Manuscript clean version

VERSION.docx

Click here to view linked References

O©CoO~NOOOITA~AWNPE

Title

Bone geometry in young male and female football players; a peripheral quantitative computed tomography
(pQCT) study.

The names of the authors

Gabriel Lozano-Berges">?, Angel Matute-Llorente!>**, Alejandro Gomez-Bruton'**¢, Alex Gonzélez-
Agiiero'>3** German Vicente-Rodriguez'?3#, José A. Casajtis!>*>*

The affiliations of the authors

! GENUD “Growth, Exercise, NUtrition and Development” Research Group, Universidad de Zaragoza, Zaragoza,
Spain

2 Faculty of Health and Sport Science (FCSD), Department of Physiatry and Nursing, Universidad de Zaragoza,
Huesca, Spain

3 Instituto Agroalimentario de Aragon-1A2-(Universidad de Zaragoza -CITA), Zaragoza, Spain.

4 Centro de Investigacion Biomédica en Red de Fisiopatologia de la Obesidad y Nutricion (CIBERObn), Madrid,
Espana.

3 Faculty of Health Sciences, Department of Physiatry and Nursing, Universidad de Zaragoza, Zaragoza, Spain.

6 Universidad Isabel 1, Burgos, Spain.

*Corresponding author

Address of the authors

GENUD (Growth, Exercise, NUtrition and Development) Research Group. Faculty of Health and Sport Science,
University of Zaragoza

Address: C/ Pedro Cerbuna N° 12, 50009, Zaragoza, Spain.

The e-mail address, and telephone number of the corresponding author

joseant(@unizar.es

+34 876 5537 55
The 16-digit ORCID of the authors

Gabriel Lozano-Berges: orcid.org/0000-0002-0137-9900
Angel Matute-Llorente: orcid.org/0000-0001-8500-1667
Alejandro Goémez-Bruton: orcid.org/0000-0002-0520-1640
Alex Gonzalez-Agiiero: orcid.org/0000-0002-1132-5906
German Vicente-Rodriguez: orcid.org/0000-0002-4303-4097
José A. Casajus: orcid.org/0000-0002-7215-6931

Abstract

Purpose The aim of this study was to compare bone geometry in adolescent football players and controls.
Methods A total of 107 football players (71 males/36 females; mean age 12.7+0.6/12.7+0.6 y) and 42 controls (20
males/22 females; mean age 13.1£1.4/12.7+1.3 y) participated in this study. Total and trabecular volumetric bone
mineral content (Tt.BMC/Tb.BMC), cross sectional area (Tt.Ar/Tb.Ar) and bone strength index (BSI) were
measured at 4% site of the non-dominant tibia by peripheral quantitative computed tomography (pQCT).
Moreover, Tt. BMC, cortical BMC (Ct.BMC), Tt.Ar, cortical Ar (Ct.Ar), cortical thickness (Ct.Th), periosteal
circumference (PC), endosteal circumference (EC), fracture load in X-axis and polar strength strain index (SSIp)
were measured at 38% site of the tibia. Multivariate analyses of covariance were used to compare bone pQCT
variables between football players and controls using the tibia length and maturity offset as covariates.

Results Female football players demonstrated 13.8-16.4% higher BSI, Ct.Th, fracture load in X-axis and SSIp than
controls (p<.0036). Males showed no significant differences in bone strength when compared to controls
(p>.0036). In relation to bone mineral content and area, male football players showed 8.8% higher Tt.Ar and
Tb.Ar at the 4% site of the tibia when compared to controls; whereas 13.8-15.8% higher Tt. BMC, Ct.BMC and
Ct.Ar at the 38% site of the tibia were found in female football players than controls (p<.0036).

Click here to download Manuscript MANUSCRIPT CLEAN

[+


mailto:joseant@unizar.es
http://www.editorialmanager.com/osin/download.aspx?id=164550&guid=196aeb94-b645-4b46-a1fd-db2d48f08a1f&scheme=1
http://www.editorialmanager.com/osin/download.aspx?id=164550&guid=196aeb94-b645-4b46-a1fd-db2d48f08a1f&scheme=1
http://www.editorialmanager.com/osin/viewRCResults.aspx?pdf=1&docID=5572&rev=4&fileID=164550&msid={77ADBA73-048C-4283-B783-8F62CE3E594D}

O©CoO~NOOOITA~AWNPE

Conclusions In this study, female adolescent football players presented better bone geometry and strength values
than controls. In contrast, only bone geometry was higher in male football players than controls.
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Mini abstract

The present study shows that football practice during growth may improve bone geometry in male and female
football players. However, only females had better bone strength in comparison with controls.
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Introduction

Several studies have described the importance of environmental and genetic factors in the determination of bone
mass. Genetic or hereditary factors are the major contributors (up to 80%) to the variability in peak bone mass but
they are non-modifiable [1]. Environmental factors play an important role because bones adapt to the specific
mechanical load [2]. Exercising is an effective strategy to attain optimal bone mass and strength during growth [3],
such is it so several studies have shown that high-impact sports such as football, volleyball or racquet games have
positive effects on bone mass [4-7]. Regular football training causes site-specific skeletal responses mainly
because of the type of specific actions executed while playing and the biomechanical properties of the surface in
which football players practice their sport [8, 9].

The majority of studies performed with children and adolescent football players evaluated bone mineral
content and density via dual X-ray absorptiometry (DXA) finding positive effects on those parameters, in different
moments of maturation [9-11], being more marked in pubertal than prepubertal stages [12]. Nevertheless, BMD
can explain up to 60% of the variance in bone strength, but due to its intrinsic two-dimensional character, DXA
cannot determine whether bone changes are due to differences in volumetric bone mineral content (BMC) or in
bone geometrical parameters [13]. In addition, it is also known that physical exercise performed during growth
mainly improves bone geometry rather than bone mass [14]. Further studies have measured bone geometry with
peripheral quantitative computed tomography (pQCT) [15, 16] or hip structural analysis (HSA) [8, 17, 18] in
young male and female football players. When compared to swimmers, cyclists and controls, higher cross
sectional area, moment of inertia and stiffness index were found in male football players [17]. Also, female
football players demonstrated higher strength and structure values when compared to swimmers [8, 18].

Vlachopoulos et al. [17] and Ferry et al. [8, 18] used HSA for comparing bone geometry between football
players and controls; nevertheless, this technique has limitations. HSA is a calculation derived from hip scans
performed by DXA and, consequently, final geometric results could be altered by the two-dimensional image
obtained from DXA which is highly influenced by femur rotation, as demonstrated by Beck [19]. Furthermore, the
hip is not the preferred skeletal site to measure bone mass in young populations because of the high variability of
bone development during growth [20]. The use of pQCT can, at least partially, mitigate these limitations. It is a
three-dimensional technique to assess bone geometry variables without the influence of bone size. Until now, only
Anliker et al. [15] and Varley et al. [16] have used pQCT for measuring bone geometry within male adolescent
football players; however, neither performed sex-specific bone geometry comparison between football players and
controls. While no previous study has used pQCT to compare bone outcomes between adolescent football players
and controls, several studies have used pQCT to compare bone outcomes between young adult football players and
controls [21-23]. These authors showed that football players had better bone geometry (i.e. cortical area (Ct.Ar),
periosteal circumference (PC), volumetric bone mineral density) than controls in both genders

Therefore, the main aim of this study was to examine and compare bone mass variables -at the 4% and 38%
sites of the tibia length-, and geometric variables -at the 38% site of the tibia length- between adolescent football
players and controls separated by gender. We hypothesized that football players will exhibit higher bone variables
than controls in both genders due to the fact that loads produced by specific football actions will provoke an extra
skeletal response.

Methods
Participants

Eight football clubs (all of them competed at provincial level for their age category) and two high schools of
Aragon (Spain) were invited to participate in the present study. All football players agreed to participate in this
study (100% of players); however, in the control group, only 45 of 114 students voluntarily decided to collaborate.
An initial sample of 121 football players (81 males and 40 females) and 45 controls (23 males and 22 females)
agreed to participate in the study. Nonetheless, 14 football players and 3 controls were not included because the
following reasons: 11 football players did not assist to the measurement citation; and data of 3 football players and
3 controls had blurred pQCT images; Fig. 1). Consequently, the final sample for the present study consisted of 107
football players (71 males and 36 females; mean age 12.7+0.6 and 12.7+0.6 y respectively) and 42 controls (20
males and 22 females; mean age 13.1£1.4 and 12.7£1.3 y respectively). Twenty female football players (mean age
of 12.940.6 y) and 9 female controls (mean age of 13.8+0.2 y) experienced menarche (at the mean age of 11.4£1.2
and 11.9+0.8 y respectively; Online Resource 1) before the beginning of the study. Moreover, no proportion
differences between football players and controls in pre- and post-menarcheal groups was found (y*(1) = 1.172, p
=.279). Although controls were physically active, they were not engaged in any regular sport. Measurements took
place between November and December 2013 in Zaragoza, Spain.

Despite not performing the same football exercises, trainings of all teams included in the present study (both
males and females) lasted approximately 90 min, including 5-min warm-up consisting of low-intensity running; 5-



O©CoO~NOOOITA~AWNPE

10 min of low-intensity games; 60 min of technical football exercises (e.g. passing, kicking, running, dribbling);
and finally, 5-10 minutes of cold down performing stretching exercises.

The protocol of the study, its benefits and risks, were explained to the participants, parents and the club
managers. Participants completed the written assent and their parents completed the written informed consent.
This study followed the declaration of Helsinki 1961 (revision of Fortaleza 2013) and was approved by the Ethics
Committee of Clinical Research from the Government of Aragon (CEICA, Spain) prior the commencement of it
[C.I. PI13/0091]. This cross-sectional study is part of a larger randomized controlled trial that evaluated the effect
of football surfaces and boot model on bone during growth. Football players and controls were measured three
times during two football seasons. The first measurement was performed at the beginning of the first season
(November-December 2013). The second measurement was performed at the end of the first season (May-July
2014) to evaluate the effect of football surfaces and boot model on bone. Finally, the third measurement took place
at the end of the second season (May-July 2015) to assess the perdurability of the previously mentioned effects.
Furthermore, the research project was registered in a public database Clinicaltrials.gov [NCT02399553]. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement was used as a
guideline for reporting observational data [24].

Inclusion criteria

Participants must be Caucasian, with at least one year of football practice (football players) or should not be
engaged in any regular sport (control group), age between 11 and 14 years old, and free of medication that could
affect bone mass or development.

Anthropometric measurements

Height (stadiometer SECA 225, SECA, Hamburg, Germany;) was measured without shoes and the minimum
clothes to the nearest 0.1 cm and weight to the nearest 0.1 kg (SECA 861, SECA, Hamburg, Germany). Body
mass index (BMI) was calculated as weight (kilograms) divided by height (square meters).

Maturity offset

Age and height were used to estimate maturity offset in males and females using the following sex specific
equations [25]:

Males: Maturity offset = -7.999994 + (0.0036124 x (age x height)

Females: Maturity offset = -7.709133 + (0.0042232 x (age x height)

Moreover, the age of peak height velocity was calculated as the subtraction of the age from maturity offset.

Calcium intake

A validated calcium food frequency questionnaire was used to calculate milligrams of daily calcium intake [26,
27].

Bone assessment by pQCT

Bone strength indexes, bone morphometry, BMC and bone area were measured at the non-dominant tibia using a
Stratec XCT-2000 L pQCT scanner (Stratec Medizintechnik, Pforzheim, Germany). The device is a translate-
rotate, small bore computed tomography scanner that acquires a trans-axial image. The pQCT was calibrated daily
based on a quality control phantom provided by the manufacturer (Stratec Medizintechnik, Pforzheim, Germany).
The coefficients of variation of the pQCT in our laboratory for each variable have been already published [28].
Dominance was determined by asking which leg would be used to kick a ball [29]. Although there is no
consensus about the measurement of dominant or non-dominant leg in pQCT studies [30]; Anliker et al. [15]
reported higher bone strength values in non-dominant than dominant leg in young male football players. Thus,
based on their findings and protocol study, non-dominant leg was selected in the present study. Participants were
seated on a chair adjustable to the body proportions of each participant. Tibia length was measured from the
medial knee joint cleft to the medial malleolus of the tibia using a wooden ruler and was always measured by the
same researcher. The scanner was positioned on the distal tibia, and a scout view was performed to manually set
the reference line on the midpoint of the distal tibia endplate. Then, the measurements were performed at 4% and
38% sites of the tibia length to assess trabecular and cortical bone. Following the International Society for Clinical
Densitometry (ISCD) recommendations [30], the measured variables at the 4% site of the tibia were total BMC
(Tt.BMC, mg/mm), trabecular BMC (Tb.BMC, mg/mm), total area (Tt.Ar, mm?), trabecular area (Tb.Ar, mm?)
and bone strength index (BSI was calculated as Tt.Ar multiplied by squared total density; mg/mm). Moreover, the
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parameters examined at the 38% site of the tibia were total BMC (Tt.BMC, mg/mm), cortical BMC (Ct.BMC,
mg/mm), total area (Tt.Ar, mm?), Ct.Ar (mm?), cortical thickness (Ct.Th, mm), PC (mm), endosteal circumference
(EC, mm), fracture load in X-axis (N) and polar strength strain index (SSIp, mm?). Muscle and fat cross sectional
areas (mm?) were measured at the 66% site of the length of the tibia.

Images were analysed with version 6.20 of the manufacturer’s software. Contour mode 1 with a threshold of
180 mg/cm? for the 4% site of the tibia and 280 mg/cm? for the 38% site of the tibia was used to determine the
periosteal surface of the bone. At 4% site of the tibia, trabecular bone was determined from a central area covering
45% of the total bone cross sectional area. At 38% site of the tibia, cortical bone was obtained using cortical mode
1 with a threshold of 710 mg/cm?. Additionally, cortical mode 1 with a threshold of 280 mg/cm? was used to
obtain bone strength variables (SSIp and fracture load in X-axis). After that, bone mineralization of 1200 mg/cm?
was assumed.

Statistical analyses

As no previous studies had measured bone geometry and strength by pQCT in young football players and controls,
HSA data from the Vlachopoulos et al. [17] and Ferry et al. [8, 18] studies evaluating cross sectional area at the
femoral shaft section in football players and controls (males: 140.9+20.4 vs 109.8+21.0 mm?; females: 4.66+0.54
vs 3.97+0.27 cm? respectively) were used to calculate sample size.

The sample size for MANCOVA analysis was calculated for the cross sectional area at the femoral shaft to get
a power of 95% at the 5% alpha power and to observe differences in comparison to a null hypothesis Ho:pl=p2. In
males, assuming that the means of football players and controls are 140.9 and 109.8 mm? respectively and the
standard deviation (SD) of both groups is 20.7 mm?, at least 32 participants (a minimum of 16 participants per
group) would be needed. In females, assuming that the means of football players and controls are 4.66 and 3.97
cm? respectively and the SD of both groups is 0.40 cm?, at least 24 participants (a minimum of 12 participants per
group) would be needed.

The Statistical Package for the Social Sciences (SPSS) version 22.0 for Mac OS X (SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. Continuous data were presented as mean + SD. All variables showed
normal distribution by the Kolmogorov-Smirnov test.

Two-way analysis of variance (ANOVA) was used to test for an interaction of football practice and gender on
participant characteristics. A multivariate analysis of covariance (MANCOV A) was performed to analyze
differences at bone pQCT variables within football players and controls, using the length of the tibia and maturity
offset as covariates (Model 1). After that, these analyses were repeated adding other two covariates as follows:
Model 1 + weight (Model 2); and Model 1 + muscle area (Model 3). Bonferroni corrections were applied to
control the overall Type I error rate of multiple comparison, and therefore, the p value of .05 was divided by 14
(the number of comparisons conducted). Effect sizes calculated by SPSS were reported as omega squared (w?) for
ANOV As and partial eta squared (n?,) for MANCOV As. The effect size for w? and n%, can be small (0.01 — 0.06),
medium (0.06 — 0.14) or large (>0.14).

Results

Table 1 presents descriptive characteristics of the football players and controls by sex. There were significant
interaction effects between the practice of football and gender on weight, BMI and muscle cross sectional area, (p
<.05, o’ ranged from 0.03 to 0.04). Muscle cross sectional area was higher in female football players than the
control group (mean difference was 14.3%; p <.05; Cohen’s d 0.73). Male football players demonstrated lower fat
area than controls (mean difference was -18.3%; p <.05; Cohen’s d 0.56).

There was a significant effect of football practice (in both males and females separately) on bone geometry and
strength, Wilk’s A =0.71, F(13/75) =2.39, p=.010, n*, = 0.29 (males); and Wilk's A = 0.52, F(13/42) =2.97, p
=.004, n°p = 0.48 (females).

Data of BMC and bone area at the 4% and the 38% sites of the length of the tibia are shown in Table 2. Male
football players demonstrated higher Tt.Ar and Tb.Ar at the 4% site of the tibia in comparison to male controls
(both mean differences were 8.8%; both p =.001; both n%, 0.11; Table 2). Female football players showed higher
Tt.BMC at the distal tibia and also Tt. BMC, Ct.BMC and Ct.Ar at diaphyseal tibia than controls (mean differences
ranged from 14.9 to 15.8%; p <.001; n?, ranged from 0.23 to 0.28; Table 2).

Geometric variables measured at the 38% diaphyseal tibia and strength indexes at the 4% and the 38% sites of
the tibia are also summarized in Table 2. Only female football players exhibited higher BSI, Ct.Th, fracture load in
X-axis and SSIp than controls (mean differences ranged from 13.8 to 26.8%; p <.001; n?, ranged from 0.18 to
0.26; Table 2). Similar results were obtained when weight (Model 2) or muscle area (Model 3) were added as
covariates (Online Resource 2).

Discussion
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The main finding of the present study was that female adolescent football players showed better bone geometry
and higher bone strength indexes than controls. When comparing male groups, football players exhibited better
bone geometry at 4% site of the tibia than controls; nevertheless, no bone strength differences were found between
these groups.

The lack of differences between male groups could be explained by the fact that cortical bone parameters and
bone strength values (all of these variables measured at 38% site of the tibia) abruptly increase after 14 years old
in males [31] and participants included in this study were younger. Moreover, trabecular bone is more sensitive
and has more remodeling activity than cortical bone due to trabecular bone having a higher surface-to-volume
ratio in comparison with cortical one [32]. Thus, bone increments caused by football practice before maturation
may be more marked on trabecular than on cortical bone.

Previous studies have reported higher bone mineral content and bone mineral density at most weight-bearing
sites in young male and female football players than controls [6, 11, 33], these differences being more marked in
pubertal than prepubertal players. The previously commented studies used DXA for evaluating bone mass; which
is known to explain 60% of the variance of bone strength [13]; bone geometry (via pQCT) explains the remaining
percentage. Physical exercise during growth improves more bone geometry than bone mass parameters [14]. The
present study found better bone geometry (Tt.BMC, Ct.BMC and Ct.Ar) and higher bone strength (except PC and
EC) in female football players compared to controls. In males, football players demonstrated better bone geometry
at 4% site of the tibia (Tt.Ar and Tb.Ar) compared to controls. The effects of football actions and their inherent
loads cause microdamages in bone and an increase of bone remodeling activity [34]. Due to this bone adaptation,
football players could attain wider and stronger bones during adolescence, and more importantly, they could
reduce future bone diseases in adulthood. Thus, football practice could be a good choice to improve bone health in
those children and adolescent who have weak bones.

It has been demonstrated that bones adapt to the loads modifying their shape, size, architecture and mass [35].
To the best of our knowledge, this is the first study to evaluate tibia with pQCT in female adolescent football
players and controls. A cross-sectional study by Ferry et al. [18] assessed bone mass and geometry measured by
DXA and HSA in late adolescent female football players and swimmers. These authors reported better bone
geometry values in football players than swimmers. Another longitudinal study [8] with the same participants,
reported improvements on cross sectional area and subperiosteal width after 8 months of football training in
female players. According to the present study, female football players demonstrated higher BSI, Ct.Th, fracture
load in X-axis, and SSIp than controls. These results could be justified as periosteal expansion is the main
response of the bones to exercise loading during prepubertal stage [36, 37], increasing, at the same time, cortical
thickness and the resistance of the tibia to bending and torsional forces [38].

Although no differences in pQCT variables at the 38% site of the tibia were found in male football players,
they exhibited higher BMC and cross sectional area at the 4% site of the length of the tibia. Up to now, only
Vlachopoulos et al. [17] compared bone mass and geometry measured by DXA and HSA between male football
players, swimmers, cyclist and controls. They reported better bone geometry and higher stiffness index and BMD
in football players than the other groups. These bone geometry differences between studies could be explained by
different techniques used (pQCT vs. HSA) and the different bone site measured (tibia vs. proximal femur).
Moreover, HSA could be more imprecise in measuring geometric variables because it uses a two-dimensional
image obtained from DXA, and the rotation of femur may fundamentally affect bone geometry [19]. Thus, future
longitudinal studies using pQCT are in need to clarify if football practice causes an adaptation in bone geometry
and strength also in males.

As it is known that peak bone mineral accretion rate occurs approximately 2 years earlier in girls (12.5 years
old) than boys (14.1 years old) [39]. Male players in this study were 12.7+0.6 years old, and females were
12.740.6 years old; therefore, it is most likely that the peak bone accretion rate was reached by a higher percentage
of females than males. Almost half of females included in this study had experienced menarche, suggesting a
higher biological development than their male counterparts. Therefore due to such reasons only female football
players showed higher geometric variables and strength indexes at 38% site of the tibia than controls, and not
males. On the other hand, taking into account the effects of high-impact sports on bone geometry during growth,
the principal response during prepubertal years in males and females is periosteal apposition. Nevertheless, during
pubertal years is periosteal apposition in males and is endocortical apposition in females [37]. Following this
statement, either male or female football players should have better bone geometry and higher bone strength than
controls; nevertheless, males only demonstrated higher but not significant bone values. As explained above, male
football players in the present study were all under 14 years old, which is determined as the point of higher
increase of cortical bone [31].

The main limitation of this study is that due to the cross-sectional design, causal conclusions cannot be
attained. Bailey et al. [39] demonstrated that age of peak bone mineral accretion was different between genders
(14.1 years old in males and 12.5 years old in females). Thus, males and females of this study who had similar
chronological ages (12.7 and 12.7 years old respectively) might have presented different bone maturation age. On
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the other hand, the main strength is that this is the first study comparing bone geometry between young football
players and controls with pQCT. Moreover, the analyses have been divided by genders in order to clarify if
differences in bone parameters in males and females were separately present. Another strength was the sample size
of 107 football players (71 males and 36 females) and 42 controls (20 males and 22 females). A large sample size
compared to certain studies that evaluated bone geometry during growth (37 or 32 football players vs. 14 or 15
controls [8, 17])

Conclusions

Overall, football practice during growth could potentially be a useful strategy for improving bone geometry and
strength in females and, consequently, for reducing future osteoporotic problems during adulthood and elderly life.
On the other hand, despite male football players showed higher bone geometry values in comparison with
controls, there were no bone strength differences between them. Therefore, male football players should continue

practicing this sport to get improvements in bone geometry as females did.

Ethical approval

All procedures performed in studies involving human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Informed consent

Informed consent was obtained from all individual participants included in the study.



O©CoO~NOOOITA~AWNPE

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook PN, Eberl S (1987) Genetic determinants of
bone mass in adults. A twin study. J Clin Invest 80:706-710. https://doi.org/10.1172/jci1 13125

Frost HM (1987) Bone "mass" and the "mechanostat": a proposal. Anat Rec 219:1-9.
https://doi.org/10.1002/ar.1092190104

Nikander R, Sievanen H, Heinonen A, Daly RM, Uusi-Rasi K, Kannus P (2010) Targeted exercise
against osteoporosis: A systematic review and meta-analysis for optimising bone strength throughout life.
BMC Med 8:47. https://doi.org/10.1186/1741-7015-8-47

Falk B, Braid S, Moore M, Yao M, Sullivan P, Klentrou N (2010) Bone properties in child and adolescent
male hockey and soccer players. J Sci Med Sport 13:387-391. https://doi.org/10.1016/j.jsams.2009.03.011
Pettersson U, Nordstrom P, Alfredson H, Henriksson-Larsen K, Lorentzon R (2000) Effect of high impact
activity on bone mass and size in adolescent females: A comparative study between two different types of
sports. Calcif Tissue Int 67:207-214. https://doi.org/10.1007/s00223000113

Ubago-Guisado E, Gomez-Cabello A, Sanchez-Sanchez J, Garcia-Unanue J, Gallardo L (2015) Influence
of different sports on bone mass in growing girls. J Sports Sci 33:1-9.
https://doi.org/10.1007/s002230001131

Tenforde AS, Fredericson M (2011) Influence of sports participation on bone health in the young athlete:
a review of the literature. Pm R 3:861-867. https://doi.org/10.1016/j.pmrj.2011.05.019

Ferry B, Lespessailles E, Rochcongar P, Duclos M, Courteix D (2013) Bone health during late
adolescence: effects of an 8-month training program on bone geometry in female athletes. Joint Bone
Spine 80:57-63. https://doi.org/10.1016/;.jbspin.2012.01.006

Zouch M, Zribi A, Alexandre C, Chaari H, Frere D, Tabka Z, Vico L (2015) Soccer Increases Bone Mass
in Prepubescent Boys During Growth: A 3-Yr Longitudinal Study. J Clin Densitom 18:179-186.
https://doi.org/10.1016/j.jocd.2014.10.004

Soderman K, Bergstrom E, Lorentzon R, Alfredson H (2000) Bone mass and muscle strength in young
female soccer players. Calcif Tissue Int 67:297-303. https://doi.org/10.1007/s002230001149
Vicente-Rodriguez G, Ara I, Perez-Gomez J, Serrano-Sanchez JA, Dorado C, Calbet JA (2004) High
femoral bone mineral density accretion in prepubertal soccer players. Med Sci Sports Exerc 36:1789-
1795. https://doi.org/10.1249/01.MSS.0000142311.75866.D7

Lozano-Berges G, Matute-Llorente A, Gonzalez-Agliero A, Gomez-Bruton A, Gomez-Cabello A,
Vicente-Rodriguez G, Casajus JA (2017) Soccer helps build strong bones during growth: a systematic
review and meta-analysis. Eur J Pediatr. https://doi.org/10.1007/s00431-017-3060-3

Sievanen H (2000) A physical model for dual-energy X-ray absorptiometry--derived bone mineral
density. Invest Radiol 35:325-330. https://doi.org/10.1097/00004424-200005000-00007

Warden SJ, Fuchs RK (2009) Exercise and bone health: optimising bone structure during growth is key,
but all is not in vain during ageing. Br J Sports Med 43:885-887.
https://doi.org/10.1136/bjsm.2008.054866

Anliker E, Sonderegger A, Toigo M (2013) Side-to-side differences in the lower leg muscle-bone unit in
male soccer players. Med Sci Sports Exerc 45:1545-1552.
https://doi.org/10.1249/MSS.0b013e31828cb712

Varley I, Hughes DC, Greeves JP, Fraser WD, Sale C (2017) Increased Training Volume Improves Bone
Density and Cortical Area in Adolescent Football Players. Int J Sports Med 38:341-346.
https://doi.org/10.1055/s-0042-124510

Vlachopoulos D, Barker AR, Williams CA, Arngrimsson SA, Knapp KM, Metcalf BS, Fatouros IG,
Moreno LA, Gracia-Marco L (2016) The Impact of Sport Participation on Bone Mass and Geometry in
Adolescent Males. Med Sci Sports Exerc 47:317-326. https://doi.org/10.1249/MSS.0000000000001091
Ferry B, Duclos M, Burt L, Therre P, Le Gall F, Jaffre C, Courteix D (2011) Bone geometry and strength
adaptations to physical constraints inherent in different sports: comparison between elite female soccer
players and swimmers. J Bone Miner Metab 29:342-351. https://doi.org/10.1007/s00774-010-0226-8
Beck TJ (2007) Extending DXA beyond bone mineral density: understanding hip structure analysis. Curr
Osteoporos Rep 5:49-55. https://doi.org/10.1007/s11914-007-0002-4

Crabtree NJ, Arabi A, Bachrach LK, Fewtrell M, El-Hajj Fuleihan G, Kecskemethy HH, Jaworski M,
Gordon CM (2014) Dual-energy X-ray absorptiometry interpretation and reporting in children and
adolescents: the revised 2013 ISCD Pediatric Official Positions. J Clin Densitom 17:225-242.
https://doi.org/10.1016/j.jocd.2014.01.003

Weidauer L, Minett M, Negus C, Binkley T, Vukovich M, Wey H, Specker B (2014) Odd-impact loading
results in increased cortical area and moments of inertia in collegiate athletes. Eur J Appl Physiol
114:1429-1438. https://doi.org/10.1007/s00421-014-2870-5



O©CoO~NOOOITA~AWNPE

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Nilsson M, Ohlsson C, Mellstrom D, Lorentzon M (2013) Sport-specific association between exercise
loading and the density, geometry, and microstructure of weight-bearing bone in young adult men.
Osteoporos Int 24:1613-1622. https://doi.org/10.1007/s00198-012-2142-3

Nikander R, Sievanen H, Uusi-Rasi K, Heinonen A, Kannus P (2006) Loading modalities and bone
structures at nonweight-bearing upper extremity and weight-bearing lower extremity: a pQCT study of
adult female athletes. Bone 39:886-894. https://doi.org/10.1016/j.bone.2006.04.005

Vandenbroucke JP, von Elm E, Altman DG, Getzsche PC, Mulrow CD, Pocock SJ, Poole C,
Schlesselman JJ, Egger M, Initiative S (2007) Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): explanation and elaboration. PLoS Med 4:¢297.
https://doi.org/10.1371/journal.pmed.0040297

Moore SA, McKay HA, Macdonald H, Nettlefold L, Baxter-Jones AD, Cameron N, Brasher PM (2015)
Enhancing a Somatic Maturity Prediction Model. Med Sci Sports Exerc 47:1755-1764.
https://doi.org/10.1249/MSS.0000000000000588

Julian Almarcegui C, Huybrechts I, Gomez Bruton A, Matute Llorente A, Gonzalez Aguero A, Gomez
Cabello A, Moreno LA, Casajus JA, Vicente Rodriguez G (2015) Validity of a Food-Frequency
Questionnaire for Estimating Calcium Intake in Adolescent Swimmers. Nutr Hosp 32:1773-1779.
https://doi.org/10.3305/nh.2015.32.4.9490

Barr SI (1994) Associations of social and demographic variables with calcium intakes of high school
students. J Am Diet Assoc 94:260-266, 269; quiz 267-268. https://doi.org/10.1016/0002-8223(94)90366-
2

Gomez-Bruton A, Gonzalez-Aguero A, Casajus JA, Vicente-Rodriguez G (2014) Swimming training
repercussion on metabolic and structural bone development; benefits of the incorporation of whole body
vibration or pilometric training; the RENACIMIENTO project. Nutr Hosp 30:399-409.
https://doi.org/10.3305/nh.2014.30.2.7603

Hoffman M, Schrader J, Applegate T, Koceja D (1998) Unilateral postural control of the functionally
dominant and nondominant extremities of healthy subjects. J Athl Train 33:319-322

Adams JE, Engelke K, Zemel BS, Ward KA, Densitometry ISoC (2014) Quantitative computer
tomography in children and adolescents: the 2013 ISCD Pediatric Official Positions. J Clin Densitom
17:258-274. https://doi.org/10.1016/j.jocd.2014.01.006

Binkley TL, Specker BL, Wittig TA (2002) Centile curves for bone densitometry measurements in
healthy males and females ages 5-22 yr. J Clin Densitom 5:343-353. https://doi.org/10.1385/JCD:5:4:343
Ingle BM, Hay SM, Bottjer HM, Eastell R (1999) Changes in bone mass and bone turnover following
ankle fracture. Osteoporos Int 10:408-415. https://doi.org/10.1007/s001980050247

Zouch M, Zribi A, Alexandre C, Chaari H, Frere D, Tabka Z, Vico L (2015) Soccer Increases Bone Mass
in Prepubescent Boys During Growth: A 3-Yr Longitudinal Study. J Clin Densitom 18:179-186.
https://doi.org/10.1016/j.jocd.2014.10.004

Schneider DL (2011) The complete book of bone health. Prometheus Books, New York

Seeman E (2002) An exercise in geometry. J Bone Miner Res 17:373-380.

Bass SL, Saxon L, Daly RM, Turner CH, Robling AG, Seeman E, Stuckey S (2002) The eftect of
mechanical loading on the size and shape of bone in pre-, peri-, and postpubertal girls: a study in tennis
players. J Bone Miner Res 17:2274-2280. https://doi.org/10.1359/jbmr.2002.17.12.2274

Daly RM (2007) The effect of exercise on bone mass and structural geometry during growth. Med Sport
Sci 51:33-49. https://doi.org/10.1159/0000103003

Orwoll ES (2003) Toward an expanded understanding of the role of the periosteum in skeletal health. J
Bone Miner Res 18:949-954. https://doi.org/10.1359/jbmr.2003.18.6.94

Bailey DA, McKay HA, Mirwald RL, Crocker PR, Faulkner RA (1999) A six-year longitudinal study of
the relationship of physical activity to bone mineral accrual in growing children: the university of
Saskatchewan bone mineral accrual study. J Bone Miner Res 14:1672-1679.
https://doi.org/10.1359/jbmr.1999.14.10.1672



O©CoO~NOOOITA~AWNPE

Fig. 1 Flow diagram of football players and controls who participated in this study.
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*

Males Females Interaction gender*group
Football players Controls d Football players Controls d p ®’
(n=71) (n=20) (n=36) (n=22)

Age (y) 12.7+0.6 13.1+1.4 0.39 12.7+0.6 127+1.3 0.05 0.150 0.007
Weight (kg) 454+10.1 49.9+10.8 0.42 49.3+8.2 449+11.0 045 0.017% 0.038
Height (cm) 154.5+8.8 156.7+10.9 0.22 1554+7.0 153.0+9.1 0.29 0.164 0.006
BMI (kg-m™?) 189+29 20.1+2.8 0.44 204+2.6 19.0+3.2 0.48 0.013% 0.035
Tibia length (mm) 350+24 357+29 0.25 347 +21 345+23 0.12 0.300 0.001
Muscle CSA (mm?) 5300 + 1037 5575+ 1106 0.26 5449 £ 922%* 4767 £ 952 0.73 0.011% 0.036
Fat CSA (mm?) 1984 + 785* 2430 + 803 0.56 2373 £ 689 2380 + 765 0.01 0.123 0.010
Daily calcium intake (mg) 862.4+401.1 785.5 £288.7 0.22 765.7 +486.4 759.4 £294.3 0.02 0.633 0.005
Maturity offset (y) -0.9+0.6 -0.5+13 0.40 0.6+0.7 05+1.2 0.10 0.107 0.011
Age PHV (y) 13.6+0.4 13.7+0.4 0.25 12.1+0.3 122+0.4 0.28 0.793 0.006
Training years (y) 5+2 - - 3+3 - - - -

Training hours (h/week) 32+1.3 - - 2.9+0.6 - - - -

Values are mean + SD.

BMI: body mass index; CSA: cross sectional area; PHV: peak height velocity.

* significant differences between football players and controls; §: significant interaction. Cohen’s d can be small (0.2 — 0.5), medium (0.5 — 0.8) or large (>0.8); ®*, can be

small (0.01 — 0.06). medium (0.06 — 0.14) or large (>0.14).
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Table 2 clean version Click here to download Table Table 2 CLEAN VERSION.docx %

Table 2 Adjusted pQCT values of football players and controls.

Males Females
Football players Controls MD (95% CI) Test statistic Football players Controls MD (95% CI) Test statistic
(n=71) (n=20) (n=36) (n=22)

4% site

Tt.BMC (g) 3.88+£0.62 3.53+0.62 0.35 (0.04, 0.66) F(1,87)=4.98, p=.028, n%=0.05 3.11+£0.38 2.69+0.38 0.42 (0.21, 0.62)* F(1,54)=16.30, p <.001,n?=0.23
Tb.BMC 1.62+0.31 1.41+0.32 0.21 (0.04, 0.37 F(1,87)=6.43,p=.013,1*, =0.07 1.19+0.19 1.05+0.19 0.15 (0.04, 0.25 F(1,54)=17.75,p=.007,n?=0.13
Tt.Ar (mng%; 1192+ 114 1095 + 116 97 ((39, 155)* ) F((1,87)) = 10‘87,pp = .001,11112p =0.11 1001 + 90 956 +90 45((—4, 94) : FEI,54§ =342, S =.070, :2: =0.06
Tb.Ar (mm?) 536+ 51 493 +£52 44 (17, 70)* F(1,87)=10.85,p=.001,1n% =0.11 450 £ 40 430 +40 20 (-2,42) F(1,54)=3.42,p=.070, n* =0.06
BSI (mg/mm) 127.9+32.0 116.1+32.3 11.8 (-4.6,28.2) F(1,87)=2.06, p=.155,1%=10.02 97.4+199 76.8+19.9 20.6 (9.7, 31.4)* F(1,54)=14.50,p <.001, n*, = 0.21
38% site

Tt.BMC (g) 2.96 £0.32 292+0.32 0.04 (-0.12, 0.20) F(1,87)=0.23, p=.634,1%,<0.01 291+0.29 2.56 £0.30 0.35(0.19, 0.51)* F(1,54)=19.65,p <.001,m% =0.27
Ct.BMC (g) 2.68=0.30 2.62+0.31 0.07 (-0.09, 0.23) F(1,87)=0.74, p =391, 1% =0.01 2.65+0.29 231+0.29 0.34 (0.18, 0.50)* F(1,54)=18.83, p <.001, % =0.26
Tt.Ar (mmzz) 378 £43 369 +43 9 (-14, 30) F(1,87)=0.59, p = .445, nzp =0.01 348 +£34 322+34 27 (8,45) F(1,54)=8.52,p=.005,n 52 0.14
Ct.Ar (mm”) 255+29 246 + 30 9 (-6,24) F(1,87)=1.39, p=.242,n*, = 0.02 243 £27 209 +27 33 (19, 48)* F(1,54)=21.11,p <.001, n* =0.28
Ct.Th (mm) 4.73+0.44 4.59+0.45 0.13 (-0.09, 0.36) F(1,87)=1.37,p=.245,71%,=0.02 4.74 £0.49 4.16 £0.49 0.58 (0.31, 0.84)* F(1,54)=19.07, p<.001,m% =0.26
PC (mm) 68.7+3.9 67.8+4.0 0.9 (-1.1,2.9) F(1,87)=0.78, p =.379, n% = 0.01 66.0£3.3 634+33 2.6(0.9,4.4) F(1,54)=8.86, p=.004, 1%, = 0.14
EC (mm) 39.0+3.9 39.0+3.9 0.1 (-1.9,2.0) F(1,87)=0.00, p = .952, n%,<0.01 36.3+£3.8 37.3+3.8 -1.0(-3.1, 1.1) F(1,54)=0.94, p=.338,1%,=0.02
Frc.LdX (N) 2964.3 +516.8 2927.8 +£523.0 36.5 (-227.9, 300.9) F(1,87)=0.08, p=.784, 1%, <0.01 2811.8 +417.4 24159 +417.7 395.9 (169.1, 622.8)* F(1,54)=12.24,p=.001,n%* =0.19
SSIp (mm’) 1323.2 £228.8 1233.9 £231.5 89.3 (-27.7,206.3) F(1,87)=2.30, p=.133, 1% =0.03 1202.7 £ 159.4 1056.5 £ 159.5 146.3 (59.6, 232.9)* F(1,54)=11.46, p=.001,n% =0.18

Values are mean + SD. pQCT variables adjusted by tibia length and maturity offset.
pQCT: peripheral quantitative computed tomography; MD: mean difference; CI: confidence interval; Tt. BMC:

total volumetric bone mineral content; Tb.BMC: trabecular volumetric bone mineral content; Tt.Ar: total cross sectional area; Tb.Ar:

trabecular cross sectional area; BSI: bone strength index; Ct.BMC: cortical volumetric bone mineral content; Ct.Ar: cortical cross sectional area; Ct.Th: cortical thickness; PC: periosteal circumference; EC: endosteal circumference; Fre.LdX:
fracture load in axe X; SSIp: strength strain index in polar; n?;: partial eta squared.

Bonferroni correction *: p <.0036 differences between football players and controls.
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Fig. 1

121 players of eight football clubs and 114
students of two high schools were invited to
participate
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Online Source 1 Descriptive values of female football players and controls.

Males Females Menarche*Group
Football players Controls d Football players Controls d p »?
(n=16) (n=13) (n=20) n=9)
Age (y) 12.4+0.6 11.9+0.7 0.86 12.9+0.6 13.8+1.2 0.92 0.150 0.014
Weight (kg) 458 +£6.5 39.7+10.0 0.73 52.1+85 524+78 0.04 0.017% 0.038
Height (cm) 150.5+5.6 148.9+8.8 0.21 159.2+54 158.9+6.0 0.06 0.164 0.013
BMI (kg-m™?) 20.2+2.7 17.7+3.2 0.84 20.5+2.6 20.7+2.4 0.09 0.013% 0.042
Tibia length (mm) 337+20 338 +23 0.05 356+18 355+21 0.06 0.300 0.007
Muscle CSA (mm?) 5150 + 821 4343 + 838 0.97 5688 + 948 5379 + 782 0.36 0.011% 0.043
Fat CSA (mm?) 2364 + 886 2149 + 796 0.25 2381 £ 505 2712 + 614 0.59 0.123 0.016
Daily calcium intake (mg) 905.0 £ 654.5 724.1 £354.3 0.34 765.7 +486.4 810.5+184.6 0.69 0.633 0.002
Maturity offset (y) 0.2+0.6 -0.2+0.8 0.62 1.0+0.5 1.5+1.0 0.74 0.107 0.018
Age PHV (y) 122+0.3 12.1+0.4 0.38 11.9+0.4 122+0.4 0.44 0.793 <0.001
Age of menarche (y) - - - 12+1 12+1 0.71 - -
Training years (y) 3+£2 - - 3+£3 - - - -
Training hours (h/week) 3.1+£0.6 - - 2.8+0.6 - - - -

Values are mean + SD.

BMI: body mass index; CSA: cross sectional area; PHV: peak height velocity.

* significant differences between football players and controls; §: significant interaction. Cohen’s d can be small (0.2 — 0.5), medium (0.5 — 0.8) or large (>0.8); »* can be
small (0.01 — 0.06). medium (0.06 — 0.14) or large (>0.14).
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Males Females
Football players Controls MD (95% CI) Test statistic Football players Controls MD (95% CI) Test statistic
(n=71) (n=20) (n=36) (n=22)
Model 2
4% site
Tt.BMC (g) 3.89+0.60 3.50+0.61 0.39 (0.08, 0.70) F(1,86) =6.23,p=.014, 1%, = 0.07 3.06 +£0.31 2.76 £0.31 0.30(0.13, 0.47)* F(1,53)=12.16,p =.001,m% =0.19
Tb.BMC (g) 1.62£0.31 1.40+0.31 0.22 (0.06, 0.38) F(1,86)=7.75,p=.007, n°, = 0.08 1.17+0.16 1.08 £0.16 0.09 (0.00, 0.18) F(1,53)=3.97,p=.051,1%=0.07
Tt.Ar (mm?) 1195+ 108 1088 £ 110 107 (51, 162)* F(1,86)= 14.50,p<.001,1‘|pp:0.14 997 + 88 964 + 89 33 (-16, 82) F(1,53)=1.81,p=.185, nzz:0.0ﬁl
Tb.Ar (mm?) 537+49 489+ 50 48 (23, 73)* F(1,86)=14.48,p <.001,n% =0.14 448 £ 40 434 +£40 15(-7,37) F(1,53)=1.80, p=.185,1%=10.03
BSI (mg/mm) 128.1+31.8 115.1+32.3 13.0(-3.3,29.4) F(1,86)=2.50,p=.117, 1% =0.03 95.1+16.6 80.5+16.8 14.7 (5.4, 23.9)* F(1,53)=10.16, p =.002, % =0.16
38% site
Tt.BMC (g) 2.97+0.28 2.89+0.28 0.08 (-0.06, 0.22) F(1,86)=1.26, p=.264, n*%, = 0.01 2.87+0.22 2.62+0.22 0.25(0.13, 0.37)* F(1,53) =17.04, p <.001, n%, = 024
Ct.BMC (gz) 2.69 +0.26 2.58+0.27 0.11 (-0.03, 0.25) F(1,86)=2.50,p=.117, nip =0.03 2.61+0.22 2.37+0.23 0.24 (0.12, 0.37)* F(1,53) =15.59, p <.001, nz »=0.23
Tt.Ar (mm 379 +38 365+39 14 (-6, 33 F(1,86)=1.88, p=.174, n*, = 0.02 345+29 327 +29 17 (1,33 F(1,53) =4.66, p=.035, n% =0.08
Ct.Ar ((mmz)) 256 £26 243 £26 13 E—l, 26; FEI,86; =351, S =.064, 225 =0.04 239+21 215+21 25 (1(3, 36;* F((1,53)): 17.69,pp < .001,1115,, =025
Ct.Th (mm) 474 +£0.42 4.57+0.43 0.17 (-0.05, 0.39) F(1,86) =2.38,p=.126, 1% =0.03 4.69 +0.44 4234044 0.46 (0.22, 0.70)* F(1,53)=14.29, p <.001, 1% =0.21
PC (mm) 68.8+3.5 67.5+3.6 1.4 (-0.5,3.2) F(1,86)=2.22, p=.140, n*%, = 0.03 65.7+2.8 64.0£2.8 1.7 (0.2,3.3) F(1,53) =4.95, p=.030, n% = 0.09
EC (mm) 39.1+3.8 38.8+3.8 0.3 (-1.6,2.2) F(1,86) =0.10, p =.759, n°, = 0.00 36.2+3.9 37.4£39 -1.2(-3.3,1.0) F(1,53)=1.15, p =288, n% =0.02
Frc.LdX (N) 2979.5 +443.6 2873.6 +450.3 106.0 (-122.0, 333.9) F(1,86) = 0.85, p = .358, % = 0.01 2765.9 +352.0 2491.1 £354.9 274.7 (79.5, 469.9) F(1,53)=7.97,p=.007,1%=0.13
SSIp (mm?®) 1329.7 +199.1 1210.8 +£202.1 118.9 (16.6, 221.2) F(1,86) =534, p = .023, %, = 0.06 1184.0 +130.0 1087.1 £131.1 96.9 (24.8, 169.0) F(1,53)=7.27,p=.009, n% =0.12
Model 3
4% site
Tt.BMC (g) 3.88+0.55 3.53+£0.55 0.35(0.07, 0.63) F(1,86) = 6.24,p=.014, 1%, =0.07 3.04+£0.33 2.79+0.34 0.26 (0.07, 0.44) F(1,53)=7.45,p=.009, 1% =0.12
Tb.BMC (g) 1.62+0.28 1.41£0.28 0.21 (0.06, 0.35) F(1,86) = 8.09, p = .006, n% = 0.09 1.16+0.17 1.09+0.18 0.07 (-0.03, 0.17) F(1,53)=2.20,p=.144, 1%, =0.04
Tt.Ar (mm?) 1192 £ 103 1095 £ 104 97 (44, 150)* F(1,86)=13.43,p<.001,n% =0.14 993 + 88 970+ 90 23 (-27,73) F(1,53)=0.86,p=.359,n% =0.02
Tb.Ar (mm?) 536 +46 493 +47 44 (20, 67)* F(1,86)=13.41,p<.001,m% =0.14 447 £ 40 436 £41 10 (-12, 33) F(1,53)=0.86, p=.359,n% =0.02
BSI (mg/mm) 127.9+29.4 116.0 £29.7 11.8(-3.2,26.9) F(1,86) =2.45,p=.121,71%=0.03 94.5+18.0 81.5+183 13.0 (2.8, 23.2)* F(1,53)=6.48,p=.014,1%,=0.11
38% site
Tt.BMC (g) 2.96 +0.24 2.92+0.25 0.04 (-0.09, 0.17) F(1,86) = 0.38, p = .537, 1% = 0.00 2.85+0.22 2.66 +0.23 0.20 (0.07, 0.32)* F(1,53)=9.81,p=.003,1%=0.16
Ct.BMC (g) 2.68 +0.25 2.62+0.26 0.07 (-0.06, 0.20) F(1,86) = 1.09, p = 299, n%, = 0.01 2.60+0.24 2394024 0.20 (0.07, 0.34)* F(1,53)=9.11, p=.004, n*, = 0.15
Tt.Ar (mm? 378 +31 369 +32 9(-7,25 F(1,86)=1.14, p=.290, n*, = 0.01 342 +£26 332+27 9(-6,24 F(1,53)=1.57,p =216, 1% =10.03
Ct.Ar ((mmz)) 255+23 246 +24 9 E-3, 21; FEl,Ség =221, g =.141, 222 =0.03 237+21 218 +21 20((8, 32))* F((1,53))= 11.03,pp = .002,1115p =0.17
Ct.Th (mm) 473 +£0.42 4.59+042 0.13 (-0.08, 0.35) F(1,86) = 1.51, p=.222,1%,=0.02 4.68 +0.46 4254047 0.43 (0.16, 0.69)* F(1,53)=10.52,p=.002,m% =0.17
PC ((mm)) 68.7+2.9 67.8+2.9 0.9 (-0.6, 2.4) F(1,86)=1.50, p=.224, nip =0.02 65.4+2.6 64.4+2.6 1.0 (-0.5,2.4) F(1,53)=1.81,p=.184, nzp =0.03
EC (mm 39.0+3.4 39.0+£3.5 0.1 (-1.7,1.8) F(1,86)=0.01, p=.940, n*, = 0.00 36.0+3.9 37.7+£3.9 -1.7(-3.9,0.5) F(1,53)=2.43,p=.125,1n%=0.04
Frc.LdX (N) 2964.5 +406.4 2927.0 +411.3 37.6 (-170.4, 245.5) F(1,86) =0.13, p = 720, 1% = 0.00 2736.1 £341.2 2539.8 +£347.3 196.3 (2.7, 389.9) F(1,53)=4.14,p=.047, 1% =0.07
SSIp (mm?®) 13233 £181.1 1233.5+183.3 89.8 (-2.9, 182.4) F(1,86) =3.71, p=.057, 1% = 0.04 1174.7 +£132.6 1102.4 +£134.9 72.2 (-3.0, 147.5) F(1,53)=3.71,p=.059, n% =0.07

Values are mean + SD. Model 2: pQCT variables adjusted by tibia length, maturity offset and weight; Model 3: pQCT variables adjusted by tibia length, maturity offset and muscle cross sectional area.
pQCT: peripheral quantitative computed tomography; MD: mean difference; CI: confidence interval; Tt. BMC: total volumetric bone mineral content; Tb.BMC: trabecular volumetric bone mineral content; Tt.Ar: total cross sectional area; Tb.Ar:
trabecular cross sectional area; Ct. BMC: cortical volumetric bone mineral content; Ct.Ar: cortical cross sectional area; Ct.Th: cortical thickness; PC: periosteal circumference; EC: endosteal circumference; Frc.LdX: fracture load in axe X; SSIp:

strength strain index in polar.

*: p <0.0036 differences between football players and controls.
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