88+009¢ [0.81+009*

M= Male; F= Female; BMD = Bone Mineral Density; TOT BMD = Bone Mineral density of the entire bone skeleton;
LL BMD = Bone Mineral density of the lower limbs; UL BMD = Bone Mineral density of the upper limbs; SPIBMD =
Bone Mineral density of the spine.

DISCUSSION

The aim of this study was to verify and compare the BMD of swim-
ming athletes of both sexes with each other and with a population
of healthy college/university students who do not engage in regular
exercises or sports. The findings presented here differ from the results
of previous studies which, after nine months of follow-up, found that,
unlike people who practice sports that promote higher compressive
and impact forces, such as basketball, regular swimming was not related
to increased BMD in athletes® However, such findings may be due to
the age difference between the sample participants, since in the study
mentioned the participants were aged 11.9 years on average, which
may suggest maturation effects.

The results observed in this study are similar to those obtained by
Goémez-Bruton et al.> who also compared swimmers with their non-a-
thlete peers. As in the current study, the authors found that BMD results
between men and women were similar, yet the BMD levels of the arms
and spine of the athletes were higher than those of the non-athletes.

Although not within the scope of this present study, it is important
to point out that the similarity in BMD between male and female athle-
tes suggests an association between BMD and the type of mechanical
stimulus promoted by swimming. After all, studies conducted in micro-
gravity environments®” have shown that the greatest bone losses are
observed in the bones responsible for bearing the weight of the body,
that is, those less exposed to mechanical loads.

Moreover, although the BMD differences may not be relatively subs-
tantial, the findings are important given the discovery that a 10% decrease
in BMD may increase the chances of fractures and mortality in older men
and women.?® Conversely a similar increase in BMD is related to a 50%
decrease in the chance of osteoporosis in women.?

Besides the fact that the results observed in this study are different
from those found in similar studies available in the literature,>®'" it is
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important to emphasize that most of the studies indicated showed that
swimming has negative or neutral impacts>'>?> on BMD.

In this study, the fact that we found swimmers to have higher BMD
levels than their peers who do not engage in regular physical activity
reinforces the association between regular physical exercise and BMD
of bones most exposed to mechanical loads related to swimming (e.g.,
humerus, lumbar vertebrae and hip bones).'

One of the explanations for the difference between the results of this
study and those observed in previous research projects that, however,
were not able to find significant differences in BMD between swimmers
and subjects who do not practice physical exercise, is linked to variables
such as subject age, time performing the activity, and the duration and
intensity applied in training sessions. For example, the athletes in this
study reported weekly training sessions averaging between 10 and 12
hours, values higher than those found in other studies such as the one
undertaken by Hind et al.* and Maimoun et al.,?® who, despite having
used samples of athletes of similar ages (20 to 25 years), reported less than
10 hours/week of training. Although this difference may seem relatively
small, it is worth keeping in mind that for those who train daily (5 x week)
throughout the month, this difference can be as much as 80 hours.

One of the main limitations of this study is the lack of control of eating
habits. Therefore, it is recommended that in future studies such limitations
be overcome, in addition to being accompanied by hormonal tests.

CONCLUSIONS

Young male adults, athletes and non-athletes, have higher BMD levels
than their peers of the opposite sex. Moreover, swimming athletes of
both sexes, who train with volumes equal to or greater than 12 hours
per week, have higher BMD values in the upper limbs and spine when
compared to their peers of the same age who do not practice regular
physical exercise.
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