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ABSTRACT

The objective of the present study was to investigate the effects of different sports on stress fractures
among adolescents during a 9-month follow-up period. The sample was composed of 184 adolescents
divided into three groups (impact sports [n = 102]; swimming [n = 35]; non-sports [n = 47]). The
occurrence of stress fracture was reported by participants and coaches. As potential confounders we
considered age, sex, resistance training, body composition variables and age at peak of height velocity.
There were 13 adolescents who reported fractures during the 9-month period. Bone mineral density
values were higher in adolescents engaged in impact sports (P-value = 0.002). Independently of
confounders, the risk of stress fracture was lower in adolescents engaged in impact sports than in
non-active adolescents (hazard ratio [HR] = 0.23 [95% confidence interval (Cl) = 0.05 to 0.98]), while
swimming practice was not associated to lower risk of fracture (HR = 0.49 [95% C| = 0.09 to 2.55]). In
conclusion, the findings from this study indicate the importance of sports participation among adoles-
cents in the reduction of stress fracture risk, especially with impact sports. More importantly, these
results could be relevant for recognising adolescents in danger of not reaching their potential for peak

ARTICLE HISTORY
Accepted 6 December 2016

KEYWORDS
Stress fractures; bones;
motor activity

bone mass and later an increased risk of fractures.

Introduction

Sports participation constitutes the most common manifes-
tation of physical activity among adolescents (Strong et al,,
2005). In the United States, it is estimated that 30-45 mil-
lion individuals between 6 and 18 years of age participate in
sports (Brenner & Council on Sports Medicine and Fitness,
2007). In fact, sports participation is capable to promote
cardiovascular, metabolic and psychologic benefits during
paediatric ages (Strong et al.,, 2005), as well as improve
bone health among adolescents (Tenforde & Fredericson,
2011). Studies have shown that young athletes involved in
impact sports have greater bone mass than non-athletes
(Fehling, Alekel, Clasey, Rector, & Stillman, 1995; Risser
et al., 1990). The greatest potential for bone tissue involves
jumping activities that contain high forces delivered at a
rapid rate (Gunter, Almstedt, & Janz, 2012). As an example,
ball sports (that include jumping, quick changes in direc-
tion, sprinting actions and multidirectional forces) may pro-
mote higher peak bone mass accrual and improve
geometric strength (Agostinete et al, 2016; Tenforde,
Sainani, Sayres, Milgrom, & Fredericson, 2015).

Despite the benefits of sports participation, an increased
prevalence of bone injuries in adolescents has raised concerns
regarding the safety of intense athletic participation at a
young age, since stress fractures can impair growth with
potential lifelong effects (Maffulli & Bruns, 2000). It is

estimated that the frequency of injuries related to sports
(any sensation of pain, musculoskeletal discomfort or bone
fracture that limits the participation of the adolescent at
least one day in its usual activities) is about 21% among
adolescents aged 12-18 years (Vanderlei, Vanderlei, Bastos,
Netto Junior, & Pastre, 2014). On the other hand, the impact
of sports participation on risk of injuries in children and ado-
lescents is not clear due to the existence of conflicting data
about the role of bone mineral density (BMD) and different
kinds of sports in this complex relationship (L6fgren, Dencker,
Nilsson, & Karlsson, 2012; Wren et al., 2012).

In terms of conflicting data about sports and risk of bone
fractures, it is relevant to highlight that sports participation
improves BMD (Agostinete et al., 2016; Ubago-Guisado,
GOmez-Cabello,  Sénchez-Sanchez,  Garcia-Unanue, &
Gallardo, 2015), but the effectiveness of higher BMD on
the prevention against fractures is unclear (Wren et al,
2012). Moreover, the osteogenic effect attributed to sports
participation is based on the exposition of bone matrix to
mechanical strain, thus it is not known if non-impact sports
are effective in reducing the risk of stress fractures when
compared to adolescents not engaged in sports, mainly
because its osteogenic effect is under discussion (Kemper,
2006; Ribeiro-Dos-Santos et al., 2016).

Thus, considering the advantages on bone health and
disadvantages on stress fractures related to participation in
sports, the objective of this study was to investigate the
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effects of different sports on stress fractures among adoles-
cents during a 9-month follow-up period. We hypothesised
that adolescents engaged in impact sports have lower risk
of stress fractures, while adolescents engaged in non-impact
sports have about the same risk for stress fractures as those
not involved in sports.

Methods

This longitudinal study was carried out by researchers of the
“Laboratory for the InVestigation of Exercise” (LIVE) of the
Department of Physical Education, Sao Paulo State
University (UNESP), in the city of Presidente Prudente
(~200,000 inhabitants located at western part of Sao Paulo
State), Brazil. The study was conducted between October
2013 and July/August 2014 and was previously approved by
the ethical board of UNESP, Presidente Prudente.

The study was presented to the Department of Sports
(responsible for all public sports clubs), Department of
Education (responsible for all public and private schools)
and private sports clubs (located at metropolitan region
and other cities around). Coaches and principals were con-
tacted after authorisation of their respective departments.
At baseline, the following inclusion criteria were adopted: (i)
chronological age between 11 and 17 years; (i) prior
authorisation from coach and parents; (iii) a minimum of 6
months of previous practice (sports group) or absence of
any organised sports in the last 3 months (control group);
(iv) no use of medication that could affect bone metabolism
and (v) a signed consent form. The adolescents were con-
tacted in 11 different locations (3 public/private schools and
8 sports clubs).

A minimum sample size of 177 adolescents was esti-
mated taking into account an expected occurrence of frac-
tures of 21% (Vanderlei et al., 2014), error of 6% and
Z = 1.96. Initially, 190 adolescents with age ranging from
11 to 17 years) were contacted and considered eligible to
start the longitudinal study. Six adolescents were excluded
during follow-up measurements (Figure 1).

Sports participation

In overall, 184 adolescents were evaluated at baseline and at
the end of follow-up (chronological age distribution: 11 years
old, n = 48; 12 years old, n = 54; 13 years old, n = 32; 14 years
old, n = 28; 15 years old, n = 10; 16 years old, n = 08; 17 years
old, n = 04). All participants were divided into three groups
according to sports participation: non-sports (n = 47), swim-
ming (n = 35) and impact sports (soccer, basketball, volleyball,
karate, judo and kung-fu [n = 102]). Swimmers, soccer players
and karate fighters participated in competitions at the
national level, while other athletes (judo, basketball, kung-fu
and volleyball) were engaged in tournaments at the regional
level.

The adolescents and coaches reported the number of days
per week involved in the sports, as well as the time (in
minutes) spent each day engaged in practice (impact sports,
470.4 min per week [95% confidence interval (Cl) = 402.2—
538.7] /swimming, 876.1 min per week [95% Cl = 744.9-
1007.1]).

Fracture follow-up

The occurrence of stress fractures was assessed during the
follow-up period. The participants were asked “During the
past 9 months, have you experienced any broken bones?”
and if the response was “yes”, two follow-ups were asked
“Which bone was broken?” and “How many times did the
break occur?” Following the classification proposed by Wren
et al. (2012), the severity of the fractures was identified as low-
impact fractures (e.g., low-impact collision or any fall from low
heights), medium-impact fractures (e.g., sports, fighting, bicy-
cling or physical education classes) and high-impact fractures
(e.g., any significant trauma impact [automobile accident or
fall from high heights]).

Potential confounders

In a face-to-face interview, the adolescents reported engage-
ment in resistance training (RT) (previous time of practice of

3 schools
8 sports clubs
Sa Dropout (n=6)
\‘ Non-sports (n=4)

Sample Swimming (#=0) Sample
=190 Impact sports (n=2) = 184
Non-sports (n=51) .’ " Non-sports (n=47)
Swimming (2~ 35) P> Swimming (#-35)
Impact sports (n=104) 9 months Impact sports (n=102)

Measures
DXA scan
Questionnaires
Anthropometry

Retrospective data
9 months

Measures
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Figure 1. Flow chart of the longitudinal study (Brazil, n = 184).

Follow-up
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July/August
2014



RT expressed in months), and coaches confirmed this informa-
tion. Chronological age and sex were treated as potential
confounders too. In both moments of analysis (baseline and
follow-up), whole body measurements of body fatness (in
percentage), lean soft tissue (LST in kg) and BMD (g/cmz)
were assessed using a dual-energy x-ray absorptiometry
(DXA) scanner (Lunar DPX-NT; General Electric Healthcare,
Little Chalfont, Buckinghamshire, UK) with GE Medical
System Lunar software (version 4.7). DXA measures were per-
formed in the morning after a light breakfast, and the scanner
quality was tested by a trained researcher before each day of
measurement, following the manufacturer’s recommenda-
tions. The participants wore light clothing, without shoes
and remained in the supine position on the machine (approxi-
mately 15 min).

Body weight was measured using an electronic scale
(Filizzola PL 150, model Filizzola Ltda, Brazil), and height was
measured using a wall-mounted stadiometer (Sanny, model
American Medical of the Brazil Ltda, Brazil). The leg length and
sitting height were assessed using standardised techniques.
These measurements were used to calculate the maturity off-
set in both moments of the cohort, which denotes the time
(years) from/to peak of height velocity (APHV), an important
maturational event (Mirwald, Baxter-Jones, Bailey, & Beunen,
2002).

Statistical analysis

Descriptive statistic was composed of mean and SD.
Categorical variables were expressed as rates (and 95% Cl)
and compared by the x* test (Yates's correction was applied
in 2x2 contingence tables). The impact of sports participation
on risk of fracture was estimated by Cox regression and
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expressed as hazard ratio (HR) and its 95% Cl. Four multi-
variate models were created considering the potential con-
founders. The Model-1 was simultaneously adjusted by sex,
age and height. The Model-2 was simultaneously adjusted by
sex, age, height and RT (time of previous practice, expressed in
months). The Model-3 was simultaneously adjusted by sex,
age, height, RT and APHV (baseline and follow-up). The
Model-4 was simultaneously adjusted by sex, age, height, RT,
APHV (baseline and follow-up) and BMD (baseline and
accrual). The Model-5 was simultaneously adjusted by sex,
age, height, RT, APHV (baseline and follow-up) and LST
(baseline).

All statistical analyses were performed in the software
BioEstat (release 5.0), and statistical significance (P-value) was
set at 0.05.

Results

There were 13 stress fractures reported during the 9-month
longitudinal study (7.1% [95% CI = 3.3-10.7]), with 5 fractures
in upper limbs, 1 fracture in lower limbs and 7 fractures in
other bones. Four bone fractures occurred during sports par-
ticipation (30.7% of the overall). Adolescents who reported
stress fractures were similar in all variables (age, weight,
height, body fatness, LST, somatic maturation and BMD) to
those adolescents who did not report fractures (Table 1).
Similarly, sex (P-value = 1.000), APHV (P-value = 0.733) and
engagement in RT (P-value = 0.308) were not related with the
occurrence of fractures. On the other hand, sports participa-
tion was related with lower occurrence of fracture during the
9-month longitudinal study (non-sports = 12.8%, swim-
ming = 8.6% and impact sports = 3.9%; P-value = 0.047).

Table 1. Baseline characteristics of the adolescents stratified according to the occurrence of bone fracture during the study (n = 184).

No (n = 171) Yes (n = 13)
Variables Mean (SD) Mean (SD) t P-value
Sex (boys/girls) 108 /63 8/5 - -
Baseline
Age (years) 12.6 (1.6) 12.1 (1.7) 1.108 0.269
Weight (kg) 51.8 (14.2) 50.5 (14.1) 0317 0.752
Height (cm) 159.6 (11.5) 160.5 (11.7) -0.277 0.782
BF (kg) 13.1 (9.1) 11.6 (8.1) 0.588 0.558
LST (kg) 36.3 (9.6) 34.8 (8.6) 0.553 0.581
APHYV (years) -1.24 (1.2) -1.12 (1.5) -0.312 0.756
BMD (g/cmz) 1.058 (0.101) 1.024 (0.095) 1.174 0.240
Categorical (n [%])
Sex - 1.000*
Boys 108 (93.1%) 8 (6.9%)
Girls 63 (92.6%) 5 (7.4%)
APHV - 0.733*
Positive values 35 (92.1%) 3 (7.9%)
Negative values 136 (93.2%) 10 (6.8%)
RT - 0.308*
Yes 39 (88.6%) 5 (11.4%)
No 132 (94.3%) 8 (5.7%)
Sports Participation - 0.047**
Non-sports 41 (87.2%) 6 (12.8%)
Swimming 32 (91.4%) 3 (8.6%)
Impact sports 98 (96.1%) 4 (3.9%)

DXA = dual energy X-ray absorptiometry; BF = body fatness; LST = lean soft tissue; APHV = age at peak height velocity; SD = standard deviation; WB = whole body;

BMD = bone mineral density; RT = resistance training.
*Fisher's exact test.
**? test,
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Table 2. Baseline characteristics of the adolescents stratified according to sports participation (n = 184).

Groups Non-sports (n = 47) Swimming (n = 35) Impact Sports (n = 102) ANOVA
Mean (SD) Mean (SD) Mean (SD) P-value

Baseline
Age (years) 12.3 (2.1) 12.7 (1.5) 12.6 (1.4) 0.392
Weight (kg) 46.1 (12.1) 53.5 (13.3)** 53.8 (14.8)** 0.005
Height (cm) 155.3 (11.1) 162.3 (10.3)** 160.8 (11.7)** 0.006
BF (kg) 12.2 (7.6) 11.7 (8.4) 13.8 (9.6) 0.380
LST (kg) 31.3 (6.6) 39.5 (9.4)** 36.2 (9.5)** 0.001
APHV (years) —1.36 (1.6) —1.05 (1.05) -1.23 (1.31) 0.556
BMD (g/cmz) 1.014 (0.093) 1.055 (0.085) 1.076 (0.103)** 0.002

Categorical
(n [%])

Sex 0.001*
Boys 21 (44.7%) 20 (57.1%) 75 (73.5%)

Age 0.878*
215 years 6 (12.8%) 4 (11.4%) 12 (11.8%)

APHV 0.725*
Positive values 10 (21.3%) 5 (14.3%) 22 (22.5%)

RT 0.046*
Yes 3 (6.4%) 15 (42.9%) 26 (25.5%)

DXA = dual energy X-ray absorptiometry; BF = body fatness; LST = lean soft tissue; APHV = age at peak height velocity; SD = standard deviation; WB = whole body;

BMD = bone mineral density; RT = resistance training.

*? test.

**P-value <0.05 compared to non-sports group.

Adolescents engaged in swimming and impact sport were
taller (P-value = 0.006) and heavier (P-value = 0.005) than
those not engaged in sports. Adolescents who were not
involved in sports had lower LST than sports groups (P-
value = 0.001), even after adjustment by APHV (ANCOVA, P-
value = 0.001; 10.9% of the variance observed on LST was
explained by sports groups). BMD values were higher in ado-
lescents engaged in impact sports (P-value = 0.002), even after
adjustment by APHV (ANCOVA, P-value = 0.011; 5.3% of the
variance observed on BMD was explained by sports groups).
Sports participation was higher in boys than girls (P-
value = 0.001), while the practice of RT was higher in swim-
mers and impact sports athletes (P-value = 0.046) (Table 2).

Independently of confounders, the risk of fracture after 9
months of follow-up was lower in adolescents engaged in
impact sports than in non-active ones (Model-5, HR = 0.23
[95% CI = 0.05-0.98]), while swimming was not associated to

lower fracture risk (Model-5, HR = 0.49 [95% Cl = 0.09-2.55])
(Figure 2).

Discussion

This longitudinal study investigated the impact of different
sports on stress fractures among adolescents and suggested
that being engaged in impact sports lowers the risk of
fractures.

We found that adolescents engaged in swimming and
impact sports were taller, heavier and had higher LST than
those adolescents not engaged in sports. Longitudinal data
indicate no differences or only small differences in height
between youth engaged and not engaged in non-organised
sports (Beunen et al., 1992; Saris, Elvers, Van't Hof, & Binkhorst,
1986). The difference observed could be attributed to the fact
that our sample is composed of adolescents engaged in

Stress Fracture

Model-5 HR (95%CI)
Impact sports ~———— 0.23 (0.05 to 0.98)
Swimming . g 0.49 (0.09 to 2.55)
Model-4 Non-sports L J 1.00 (reference)
Impact sports ~ ————— 0.24 (0.06 to 0.99)
Swimming g 0.53 (0.10 to 2.66)
Model-3 Non-sports 2 1.00 (reference)
Impact sports ~ ———— 0.22 (0.05 to 0.90)
wimming 4 0.41 (0.08 to 2.03)
_ Non-sports * 1.00 (reference)
Model 2Im act sgorts —_—— 0.22 (0.05 to 0.86)
wimming s 4 0.38 (0.08 to 1.85)
Model-1 Non-sports ¢ 1.00 (reference)
Impact sports =i 0.26 (0.06 to 0.98)
wimming . g 0.56 (0.13 t0 2.37)
Non-sports 2 d 1.00 (reference)
v ) L) L L
0.0 0.5 1.0 1.5 2.0 25

Hazard Ratio (95%CI)

Model-5: Model-4 plus lean soft tissue (baseline)

Model-4: Model-3 plus bone mineral density (baseline and accrual)
Model-3: Model-2 plus age at peak height velocity (baseline and follow-up)

Model-2: Model-1 plus resistance training
Model-1: adjusted by sex, age and height

Figure 2. Risk of fracture during 9-month follow-up according to sports participation in adolescents (Brazil, n = 184).



organised sports, which requires previous selection of taller
and stronger youth by coaches. In reference to body composi-
tion, Hogstrom, Pietila, Nordstrom, and Nordstrom (2012) ana-
lysed the percentage of muscle and fat mass on male and
female adolescents and found that those who were engaged
in sports presented significantly higher lean mass and lower
body fat when compared to controls. As practical applications,
they concluded that sports participation in adolescence
requires both higher energy expenditure and manipulation
of diet components, leading to control of body fatness and
improvement of muscle mass (Hogstrom et al., 2012).

Additional finding refers to the higher participation in
sports by boys, concurring with literature (Fernandes et al.,
2012; Hallal et al., 2006). Boys usually have more social and
family support to engage in physical activities than girls
(Gongalves, Hallal, Amorim, Araujo, & Menezes, 2007).

Our data showed that impact sports participation was
associated with lower occurrence of fractures during the
study. Tenforde, Sayres, McCurdy, Sainani, and Fredericson
(2013) found that male adolescents who participated in bas-
ketball had 82% reduction in the risk of stress fractures com-
pared to runners. Similarly, Milgrom, Simkin, Eldad, Nyska, and
Finestone (2000) detected a 46%-84% reduction in stress
fractures in infantry recruits who participated regularly in ball
sports for 2 or more years before basic training. According to
Frost and Schénau (2000), the development of optimal bone
strength in children and adolescents relies primarily on mus-
cle’s mechanical load and strain on bones, thus sports partici-
pation affects bone strength and geometry in sites specifically
led by the form of activity, which confers greater resistance to
fracture (Janz, Thomas, Ford, & Williams, 2015).
Correspondingly, Calbet, Dorado, Diaz-Herrera, and
Rodriguez-Rodriguez (2001) showed that amateur soccer
players had increased BMD compared to age-matched control
subjects. Taaffe, Robinson, Snow, and Marcus (1997) observed
that high-impact sports promote increased BMD, and those
adaptive changes to bone are specifically related to the form
of activity (Agostinete et al., 2016; Janz et al., 2015).

Furthermore, the risk of fracture after 9 months was not
lower in swimmers compared to non-sports adolescents. This
finding could be partially explained by the fact that swimming
does not present osteogenic effects such as impact sports
does, like in soccer and basketball (Agostinete et al., 2016;
Ferry, Lespessailles, Rochcongar, Duclos, & Courteix, 2013). In
sports with lower osteogenic potential, RT is recommended to
promote improvements in bone health (Tenforde et al., 2015).
On the other hand, it is noteworthy that BMD explained only
partially the impact of sports participation on fracture risk, and
thus, it is necessary to consider other pathways supporting the
osteogenic effect of the physical exercise as protection against
fractures, such as modifications on bone geometry, which are
detected mainly in impact sports (Ferry et al., 2013).

Another finding of our study indicated that the incidence of
fractures among adolescents was not associated with APHV,
which is consistent with other studies (Blimkie et al, 1992;
Gordon, Halton, Atkinson, & Webber, 1991), but not all (Wren
et al, 2012). It is important to highlight that lag in the develop-
ment of bone mineral, relative to linear bone growth, and situa-
tional factors associated with acute sports participation (rather
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than an increase in time spent in sports) are recognised as
contributing factors to incidence of fractures during the growth
spurt. Wren et al. (2012) found significant effect of maturation on
occurrence of bone fracture, but in Wren’s publication, the parti-
cipation in sports was assessed only by questionnaire, and it is
not clear about the percentage of adolescents engaged in orga-
nised sports, as well as characteristics of the training routines.

As limitations we recognise the relative short period of
development (but we are resuming follow-up to continue
the analysis in this research area) and the impossibility of
splitting the sample according to sex (even without significant
differences related to bone fracture occurrence between boys
and girls). Moreover, the absence of clinical records to assess
bone fracture is a relevant point to overcome for futures
studies. In this study, the absence of more details about RT
(e.g., how many days per week, how many hours per day and
weight lifted) should be mentioned due to the impact that RT
variables can have on LST gains and bone variables. Finally,
the absence of data about previous fractures at baseline is a
relevant limitation due to its impact on the risk of reoccur-
rence fractures during the cohort (Wren et al. 2012).

Finally, the findings from this study indicate the importance
of sports participation in adolescence in the reduction of stress
fracture risk, especially impact sports. More importantly, these
results could be relevant for recognising adolescents in danger
of not reaching their potential for peak bone mass and later
an increased risk of future fractures.
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